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ABSTRACT
Logistic regression is a simple statistical tool used in binary classification. LR is useful for situations in which we want to
predict the presence or absence of a characteristic or outcome based on values of a set of predictor variables. Unlike LR, PCA
is another technique used in feature extraction and in dimensionality reduction. This paper puts forth the experimental results
of LR model and PCA-LR model in medical diagnosis, namely the CHD dataset.
Keywords: Logistic regression(LR), PCA, feature extraction, Coronary Heart Disease(CHD).

1. INTRODUCTION
Data Mining is an analytical process that is used to
explore enormous data for pattern recognition or to
identify the relationship between variables to generate
new patterns. This predictive data mining is being
increasingly used in business applications and in research
[3,4]. The analytical process involves three stages, namely,
exploration, Model building or pattern recognition and
application of the model to new data in order to generate
predictions.
Exploration is the initial stage that involves data
preprocessing through data cleaning, transformation,
subset or feature selection using statistical methods such
as regression, factor analysis etc... The model building or
pattern recognition involves designing the best model for
predictive performance. In this stage different kinds of
models are designed and evaluated for performance
measures like accuracy, specificity and sensitivity. Data
mining techniques such as bagging and boosting can be
applied.
The last stage is application of the model to new data in
order to generate predictions. This is to test the designed
model and to estimate the expected outcomes. Logistic
regression is used to analyze relationships between a
dichotomous dependent variable or dichotomous
independent variables. LR combines the independent
variables to estimate the probability that a particular event
will occur, i.e. a subject will be a member of one of the
groups defined by the dichotomous data classes is as close
as possible to the original distribution obtained using all
attributes. Mining on the reduced set of attributes has
additional benefits. It reduces the number of attributes

appearing in the discovered patterns, helping to make the
patterns easier to understand. The variate or value
produced by logistic regression is a probability value
between 0.0 and 1.0. If the probability for group
membership in the modeled category is above some cut
point (the default is 0.50), the data is predicted to be a
member of the modeled group, otherwise as member of
another group. For any given case, logistic regression
computes the probability that a case with a particular set
of values for the independent variable; is a member of the
modeled category.
)

Where Yi is the estimated probability that the ith case is in
a category and u is the regular linear regression equation:

u  A  B1 X1  B2 X 2   BK X K
2. RELATED WORK
The data about Coronary heart disease was collected and
used in classifying the patients with heart attack was
collected from Neomed Hospital. Attribute entries were
recorded from Treadmill test, 3D-CCD and from
physician examination recorded in the case history. Table
1, shows the attributes used for the analysis. The stepwise
analysis used Exangi, Chol. Level, CP, slope (STdepression or ST-elevation) as significant variables.
Direct analysis used all the 17 parameters. SPSS software
is used for analysis. Optimization criteria are taken as
likelihood criteria. The single predictor is defined as,
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p(x ) = P(Yj = 1 X = x ) => E(YjX = x )
Instead of the probability of heart disease, we consider the
odds as a function of age. Odds range from zero to
infinity, so the problem fitting a linear model to the upper
asymptote can be eliminated. If we go one step further
and consider the logarithm of the odds, we now have a
dependent variable that ranges from -1 to +1. We try to fit
a linear regression model to the log-odds variable.

function. The idea of comparing logistic regression with
other methods is done by many researchers.[10]. This
powerful method is used in classification process.
Table 1: Attributes of Cardiovascular disease dataset
No
1
2
3

Name
Age
Sex
Cpain

4

RestBP

5
6

Chol
Fbs

7

RestECGg

Our model would now be,
logit(p(x )) = (

)

(1)

If we can successfully fit this linear model, then we also
have successfully fit a nonlinear model for p(x), since the
logit function is invertible, so after taking logit-1 of both
sides, we obtain
p(x ) = logit-1 (β0 + β1x )

(2)

where,
logit-1(w)=
=

)

(3)

The above system generalizes to more than one predictor,
i.e,
-1

p(x)=E(Y | X= x) => logit (β’x)

8

MaxHR

Maximum heart rate

9
10

Exangi
Oldpeak

11

Slope

12

Noves.

13

Thal

Exercise induced angina
ST depression induced by exercise
relative to rest
Slope of the peak exercise ST
segment (1 = up sloping, 2 = flat, 3
=down sloping)
Number of major vessels colored by
fluoroscopy
3 = normal, 6 = fixed defect, 7 =
reversible defect

14

class

15

Smoking

Class (0 = healthy, 1 = have heart
disease)
(yes/no)

16
17

Alcohol
Diabetes

(yes/no)
(yes/No)

(4)

It turns out that the system we have just described is a
special case of what is now termed a generalized linear
model. The Change in probability is not constant (linear)
with constant changes in X. This means that the
probability of a success (Y = 1) given the predictor
variable (X) is a non-linear function, specifically a logistic

Description
Age in years
1 = male, 0 = female
Chest pain type (1 = typical angina, 2
=atypical angina, 3 = non anginal
pain,4 = asymptomatic)
Resting blood Pressure (in mm Hg on
admission to hospital)
Serum cholesterol in mg/dl
Fasting blood sugar > 120 mg/dl (1 =
true, 0 = false)
Resting electrocardiographic results(0
= normal, 1 = having ST/ T wave
abnormality, 2 = left ventricular
hypertrophy)

.

DATA SET
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includes providing a simpler representation of data
reduction in memory and faster classification[1,2].

2.1 PCA-LR Model
Principal Component Analysis (PCA) networks are a
mixture of unsupervised and supervised networks The
unsupervised segment of the network performs the feature
extraction and the supervised segment of the network
performs the (linear or nonlinear) classification of these
features

PCA-LR model works in two stages. The PCA model is
used to extract principal components and is fed into LR
model for classification. Out of 16 variables used for the
study. PCA network extracted 6 components for analysis.
These values were fed into Logistic regression and the
results are summarized. The process was repeated for
Two sets of data, namely 257 and 177 records.

3. CONCLUSION

The projection variable y isgiven as, y =W Tx, where W is
nxm matrix that contains the principal components as
columns. The vector
representation of
. Let
given only the vector
The covariance matrix

,

is a dimension-reduced
be the reconstruction of
=W y.
of the pattern set is computed

as,
The eigen values are computed as,

=

The original ‘n’ features of the data set are replaced by
‘m’ new features of data that are formed from linear
combinations of the original features. This model is used
to determine performance measure, transformation and a
number of new features. To form a ‘m’-dimensional
projection 1<m<n-1 by those linear combinations that
maximize the sample variance subject to being
uncorrelated with all these already selected linear
combination. . The projections of these components
correspond to the eigenvalues of the input covariance
matrix. The aim is to capture intrinsic variability in data
through linear mapping from original features to newly
extracted ones. The number of new features ‘m’ principal
components that capture the amount of variance subject to
predetermined threshold; the transformation is linear
combination.
The performance measure is sample
variance. PCA does not require the data to be labeled with
classes. The benefit of this dimensionality reduction

Logistic regression is a type of multivariable analysis
used with increasing frequency in the health sciences
because of its ability to model dichotomous outcomes.
Proper use of this powerful and sophisticated modeling
technique requires considerable care both in the
specification of the form of the model and in the
calculation and interpretation of the model’s
coefficients[13][14]. The coefficients of the predictor
variables are interpreted as signifying the relative
contribution of their respective variables toward the
predicted probability of a positive outcome. A three-way
comparison of prediction accuracy involving nonlinear
regression, NNs and CART models using a continuous
dependent variable and a set of dichotomous and
categorical predictor variables was studied by many
researchers[11,12]. This is slightly varied by identifying the
number of parameters that are to be included in the
prediction process.
The analysis shows that classification using LR was better
than PCA-LR. This is because negative values were more
in number than the positive. The criteria considered in this
article can affect the regression coefficients, in different
ways and at different stages of the model-building
process. Although many parts of the process have been
effectively automated, the authority of the final model
depends on the attempts by investigators to rule out
sources of bias or inaccuracy toward which each of the
criteria contributes [15][16]. Medical data mining can help to
prepare some methods for diagnosis, prognosis, decision
making, etc[17]. The results of PCA-LR networks are
appreciable only if feature extraction is good. The aim of
the study was to design an intelligent computer based
neural network model that will enable successful
prediction of the heart disease.
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Classification result using logistic regression
Data size 257 records. The number of records with
absence was 143, while that of presence was 114.

RESULTS OF PCA_LR
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Diagonal segments are produced by ties.

Scree Plot
4

Logistic applied on extracted parameters

Eigenvalue

3

2

1

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Component Number
Component Matrixa

age
sex
cpain
restbp
chol
f bs
restecg
maxhr
exerangina
oldpeak
slope
nov es
thal
smoke
alco
diab

1
.402
.295
.482
.239
.112
-.068
.229
-.673
.615
.622
.720
.464
.596
.416
.428
-.092

Component
3
4
-.433
-.016
.533
-.196
-.148
-.530
-.296
.389
-.492
-.141
.408
-.013
-.250
.181
.183
.101
.024
-.232
-.009
.466
.023
.398
-.137
-.404
.316
-.197
.350
.145
.378
.176
.386
-.033

2
.420
-.150
-.115
.359
.211
.884
.091
-.054
-.069
.050
-.005
.261
.042
-.227
-.304
.894

5
.105
-.121
-.025
.118
.495
.057
.141
.190
-.032
-.362
-.191
.058
-.148
.573
.536
.040

6
-.156
.513
-.171
.367
.218
-.099
.456
.339
.083
-.123
-.057
.014
.335
-.257
-.099
-.096

Extract ion Method: Principal Component Analy sis.
a. 6 components extracted.

Case Processing Summary
class(b)
Positive(a)

Valid N (listwise)
114

Negative

143

Larger values of the test result variable(s) indicate
stronger evidence for a positive actual state.
a.

The positive actual state is 2.00.

b.

The test result variable(s): maxhr has at least one tie
between the positive actual state group and the
negative actual state group.

ROC Curve
Source of
the Curve

Sensitivity

1.0
0.8

age
sex
cpain
restbp
chol
fbs
restecg
maxhr

0.6
0.4
0.2

exeran
gina
oldpeak
slope
noves
thal
smoke
alco
diab

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1 - Specificity
Diagonal segments are produced by ties.
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DATA SET II
The number of records were 177. The number of positives
were 170 and negatives were 7.
The classification results are as follows. With Logistic
regression the classification percentage waS 100.

Future Work
The future work is to design a hybrid model, which would
help in predicting heart attack. Feature extraction is done
with PCA network and the data is fed into RBF neural
network.
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