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Objectives: Genetic polymorphism interactions are among the important factors in affliction with 
complex diseases like Alzheimer’s disease. The important goal of genetic association studies is to identify 
a combination of polymorphisms and measure their importance in increasing the risk of occurrence of 
such diseases. In this study, feature selection approach of logic regression was used to identify the 
interactions among genetic polymorphisms influential in patients affected with Alzheimer’s disease. 

Method and Materials: 101 Alzheimer’s cases and 109 control subjects from Iranian population were 
recruited in a case-control study. The evaluation of genes in two groups was performed using molecular 
technique methods; in particular, the PCR-RFLP technique was used to evaluate the intended 
polymorphisms in APOE, ABCA1, CALHM, CCR2, GSK3β, SAITOHIN, TAU, TNF-α and VDR genes, 
and then the feature selection approach was used to detect the significance polymorphisms and 
interactions between them.  

Results: Based on feature selection approach, the two-way interaction between the polymorphisms of 
SAITOHIN and APOE genes were significant on occurrence of Alzheimer’s disease. 

Conclusion: Logic regression approach is recommended to detect interaction in the genetic association 
studies. 
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Introduction 
Single nucleotide polymorphism (SNP) is a minor 
genetic variation which can occur in DNA sequence. 
SNP occurs when a nucleotide is replaced by one of 
the other three nucleotides in nucleotide chain. On 
the average SNPs in human populations occurs more 
than %1 of the times. Individual SNP usually has 
small to medium effects in occurrence of diseases, 
particularly in complex or multi-factorial diseases. 
Therefore when dealing with complex diseases, the 
purpose of association studies is to specify the 
combined effects of SNPs and the interaction among 
them on the increase in risk of disease (1). 
Alzheimer’s disease (AD) is one of such diseases. 
AD is the most common cause of dementia in 
middle and old age in western societies; therefore, 
aging increases the risk of affliction with the disease. 
AD is the fourth important cause of death in the 

United States (2), and is one of the most important 
factors of disability and health endangering in the 
world. In 2006, nearly 26.6 million people in the 
world were suffering from AD. With elevation of 
life expectancy, it is quite possibly anticipated that 
until 2050, more than 100 million people will suffer 
from AD, which shows that one per 85 people in the 
world will be affected with the disease (3). Due to 
the increasing trend in Alzheimer’s disease it is 
crucial paying more attention to its early diagnosis 
and detection. Over 95% of patients suffering from 
Alzheimer are sporadic and late-onset type, the 
diagnosis of which is based on clinical and 
neuropsychological evaluations and is time 
consuming and costly. Consequently, the diagnosis 
of disease by a genetic marker could be a good 
solution for this problem, so as to be used for quick 
diagnosis of disease in early stages or for treatment 
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aims (4). Alzheimer is a complex disease because it 
lacks any specific hereditary pattern and is 
heterogenic, since a variety of mutations and 
polymorphisms in several genes are responsible for 
the disease along with non-genetic factors. 
Individual SNPs have small to middle effects in the 
occurrence of such complex disease and it seems 
necessary to specify the combined effect of SNPs 
and the interactions between them in increasing of 
the risk of this disease (1). 
Thus far, many genes have been investigated as risk 
factor for Alzheimer’s disease, the most well-known 
of is the APOE on chromosome 19. This gene has 
been identified as the most important risk factor in 
65% of sporadic Alzheimer cases (5). The APOE 
gene in human has the three allele e2, e3, e4. These 
alleles are differently influential in the risk of 
occurrence of Alzheimer’s disease (6). Also, there 
are evidences on the relationship between Alzheimer 
and SNPs from genes such as ABCA1, CALHM, 
CCR2, GSK3β, SAITOHIN, TAU, TNF-α, and VDR. 
Since the human genome is diploid, that means it 
has pairs of chromosomes, 2 bases explained each 
SNP. Thus, each SNP can have one of the following 
3 forms: 
– “Homozygous reference (wild type) genotype”: 

both explaining bases of the SNP are the variant 
which is more frequent. 

– “Heterozygous variant genotype”: one of the bases 
is more frequent variant and the other is the less. 

– “Homozygous variant genotype”: both bases are 
the less frequent variant. 

Thus, in an association study concerned with SNPs 
data, it is thus of interest to construct classification 
rules of the following type: 

“If SNP A is of the heterozygous variant 
genotype AND SNP B is of the homozygous 
variant genotype OR both SNP C AND D are 
NOT of the homozygous reference genotype, 
then a person has a higher risk for the disease 
of interest”. 

Classic parametrical statistical methods such as 
logistic regression are unable to detect such 
interactions and in most problems a regression 
model can only investigate the relationship the main 
effects of predictors on the response and the 
interaction between variables, in case considered in 
the model, does not go beyond two-way and, at 
most, three-way. A procedure developed for solving 
exactly these types of problems is logic regression 
which was introduced by Ingo Ruczinski, and 
attempts to identify Boolean combinations of binary 

variables for the prediction of case–control status in 
an observation (7). After the first introduction on 
logic regression model by Ruczinski, several models 
were proposed to improve the model, among which 
the Feature selection logic regression (logicFS) can 
be noted (8). Feature selection is a combination of 
bootstrap and logic regression that can be used for 
quantifying the importance of interactions for 
classification. In order to detect the interactions of 
genetic polymorphisms of the noted genes and 
genotypes of APOE gene in affliction with 
Alzheimer, the Feature selection approach of logic 
regression was used. 
 
Materials and methods 
This study was a case-control one in which the 
required samples for the case and control groups 
were received from the Genetic Research Center- 
university of Social Welfare and Rehabilitation 
Science, in which Alzheimer cases and control 
subjects were included if they were older than 65 
years old and the informed consent was signed by 
them or their legal care takers. The criteria for 
inclusion as a case were existence of Alzheimer 
diagnosed by an expert psychiatrist based on DSM 
IV criteria and lacking any neurologic or psychiatric 
disorders for control group according to medical 
report or responsible physician statements. Subjects 
were excluded if they had any family history of 
dementia or neurologic diseases. Alzheimer and 
control subjects were recruited from Alzheimer’s 
society of Iran and Geriatric centers Mehrvarzan, 
Kahrizak, Shayestegan, Farzanegan,Hashemi nezhad 
and Rheumatism Center in Tehran, Iran from 2007 
to 2008. The evaluation of genes in the two groups 
was performed using molecular techniques; The 
PCR-RFLP technique was used to particularly 
evaluate the intended polymorphisms in APOE, 
ABCA1, CALHM1, CCR2, GSK3B, SAITOHIN and 
TAU, TNF-α and VDR genes. Afterwards, the 
information related to 316 people were received 
from the lab. From these people 106 observations 
had one or more missing polymorphisms and with 
deletion of these observations 210 observations were 
analyzed by logic FS and the important interactions 
were specified by the calculation of the two indexes 
of VIMsingle and VIMmultiple. In order to find the best 
logic combination the algorithm Simulated 
Annealing was used (7). For this purpose the R 
statistical software version 2.13.2 was used.  
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Results 
Present study was conducted on data obtained from 
210 participants above 65 years of age including 101 
afflicted with Alzheimer’s disease in the case group 
and 109 in the control group. The primary 
information about the APOE genotypes and other 
polymorphisms investigated is given in table 1 and 2. 

For fitting the logic regression model and using 
feature selection method, the input variables are 
changed into binary variables in the following form. 
Regarding the APOE gene, the information related 
to the six genotypes (e2e2, e2e3, e2e4, e3e3, e3e4, 
e4e4) is at hand and the binary variables of X1 to X6 
are defined as follows: 

 
Table1: The APOE genotype frequencies were compared between Alzheimer cases and control subjects 

case control  
number (percent) number (percent) Genotype 

1 (1.0) 1 (0.9) e2e2 
5 (5.0) 14 (12.8) e2e3 
1 (1.0) 1 (0.9) e2e4 

78 (77.2) 81 (74.3) e3e3 
15 (14.9) 11 (10.1) e3e4 
1 (1.0) 1 (0.9) e4e4 

 

 
Each SNP Si, is split into two variables as defined in 
below: 
Si1: “At least one of the bases explaining Si is the 
less frequent variant.” 

Si2: “Both bases explaining Si are the less frequent 
variant.” 
These made variables are used instead of the SNPs 
themselves. 

 

 
Figure1: VIMSingle (left panel) and VIMMultiple (right panel) of the interactions identified in analysis of Alzheimer 

data set. Since the SNP names are too long for graphical representation, they are coded. 
 
Consequently, having six genotypes from APOE 
gene and eleven SNPs from other genes possibly 
related to Alzheimer, the 28 binary variables as 
predictors are available as input for the logic 
regression model. Of these variables all observations 
showing more than 5 missing values are removed 
from the analysis leading to a total of 22 variable 
and 210 observations.  

Logic FS is applied to this data set twice using 10000 
iterations in each run of simulated annealing and 200 
bootstrap samples,—once with a single-tree and a 
maximum of 6 variables contained in this tree and the 
other time allowing 2 trees to grow with a maximum of 
10 variables in all the 2 trees combined. In the single-
tree case, this leads to the detection of 449 potentially 
interesting polymorphisms interactions, whereas in the 
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multiple-tree case, 562 SNPs and SNP interactions are 
identified. however, just one interaction, namely 
!X1&X20 or decoded e2e3&STH (HinfI(A/G))1, 
consisting of 2 polymorphisms from the gene APOE 
and SAITOHIN seems to be associated with the case–
control status since in it both indexes VIMsingle and 
VIMmultiple have high values. If the STH (A/G) is not of 
homozygous reference genotype and there is no e2e3 
genotype in the person, there will be a little higher risk 
of developing Alzheimer. 
STH (A/G) itself has the highest value of VIMmultiple 
and third highest VIMsingle. Therefore, the 
SAITOHIN gene may itself influence in Alzheimer 
and AG and GG genotypes of this gene are risk 
factors for the disease. 
 
Discussion 
Alzheimer’s disease is one of the complex diseases 
which lacks specific hereditary pattern and is 
heterogenic and mutations and polymorphisms 
existent in several genes along with environmental 
factors, are influential in it. Since there is no definite 
treatment for Alzheimer at the time, the 
identification of risk factors leading to this disease 
and prevention of their occurrence is of high 
significance. Based on the studies conducted, one-
late Alzheimer occurs under the influence of a 
number of genetic and environmental factors. 
Controlling genetic factors is impossible but it is 
highly possible, through the identification of genetic 
factors influential in Alzheimer, to identify people at 
risk and trying to control the influential 
environmental factors in the occurrence of 
Alzheimer such as low level of mental activities, 
social-psychological stress, diet, smoking and 
drinking, pesticides environmental factors over use 
of some medicines,”. Also it is possible to use these 
genetic markers to detect diseases in elementary 
stages and reduce the speed and disabilities resulted 
from the disease by its early diagnosis of it.  
One of the important and common goals in genetic 
association studies in such diseases is the 
determination of SNPs and their interactions which 
are related to the occurrence of the disease. The 

previous studies have shown the relationship 
between several single SNPs and Alzheimer (4, 9-
15). Since the interaction between SNPs ore more 
influential than single SNPs in the occurrence of 
complex disease, it seems necessary to have some 
methods to identify these influences. Moreover, in 
order to have a suitable prediction and classification 
for the intended response, these methods should be 
able to quantify the significance of these 
interactions. In this article, feature selection which is 
a combination of bootstrap and logic regression 
methods was used to determine potential individual 
and interaction effects between genetic 
polymorphisms influential in affliction with one-late 
Alzheimer and then the two indexes of VIMsingle and 
VIMmultiple were used to quantify the importance of 
the specified effects and based on it, one interaction 
effect of the polymorphisms of APOE and 
SAITOHON genes was determined. The results 
revealed that if the polymorphism A/G in the 
SAITOHIN gene is not of homozygous reference 
type and in case of non-existence of e2e3 genotype 
in the person, the risk of Alzheimer increases. Based 
on the previous studies in non-Iranian populations, 
the e2 allele increases the age of onset of the disease 
and protects from it (16-18). In the studies 
conducted in Iran by Vaisi Reygani and et.al (19) 
and Gozalpour (20), the frequency of ε2 allele and 
ε2ε3 genotype in healthy people was reported to be 
more than in no significant the patients, but there 
was difference between the two groups. The only 
study investigating the SAITOHIN gene in Iranian 
population was conducted by Veisi (21); in his study 
the AA genotype was introduced as having a 
protective role and the AG genotype as being the 
risk factor in affliction with Alzheimer. Moreover, in 
the investigation of interaction of this gene in AG 
polymorphisms and minus APOEε2 subjects a 
significance difference was reported but the 
interaction of GG genotype and minus APOEε2 
subjects was not meaningful. 
One of the advantages of this method is that unlike 
other regression models, in order to investigate the 
existence of an interaction,  

 
Table2: The SNP frequencies were compared between Alzheimer’s cases and control subjects 

case Control   
number (percent) number (percent) 

genotype 
SNP Gene 

34 (33.7) 41 (37.6) GG 
48 (47.5) 50 (45.9) GA 
19 (18.8) 18 (16.5) AA 

R219K 
(G/A) 

ABCA1 

79 (78.2) 93 (85.3) CC 
17 (16.8) 12 (11.0) CT 

P86L CALHM1 
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case Control   
number (percent) number (percent) 

genotype 
SNP Gene 

5 (5.0) 4 (3.7) TT 
86 (85.1) 91 (83.5) GG 
14 (13.9) 16 (14.7) GA 
1 (1.0) 2 (1.8) AA 

)V64I (CCR2- 
)G/A( 

CCR2 

27 (26.7) 33 (30.3) TT 
53 (52.5) 52 (47.7) TC 
21 (20.8) 24 (22.0) CC 

)T/C(AluI GSK3â 

63 (62.4) 77 (70.6) GG 
30 (29.7) 24 (22.0) GA 
8 (7.9) 8 (7.3) AA 

)G/A(ALuI 

60 (59.4) 80 (73.4) CC 
32 (31.7) 21 (19.3) CG 
9 (8.9) 8 (7.3) GG 

)C/G(Alw26I  

66 (65.3) 77 (70.6) AA 
31 (30.7) 27 (24.8) AG 
4 (4.0) 5 (4.6) GG 

)A/G( SepI  

TAU 

77 (76.2) 93 (85.3) GG 
24 (23.8) 15 (13.8) GA 

0 (0) 1 (0.9) AA 
)G/A(-308  TNF-α 

67 (66.3) 89 (81.7) AA 
34 (33.7) 17 (15.6) AG 

0 (0) 3 (2.8) GG 
)A/G(HinfI SAITOHIN 

45 (11.9) 50 (45.9) CC 
46 (42.2) 46 (42.2) CT 
10 (9.9) 13 (11.9) TT 

)C/T(TaqI  

19 (18.8) 23 (21.1) GG 
46 (45.5) 52 (47.7) GT 
36 (35.6) 34 (31.2) TT 

)G/T(ApaI  

VDR 

 
Interactions do not need to be known in advance and 
used as input variables in the model, but the 
detection of important variable interactions is the 
main aim of logic regression; and this way it is 
possible to concentrate on the most important effects 
specified by this approach. Since in case-control 
studies, the goal is to make a classification rule 
based on the minimum possible number of variables, 
the identification of the interactions of SNPs 
influential in predicting the response is the first, and 
the same time a very important, stage. In the next 
stage, it is possible to, for example, consider K 
number of the most important interactions which are 
higher than specific level of significance and use the 
form of binary variables in logic regression or any 
other classification and prediction models. 
Therefore, conducting studies based on APOE and 

SAITOHIN genes with a larger sample is 
recommended. 
 
Conclusion 
Feature selection approach is a new method for the 
detection of interaction in genetic association studies 
with many variables. In the present study, the two-
way interaction between polymorphisms in APOE 
and SAITOHIN genes was detected using this 
method. 
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