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ABSTRACT  
 
Background: The constant progress and complexity of clinical and non- clinical treatment of Parkinson’s disease (PD) become very tough to 

diagnose the disease. This may lead to delayed diagnosis, misdiagnosis and excessive medical cost. Rapid advances in diagnostic 

techniques have offered an effective way for tracking the different stages of the disease. This paper focuses the early PD diagnosis and its 

progression is estimated by Gama Amino Butyric Acid (GABA) concentration level with the help of Striatal Binding Ratio (SBR) values. SBR 

values of Caudate and Putamen (left & right) are calculated from Single Photon Emission Computed Tomography (SPECT) images as treated 

as input variables and the response variable is GABA concentration level. The mathematical model for GABA concentration level is developed 

by using the input variables like SBR values of Caudate and Putamen (left & right). The performance of the model is analyzed using ANOVA 

(Analysis of variance), normal probability curve and residual plot. The coefficient of determination (R2) gives 99.3% of fitness rate with the 

regression line. The progression rate of PD is measured for three consecutive years and it is compared with the threshold value of GABA to 

find the severity of the Parkinson’s disease.  

 

INTRODUCTION  
  

Parkinson‟s disease is a progressive movement disorder which constantly affects the mid brain neurons of 

human called substantia nigra. It is clinically defined by the major symptoms of resting tremor, rigidity, 

postural instability, bradykinesia, cognitive and psychiatric disturbances.The diagnosis of PD is easy when 

symptoms are full blown. But an accurate diagnosis is quite tough when the disorder is mild, which 

demands the formulation of an early detection technique for PD [1-3].The inhibitory neurotransmitter 

dopamine regulates and controls movements, motivation and cognition. Degeneration of these 

dopamergic nerve cells along the nigrostraital pathway affects the gait system of human, which in turn 

leads to Parkinson‟s disease [4]. 

 

SPECT images take the crucial role to discriminate PD patients from the healthy group by calculating 

dopamine deficit in Caudate and Putamen of the midbrain, even in the premature stage of PD. Thus, 

calculating dopamine deficiency (ie.SBR) in Caudate and Putamen of the human brain from the SPECT 

image is a valuable diagnostic tool for discriminating Parkinson‟s disease from the healthy control [5, 6]. 

Still the cases have high SBR value misdiagnosed as PD(supposed to be low) and the cases have low SBR 

value misdiagnosed as healthy control (supposed to be high). Hence the misdiagnosed rate is significant 

[3].  

 

Gamma-Amino Butyric Acid (GABA) is also a most essential inhibitory transmitter in the central nervous 

system (CNS) and spinal card. GABA mediates pre-synaptic inhibition of primary blood vessels in the motor 

neuron system. The disturbances of the GABA concentration level in CNS influence the motor system [7]. 

Several neurological disorders including Parkinson's disease, anxiety, depression, insomnia, and epilepsy 

are negatively related with the level of GABA concentration in the human brain [8]. Hence the 

neurotransmitters dopamine and GABA are found to be a novel diagnostic tool for detecting PD. 

 

The model that the log of the odds states how the variables are related with prediction of the Parkinson‟s 

disease. Hence formulating the mathematical model is a new approach to diagnosis PD. In statistics 

regression analysis focuses on the relationship between a dependent variable and one or more 

independent variables. Primarily it supports to understand how the dependent variable changes when any 

one of the independent variable is varied while the remaining independent variables are held fixed. When 

the regression analysis has considerable overlap with the field of machine learning, it can predict the 

various disorders. It is also used to realize how the independent variables are related to the dependent 

variable, and to investigate the forms of these relationships [9]. 

 

The machine learning techniques such as Multivariate Logistic Regression (MLR), Artificial Neural Network 

(ANN), and Support Vector Machine (SVM) are effectively used to formulate a prediction model for 

diagnosing neural disorders. Machine learning techniques consent with individual level characterization 

rather than group level characterization. Hence high level of clinical translation is obtained. MLR aims at 

the determination of probability based on SBR values, which classify the subjects into different risk 

categories. SVM finds the hyper plane in order to classify the subjects and high accuracy was achieved 

[10-12]. 
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In the present study, the level of GABA concentration of Parkinson‟s disease is calculated using SBR 

values. The developed mathematical model of GABA is to predict the early diagnosis of PD and its 

progression rate by using regression analysis. The developed model has potential to assist the clinician in 

the diagnostic process. 

 
COMPUTATIONAL METHODOLOGY  
 

PPMI Database  
 
All PD subjects taken from the international PPMI database are in three stagesof Hoehn and Yahr (HY). The 

corresponding SBR values are taken for the analysis [13]. The SBR values are calculated as follows: 

Iterative reconstruction was performed on SPECT raw projection data using hybrid ordered subset 

expectation maximization (HOSEM) algorithm. Iterative reconstruction was done without any filtering to 

ensure consistency of the reconstructions. The HOSEM reconstructed files were processed for Attenuation 

correction, which was filtered and normalized to get the same anatomical alignment. Striatal uptake count 

densities of the region of interest (ROI) were extracted and used to calculate striatal binding ratios (SBRs) 

for each region of the four striatal regions.SBR is calculated by PPMI as follows and compared with 

Occipital cortex region below the Putamen as reference region [14]. 

 

SBR= (target region/reference region) – 1      (1) 

 

Where,  

Target region: left caudate, right caudate, left putamen, right putamen.  

Reference region: occipital cortex. 

 

Statistical significance of SBR  
 

All statistical analysis was carried out using Minitab software with 5% significant level (95% of confidence 

level). Histogram plots were drawn for three consecutive years and it is presented in Fig.1. The plots 

illustrate the different stages of SBR values distribution for Caudate and putamen (both left and right) of 

PD Patients. It also shows the amount of overlap between the three consecutive years. The overlap is 

higher in Caudate (left and right) than Putamen. Higher the overlap, difficult to discriminate the progress 

rate of the disease [3]. Hence the classification tool plays a major role as they integrate all the 

characteristics of disease, train the model and categorize them accordingly.  

 

The level of GABA concentration  
 
The gradual changes of neurochemical lead to PD in the human body. The GABA and dopamine in Caudate 

and Putamen is interrelated to measure progression of PD. From the literature [15] it is found that the 

threshold level of GABA for PD is 0.265μmol/g. If the measured GABA lies below 0.265μmol/g the cases 

are affected by PD. Similarly it lies above 0.265μmol/g it is a healthy control. The Level of GABA 

concentration is measured using radio receptor array. 

 

Mathematical model  
 

The mathematical model for the level of GABA concentration is framed using regression analysis, for 

investigating the relationship between the variables called SBR and GABA. It demonstrates the relationship 

between GABA, Y (called as response or output or dependent variable) and four SBR values X1 . . . . .  Xp 

(called as predictor or input or independent or explanatory variables). 

 

The linear regression equation for GABA is: 

 

     Y = a + bX                                                                                       (2) 

 

Where, Y= Level of GABA; X= SBR used to predict GABA; a = the intercept; b = the slope. 

 

Here, regression is used to estimate the qualitative effects of the variables, namely Caudate (left, right) 

and Putamen (left, right) upon the variable GABA [16]. The standard error (SE) of regression indicates that 

the observations are closer to the fitted line, and the following equation calculates it. 

 

 

Standard error (SE) of regression =                  (3) 

Where, 

 

yi is the value of the GABA, ŷi is estimated value of GABA, xi is the observed value of the SBR, x is the mean 

of the SBR, and n is the number of observations. 
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Fig. 1:  Histogram plots of the striatal binding ratio (SBR) values for right caudate (a), left caudate (b), right 

putamen (c) and left putamen (d) for PD. 

…………………………………………………………………………………………………………………………… 
 

 The p-value for each term tests the null hypothesis that the coefficient is equal to zero (no effect). A low p-

value (< 0.05) indicates that the model is significant. And a high P-value (>0.05) indicates that the model 

is insignificant. The coefficient of determination (R-squared) is a statistical measure of how close the data 

are in the fitted regression line. R-squared is always between 0 and 100%. 0% indicates that the model 

has none of the GABA variables around its mean. 100% indicates that the model has all the GABA 

variables around its mean. In general, higher the R-squared, better the model that fits with the data. 

 

RESULTS AND DISCUSSION 
 

Formulation of the mathematical model for the level of GABA concentration  
 

The coefficients of regression analysis of the level of GABA concentration for PD are shown in table 1 along 

with their P value of the parameters. It is observed that the P value of the level of the GABA concentration 

for Caudate (L) and Putamen (L) are most significant, whereas Caudate (R) and Putamen (R) are not so 

significant. It indicates the reliability of the model. 

 

Table 1: Prediction time of parallel machines and prediction accuracy 
Predictor B SE  T P value  

Constant 0.114468 0.005631 20.33 0.00 

Caudate(R) 0.008960 0.004785 1.87 0.062 

Caudate(L) 0.025654 0.004956 5.18 0.000 

Putamen(R) -0.005756 0.006367 -0.90 0.367 

Putamen(L) -0.028090 0.007518 -3.74 0.000 

 
B is a regression coefficient for the predictors; SE is its standard error; T is test statistics; P value is the significance of 

the regression coefficient. 

 

Where S is the estimated standard deviation about the regression line, R-squared is the coefficient of 

determination. Adjusted R-squared is an approximately unbiased estimate of the population R-squared.  

The S value is the measurement of error.The model is better if it is smaller. The higher value of R-squared 

is better to determine the coefficients of a regression equation. The closeness of the adjusted R-squared 

with R-squared determines the fitness of the model [17]. In both cases, the adjusted R-squared value is 

closer to the R-squared value is shown in table 2.  

The mathematical model given in equation 4 is framed from the coefficient (B) value of the regression 

table 1. 

 

GABA (PD) = 0.114 + 0.00896 × Caudate(R) + 0.0257 × Caudate (L) - 0.00576 × Putamen (R)     

  - 0.0281 × Putamen (L)               (4) 

 

It is observed from the model that the GABA is positively related with SBR values of left and right caudate 

and negatively related with left and right putamen. Hence high value of putamen has less likely have PD. 
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Table 2: Summary of regression analysis 
 

Responses S value R
2
 (%) Adjusted R

2
 (%) 

GABA for PD  0.0248413 99.3 98.7 

S is the standard deviation; R2 is the coefficient of determination; Adjusted R2modified version of R2 

A high value of the determination coefficient (R2) confirms model adequacy, the goodness of fit and high 

significance of the model. This indicates that the regression models for the output can be used for 

determining and estimating GABA for PD. 

Overall model evaluation 

An analysis of variance (ANOVA) was performed for GABA to evaluate the model performance which is 

presented in table 3. The associated p-value for the model is lower than 0.05 (i.e. level of significance 

α=0.05, or 95% confidence), which indicates that the model can be considered statistically significant 

better than a null model. 

Table 3 Analysis of Variance for PD 

 
Source DF SS MS F P value 

Regression 4 0.059270 0.014818 24.01 0.000 

Residual Error 355 0.219067 0.000617   

Total 359 0.278338    

DF is the degrees of freedom;SS is Sum of Squares; MS is Mean Squares;F calculated F value;P is a 

significance of regression coefficient  

The normal probability plot for GABA is presented in Fig.2. It can be noticed that the residuals fall on a 

straight line, which means that the errors are normally distributed and the regression model is well fitted 

with the observed values. Fig. 3 shows the residual values with the fitted values for GABA. It indicates that 

the maximum variation of -0.075 to 0.050, which shows the high correlation that exists between fitted 

values and observed values. 

Fig. 2:  Normal probability plot for GABA for PD 

 

…………………………………………………………………………………………………………………………… 
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Fig. 3:  Residual Vs fitted values for GABA for PD 

…………………………………………………………………………………………………………………………… 

 

Estimation of PD risk 

The progression rates of PD for the three consecutive years are compared and its risk is shown in Fig.4. It 

shows less overlap between the GABA values, which has high discriminative power between them. The 

notched box plot shown in Fig.5 gives the outliers of the PD progression rate. Since all values lie between 

the ranges of the level of GABA concentration, it is evident that the high performance is observed from the 

developed model. 

Fig. 4:  Histogram plot for the level of GABA concentration 
…………………………………………………………………………………………………………………………… 
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Fig. 5:  Box plot for the level of GABA concentration 
…………………………………………………………………………………………………………………………… 

 
 

In each notched box plot, the central mark is the median (q2), the edges of the box are the 25th (q1) and 

75th (q3) percentiles, the whiskers extend to the most extreme data points that are not considered 

outliers, and outliers are plotted individually. The extremes of the notches or the centers of the triangular 

markers correspond to q2 ± 1.57(q3 _ q1)/√n where n = 674 is the number of observations. 

The SPECT images are again taken from the same patient for three consecutive years. The measured SBR 

values are applied to predict the early PD and its progress rate. The same procedure has been adopted for 

every three consecutive years to estimate the progression rate of PD. The Fig. 6 shows the progression 

rate of PD for three consecutive years. From the graph it is evident that the averaged GABA concentration 

level is increased for every year such as first year 0.1556, second year 0.15524 and the third year 

0.1502.  

 

 
 
 
 
 
 
 
 
 

 

Fig. 6:  Progression rate of PD 

…………………………………………………………………………………………………………………………… 

 

CONCLUSION  
 

The diagnosis of early PD and its progression rate is estimated for three consecutive years. The predictive 

mathematical models for the level of GABA concentration of PD patients are developed by using 

Regression analysis. These models have the potential to discriminate PD from healthy control. The model 

performance was tested using ANOVA, normal probability curve and residual plot. The residual plots of 

GABA for PD are generated and it is observed that regression model is well fitted and highly correlated with 

the observed values. The progression rate is measured for three years from the model; hence, the severity 

of the disease is estimated. The inference is that the prediction models for estimating GABA concentration 

level is a novel method to aid the clinicians for diagnosing PD. It overcomes the misdiagnoses of PD with 

high rate of accuracy compared with the related work. 
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