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HIGHLIGHTS

® We propose a new feature selection algorithm based on relative importance.
® Hierarchical progress is helpful to solve 4-way classification on AD-related problem.
e This paper summarizes our response to the Kaggle competition.
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Article history: Discriminating Alzheimer’s disease (AD) from its prodromal form, mild cognitive impairment (MCI), is
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lenging issue is to classify MCI subtypes, i.e., those who eventually convert to AD (cMCI) versus those who
do not (MCI). To solve this difficult 4-way classification problem (AD, MCI, cMCI and healthy controls),
a competition was hosted by Kaggle to invite the scientific community to apply their machine learning
approaches on pre-processed sets of T1-weighted magnetic resonance images (MRI) data and the demo-
graphic information from the international Alzheimer’s disease neuroimaging initiative (ADNI) database.
This paper summarizes our competition results. We first proposed a hierarchical process by turning the
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Alzheimer's disease(AD) 4-way classification into five binary classification problems. A new feature selection technology based on
Mild cognitive impairment (MCI) relative importance was also proposed, aiming to identify a more informative and concise subset from 426
Structural MRI sMRI morphometric and 3 demographic features, to ensure each binary classifier to achieve its highest
Hierarchical classification accuracy. As a result, about 2% of the original features were selected to build a new feature space, which
Relative importance can achieve the final four-way classification with a 54.38% accuracy on testing data through hierarchical

grouping, higher than several alternative methods in comparison. More importantly, the selected discrim-
inative features such as hippocampal volume, parahippocampal surface area, and medial orbitofrontal
thickness, etc. as well as the MMSE score, are reasonable and consistent with those reported in AD/MCI
deficits. In summary, the proposed method provides a new framework for multi-way classification using
hierarchical grouping and precise feature selection.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction deficits. In 2010, the number of people over 60 years of age living
with dementia was estimated at 35.6 million worldwide. This num-
Alzheimer’s disease (AD) is one of the most common forms ber is expected to almost double every twenty years (Prince et al.,

of dementia characterized by progressive cognitive and memory 2013). Accordingly, the direct cost of care for AD patients provided
by family members and health-care systems is more than $100 bil-

lion per year (Alzheimer’s Association, 2013). As an increasingly

prevalent disease, AD is regarded as a major worldwide challenge
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Table 1
Demographic and Clinical Data of Training Participants.
Group AD HC MCI cMCI P-value
Number 60 60 60 60 -
Age 74.75+7.31 72.34+5.67 72.19+7.42 72.96+7.20 0.5906
Gender 31:29 30:30 32:28 25:35 0.1688
MMSE 23.43+2.11 29.15+1.11 28.32+1.55 27.18+1.87 1.05E-49
Values reported as Mean + Standard Deviation(SD); Gender, samples ratio on female: male.
Table 2
Demographic and Clinical Data of Test Real Participants.
Group AD HC MCI cMCI P-value
Number 40 40 40 40 -
Age 73.11+£8.05 74.88 £5.48 7240 +8.04 71.75+£6.23 0.2351
Gender 17:23 22:18 17:23 15:25 0.4449
MMSE 22.68+1.98 29.00+1.10 27.65+1.86 25.58 +-1.80 1.59E-36
Values reported as Mean + Standard Deviation(SD); Gender, samples ratio on female: male. Bold values illustrate the difference between real participants and simulated
participants.
Table 3
Demographic and Clinical Data of Test Simulated Participants.
Group AD HC MCI cMCI P-value
Number 90 77 89 84 -
Age 73.18 +7.40 72.71+£7.69 70.90 +8.54 72.94+7.37 0.1977
Gender 51:39 34:43 53:36 44:40 0.2213
MMSE 26.82+3.07 26.87 +3.08 26.85+2.84 27.20+2.86 0.8272

Values reported as Mean + Standard Deviation(SD); Gender, samples ratio on female: male. Bold values illustrate the difference between real participants and simulated

participants.

pre-symptomatically in a rapid and rigorous way, allowing early
interventions that may prevent or at least delay the onset of AD, as
well as its prodrome, i.e., mild cognitive impairment (MCI) (Reiman
etal., 2010).

MCI is a transitional phase characterized by memory dis-
turbance in the absence of dementia, followed by widespread
cognitive deficits in multiple domains until a disability threshold
is reached (Frisoni et al., 2010). In particular, studies have shown
that MCI patients convert to AD at an annual rate of 10-15% per
year (Braak and Braak, 1991). It is known that MCI patients who do
not convert to AD either remain stable or will develop other forms
of dementia, or very rarely, revert to normal status. Meanwhile, to
date, there is still no cure for AD-related disease, although treat-
ments include medications and management strategies that may
improve the quality of life.

Recently, neuroimage analysis with structural magnetic reso-
nance imaging (sMRI) features for dementia, mainly for AD and
MCI, have shown promising results (Sabuncu and Konukoglu, 2015;
Liu et al., 2016). Reports indicate anatomical feature representa-
tions (e.g., cortical thickness, surface area, grey matter volume,
etc.) generated from sMRI can be used to quantify AD-associated
brain abnormalities (Cuingnet et al., 2011; Zhang et al., 2016) and
facilitate early diagnosis of MCI/AD. However, sSMRI patterns that
could reveal pathology about AD-related disease are difficult to find
out by human experts. By contrast, pattern recognition algorithms
have achieved astonishing performance in many areas (Lecun et al.,
2015; Silver et al., 2016). With these algorithms, some patterns
hidden in features that may help better discriminate subjects that
show similar cognitive performance or symptoms, e.g., MCI vs.
cMCL

Inarecent Kaggle competition (https://www.kaggle.com/c/mci-
prediction), sMRI features were obtained from the international
Alzheimer’s disease neuroimaging initiative (ADNI) databases
matched for sequence characteristics and were analyzed using
FreeSurfer v.5.3. The features space consists of cortical thickness,
subcortical volumes, and hippocampal subfields, as previous stud-

ies showed the reliability of these morphological measurements
for promoting automated diagnosis of AD (Desikan et al., 2009; De
et al.,, 2016; Vasta et al., 2016). Other demographic and behavioral
measures include age, gender and Mini-Mental State Examination
score (MMSE). Four categories of subjects include 1) stable AD
patients, 2) MCI subjects who did not convert their diagnosis in the
follow-up, 3) cM(], individuals who converted to AD, and 4) Healthy
Controls (HC). Training dataset consists of 240 subjects with 60
from each group obtained from ADNI dataset, while test data set
consists of 160 real subjects from ADNI, with 40 from each group,
plus 340 simulated subjects which were calculated by inverse func-
tion on each feature’s probability density function uniformly and
randomly.

In this paper, we propose a hierarchical grouping process by
turning the 4-way classification into five binary classification prob-
lems and employ a new feature selection technology based on
relative importance. The proposed method is also compared with
three popular feature selection methods and four other alterna-
tive classifiers to verify its effectiveness. The rest of the paper is
organized as follows. In Section 2, we describe the methods and
structure used for both binary and multi-class classification. In
Section 3, we demonstrate the performance of each classifier we
employed, the feature space after feature selection algorithm and
several results submitted to Kaggle. In Section 4, we present our
conclusions and discuss possible future research directions.

2. Materials and methods
2.1. Structure MRI data, demographic and clinical features

Data used in the Kaggle competition were obtained from the
ADNI data (Jack et al., 2008). ADNI is an international project that
collects and validates neurological data such as MRI and PET images,
genetics or cognitive tests. Subjects from ADNI consist of four cat-
egories, those who are stable AD, cMCI, MCI, and HC. Each category
of the four classes has a balanced number of subjects (i.e., 100). In
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Fig. 1. Diagram of feature selection and hierarchical process with multi-class classification.

the competition, 240 were used for the training set, and 160 for the
test set. Meanwhile, the test set was inflated with 340 simulated
subjects, therefore, the final sample number for training and testing
is 240 and 500 respectively. Demographic and clinical information
such as age, gender, and MMSE were also provided for each subject,
see more details in Tables 1-3.

MRI data were processed by FreeSurfer (v5.3), resulting in
various structural morphometric features, including subcortical
volumes, hippocampal subfields volumes, cortical volume, corti-
cal surface area, cortical curvature, cortical thickness, and cortical
thickness standard deviation. Together, a feature space is estab-
lished with a dimension 0f 430, including four demographic metrics
(age, gender, diagnosis, and MMSE). The test set contains the same
size ofimaging features as training set, but without diagnosis labels.

Analysis of Variance (ANOVA) test indicates that there is no sta-
tistically significant difference existed in age among classes in both
sets, and a Chi-squared test shows no difference in gender. How-
ever, an ANOVA test on MMSE showed that there are significant
group differences, and two sample t-tests revealed that they exist
between HC and AD, HC and MCI, HC and cMCI, AD and MCI, AD
and cMCI respectively. No significant differences of MMSE exist
between MCI and cMCL.

2.2. Flowchart of the 4-way classification

Fig. 1 presents a schematic diagram of the proposed frame-
work using sMRI, demographic, and clinical features. A new feature
selection method based on relative importance of variables was
employed to establish each classifier’s feature space. The corre-
sponding technical details of this algorithm will be described in
Section 2.4. Then with the hierarchical process, classification of
four group categories was solved by five binary classification issues.
Firstly, we treated HC and MCI as the same group while the other
group consisted of cMCI and AD. Then two classes were trained on
the initial classifier. After that, two revised classifiers amend results
from the initial classifier to decrease the harmful effect that caused
by wrong predicted results. To arrive at a final classification deci-
sion, we aggregated results from two classifiers which separated
HC versus MCI and AD versus cMCI respectively.

2.3. Hierarchical process with multi-class classification

After using feature selection algorithm on all features, we obtain
a feature space based on relative samples with better separability
on binary classification compared to direct multi-class classifica-

tion. The hierarchical process is then employed to convert the
4-way multi-class classification problem into several binary classi-
fication problems. With all combination patterns, the best solution
is that we first treat AD and cMClI as the same category, i.e., AC group
(AD & cMCI), while HC together with MCl is treated as the different
class, namely, HM group (HC &MCI). They are supposed to be more
similar to each other under this circumstance. As shown in Fig. 1,
after the initial binary classification between AC and HM, the output
result needs to be revised to decrease the harmful effects of mis-
classification in the initial classifier. AD & cMCI candidates contain
those subjects that classified as AD or cMCI patients; meanwhile,
Subjects who were considered as HC and MCI composed HC &MCI
candidates. Then arevised classifier constitutes with two classifiers
(i.e., AHM classifier and cHM classifier) was employed to make sure
that AD & cMCI candidates and HC & MCI candidates hold as many
correct samples as possible. Specifically, AHM classifier treated AD
one class while HC&MCI belong to the different class; cHM clas-
sifier treated cMCI as one class while HC&MCI belong to the other
category. Each subject should be identified with AHM classifier and
cHM classifier respectively; if the discriminant results are both HM
class, the subject will be considered as HC & MCI candidates. Else,
the subject will be classified as AD & ¢cMCI candidates. After the
revised classifier reallocated two candidate groups’ subjects, the
final results were generated by the AC and HM classifiers. AC clas-
sifier was employed to identify whether a subject belongs to AD or
cMCI, while HM classifier is used to discriminate whether a subject
should be considered as HC or MCI, as shown in Fig. 1.

2.4. Building feature subspace using relative importance

Based on the original features of our dataset provided, ensemble
methods are employed to establish a better feature space. A benefit
of using such methods as gradient boosting or random forest is
that, after constructed those decision trees, it is relatively straight-
forward to retrieve importance scores for each feature. In general,
importance with a score (Breiman et al., 1984) is calculated using
formula (1) that indicates how informative or valuable each feature
was averaged across all of the decision trees in the construction of
classifier.

M -1,

£2 = %ZZM@(%): )

m=1t,=1

(1)

tm represents all J-1 internal nodes of m tree in all M trees. The
function I returns one if condition true otherwise returns zero.
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Fig. 2. Flowchart of our proposed feature selection algorithm.
Table 4

Four classifiers’ performance after different feature selection algorithm.

LSVT Voice Colon Cancer Leukemia
Cancer
Proposed No. features 11-12 7 6
Methods Accuracy 91.27% 98.39% 98.61%
Sensitivity 83.33% 97.50% 96.00%
Specificity 95.24% 100% 100%
SVM- No. features 47 29-30 30-38
FoBa Accuracy 90.48% 87.10% 98.61%
Sensitivity 85.71% 92.50% 96.00%
Specificity 92.86% 86.36% 100%
Forward No. features 83 37-39 39-43
Selection Accuracy 87.30% 85.48% 97.22%
Sensitivity 85.71% 90.00% 96.00%
Specificity 90.48% 86.36% 100%
SVM- No. features 67-68 31 82-84
RFE Accuracy 84.92% 87.10% 98.61%
Sensitivity 85.71% 90.00% 96.00%
Specificity 86.90% 86.36% 100%

No. features denote the number of features that model used for binary classification.

The high interpretability of feature space leads us to build
refined subspace with our proposed new feature selection algo-
rithm which relies on relative importance pools. After this
algorithm, we had successfully differentiated several issues on AD-
related classification by reducing redundant and noisy features as
many as possible. Specifically, features pool was generated by many

different kinds of ensemble methods to identify more informa-
tive features in original feature space. Extreme gradient boosting
(XGBoost (Chen and Guestrin, 2016)) generates the first features
pool with sorted features importance based on training data. Mod-
els including random forest (Breiman, 2001), randomized decision
trees (a.k.a. extra-trees) (Geurts et al., 2006), and AdaBoost (Freund
and Schapire, 1995) generate the other features pool. This pool
assembles three different features in top 10% from different mod-
els’ importance features. For clarity purpose, we thus introduce the
following definition along with the notations.

Definition: Features pool in sorted order fpg = {f; . . . fj} generated
from XGBoost, and the other unsorted ones are defined as fp, 4 = {f}
...fm}. Complementary set fpcom =fpg U fpuq gathers those features
which do not appear in pools. Some classifiers c; needs to be used
as learners in wrapper model. Furthermore, fp,,;, saves temporal
features subset Sub; which includes a specific classifier ¢; during
feature selection period, and the final feature space comes from
them. Fig. 2 displays the flowchart of feature selection algorithm.

3. Results

In this Section, we will demonstrate the performance of the pro-
posed method on the 160 real test subjects. Each feature space for
binary classifier will be discussed. Meanwhile, some details which
may affect final accuracy will also be mentioned.
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Table 5 Table 6
Selected features for each classifier. Five classifiers performance with feature selection.
classifiers feature space based on feature selection Classifier Initial AHM cHM AC HM
Initial MMSE_bl, Left-VentralDC, Type XGBoost XGBoost XGBoost SVM XGBoost
lh_rostralanteriorcingulate_thickness_std, FS 14 12 16 8 15
lh_-medialorbitofrontal_thickness, rh-entorhinal_volume, DS 120:120 60:120 60:120 60:60 60:60
Left-Accumbens-area, Ih_superiorfrontal_meancurv, cv 91.7% 97.2% 90.6% 93.3% 86.7%
lh_parstriangularis_thicknessstd, right_subiculum, GENDER, DST 80:80 40:80 40:80 40:40 40:40
lh_temporalpole_thicknessstd, lh_temporalpole_volume, Final 76.9% 88.3% 77.5% 87.5% 56.25%

Left-Hippocampus, rh_cuneus._area
AC MMSE_bl, Ih_parahippocampal_area,
lh_rostralanteriorcingulate_volume,
Ih_transversetemporal_thickness, rh_fusiform_area,
Ih-middletemporal_thickness, lh_parahippocampal_meancurv,
HM rh_precuneus_area, Right-Cerebellum-Cortex,
Ih_parahippocampal_volume,
rh_medialorbitofrontal_thickness, left_CA1, 5th-Ventricle,
lh_transversetemporal_area, MaskVol-to-eTIV,
Right-Cerebellum-Cortex, rh-temporalpole_thicknessstd,
Ih-WhiteSurfArea_area, rh_precuneus_area, GENDER,
Right-Hippocampus_hipposubfields, Right-VentralDC
AHM MMSE_bl, rh_isthmuscingulate_volume, Left-Inf-Lat-Vent,
Ih_caudalanteriorcingulate_thicknessstd,
rh_fusiform_thicknessstd, Ih_parsopercularis_thicknessstd,
lh_transversetemporal_thickness, CC_Mid_Posterior,
Ih-middletemporal_thickness, Right-Cerebellum-White-Matter
rh_-temporalpole_thickness, Ih_entorhinal_thicknessstd,
cHM lh_rostralanteriorcingulate_thicknessstd,
Ih_precuneus_thicknessstd, GENDER, Left-Inf-Lat-Vent,
MMSE_b], rh_entorhinal_thickness, lh_bankssts_area,
left_presubiculum, rh_superiorparietal_thickness,
lh_entorhinal_volume, rh_parsorbitalis_area,
rh_precentral_volume, Ih_frontalpole_volume,
lh_isthmuscingulate_volume, Ih_frontalpole_thicknessstd,
lh_isthmuscingulate_thicknessstd,

We use the same feature name as provided in the Kaggle data sets.

3.1. Preprocessing on training and test set

Each subject has 426 imaging features and 3 demographic fea-
tures. Exploratory data analysis (EDA) (Tuckey, 1997) was applied
to analyze data sets straightforward. When we consider data with
a single feature, we note that outliers exist widely such that almost
all subjects have abnormal values in one or two features. Because of
this circumstance, it does not make sense to remove these outliers.
Instead, we zoom their values into the regular scale that contains
most of the values. For example, the mean value of left head cau-
dal anterior cingulate thickness feature between four categories in
training set is almost 2500. However, the same feature in thirteen
subjects has a value between 2 and 4. To deal these outliers, we
assume that these features follow on multimodal distribution.

As mentioned above, the test set consisted of both simulated
data and real subjects. Table 3 shows some statistical scores for
simulated data. These scores on MMSE indicates that it may lose
some useful discriminative features when they have simulated
artificially, like P-value criteria of MMSE on simulated data do
not exist significant difference. Furthermore, outliers appear more
frequently in simulated data, in which almost all subjects have
abnormal values in one or two features. Since the final official score
was only calculated on real test data, in this paper, we focus on the
results for 160 real subjects in the test set.

3.2. Binary classification with feature selection algorithm

Feature selection based on relative importance can help con-
struct an improved feature space. To compare its performance with
other popular methods, we introduced three public biomedical data
sets, including the LSVT Voice Rehabilitation (Tsanas et al., 2014),
Colon Cancer (Alon et al., 1999) and the Leukemia Cancer (Golub
etal, 1999), which also have hundreds of features in dimension. Our

Initial, AD&cMCI vs HC&MCI classifier; AHM, AD vs HC&MCI classifier; cHM, cMCI
vs HC&MCI classifier; AC, AD vs cMCI classifier; HM, HC vs MCI classifier

algorithm is compared with traditional methods like principal com-
ponent analysis (PCA), SVM-FoBa (Jieetal.,2015), SVM-RFE (Guyon,
2001). We performed a leave-one-out cross-validation (LOOCV)
procedure, which is known to be an almost unbiased estimator
of the generalization performance of a classifier (Kohavi, 1995).
The results with different feature selection algorithms are listed
in Table 4, suggesting that the proposed method achieves higher
or equivalent performance as the other methods within a small
number of features.

After feature selection period, each classifier generates a much
more refined feature space. Only about 2% original features saved
while performs on the training set even better in ten-fold cross-
validation. Table 5 shows feature space which each classifier used
for discrimination.

Five classifiers which are initial classifiers, AD vs. HM classi-
fier, cMCI vs. HM classifier, AC classifier and HM classifier train
with features generated from our feature selection algorithm. Many
classifiers are employed as wrappers in our algorithm. SVM, Naive
Bayesian, Random Forest, Extra-trees, AdaBoost, and XGBoost are
treated as wrapper candidates (Kohavi and John, 1997), which was
employed in classification only based on their performance on
the feature space. Note that a classifier with the same algorithm
(i.e., XGBoost) can have different parameters in different situations.
Therefore, a grid-search method was used to tune all parameters
to get the best performance for each classifier. Table 6 illustrates
the details of five classifiers with some indexes. The index ‘Type’
demonstrates which classifier is used on feature selection period;
‘FS’ calculates the dimension of each feature subspace; ‘DS’ index
counts samples of data space for each class on training set, while
‘DST’ counts samples of data space for each class on test set; ‘CV’
presents the mean accuracy with ten-fold cross-validation on train-
ing set; ‘Final’ presents the performance of each classifier on test
set with only real subjects. Random forest, extra-trees, AdaBoost
and XGBoost can output the relevant importance of each feature
in classification. Then classifiers which are employed after feature
selection period are XGBoost and support vector machine (SVM)
with radial basic function as the kernel function. XGBoost is an
implementation of gradient boosted trees with great performances
on machine learning competitions and SVM with small dataset can
still perform well.

3.3. Multi-class classification with hierarchical process

As the proposed feature selection algorithm yields good perfor-
mance on several binary classification issues with the training set,
multi-class classification into should be separated from four group
categories into some binary classification problems. These classi-
fiers which we employed on Fig. 1 were combined to generate the
final category for each subject.

The performance of our system is evaluated by using metrics of
precision, recall, and F1-score. Traditional indicators like accuracy,
sensitivity, and specificity are mainly used for binary classification
problem, while since we are working on 4-way classification, pre-
cision, recall, and f1-score are more straightforward to compare
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Table 7
Confusion matrix for multi-class classification.

Result Best-Submission Selection-Submission

ad hc mci cmci ad hc mci cmci
AD 35 0 0 5 37 0 0 3
HC 1 15 6 18 0 18 12 10
MCI 7 8 5 20 3 15 11 11
cMCI 8 3 0 29 4 8 7 21
Precision 0.69 0.58 0.45 0.40 0.84 0.44 037 047
Recall 0.88 0.38 0.13 0.73 0.93 0.45 0.28 0.53
F1-score 0.77 0.46 0.20 0.52 0.88 0.44 0.31 0.49
Official Score 52.500% 54.387%

The lowercase ad, hc, mci, and cmci denotes the number of AD, HC, MCI and cMCI which generated from our algorithm. The capital AD, HC, MCI, and cMCI mean the number

of real data (all these numbers exclude the simulated data).

the performance in full perspectives. These measures are defined
as follows:

Precision (%) =

number of true labels for one class based on discrimination

—————— x 100%
number of total samples for one class based on discrimination

Recall (%) =

number of true labels for one class based on discrimination

100%
number of total samples for one class based on real *

Precision x Recall

F1 = score(%) =2 x Precision + Recall

x 100%

Furthermore, the confusion matrix is a specific table that allows
visualization of the performance of an algorithm. With these met-
rics, we can reveal more details on models’ performance. As listed
in Table 7, three different models are illustrated, which are models
submitted to Kaggle at different times. The official score is calcu-
lated by dividing the sum of the number on the diagonal (i.e., the
right number that model predicted for each class) by the whole
number (i.e., 160), which represents the mean precision on all four
categories.

As listed in Table 7, the results from selection-submission show
better performance than the best-submission. The model which
generated selection-submission result has almost the same struc-
ture as the model that generated the best-submission result. The
only difference is whether a revised classifier is added to the frame-
work or not. The model with a revised classifier generated the
selection-submission result. It showed an improved performance
as two candidates have less error-classifying subjects than the
model without a revised classifier. Note that the best submission
accuracy in this Kaggle competition reach 61.875%, while the 2nd
—9th places have scored about 55% depending on their model’s
performance with test data of real human subjects.

4. Discussion

4.1. Analysis of feature selection algorithm and hierarchical
process

On the training set, each binary classifier shows good discrim-
inative capability, as the CV row listed in Table 6. Unfortunately,
the generalization on test data dropped considerably, especially
for HM classifier. Features used in our model to classify HC and MCI
maybe cannot reveal their difference efficiently. This issue suggests
us to find the better algorithm in future work or features on other
modalities (Weiner et al., 2015). Overfitting might cause the differ-
ent performance on training and test set although we used 10-fold
CV to avoid this issue (Varma and Simon, 2006). The size of the data

can impact model generalization. To obtain good performance on
both test and training set, regularization techniques or weights on
different features pools would be added into our feature selection
algorithm in the future.

4.2. Analysis of selected features

In Table 5, we show all features that were used to build each
feature space after our feature selection algorithm. Note that in
previous studies, regions including hippocampal information (in
Initial, AC and HM feature space), parahippocampal gyrus (in AC
and HM feature space), medial orbitofrontal cortex (in Initial and
HM feature space), middle temporal gyrus (in AC and AHM feature
space), precuneus or cuneus (in Initial, HM and cHM feature space),
as well as regions in temporal pole (in all feature space but cHM),
have been shown are related to AD (Convit et al., 2000; Hua et al.,
2008; Liu et al., 2014) or MCI (Albert et al., 2011) classification.
For example, Hippocampal volume has been shown to be effec-
tive in identifying subjects more likely to dementia (Weiner et al.,
2015) and Yu et al. (2014) characterized hippocampal volume as
an enrichment biomarker. Furthermore, it has been reported that
MMSE and gender are important factors in AD studies (Miyashita
etal.,,2007; Hebertetal.,2013). The selected features of our method
are congruent with those findings from previous works.

In this paper, we proposed a 4-way classification framework to
discriminate MCI subtypes with AD and HC. To solve the challeng-
ing problem, we present a novel feature selection algorithm based
on relative importance with a hierarchical grouping process. Com-
pared with conventional methods, the proposed framework can
easily and effectively shrink the original feature space into a concise
and informative subset for classification. Moreover, an elaborate
hierarchical process turned multi-class classification into several
binary problems. The final result for each subject’s label comes
from these binary classifiers. Two results with confusion matrix
were provided to directly illustrate the whole 4-way classifica-
tion performance, with three indexes for measuring the multi-class
classification accuracy. The performance on our selected model
reached 54.375% for 4-class separation (25%, random chance). More
importantly, the selected features based on our feature selection
algorithm are highly related to AD/MCI deficits. In summary, there
is still a long way to go to explore more efficient algorithms to
improve the early differentiation between MCI and cMCI, which
may provide potential biomarkers for early diagnosis of AD and
more effective intervention.
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