
 
Structures  N vs AD N vs MCI MCI vs AD 

5x2fold leave1out 5x2fold leave1out 5x2fold leave1out 

corpus callusom 
  
  

  
  
  

sensitivity 96.7% 96.7% 80.0% 76.2% 70.7% 83.3% 
specificity 72.9% 76.5% 67.1% 76.5% 31.4% 33.3% 
diagnostic 
accuracy 88.1% 89.4% 74.2% 76.3% 54.5% 62.8% 

lateral ventricle 
  
  

left 
  
  

sensitivity 82.0% 83.3% 72.4% 100.0% 46.0% 53.3% 
specificity 62.4% 58.8% 61.2% 52.9% 61.0% 61.9% 
diagnostic 
accuracy 74.9% 74.5% 67.4% 79.0% 52.2% 56.9% 

  
  
  

right 
  
  

sensitivity 78.0% 100.0% 78.1% 95.2% 61.3% 73.3% 
specificity 62.4% 58.8% 55.3% 52.9% 57.1% 57.1% 
diagnostic 
accuracy 72.3% 85.1% 67.9% 76.3% 59.6% 66.7% 

 
inferior temporal 
gyrus 
  

right 
  
  

sensitivity 90.0% 90.0% 52.4% 57.1% 75.3% 86.7% 
specificity 76.5% 76.5% 63.5% 70.6% 54.3% 52.4% 
diagnostic 
accuracy 85.1% 85.1% 57.4% 63.2% 66.7% 72.6% 
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Introduction: Alzheimer’s disease (AD) is the most common dementing neurodegenerative disease among the elderly, affecting more than 24 million individuals 
worldwide. Currently there is no cure for AD, but new drugs are under development that target the prodromal stage of AD called mild cognitive impairment (MCI). 
MCI has been of particular interest because MCI individuals convert to AD with rates of 6–15% annually [1], and MCI individuals are therefore a high risk group likely 
to benefit from effective treatments. The purpose of this research was to develop a reliable, data-driven volumetric imaging statistical analysis method for identification 
of MRI biomarkers for differential diagnosis of AD and MCI in individuals.  
Method: High resolution 3D T1-weighted MP-RAGE datasets of 30 AD (16 female, 14 male, 75.2+/-1.8 yrs), 21 MCI (10 female, 11 male, 76.1+/-1.5 yrs), and 17 
normal controls (8 female, 9 male, 75.4+/-2 yrs) were obtained from the ADNI website. The 3D T1WI datasets were first analyzed using a robust automatic voxel-based 
morphometry (VBM) technique which combines a fully automated spatial normalization approach, dubbed HAMMER (Hierarchical Attribute Matching Mechanism for 
Elastic Registration) [2], in conjunction with a tissue mass preserving framework called RAVENS (Regional Analysis of Volumes Examined in Normalized Space) [3]. 
Four consecutive steps were carried out: removal of non-brain voxels, tissue segmentation, spatial normalization to a standardized template, and generation of a mass-
preserving tissue density map (i.e. RAVENS map) for each tissue type (GM, WM, ventricles). 
Measurements of volumes of individual brain structures: From the RAVENS maps of each individual subject’s brain, the HAMMER technique generated measurement 
of the sizes of 93 brain structures. These 93 structures were labeled in the template brain. The tissue mass preserving deformation mechanism in RAVENS method 
allows for linearly translating the average density of each labeled structure in the RAVENS map into a measure of the size of that specific structure in the individual 
subject’s brain. The RAVENS maps are the results of elastic registration of original brain regions to the standard template while preserving the original tissue volumes.   
Group comparison to identify structures that are different between groups in comparison: Unpaired t-test was carried out to identify structures that are significantly 
different among groups in comparison. 
Data-driven statistical analysis to identify brain structures that allows for differential diagnosis of AD and MCI in individuals: In each group of subjects in comparison 
(i.e., normal, AD, or MCI), subjects were put into “model” or “test” group. Histograms of each brain structure of interest of the model data were generated, and a 
threshold of structural volume was defined that gave the highest diagnostic accuracy for the model data.  Then the volume of the structure in each “test” subject was 
compared to the threshold to diagnose the subject. The diagnoses were compared with the known disease status of the test subjects to assess the diagnostic accuracy of 
using a specific structure for diagnosis purpose. To investigate the effect of the model data size on diagnostic accuracy, either 50% of the subjects (chosen in a random 
fashion) in each patient group were used as model data (“2-fold”), or all except one were used as model data (“leave-one-out”).  
Results: (1) In excellent agreement with literature, group comparison revealed significant atrophy in both MCI and AD patients, as compared with normal subjects, that 
is spatially distributed over many brain regions including the entorhinal cortex, the hippocampus, lateral and inferior temporal structures, anterior and posterior 
cingulated, while superior temporal gyrus left and inferior temporal gyrus left  were not significantly different between normal and MCI, and middle temporal gyrus 
right, parahippocampal gyrus (both left and right) were not significantly different between MCI and AD. (2) Data-driven statistical analysis identified several structures 
that have high differential diagnostic accuracy in individual subjects. Table below listed the sensitivity, specificity, and diagnostic accuracy for a few structures (results 
for “5x2fold” were derived from 5 runs of “2-fold” analysis). Corpus callusom has ~90% diagnostic accuracy for diagnosing AD vs normal in individual subjects, and 
76% diagnostic accuracy  for diagnosing MCI vs normal, while only  63% diagnostic accuracy  for differentiating MCI vs AD. Remarkably, inferior temporal gyrus has 
85%, and 73% diagnostic accuracy on individuals for diagnosing AD vs normal, and AD vs. MCI, respectively, but a much lower diagnostic accuracy (63%) in 
differentiating normal vs MCI. Table below also revealed that with more model data, diagnostic accuracy of using these structures improved. 
Discussion and Conclusions: The group analysis confirmed patterns of atrophy involving medial temporal lobe structures, the hippocampus and the entorhinal cortex 
in MCI and AD. This has reinforced the value of MRI as a potential surrogate marker of disease at the group-analysis level, i.e. for examining overall differences 
between individuals with and without pathology. The data-driven statistical analysis further suggested that it is possible to identify structures that have sufficient 
sensitivity, specificity, and diagnostic accuracy for prediction of the status of a given individual. Table below suggested that more model data lead to improved 
sensitivity, specificity, and diagnostic accuracy. We therefore expect that with inclusion of the abundant datasets from the ADNI, the data-driven statistical analysis 
method employed in this study will lead to identification of structures that allow for accurate differential diagnosis of AD or MCI in individual subjects. 
References: [1] Petersen, R.C., 2003. Mild cognitive impairment: aging to Alzheimer’s Disease.Oxford University Press. [2] D. Shen, et al., IEEE Trans Med Imaging, 
2002. 21(11): 1421-39. [3] Davatzikos, et al., Neuroimage, 2001. 14(6): 1361-9. 
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