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ABSTRACT 

The decision for a lung transplant requires the knowledge of the severity of interstitial lung disease (ILD). A 
manual scoring sheet was developed for discriminating ILD cases from non-ILD cases based on eleven indicators selected 
by the radiologist. The manual scoring sheet requires the radiologists to score the severity of general ILD from visual 
inspection on the changes of lung tissue using the high resolution computed tomography images. This paper investigates 

the use of logistic regression in developing a scoring index,  x , to investigate the presence of ILD. The result shows that 

the scoring index,  x , is robust and has discriminatory potentials. The threshold (c, d) having values (0.7, 0.24) allowed 

correct classifications of 80% of ILD cases and 61% of non-ILD cases in a total sample of 134 cases.  This study suggests 

that  x  
may be used as a simple and practical scoring index in initial investigations for ILD detection.   

 
Keywords: logistic regression, scoring index, interstitial lung disease, detection, confidence probability. 
 
INTRODUCTION 

Lungs are among the important organs in the 
respiratory system. In Malaysia, respiratory disease is 

the second highest (10.36%) of the principal causes of 

hospitalization and the second highest for death 
(19.48%) [1]. A group of lung diseases known as the 
interstitial lung disease (ILD) has serious consequences on 
the patients whereby lung transplant may be the only 
solution to the patients. However, the decision making for 
lung transplant is non-trivial due to scarcity of lung donors 
in Malaysia. Important decisions must be made once the 
ILD has been detected.  

The ILD refers to the group of diseases related to 
the disorder of the lung structure at the level of 
interstitium, which may affect not only the tissues, but also 
the air sacs, blood vessels and distal airways [2]. The 
worst consequence of ILD is death due to respiratory 
failure [2]. Known causes of ILD include inhalation of 
some agents known to be harmful to the lung such as 
asbestos and tobacco smoke, effect of drugs, exposure to 
radiation and genetic abnormalities. However the causes 
for certain categories of ILD remain unknown, for 
example idiopathic pulmonary fibrosis and sarcoidosis [3].   

Non-ILD cases include but are not limited to 
pulmonary tuberculosis, bronchiectasis, bullous disease, 
lung infection, and collapse of lung. Most of the non-ILD 
cases can be treated and the patients may recover from the 
disease. 

A suspected ILD patient will generally have his 
lungs investigated with high resolution computed 
tomography (HRCT) Thorax images by a radiologist. ILD 
has various important features or indicators visible on the 
HRCT Thorax image, where the radiologists visually 

evaluate each indicator when differentiating ILD cases 
from non-ILD cases.  Due to visual similarity on some of 
ILD cases and non-ILD cases, some of the indicators may 
be difficult to differentiate.  

Scoring indices has been widely used for disease 
assessment, prediction and detection [4]-[12]. In some of 
these studies logistic regression is used to evaluate these 
scores [4, 7, 8, 9, 10].  In this study, a novel application of 
the logistic regression model proposes a scoring index 

 x , which not only indicates the presence or absence 

of ILD but also gives a degree of certainty by the observer. 
The selection of indicators when discriminating ILD cases 
from non-ILD cases uses a simple statistical graphical 
method [13, 14, 15] and standard procedures when 
applying logistic regression. 
 
METHODOLOGY 

 
Data collection 

The HRCT thorax images of 27 ILD cases and 54 
non-ILD cases were taken from the Department of 
Diagnostic Imaging at the Kuala Lumpur Hospital. The 
equipment used to obtain the HRCT thorax image is the 
Siemens Somaton Plus 4 [16]. An accepted practice is to 
study thirty slices of HRCT thorax images taken at 1 cm 
interval [17]. In this study, the scoring system was 
developed from five predetermined slices of HRCT thorax 
based on information about the anatomy of the lung, 
namely; aortic arch (level 1), tracheal carina (level 2), 
pulmonary hilar (level 3), pulmonary venous confluence 
(level 4), and 1-2cm above the dome of right hemi-
diaphragm (level 5), that represent the upper, upper-
middle, middle, lower-middle and lower zone of the lung 
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area. The five levels selected are considered as sufficient 
in representing the whole lung. After the selection of 
slices, the radiologists viewed the HRCT Thorax images 
and recorded the severity of eleven indicators, namely 
reticular pattern (RP), plural plaques (PP), pleural 
thickening (PT), fissural thickening (FT), 
peribronchovascular interstitial thickening (PBIT), 
bronchial dilation (BD), intra parenchyma nodule (IP 
nodule), septal and non-septal lines (SNSL), traction 
bronchiectasis (TRB), ground glass opacity (GGO) and 
parenchyma consolidation (PC) in the scoring sheets 
shown in Table-1 (Appendix I). The degree of severity 
ranges from grade 0 (indicate absent) to grade 3 (indicate 
very severe). At the end of the score sheet, the radiologist 
makes a summary of the evaluation and state the presence 
or absence of ILD and the distribution of disease.    

Bivariate plots and logistic regression models 
investigate the severity scores when seeking indicators of 
ILD. A discrimination procedure using a scoring index 
was then developed for the detection of ILD.   
 
Bivariate plots 

Bivariate plots involving pairs of indicators may 
yield two clusters or groups of individuals who may be 
ILD cases or non-ILD cases. All pair-wise combinations 
of indicators were investigated. At each level, the degree 
of severity for an indicator is defined as the sum of the 
degree of severity for both left and right lung. Each 
patient, or observation, is therefore represented by a two-
dimensional point consisting of the severity of two 
indicators. Three dimensional or higher dimensional graph 
were not considered due to the discrete nature of the data.  
 
Logistic regression 

The application of 2D plots is compared to a 
more systemic procedure or method for finding the most 
probable indicator. A possible solution is the use of 
logistic regression model where standard software, in 
particular S-Plus [18] is easily available for use. Define 
the variable Y such that Y is equal to one indicates ILD 
present and Y is equal to zero indicates non-ILD present. 
Further, let x1, x2, …, x11 represent the scores from the 
score sheet for the eleven indicators.  Denote the expected 
value of Y for a given x value as E(Y|x). For binary 

response variable, let  x = E(Y|x), and the logistic 

regression model takes the form, 
 

 
 

 xg

xg

e

e
x

1
=

       
(1) 

 

A transformation of  x  
that is important is the 

logit transformation, namely,  
 

 
nnxxxxg   ......2211       (2)   

 

The estimates of  , 1 ,….., n were obtained 

from S-Plus, giving an estimate of  xg , and 

consequently an estimate of  x . The expression for 

 x  in Equation (1) provides the conditional probability 

that Y is equal to 1 given x. This will be denoted as 

)|1( xYP  . After having fit a particular single/multiple 

(single variable/multivariable) logistic regression model, 
the process of model assessment is carried out using the 
following test statistics; 
 𝐺 = −2 𝑙𝑛 (likelihood without the variable

likelihood with the variable
). 

 
Under the hypothesis that a given parameter, say 

1 , is equal to zero, the statistic G follows a chi square 

distribution with one degree of freedom. A detail 
explanation of the use of G is given in Hosmer and 
Lemeshow [19].   
 
RESULT 

 
Inferences from bivariate plot 

Many possible bivariate plots can be considered. 
For this investigation a plot of SNSL versus RP, at level 3, 
(Figure-1) detected ten ILD cases and 34 non-ILD cases. 
The remaining undetected cases were then investigated 
with a plot of PBIT versus TRB at level 3 (Figure-2) 
where eight non-ILD cases were detected. The undetected 
17 ILD cases and 12 non-ILD cases were finally 
investigated with GGO and PBIT, at level 5, (Figure-3) 
where seven ILD cases and eight non-ILD cases were 
detected. Using this method, a total of 17 ILD cases (63%) 
and 50 non-ILD cases (92%) were detected.   

The graphical method suggested that only five 
from the eleven indicators have a discriminatory 
capability. However, this graphical method is very likely 
to yield a different result with the use of other combination 
of indicators. Therefore, there is a need to investigate if 
indeed the other six indicators can be eliminated. This is 
more so since this graphical method is tedious, time 
consuming and the plots are not easily comparable. As 
such a more systematic approach, in the form of applying 
a logistic regression model will be considered next.   
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Figure-1. Investigating RP and SNSL as indicators  
of ILD. 

 

 
 

Figure-2. Graph PBIT(L3) Vs TRB(L3). 
 

 
 

Figure-3. Investigating PBIT and GGO as indicators 
of ILD. 

 
Inferences from logistic regression model 

In anticipation of a large number of parameters to 
be estimated, the total sample size were increased to 35 
ILD cases and 99 non-ILD cases. A control data set 
consisting of 25 ILD cases and 30 non-ILD cases were 
used for parameter estimation, in particular obtaining an 

estimate of  x . A test set consisting of 10 ILD cases 

and 69 non-ILD cases were used to investigate two 
threshold values in deciding ILD and non-ILD cases. In 
particular; 
 

If   x  > c then ILD is detected, 

and if  x  < d, a non-ILD is detected, 

Otherwise, if d <  x  < c, no decision is made.  

 
The logistic regression model using RP and PT 

from level 3, as the indicator gave the best result. The 

parameter estimates are 1.99ˆ  , 3874.01̂  ,

075.1ˆ
2  . Using the threshold values c = 0.7 and d = 

0.24, the discrimination results are shown in Table-2.
 

Table-2. Discrimination properties of  x  
using RP and PT from level 3 with c = 0.7 and d = 0.24. 

 

ILD (n=10) Non-ILD (n=69) 

correct 

classification 

̂ > c 

Misclassification 

̂ < d 

No decision 

d <̂ < c 

correct 

classification 

̂ < d 

Misclassification 

̂ > c 

No decision 

d <̂ < c 

8 
(80%) 

1 
(10 %) 

1 
(10 %) 

42 
(60.87%) 

6 
(8.7%) 

21 
(30.43%) 

 
DISCUSSIONS 

Indicators from the graphical method differ from 
those obtained from the logistic regression method. The 
former method arbitrarily chooses indicators but the 
logistic regression method performed the same task 
systematically in particular, RP and PT, were the optimal 

choices. This probably explains why the bivariate plots 
and the logistic regression model detected 63% and 80% 
of the ILD-cases, respectively. However, the logistic 
regression model performed worse in detecting non-ILD 
cases, which is most likely due to the choice of the 
threshold - d. Since the main goal of this study is the 
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detection of ILD-cases, distributional properties of  x  

is now considered.   
 

Distribution of  x  for ILD and non-ILD cases 

The potential of using  x  as a scoring index in 

this study is further considered with the distribution of 

 x  and the robustness of  x . Figure-4 shows the 

distribution of  x
 
values for ILD and non-ILD cases 

using box-plots. The distributions of ILD and non-ILD 
shows that the median are far apart with some overlapping 
at the tail of non-ILD.   
 

 
 

Figure-4. Box plot of  x
 
values for ILD and 

non-ILD cases. 
 
Non-parametric test for quality of median  

Both samples of  x
 
values for ILD and non-

ILD cases do not have the univariate normal distribution. 
As an additional indicator of group separation, the two 
sample Wilcoxon rank sum test investigate equality of 
medians.   

Let )(xx ii  values for ILD, 

10,......,2,1i  , and  )(xy jj  values for non-ILD 

69,......,2,1j .  Let, 79N .  These N values test, 

0H :  median of x observation equal to median of y 

observation, versus,  1H : medians are not equal.   

Arrange all 79  x  values in ascending order 

and ranked the smallest observation with number one and 
the largest observation with number 79. 

Wilcoxon rank sum statistic, W = 655, is the sum 
of the rank of the small sample. 

If both samples come from the same continuous 
distribution, then W has: 

Mean, 400
2

)179(10

2

)1(1 






Nn

w  

Standard deviation, 

823.67
12

)179)(69)(10(

12

)1(21 






Nnn

w  

where 1n  is sample size for small group, i.e. group of

 x value for ILD. 

We reject 0H  if the value test statistic, W far 

from its mean, w . 

76.3
823.67

400655








w

wW
Z


  

 
Since Z greater than 1.96, the hypothesis for 

equality of median may be rejected, suggesting again 
significant separation of ILD from non-ILD. This is 
further supported by the p-value being less than 0.001.   

The box-plots and Wilcoxon rank sum test 
strongly suggest significant separation for the ILD and 
non-ILD cases and in particular, the thresholds c = 0.7 and 
d = 0.24 give reasonably good discrimination results.  
 

Robustness of  x     

A leave-one-out cross validation method was 

applied to investigate the robustness of  x  with respect 

to variation of indicator values from different cases.  Since 

the estimates of  x  were derived from the control data 

set consisting of 55 cases, the leave-one-out method was 
carried out as follows; 

Firstly, a case (control data) is withdrawn and the 

parameter  , 1 and 2  are estimated with the 

remaining 54 cases. Using the current model, 79 estimates 

of  x  was obtained from each of the test cases. The 

mean and box plot of these 79 estimates were obtained.  
Secondly, reinsert the first case and withdraw another case 
from the control data set and repeat the whole process 
again. Continue reinserting and withdrawing until 55 
means and 55 box plots were obtained. The robustness of 

 x  is reflected by the sampling properties of the 55 

estimates of  x  with consistent means of )(ˆ x  (see 

Figure-5), and similar box-plots of )(ˆ x values (see 

Figure-6).  
 

 
 

Figure-5. Average of )(ˆ x . The left most point is the 

average of 79 )(ˆ x values when the first case in 

the control data set was removed. 
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Figure-6. Variations of box plots of )(ˆ x . The left most box plot is the distribution 

of 79 )(ˆ x values when the first case in the control data set was removed. 

 
CONCLUSIONS 

The statistic  x from the logistic regression 

model may be used as a scoring index in initial 
investigations of ILD.  This scoring index is robust and its 
distribution for ILD and non-ILD cases is significantly 
different, strongly suggesting that it can be used with 
confidence. This study shows that the logistic regression 
model using RP and PT gave the best discrimination 
result. The threshold c = 0.7 implies that the radiologist 
classified 80% of ILD cases with a confidence probability 
of at least 0.70.  Similarly, the threshold d = 0.24 shows a 
confidence probability of at least 0.76 for detecting 61% 
of non-ILD cases in a total sample of 134 cases.  However, 
no generalization may be made at this stage as to the use 

of  x  as the scoring index since more samples of ILD 

need to be studied and the experiments should be repeated 
with other radiologists. 
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APPENDIX I 
Table-1. Score Sheet, Level 1 For Degree of Severity For Eleven Features Changes/Signs Of ILD. 

 

Patient’s ID: Reader’s Code: 

Zone : Level 1 (Aortic Arch) Slice No:  

Changes/Signs of ILD 
Score (Please tick  the alphanumeric that represent the 

extent of the disease) 
Right Lung Left Lung 

1.  Coarseness score for reticular 
pattern (RP) 

Grade 0: Absent 
Grade 1: Fine intralobular fibrosis  predominating 

Grade 2:  Microcystic pattern with airspace less  than 3 mm 
in diameter 

Grade 3: Larger cysts 3-6 mm in diameter 

 
 

 

2.  Circumscribed pleural plaques 
(PP) 

Grade 0 :  Absent or  0mm 
Grade 1 :  <5mm 

Grade 2 :  5-10mm 
Grade 3 :  >10 mm     

3. Pleural thickening (PT) 

Grade 0 : Absent 
Grade 1: Minimal 

Grade 2 : Moderate 
Grade 3 : Extensive 

  

4. Extent of fissural thickening (FT) 

N/A        :  Absence of fissures 
Grade 0 :  Absent or  pencil thin line < 1mm 

Grade 1 :  Slight thickening 1 - 2 mm 
Grade 2 :  Significant thickening > 2mm 

  

5. Peribronchovascular interstitial 
thickening (PBIT) 

 

Grade 0 : Absent 
Grade 1 : Mild 

Grade 2 : Moderate 
Grade 3 : Severe 

  

6. Severity of bronchial dilation (BD) 

Grade 0 : Absent 
Grade 1 : Mild 

Grade 2 : Slightly bigger than adjacent vessel 
Grade 3 : Severe dilatation 

  

7. Intra parenchyma nodules (IP 
nodule) 

Grade 0 :  Absent 
Grade 1 :  Micro nodule size less than 7mm 

Grade 2 :  Small nodule size 7 - 10mm 
Grade 3 : Large nodule size more than 10mm 

  

8. Septal and non-septal line (SNSL) 
 

Grade 0 :  Absent 
Grade 1 :  Fine networks of lines 0.8-1.5mm thick separated 

by a distance of 2 to 3mm 
Grade 2 : Network of 1 to 3 mm thick septa of intermediate 
sized lattice elements separated by a distance of 6 to 10mm 

Grade 3 :  Network of 1 to 5mm thick lines delineating large 
spaces of 15 -25mm in diameter arranged in a polyhedral 

pattern, around a vessel of 1 -3mm diameter. 

 
 

 

9. Traction bronchiectasis (TRB) 

Grade 0 : Absent 
Grade 1: Minimal 

Grade 2 : Moderate 
Grade 3 : Extensive   

10. Ground Glass Opacity(GGO) 

Grade 0 : Absent 
Grade 1: Minimal or Not normal 

Grade 2 : Moderate 
Grade 3 : Extensive 

  

11. Parenchyma consolidation (PC) 

Grade 0 :  Absent 
Grade 1 :  Minimal or questionable parenchymal 

consolidation 
Grade 2 :  Marked attenuation of air spaces  relative to 

surrounding  parenchyma 
Grade 3 :  Definite parenchymal consolidation 

  

 


