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DIABETES  MELLITUS
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ABSTRACT
Introduction: Dyslipidemia as a metabolic abnormality is frequently associated with diabetes mellitus. The most characteris-

tics lipid abnormality in diabetics is hypertriglyceridemia and high-density lipoprotein (HDL) cholesterol with or without asso-
ciated increased in serum total and Low-Density Lipoprotein (LDL) cholesterol. 

Objective: The aim of this paper is to predict the level of Low-Density Lipoprotein (LDL) among patients with Dyslipidaemia 
and Type 2 Diabetes Mellitus which attending Hospital USM.

Methods: The first method approach for the factor determination is through Multiple Linear Regression (MLR). Contour 
plots methodology (also called level plots) is being applied to the variable which has a significant association toward LDL level.

Results: From the result that obtained from MLR, Total Cholesterol (β1 = 0.553, p < 0.25, 95% CI: 0.407, 0.698) dan Alkaline 
Phosphatase (β1 = -0.009, p < 0.25, 95% CI: 0.018, 0.001). The contour and surface plots also show that the highest value of LDL 
is obtained when the reading of total cholesterol is high. 

Conclusion: The conclusion has enabled the researchers to determine the factor through multiple linear regression methods 
and contour plot analysis to give the best results for further clinical explore. 

KEY  WORDS
multiple linear regression (MLR), contour plot, low-density lipoprotein (LDL), type 2 diabetes mellitus, dyslipidaemia 

Received on November 27, 2019 and accepted on March 27, 2020
1) School of Dental Sciences, Health Campus, Universiti Sains Malaysia (USM)
 16150 Kubang Kerian, Kota Bharu, Kelantan, Malaysia
2) Faculty of Ocean Engineering Technology and Informatics, Universiti Malaysia Terengganu (UMT)
 21030 Kuala Terengganu, Terengganu, Malaysia
3) Department of Anaesthesia, Sheikh Zayed Federal Postgraduate Medical Institute, Hospital PGMI
 Lahore, Pakistan
Correspondence to: Wan Muhamad Amir W Ahmad
(e-mail: wmamir@usm.my)

553

INTRODUCTION 

Type 2 Diabetes Mellitus (T2DM) is associated with a marked 
increased risk of cardiovascular disease (CVD). Individuals with T2DM 
have an absolute risk of major coronary events similar to that of non-di-
abetic individuals with established CHD1). Furthermore, after an acute 
coronary event, the diabetic subject develops congestive heart failure 
more frequently and have a higher mortality rate than a non-diabetic 
individual. A greater burden of risk factor is at least partly responsible 
for the increased risk of CHD in diabetes2). Dyslipidemia is a well-rec-
ognized and modifiable risk factor that should be identified early to 
institute aggressive cardiovascular preventive management3). Diabetes 
mellitus (DM) is a major cause of coronary heart disease (CHD) and 
commonly associated with factors like obesity, dyslipidemia, and hyper-
tension. Dyslipidemia in DM usually demonstrates as raised low-density 
lipoprotein (LDL), decreased high-density lipoprotein (HDL) and ele-
vated triglyceride (TG). Various studies have shown correlation of 
parameters such as body mass index (BMI), waist circumference and 
body fat with lipid profiles in healthy volunteers4). However, informa-
tion on correlation of plasma lipid concentration to anthropometric 
parameters in type 2 DM with dyslipidemia is limited. According the 
Subarno et al., diabetes is associated with higher incidence of dyslipid-

emia. That association occurs due to the metabolic changes of lipid pro-
files in person with hyperglycaemia (D.John Betteridge, Diabetic dys-
lipidemia, The American Journal Of Medicine, June 6, 1994, Volume 
96, Issue 6, Supplement 1, Pages S25---S31). T2DM is a cardiovascular 
risk equivalent and it is sufficient to consider an indication for lip-
id-lowering therapy as primary prophylaxis for CAD that includes both 
lifestyle modifications and statin therapy5). Lipid profile is highly asso-
ciated with diabetes mellitus and both are parameters for dyslipidemia6). 
Dyslipidemia is a metabolic abnormality is frequently associated with 
diabetes mellitus. Its prevalence is variable depending on the type and 
severity of diabetes, glycaemic control, nutritional status, age, and other 
factors7). The most characteristic lipid abnormality in diabetics is hyper-
triglyceridemia and low HDL cholesterol with or without associated 
increased in serum total and LDL cholesterol8). With this background the 
aim of this study was to determine the Low-Density Lipoprotein (LDL) 
among patients with Dyslipidaemia and Type 2 Diabetes Mellitus which 
attending Hospital USM.
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Table 1. Data description of the selected variable in the study
Num. Variables Explanation of user variables

1. LDL Low Density Cholesterol
2. TC Total Cholesterol
3. ALP Alkaline phosphatase

Table 2. Tests of Normality
 Kolmogorov-Smirnova

 Statistic df       Sig.

Unstandardized  0.091 30 0.200*
Residual

Figure 1. Equal Variances Checking Plot

Table 3. Model Summaryb

    Std. Error of 
Model R R Square Adjusted R Square the Estimate

1 0.831a 0.691 0.668 0.44377

a. Predictors: (Constant), Total cholesterol, Alkaline Phoshatase

Table 4. Table of ANOVA
 Sum of 
Model Squares df Mean Square F Sig.

Regression 11.892 2 5.946 30.194 0.000b

Residual 5.317 27 0.197  
Total 17.209 29

Table 5. Coefficients
   95.0% 
 Unstandardized Standardized  Confidence  Collinearity 
 Coefficients Coefficients Interval for B Statistics
  Std.     Lower  Upper 
Model B Error Beta t Sig. Bound Bound Tolerance VIF

_(Constant) 1.049 0.410  2.556 0.017 0.207 1.891  
Alkaline  -0.009 0.004 -0.209 -1.904 0.068 -0.018 0.001 0.946 1.058
Phoshatase
Total  0.553 0.071 0.855 7.770 0.000 0.407 0.698 0.946 1.058
Cholesterol

Dependent Variable: Low-density lipoprotein

R2 = 69.10 %. Multiple Linear Regression. Model Assumption is met.

No interaction and multicollinerity problem.

Figure 2. Contour Plot of Low-Density Lipoprotein vs. Alkaline 
Phoshatase; Total Cholesterol
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MATERIAL  AND  METHODS 

Data Collection
We used a set of data from the study among patients with underly-

ing Type 2 Diabetes Mellitus with Dyslipidaemia disease attending the 
outpatient clinic in a Hospital Universiti Malaysia. There was a total of 
39 patients who participated in this research. Table 1. summarize the 
data description of the selected variable in the study.

Linear Regression Model for LDL
The linear regression model for LDL is presented here. The out-

come variable is LDL and the explanatory variables are Total 
Cholesterol (TC) and Alkaline phosphatase (ALP). We have employed 
one set of the model here. The models are shown below. 

LDL = β0 + β1TC + β2TC + ε

where 
β0, β1 and β2 regression coefficients
LDL is referring Low-Density Lipoprotein
TC is referring Total Cholesterol
ε is Random error, ε ~ N (0, σ2)

Checking the assumptions of the linear regression model for 
LDL

One of the most assumptions that should be met is the normal prob-
ability of residual. Table 2 shows that the assumption of normal proba-
bility of plot is being fulfilled. The scatterplot in Figure 1 shows no pat-
terns of relationship between residual and predicted values. The 
assumption of equal variances is met. 

RESULTS 

Fitting linear regression model for LDL
Table 3 shows the model summary. The coefficient of determination 

(denoted as R2) indicates the amount of variability of the data explained 
by the regression model. The coefficient of determination is 0.691; 
therefore, about 69.10% of the variation in the LDL data is explained by 
TC and ALP. The regression equation appears to be very useful for mak-
ing predictions since the value of R2 is close to 1. Table 4 shows the test 
on the significance of a regression. F(2, 27) = 30.194, p < 0.05. This 
indicates that at least one of the two regressors has a significant linear 
relationship with the LDL level at α = 0.05. According to the Table 5, 
the Alkaline Phosphatase result, (β1 = -0.009, p < 0.25, 95% CI: -0.018, 
0.001) and Total Cholesterol (β2 = 0.553, p < 0.25, 95% CI: 0.407, 
0.698), is significantly contributing to the LDL disease. The regression 
model is statistically stable because there is no multicollinearity (inde-
pendent variables are highly correlated). In our case, the VIF (Variance 
Inflation Factor) is less than 10. This indicates that there is no multicol-
linearity. The contour and surface plots in Figure 2 indicate that the 

highest value of LDL is obtained when the reading of total cholesterol is 
high. This area appears at the right corner of the plot. 

SUMMARY  AND  DISCUSSION

The main focus of this paper is to determine the Low-Density 
Lipoprotein (LDL) among patients with Dyslipidaemia and Type 2 
Diabetes Mellitus which attending Hospital USM. In this paper, two dif-
ferent methods have been used: (i) Multiple Linear Regression (ii) 
Contour Plot. These two methodologies discover the relationship 
between dependent and independent variables. Through multiple linear 
regressions, the associated factor will be determined. From these two 
methodologies, it was found that Alkaline Phosphatase and Total 
Cholesterol are the most dominating factor which contributes to dyslip-
idemia and Types 2 Diabetes Mellitus disease. Besides that, the regres-
sion model shows that there is no multicollinearity which means inde-
pendent variables are highly correlated. The VIF (Variance Inflation 
Factor) is less than 10. This indicates that there is no multicollinearity. 
The contour and surface plots also show that the highest value of LDL is 
obtained when the reading of total cholesterol is high. The conclusion is 
enabling the researchers to determine the factor through multiple linear 
regression methods and contour plot analysis to give the best results for 
further clinical explore.
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