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Abstract— Body weight loss (BWL) or skeletal muscle
atrophy (SMA) are normal and common in elderly
individuals. The satellite cells are located in the space between
the basal lamina and the sarcolemma; often these cells are
quiescent. There have been several attempts conducted using
machine learning methods to uncover the significant age-
related genes. However, these investigations have not
described the impact of age on skeletal muscle mass in human.
Microarray datasets involve tens of thousands of genes, but
just a few genes could lead to uncover the relationship
between age and muscle atrophy. The main goal of this paper
is to identify age-related genes with high accuracy, the final
subset of selected genes was based on Multi-filter single
wrapper system (MFSWS). Microarray expression profiles,
downloaded from GEO database: GSE1428 was chosen to
screen the differentially expressed genes of arm tissue and to
compare three age groups of both males and females. Results
revealed that our approach is able to identify a subset of genes
with high performance of accuracy compared to the existed
system (Liu et al, 2013) [27] and MFS (2016) [28].
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I.  INTRODUCTION

Body weight loss (BWL) or skeletal muscle atrophy
(SMA) are normal and common in elderly individuals. A
measure of weight in kilograms divided by height in metres
squared is called the body mass index (BMI). If the BMI is
less than 22, this associated with a higher mortality in both
males and females above the age 65. Skeletal muscle mass
is harbinger of poor outcome (Thomas et al, 2007) [1].
There is a relationship between mortality and BMI (Calle et
al, 1999) [2], where for example losing more than ten
percent after the fifth decade of age, people with stable
weight is associated with sixty percent increase in mortality
(Thomas, 2005) [3]. The Loss of about one or two percent
per year among people after the fifth decade is normal
because this decline muscle weight happens in both
sedentary and active ageng adults (Tzankoff and Norris,
1978) [4]. The side effects of muscle loss are not limited to
increasing a mortality, it contributes towards a decline in
functional status. For example, for women 6074 years old
who lose more than 5% of body mass, and this leads a
doubled risk of disability (Thomas, 2003) [5]. Skeletal
muscle mass loss is accompanied by muscle fibre loss, and
this reduction appears in the type lla fibre. (Doherty et al,
1993; Brown and Hasser,1996) [6][7]. DNA methylation
has also been observed in a few human tissues and other
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species have been documented and decreases in
methylation in numerous groups of aged mouse tissues
(Calvanese et al., 2009; Wilson et al, 1987)[8][9]; Zykovich
et al, 2014[10]. The three main categories of skeletal
muscle loss involve sarcopenia, cachexia and starvation.
Sarcopenia was first presented in 1988 by Irwin [11]
Rosenberg3las an age-associated with decrease in muscle
mass. The acute loss of both fat-free and fat mass is called
cachexia which usually is accompanies disease, for
example immunodeficiency or cancer. Sarcopenia
prevalence rates range from 6% to 24% depending on the
definition and measure of muscle mass used (Newman et al,
2006; Park et al, 2006 )[12].

The loss of muscle size and weight is called skeletal
muscle atrophy; it is often accompanied with a decrease in
muscle fibre. In humans there are several factors that can
lead to skeletal muscle atrophy, including tumours, laziness
and extreme training.

The skeletal muscle represents more than 45% of the
human body, it helps during movement, and the cell
organization of this organism is highly structured.
Mitochondria are cellular organelles and the main function
is to convert metabolic fuels, such as glucose and fatty
acids, into energy (Sandri, 2010) [13]. The latest data
reported that autophagy could lead to sarcopenia and the
excessive damage of skeletal muscle mass which occurs in
ageing (Wohlgemuth et al, 2010) [14]. With advancing age
there is a progressive disorder of mitochondrial function
with activation of autophagy.

In hypertrophy, the main processes, protein synthesis
and satellite cell recruitment have an active role in the
increase of muscle mass size. Disorder of these processes is
observed in Chronic Obstructive Pulmonary Disease
(COPD) muscle atrophy.

Hawke and Garry (2001) [15] reported that satellite
cells are located in the space between the basal lamina and
the sarcolemma; often these cells are quiescent. Satellite
cells bail up to the damaged fibre in order to repair the
muscle.

Despite these cells having an active role in fibre growth,
their contribution towards hypertrophy in muscles is still
unclear (O'Connor and Pavlath, 2007[16]; McCarthy and
Esser, 2011[17]). However, in 2012[18], Kudryashova et al.
reported that the deterioration of satellite cell function may
cause muscle atrophy. Several studies, such as Goldspink et
al. (1983) [19]and Bolster et al. (2004) [20], have suggested
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that protein synthesis has an active role in muscle growth
and hypertrophy. In addition, it may lead to an increase in
protein degradation.

In the human body, changes in muscle mass can be the
result of many physiological effects on muscle degeneration
and synthesis. Normally these influences may appear over
decades of life, such as through progress to adulthood or in
the elderly. The period of muscle mass changes continues
and is considered a part of normal growth in adults until the
third decade of life. Janssen (2011) declared that the loss of
muscle mass and strength starts after the fourth decade,
with about six percent loss per decade in humans [21].
There have been several studies conducted to address the
loss of muscle size.

D’Antona et al. (2003) documented that Vmax in ageing
skeletal muscle is slower in type lia [22]. There is also
evidence to suggest that the size of type Il fibres decreases
with advanced age (Larsson et al., 1978) [23]. Recent
findings of D’Antona et al. (2003) [24] established that
young and ageing fibres differ and these can be
distinguished. Moreover, it has been recently discovered
that Vmax might be a disorder among old people due to
inherent alterations.

In 2013, Day et al. provided more evidence that skeletal
muscle tissue is more reliable than other tissues for
identifying age related genes based on differently expressed
genes. They compared between different types of tissues
including human blood, brain, kidneys, and skeletal
muscles. The main aim was to identify tissue-specific age
effects, followed by statistical analyses. The results
indicated that skeletal muscle only showed age-dependent
methylation associated with tissue-specific expressed
genes. Liu et al [27] used three cases of studies (old female
versus old males, old males versus young males, old
females versus young females), and they used simple
statistical analysis that included a intensity-based Bayesian
moderated t-test and logistic regression in order to find a
subset of genes that could interpret the difference between
males and females in each set of age using a microarray.
that contained gene expression profiles from skeletal
muscle arm tissue

Raue et al. (2007) analysed microarray data in order to
identify the impact of age on muscles. Different tests were
carried out covering [25]. 14 females (8 young and 6 old).
In conclusion, the results showed that the older females’
genes were expressed at a higher level compared to the
young adults, which means that they are more susceptible
to muscle atrophy than young adults. Ding et al. (2005)
presented a new feature selection system called minimum
redundancy — maximum relevance (MRMR)[26]. This
system idea was based on Naive Bayes (NB), linear
discriminant analysis (LDA), logistic regression (LR) and
SVM class prediction methods, leave-one-out cross
validation (LOOCV) was applied and its accuracy was
computed. The main goal was to identify subset genes
associated with age for young and old males that could be
used to discriminate the two groups (older and young). 14
young (19-25 yr. old) and 14 older (70-80 yr. old) healthy
men participated in this study
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1. PROPOSED METHOD
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Figure 1: Multi filter single wrapper system (MFSWS)
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I11. METHOD OF APPLIED STUDY

A. Data Source

The microarray expression profiles of spinal cord injury
were extracted from the GEO (Gene Expression Omnibus,
http:// www.ncbi.nlm.nih.gov/geo/) database Liu et al [27],
with 22 healthy men and women of various ages, in which
7 men and 7 women were young (20-29 years old), and 4
men and 4 women were old (61-81 years old).

To address this problem, it is important to select a small
subset of related features subset to reduce processing time
and avoid over-fitting problem [6]. In our most recent
study, filter based approaches are explored to identify a
subset of genes [21]. MFS is able to significantly reduce the
number of genes. However, there still are lot of irrelevant
genes that need to be identified and excluded. In this study.
random subset feature selection | RSFS is used to exclude
these irrelevant genes. Figure 1 shows the proposed system
based on wrapper feature selection method

B. Classification

Selected subset of genes are tested for its generalization
power using supervised classification. knearestneighbor
(KNN) classifier (k=1,3) is used to evaluate the system
performance. The leaveone-out cross validation (LOOCV)
technique is used for evaluation.

C. This Study is Based on Three Age Groups as
Following

e Young Men versus Old Men.
e Old Men versus Old Women.

e Young Women versus Old Women.

IV. RESULTS AND DISCUSSION

In this section, the performance of the multi-filter single
system (MFSWS) will be evaluated. The results of our
system are also compared with the system presented in [27]
for Dataset, in which genes are identified for three
categories (young male versus old male, young female
versus old female and old male versus old female) out of
54623 in total genes. In order to have a fair comparison, the
same number of genes are selected from MFSWS and
compared with the genes identified in [27] and [28]. The
evaluation metrics used in this investigation are:
Classification accuracy, Sensitivity and Specificity.

A. Case Study 1: Young Men versus Old Men

A total number of individuals are 11 male samples (7
young and 4 old). The performance of first 20 genes
identified by MFSWS have been compared with Liu et al
[27] and MFS [28] genes as shown in table 1. The best
performance was obtained by MFSWS using K-NN
classifier which is 100%. The MFS and Liu et al, (2013)
[27] are only able to achieve 90%.

In study A all tables are follows (1=MFS, 2= Liu et al and
3=MFSWS)
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B. Case Study 2: Young Females versus Old Females

This case study involved 7 Young Female versus 4 Old
Females. It is observed that the highest classification
performance has been achieved by MFSWS compared to
other systems and the classification accuracy is
approximately 100% using” both K-NN with high
Sensitivity and Specificity as shown in table 2.

TABLE III. YOUNG FEMALE VERSUS OLD FEMALE
TABLE IV.
Correct Rate Sensitivity Specificity
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C. Case Study 3: Old Men versus Old Women

This case study involves eight individuals (4 old men
versus 4 old women). The aim of this study was to examine
a basal level gene expression among Old (male and
female). Based on table3. MFSWS and MFS achieved the
best performance, but MFSWS had the higher performance
starting from the first feature compared to MFS which start
after the fourth feature as shown in figure 3. It is observed
that genes selected using MFSWS had the classification
accuracy of 100% using both INN and 3NN with high
Sensitivity and Specificity.
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TABLE V. OLD MEN VERSUS OLD WOMEN
TABLE VI.
Correct Rate Sensitivity Specificity
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V. CONCLUSON

In this investigation, a multi-filter single wrapper system
(MFSWS) has been proposed to select a significant subset of
genes for Males and Females using skeletal muscles.
Evaluation methods (t-Test, Entropy. ROC) have been used
to sort the important age-related genes, and then wrapper
feature selection has been used to select the subset of genes
in order to improve the generalization of the system.
MFSWS has been evaluated on publicly available
microarray datasets of gene expression of skeletal muscle
tissue.

Results have showed that the MFSWS classification
performance yields the best performance compared to
previous studies MFS and Liu et al 2013[27].

Future work aims to extend ore work by applying an ore
system on two datasets instead of one. Furthermore, other
analyses will be conducted on the selected subset of genes.
In addition should be statistical tests such as P-value and
fold change (FC) are considered
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