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Diabetic Mellitus is a disease of inadequate control of level of glucose in blood.  It is also happened by disorder of carbohydrate 

metabolism by impaired ability to produce insulin in blood.  In this article, I have to discuss about how to find risk factors and how much 

its influence in the progression of Diabetic Retinopathy (DR), to identify the presence of DR and its progression by formulating some 

mathematical equations with suitable variables and to find several stages of DR and its progression. The continuous variables were 

expressed as mean and standard deviation and categorial variables as frequency and proportions. In this, we have discussed about various 

kind of statistical prediction models.  
 

Found the influencing factors in the progression of DR by using multiple logistic regression analysis, predicted the probability of a DM 

patient in the progression of DR and found the probability of DR among diabetes up to a given period of time and using by Markov Chain 

Analysis found the TPM and the absorbing state in a DM patient and to identify as having complete vision loss.  
 

I have concluded that the statistical models were explained and found the influenced factors and risk ratio to develop DR among DM 

patients has been computed, and transition of DR which predict the chance to develop DR in a DM patient and found the probability to 

develop DR over a period of time has also explained via procedure.  
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Introduction 
 

Diabetic Mellitus is a disease of inadequate control of level of glucose in blood.  It is also happened by disorder of carbohydrate 

metabolism by impaired ability to produce insulin in blood.  DM affects about 180 million people in the presently and it is a public health 

problem in worldwide.  DM causes majorly blindness, kidney failure, heart attacks, stroke, and lower limb amputation. Increase of 3% DM 

mortality by age in between 2000 and 2019 years.  Moreover, there was an estimated 2 million deaths due DM and kidney disease. [1] 

Diabetes symptoms may occur suddenly or if it is mild then it may notice after some years.  DM symptoms are feeling very thirsty, needing 

to urinate more often than usual, blurred vision, feeling tired and losing weight unintentionally.  After a long period time, DM can damage 

blood vessels in heart, eyes, kidney and nerves. There are three types of DM are, Type-1 DM, Type-2 DM and Gestational DM. [2] Type-I 

DM is caused an autoimmune reaction.  This is stopping the insulin making in a person.  5 – 10% of people have affected by diabetes with 

type-I; In Type-1 DM, a person body doesn’t use insulin well and can’t keep blood sugar level at normal. This type of DM is in 90 – 95% 

of people in world level; and Gestational DM develops in pregnant women who have never had diabetes.  Usually, GDM has gone away 

after the baby born.  Diabetes causes Diabetic Nephropathy in diabetes patients. [3]   
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Diabetic Retinopathy (DR) is a major complication of DM.  It is a 

microvascular complication of DM.  DR is also called “Vision 

Threatening Disease (VTD)”. [4] In year 1990, as per WHO report 

revealed that 4.58% global total population has change in prevalence of 

visual impairment; in that 55% of visually impaired people are women; 

89% of visually impaired people those who are live in low- and middle-

income countries. Globally, 1.1 billion people with near-vision 

impairment.  As per WHO, in the year 2019 global target to reduce the 

prevalence of avoidable visual impairment by 25%.  Globally, nearly 2.2 

billion people have a vision impairment. [5] One third of times more 

chance of getting blindness in diabetics than non-diabetics. DR is 

causing vision loss in worldwide and nearly three fourth of population 

were affected those who were living in under developing income 

countries. DR is a very worst difficulty and all parts of diabetic eye will 

be affected as shown in [Figure-1].   

Figure – 1 View of eye affected by diabetic retinopathy 

 

 
Main factors for development of DR are duration of DM, glycemic 

control, age, sex, high blood pressure, kidney diseases, heredity, lipids 

profiles, malnutrition, puberty, poverty, pregnancy.  Duration of DM and 

glycemic control had direct and indirect correlation with DR.  

Hypertension is also an increasing risk of DR in T2DM patients.  In this 

article, I have discussed how to find out the risk factors and how much 

its influence in the development of DR, to identify the risk factors that 

influencing in the progression of DR, to identify the presence of DR and 

its progression by forming mathematical equations using which was 

found possible development of DR with some variables and to find the 

several stages of DR and its progression over a period of time (in years). 

Various Types of Statistical Models used in the progression of DR: 

 

Multivariable Logistic Regression [6, 7] Y = OCT value (in µm) is to be 

taken as dependent variable. The independent variables are to be 

collected as per the availability of data. In this model, Age taken as X1 

(in years), Gender(X2): Male = 1, Female = 0, HbA1C as X3 (%), 

Duration of DM as X4 (in years), Triglyceride as X5 (mg/dl), HDL as X6 

(mg/dl), Family History (X7) retinopathy in their family = 1, otherwise = 

0, Hypertension as X8, if patient had high blood pressure = 1, otherwise 

0, LDL as X9 (in mg/dl). OCT is an imaging technology which can uses 

low coherence light to cover micrometer resolution and imaging in 

biologic tissues. [8, 9] By this model, significant variables, ANOVA test  
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for goodness of fit and R-Square value were found.  F-value not 

significant, then the model was good fit for prediction in the 

development of DR. It measures macular edema thickness (MET).  

We could write multiple variable equation as, Y = β0 + β1 X1 + β2 

X2 + … … … + β11 X11 ………… (1).  Fix all values of β multiplier 

and to find out macular edema thickness.  

 

Binary Logistic Regression [10–15] samples were collected 

consecutively by using simple random sampling method from the 

patients’ data base.  In this approach Y as dependent variable. If an 

individual having DR then, Y = 1, otherwise = 0 (without DR).  

Independent variables were, Age (X1) taken as in years; Sex (X2) = 

1 (male), Female = 0; HbA1C (X3); Pre-Prandial sugar level (X4); 

Post-Prandial sugar level (X5); Systolic Blood pressure, (X6); 

Diastolic Blood pressure (X7); Duration of diabetes (X8); Serum 

triglycerides (X9); Serum HDL-cholesterol (X10); Family History of 

DR (x11) = 1, otherwise = 0.  Significant variables were found by 

bivariate Chi-Square test and the other variables with p<0.20 were 

included in the final BLR analysis with step-wise elimination 

method.  By Binary Logistic Regression model, we have identified 

the influencing factors of DR. For goodness of fit, Hosmer-

Lemeshow test was used.  In H-L test, Χ2-test wasn’t significant 

meant the selected variables were good fitted to BLR equation.   

 

      Y = β0 + β1 X1 + β2 X2 + … … … + β11 X11 [14] -------------- (1) 

 

Substitute, x1, x2, … … …, x11 in the equation and to find ‘Y’ value 

and eY.  Then, the odds ratio by using, 

                                      P 

                                  --------  =   eY    ------------------------------------ (2)    

                                    1 – P                                          

 

and p–value is to be found. Hence, one could get the chance for 

development of DR in a DM patient. 

 

Cox Regression Analysis, [16] recorded the patients’ difficulties like 

high blood pressure (X1), family history of DR (X2) and neurological 

disorder (X3) were taken as binary values as X1, X2 and X3.  Sample 

were collected by simple random sampling with inclusion criteria 

those who were had the above mentioned 3 problems with certain 

aged (in years) and those who were living one year and above in a 

particular area/region.  Exclusion criteria of those weren’t have the 

above-mentioned problems and any other heart 

problems/complications.  If a patient had no problem, then covariate 

taken (0, 0, 0) and hand all (1, 1, 1). Totally there were eight 

covariate combinations (1,1,1), (1,0,1), (0,1,0), (0,0,1), (0,1,1), 

(1,0,0), (1,1,0), and (0,0,0). To find β1, β2, and β3 by solving Cox’s 

partial likelihood. [17] 

 

From the above likelihood function, equations (1), (2), and (3) has 

been formulated and simplify, then would get the values of   

^   ^    ^ 

β1, β2, β3   other possible covariate combinations have formed. We 

have to form over all probability to develop DR as:  
 

h(t) = h0 (t) ex1β1+x2β2+x3β3+……. + xkβk 

In this, h(t) denotes the overall probability of developing DR; h0(t) 

denotes the hazard rate due to past duration of diabetes and 

ex1β1+x2β2+x3β3+… ...+xkβk is the overall hazard rate based on respective 

DR   patient’s   Covariate   combinations.    By   solving  the  above  
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equation, then we would get the probability of developing DR up to 

over a period of time of a T2DM patient. 

Markov Chain Analysis [18] conducted a DR patients were collected 

from hospital for two consecutive years patient’s records by simple 

random sampling method with an inclusion criteria in age and some 

other, an exclusion of those who were had other severe diseases and 

not willing to participate in our study. At every visit, a retinal specialist 

graded retinal findings using a modification of the Airlie House 

Classification of Diabetic Retinopathy (AHCDR). [19] AHCDR is the 

gold standard method on grading of stereo photographs of 7 fields and 

classifies DR into 13 complex levels ranging from level 10 (no DR) to 

85 (severe vitreous hemorrhage).  Patients were screened first time in 

first year, and the second screen was done after one year in next 

consecutive year to the same patients and found their DR stages. The 

four-stages of Markov Chain model for the natural course of DR. [20] 

Markov model is a time-homogeneous distribution by using this 

estimating transition probabilities, and the mathematical symbols for 

transition probabilities was generated. I have classified NPDR into 

further classifications and formed six-stages of MC model for the 

natural progress of DR.  I have taken, stage-1 indicates no retinopathy; 

stage-2 as micro aneurysms, stage-3 and 4 indicate intermediate stages 

of background DR, stage-5 as pre-proliferative and stage-6 

proliferative retinopathy.  Like this, we could formulate the transition 

rate matrix and its probability matrix for six-stages of DR.  From this, 

we have got the probability of developing DR in a person for 1 and 5 

years by forming both transition matrix and TPM. 

 

Conclusion  
 

From this statistical models’ studies, the influencing factors for the 

development of DR from this one individual can identified their risk 

factors. The risk ratio has been computed which predict the chance of 

the development of DR of a T2DM patient. The number of years of 

DM is a prominent risk factor of the development of DR in a T2DM 

patient. The progression and transition of DR were increased by 

increasing by the duration of DM. A known diabetes patient can 

understand about the significant risk factors, how to reduce their 

severity of stages of DR or to retain/protect in their same stage.  So, 

undergo regular checkups every six for their affected eye with a 

trained ophthalmologist in a well-equipped eye hospital.  Further 

studies have to be conducted related to these models with suitable 

sampling method and adequate samples in future. 
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