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CHAPTER 1 

INTRODUCTION 

1.1 The Definition of Diabetes 

Diabetes mellitus or diabetes is defined as a chronic disorder in which a person has high 

blood sugar, either because the body does not produce enough insulin, or because cells do not 

respond adequately to the insulin that is produced.1 There are two main types of diabetes: Type-1 

diabetes (T1D), which is characterized by the autoimmune destruction of the insulin-producing 

cells in the pancreas, and Type 2 diabetes (T2D), which is the most common form and is 

characterized by a reduced production of insulin and an inability of the body tissues to respond 

fully to insulin.2 

As there is currently no cure for diabetes, the condition requires lifelong management. In 

the case of T1D, this means keeping blood glucose levels within safe levels through multiple daily 

insulin injections or a continuous infusion of insulin through an insulin pump.3 For T2D, blood 

glucose levels are managed through medication, diet, and exercise or a combination of these.3 

People with diabetes are also recommended to treatment for lowering cholesterol and blood 

pressure levels.3 

1.2 Diabetes in the World 

Diabetes represents one of the most challenging public health problems of the 21st 

century and is reaching epidemic levels globally.4 The total number of people worldwide with 

T2D was expected to increase from 171 million in 2000 to 366 million in 2030.4 Unfortunately, 

the prevalence worldwide already reached 366 million by 2011 according to the international 

Diabetes Federation (IDF), and the projections are that prevalence of diabetes on a global scale 

could well reach 530 million people in 2030.4 Type II diabetes-related mortalities accounted for 
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4.6 million deaths in 2011 for people aged 20–79 years, accounting for 8.2% of global all-cause 

mortality for people in this age group with an estimated rate of one death every seven seconds.5 

The number of deaths increased by 13.3% from what had been estimated for the year 2010.5 The 

magnitude of the estimated number of deaths due to diabetes is similar to the combined deaths 

from several infectious diseases, such as HIV/AIDS, malaria, and tuberculosis that are ranked as 

top public health priorities.5 

1.3 Diabetes in Saudi Arabia 

There is increased concern about the rising tide of T2D and its associated complications 

in the Arabic speaking countries (East Mediterranean, Arabic peninsula, and Northern Africa) as 

these regions have some of the highest rates of diabetes in the world.6 Diabetes prevalence is 

projected to double over the next two decades in Middle Eastern countries.7 In December 2011, 

another alarm awakened Arab governments when International Diabetes Federation announced the 

latest diabetes estimates at the fifth conference held in Dubai.1 Six of the top 10 countries with the 

highest prevalence of diabetes (in adults aged 20 to 79 years) are in the Middle East: Kuwait 

(21.1%), Lebanon (20.2%), Qatar (20.2%), Saudi Arabia (20.0), Bahrain (19.9%) and UAE 

(19.2%).1 In the Arab region, the number of deaths attributed to diabetes is about 170,000 adult 

people, representing more than 10% of all deaths in the region.1 However, beyond mortality, 

temporary and permanent disabilities are often caused by complications of diabetes such as 

blindness, amputations, kidney failure and cardio vascular diseases (CVDs).8 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Findings from Previous Studies on Diabetes 

The diabetes pandemic has been much faster than anticipated. The estimated number of 

diabetic patients worldwide was 171 million in 2000, which is expected to increase to 366 

million by 2030.4 Furthermore, the percentage of diabetics living in developing countries is 

projected to increase from 74% in 2000 to 81% in 2030.4 Insulin resistance is believed to be 

associated with decreased physical activity and obesity. Family history of diabetes, obesity, and 

hypertension increase the risk of diabetes. Diabetes is also found to be more common among 

certain ethnic groups. People with pre-diabetes are at a higher risk of developing diabetes, but its 

onset can be delayed or prevented by dieting, reducing body weight, and increasing physical 

activity. Unhealthy dietary patterns and lack of exercise are, therefore, the most important factors 

responsible for the increasing incidence of diabetes worldwide.9,10 

The epidemiologic transition in the Kingdom of Saudi Arabia (KSA) has been fast and 

complete. Rapid economic growth during the last 4 decades led to a remarkable increase in living 

standards and adoption of a ‘Westernized’ lifestyle, characterized by unhealthy dietary patterns, 

and decreased physical activity.11A national survey in 2004 estimated that 23.7% of Saudi adults 

(age 30-70 years) suffered from T2D, and another 14.1% had impaired fasting glucose.11 

Prevalence of diabetes was significantly higher in urban areas (25.5% versus 19.5% in the rural 

areas).12 The burden of diabetes in KSA is likely to increase and reach disastrous levels, unless a 

comprehensive epidemic control program is implemented rigorously promoting healthy eating, 

exercise and active lifestyles, and curbing obesity.13,14 Family history has a major role in the 

cause of diabetes. Recent studies in genetic research have also identified the genetic variants 
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linked with T2D.15,16 Family history of diabetes is also used as a predictor of T2D in population-

based screening programs.17 However, roughly half of the risk of T2D can be attributed to 

lifestyle, and half to genetics. Lifestyle modification is particularly effective in the prevention, or 

delay of progression to diabetes among individuals with a family history of diabetes. However, 

the International Diabetic Federation recommends that diabetes control programs should 

simultaneously promote lifestyle modification among high-risk individuals, as well as the entire 

population.18 

In a 12-year prospective study in the USA, the risk of diabetes significantly increased 

among men with a ‘Western’ dietary pattern (characterized by higher consumption of 

red/processed meat, French fries, high-fat dairy products, refined grains, sweets, and desserts), 

compared to those having a ‘prudent’ dietary pattern comprising of fresh vegetables and fruits, 

fish, poultry, and whole grains.19 The risk was significantly greater among obese men.19 In the 

USA, poor dietary habits and obesity are closely linked with T2D and its complications.20 While 

the Arab populations are known to have a genetic predisposition to diabetes, dietary patterns and 

physical activity play an equally important role in its cause. 

A regional study in Qatar found that obesity, family history, and smoking habits were 

equally associated with diabetes.21 In KSA, diabetes, along with hypertension and coronary 

artery disease has emerged as a major challenge to the health system. The World Health 

Organization estimates that non-communicable diseases will soon become the principal global 

cause of morbidity and mortality in KSA.22 

While the risk factors for T2D are well established, there is very little information on the 

relationships between different types of T2D and potential risk factors.  In Saudi Arabia, no 

population-based study has been attempted to investigate the association between diabetes types 
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independently of the effects of gender, age, citizenship status for grouped data. This study 

attempts to investigate the association between different types of diabetes and demographic risk 

factors such as, gender, age and citizenship status among patients who live in Saudi Arabia. 
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CHAPTER 3 

METHDOLOGY 

3.1 Data Exploration 

Data were collected from the primary health care centers (PHCC) of AL Madinah, KSA, 

from 2009 to 2014. The patients have different types of diabetes: "diabetes during pregnancy & 

delivery”, “diabetes with other complications", "diabetes without complications”, or "acetone 

diabetes." Only a number of demographic factors are available as potential risk factors. These are 

age groups in 1-4, 5-14, 15-44, and 45+ years, nationality, classified as Saudi and non-Saudi, and 

gender. Another limitation of the data is that age information is not available for each gender and 

nationality level. Total number of patients with different types of diabetes is reported for four age 

groups. Thus we conducted two separate analyses: 1) types of diabetes versus sex and nationality 

and 2) types of diabetes versus age.   Type of diabetes, the response variable is measured on a 

nominal scale, since there is no natural ordering for the type of diabetes. In our first analysis, 

gender and nationality are considered as predictors variables and in our second analysis only age 

is considered as a predictor variable. 

3.2 Exploratory Analysis 

Numerical and graphical summaries are created to explore the data and to identify 

preliminary association between the response and each predictor variable. Exploratory analysis 

helps to identify particular patterns among the variables in a dataset. 

3.3 Graphical Summaries 

The data consist of categorical variables and continuous variables, which are known as 

qualitative and quantitative variables respectively. We use bar diagrams for categorical variables 
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and histograms for continuous variables to show the pattern of the variables for the response and 

the predictors. 

3.4 Models for Multinomial Responses 

When the response categories fall under more than two categories, it can be modeled 

using the multinomial distribution. The response variable types of diabetes has four categories 

; the table below shows the number of patients who have different type of diabetes according to 

their gender and nationality in 2009. 

Table 1: The Number of Patients with Four Types of Diabetes by Gender and Nationality in 2009 

(i)   Type (j)   

Covariate Class 1) Diabetes 
with other 

Complications 
 

2) Acetone 
Diabetes or 
Sugar Com 

3) Diabetes 
during Pregnancy 

& Delivery 

4) Diabetes 
without 

Complications 

Total 

M            Saudi 15453 218 0 6524 22195 

      M               No 692 
 

19 0 411 1122 

       F            Saudi 17412 110 2833 5899 26254 

       F                No 508 
 

13 167 195 883 

Total 34065 360 3000 13029 n=50454 

 
The response, which is the type of diabetes, has four categories: “diabetes with other 

complications”, “acetone diabetes or sugar coma”, “diabetes during pregnancy & delivery” and 

“diabetes without complications”. Let !"#    represent one of the possible outcomes, which occurs 

with probability	"#$   , 	  representing the count in (", $)&'   cell. For example, in the above table 

!"# = 5899   which represents the number of cases who have diabetes without complications, and 

who are Saudi female, has the probability	"#$   with the  3"#    covariate class in the  3"#    response 
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category. Then, we have all the possible outcomes that the vector !"   = (!"", !"$, … , !&&  ) with 

probabilities (!"", !"$, … , !&&),   respectively. 

In our data the total number of the patients is fixed, n = 50454, so we cannot consider the 

Poisson distribution here. However, we can assume that each !"#    is counted and independent with 

a Poisson distribution with !"#   . Now, we will consider the conditional distribution of all !"#    on 

their sum. By using the additive propriety of Poisson distribution, the sum of !"#	   also has a 

Poisson distribution with parameter 𝛑. Then, in our data the joint distribution of all !"#    on their 

sum is a multinomial distribution, and it can be written as:  

													"($%& = (%), $%) = (%+, $%, = (%,│.$%/ = 0)  =n!	 "#$
%#$&'	    , i=1, 2, 3, 4,  j=1, 2, 3, 4. 

Thus, the random variable Y follows the multinomial distribution with mean and variance which 

can be written as:  

E(Y) = n𝛑, and V(Y) = n𝛑 (1-𝛑)      

3.5 Multinomial Logit Model: 

The multinomial logit model applies from the binary logistic regression model when the 

response is categorical and has more than two levels. It is a regression model used to combine 

predictor variables with a categorical response. The form of the multinomial logit model is 

similar to the form of the binary logits, but it has more than one logit. The number of logits is 

one less than the levels of the categorical response. For example, if there are k response 

categories, and the	"#$	  categorical response is the reference level, then the multinomial logit 

model uses k-1 logits which can be written as: 

Log ( P(	Y = j|x) P(Y = k|x  ) ) = !"#$   ,     j = 1, 2, …, k-1 

Using exponentiation on the both sides of the above equation, we have the following equation: 

           P 	Y = % & = '() = k|x  )*exp	(&'())   
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If we take sum on both left and right hand sides over j on the above expression we get the 

following equation:  

           ! " = $ % = !(" = '|%) exp	(.-0
120

.-0
120    !"#$)   

Then, by adding P(Y= "|$  ) to both sides, we have the following equation: 

           P(Y= k|x  ) + P 	Y = % &'-)
*+) = ,(. = k|x  )	 exp	(	&'())+--

).-    + P(Y= k|x  ) 

           1 = P(Y= k|x  ) 1 + exp	(	()*+)--/
+0/    

By the law of total probability the left hand side of the above equation becomes 1. Thus we have 

           P(Y= k|x  ) =	 "
"# $%&	(	()*+)--/

+0/
  , 

And the probability of being in the j the category becomes: 

            P(	Y = &|()   = 
!"#	(&'	()	)

+,	 !"#	(&'	()	)--/
)0/

  . 

In our data, the response is the type of diabetes, which has four levels, so the multinomial 

logit model uses three logits. In addition, we introduce the dummy coding for the independent 

variables because all of them are categorical variable. So the logits can be written as: 

         Log ( !" ∕ !$) = 	()" + (""+,- + (."/0123/04215																									(1)  ,       

         Log ( !" ∕ !$) = 	()" + (+",-. + (""/0123/04215																										(2)  ,            

         Log ( !" ∕ !$) = 	()" + (+",-. + (/"01234015326																										(3).    
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CHAPTER 4 

RESULTS AND DISCUSSION 
 

4.1 The Exploratory Analysis 

We have diabetes patients with different kinds of diabetes from 2009 to 2014. The total 

number of diabetes patients from 2009 to 2014 is 393,241. They are divided into male and 

female and if they are Saudi or non-Saudi. Also, they have different age ranges. 

Table 2: Characteristics of Patients by Diabetes Type 

Type Freq Cum_Freq Perc Cum_Perc 

Acetone Diabetes or Sugar Coma 1297 1297 0.33 0.33 

Diabetes during Pregnancy & Delivery 11683 12980 2.97 3.3 

Diabetes with other Complications 80661 93641 20.51 23.81 

Diabetes without Complications 299600 393241 76.19 100 

Freq: Frequency counts; Cum_Freq: Cumulative Frequency; Perc: Percentage, Cum_Perc: Cumulative percentage 
 

This table shows the number of patients according to the type of diabetes. It shows that 

the majority of the patients have diabetes without complications. The next largest category is the 

patients who have diabetes with other complications. The same results can be shown below as a 

bar plot.  
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Figure 1: Number of Cases According to Diabetes Type 
 

 
 
Table 3: Trend in Number of Diabetes Patients 

 
Year Freq Cum_Freq Perc Cum_Perc 

2009 50454 50454 12.83 12.83 

2010 25646 76100 6.52 19.35 

2011 127780 203880 32.49 51.85 

2012 135826 339706 34.54 86.39 

2013 47302 387008 12.03 98.41 

2014 6233 393241 1.59 100 

Freq: Frequency counts; Cum_Freq: Cumulative Frequency; Perc: Percentage, Cum_Perc: Cumulative percentage 
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Figure 2: Number of Cases According to Year 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 and the bar graph in figure 2 show the number of diabetic patients in different 

years. From 2009 to 2010 the total number of patients decreases, but from 2011 to 2012 it grows 

gradually. In the last two years the number decreases. 

Table 4: Characteristic of Patients by Gender 

Gender Freq Cum_Freq Perc Cum_Perc 

Female 223178 223178 56.75 56.75 

Male 170063 393241 43.25 100 
Freq: Frequency counts; Cum_Freq: Cumulative Frequency; Perc: Percentage, Cum_Perc: Cumulative percentage 

Table 4 shows that there are 223,178 female and 170,064 male diabetic patients over the 

years. Women are more likely to have diabetes than men. The same result can be shown in 

Figure 3. 
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Figure 3: Number of Cases According to Sex 

 

 
 
Table 5: Characteristic of Patients by Saudi and Non-Saudi Status 
 

Saudi Freq Cum_Freq Perc Cum_Perc 

Yes 384612 384612 97.80 97.80 

No 8629 393241 2.19 100 

Freq: Frequency counts; Cum_Freq: Cumulative Frequency; Perc: Percentage, Cum_Perc: Cumulative percentage 
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Figure 4: Characteristic of Patients by Citizenship 
 
 

 
 

Most of the records of diabetes were found in Saudi population. The number is not 

surprising at all because the survey was in Saudi Arabia, so it is clear that most of them are 

Saudi.     

Table 6: Characteristic of Patients by Type of Diabetes and Gender  
 

 Acetone Diabetes 
or Sugar Coma 

 

Diabetes during Pregnancy 
and Delivery 

 

Diabetes with other 
Complications 

 

Diabetes without 
Complications 

 
Female 467 11683 45124 165904 
Male 830 0 35537 133696 

 



15 
 

 

Figure 5: Number of Cases According to Diabetes Type and Gender 
 

 
 

Table 6 and Figure 5 show that most of the patients who have acetone diabetes or sugar 

coma are men, with 64%. Both men and women have diabetes with other complications with 

approximately 45% and 56% respectively. This result suggests that both men and women are 

more likely to have diabetes with other complications. 
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Table 7: Characteristic of Patients by Type of Diabetes and Year 
 

 2009 2010 2011 2012 2013 2014 

Acetone Diabetes or 
Sugar Coma 

 

360 430 313 155 19 20 

Diabetes during 
Pregnancy & 

Delivery 
 

3000 2931 1638 1901 1760 453 

Diabetes with other 
Complications 

13029 6372 23947 23993 11935 1385 

Diabetes without 
Complications 

 

34065 15913 101882 109777 33588 4375 

 

Table 7 shows the trend of different diabetes in Saudi Arabia. Acetone diabetes and 

diabetes during pregnancy decrease over the years. However, the total number of patients who 

have diabetes with complications and without complications increases in 2011 and 2012, then 

decreases in the last two years.  

Table 8: Characteristic of Patients by Type of Diabetes and Citizenship 
 

 Saudi Non-Saudi 

Acetone Diabetes or Sugar Coma 1150 147 

Diabetes during Pregnancy & Delivery 11139 544 

Diabetes with other Complications 77886 2775 

Diabetes without Complications 294437 5163 

 
Table 9: Characteristic of Patients by Gender & Citizenship 

 Saudi Non-Saudi 

Female 219552 3626 

Male 165060 5003 
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Table 10: Characteristic of Patients by Age 

Age Freq Cum_Freq Perc Cum_Perc 

1 - 4 1296 1296 0.33 0.33 

5 - 14 41606 393228 10.58 10.91 

15 - 44 137412 138708 34.94 45.85 

45+ 212914 351622 54.15 100 

Freq: Frequency counts; Cum_Freq: Cumulative Frequency; Perc: Percentage, Cum_Perc: Cumulative percentage 

Most of the diabetic patients are aged 45 or over. About 54% belongs to this group and 

approximately 35% of the diabetic patients belong to age group 15-44. 

4.2 Number of Diabetic Patients According to Independent Features 

We are interested in testing several hypotheses. 

1. Types of diabetes: 

!"  : The number of diabetic patients is same for all types of diabetes.  

!"  : The number of diabetic patients is not same for all types of diabetes. 

Table 11: Results of analyzing the number of diabetes patients for all types of diabetes 
 

 

 

Since the p-value is smaller than 0.05, we reject the null hypothesis. Thus, the evidence 

above indicates that the number of patients is not the same for all types of diabetes. 

2. Citizenship status: 

!"  : The number of diabetic patients is the same for different citizenship status. 

This is equivalent to testing	"#  : !"  = 0, where !"   represents the regression coefficient for 

nationalism in equations (1), (2), and (3) in section 3.5 

!"  : The number of diabetic patients is not same for different citizenship status. 

Level of Significance Test Statistic Value Degrees of Freedom P- Value 

0.05 F-Statistic 8.081 3 7.78e-05 
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This is equivalent to testing	"#  : !"   ≠ 0. 

Table 12: Results of analyzing the number of diabetes patients for different citizenship status 
 

 

 

Since the p-value is smaller than 0.05, we reject the null hypothesis. Thus, the evidence 

indicates the number of diabetic patients is not the same for different citizenship status. 

3. Gender: 

!"  : The number of diabetic patients is same for male and female.  

This is equivalent to testing	"#  : !"  = 0, where	"#  represents the regression coefficient for 

nationalism in equations (1), (2), and (3) in section 3.5 

!"  : The number of diabetic patients is not same for male and female. 

This is equivalent to testing !"  : !"  ≠ 0. 

Table 13: Results of analyzing the number of diabetes patients for male and female 
 

 

 

Since the p-value is greater than 0.05, we fail to reject the null hypothesis. Thus, the 

evidence indicates the number of diabetic patients is the same for males and females. 

4. Age group: 

!"  : The number of diabetic patients is same for the different age groups. 

!"  : The number of diabetic patients is not same for the different age groups. 

Level of Significance Test Statistic Value Degrees of Freedom P- Value 

0.05 F-Statistic 13.75 1 0.000353 

Level of Significance Test Statistic Value Degrees of Freedom P- Value 

0.05 F-Statistic 0.24 1 0.625 



19 
 

Table 14: Results of analyzing the number of diabetes patients for different age group  
 

 

 

Since the p-value is smaller than 0.05, we reject the null hypothesis. Thus, the evidence 

indicates the number of diabetic patients is not the same for different age groups. 

4.3 Analysis of Diabetes Types: Multinomial Logit Model 

We are interested to determine the effect of gender and nationality on diabetes type. We 

set up the model by taking the type of diabetes as the dependent variable with gender and Saudi 

status as the independent variables. The result of fitting the multinomial logit model is given 

below: 

Table 15: Results of analysis with Gender and Saudi Status 
 
 Predictors Coefficients Standard 

Error 
Z-value P-value Odds 

ratio 
Diabetes during 

pregnancy & 
delivery 

Intercept 2.784053875 0.10448728 26.64491 0 16.18450 

 Saudi Yes 
 

0.4624679 0.09992012 4.628376 0.0000036 1.587988 

 GenderMale 
 

-13.0050780 4.68596591 -2.775325 0.00551465 0.0000022 

Diabetes with other 
complications 

Intercept 
 

3.470552 0.09591182 36.18482 0 32.15450 

 SaudiYes 
 

1.1506672 0.09018960 12.758313 0 3.160301 

 GenderMale 
 

-0.7663361 0.05856958 -13.084199 0 0.464712 

Diabetes without 
complications 

Intercept 
 

4.069691 0.09495621 42.858612 0 58.53886 

 SaudiYes 
 

1.8658343 0.08919134 20.919457 0 6.461324 

 GenderMale -0.7309898 0.05826282 -12.546420 0 0.4814322 
 

 
 

 

Level of Significance Test Statistic Value Degrees of Freedom P- Value 

0.05 F-Statistic 4.031 3 0.00965 



20 
 

 

Diabetes Type and Age: 

Since the age specific information in not available for gender, nationality, and types of 

diabetes, but only available for types of diabetes, we perform a separate analysis for diabetes 

type and age. Results are presented in Table 16. 

Table 16: Results of analysis with Age 

 
 Predictors Coefficients Standard 

Error 
Z-value P-value Odds ratio 

 
Diabetes during 

pregnancy & 
delivery 

Intercept -17.124058 0.04560436 -375.491701 0.0 3.6569e-08 

 Age 5-14 17.5413630 0.1299650 134.969938 0.0 4.15066e+07 
 

 Age 15-44 19.7265576 0.05501756 358.550236 0.0 3.69092e+8 
 

 Age 45+ 18.905974 0.05440135 347.527637 0.0 1.62465e-01 
 

Diabetes with other 
complications 

Intercept 4.646320 0.04560436 14.622911 0.0 1.04200e+02 

 Age 5-14 0.4084619 0.3448647 1.184412 0.23624 1.50450 
 

 Age 15-44 -0.8718708 0.32056895 -2.719761 6.533e-03 4.18168e-01 
 

 Age 45+ -0.405584 0.32013745 -1.266906 2.052e-01 6.66587e-01 
 

Diabetes without 
complications 

 

Intercept 3.194581 0.32264376 9.901264 0.0 2.43999e+01 

 Age 5-14 3.1747858 0.3492664 9.089869 0.0 2.39217e+01 
 

 Age 15-44 2.0218746 0.32538016 6.213884 5.169e-10 7.55247e+00 
 

 Age 45+ 2.303617 0.32497873 7.088515 1.355e-12 1.00103e+01 
 

Under the multinomial logit model using the R package, we created the table of 

coefficients and odds ratio (OR) with p-value and z-value. The dependent variable (diabetes 

type) has four levels, so we fit three multinomial logit models to predict the probability of types 

of diabetes.  In the above table, we set acetone diabetes as the reference group so each model will 
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give us the probability of being in a particular type of diabetes compared to the reference group. 

Also, we set a reference group for all our independent variables because they are all categorical 

variables. 

From Table 15, our model equation can be written as: 

Ln (
!(#$%&'	%&	)%*#$+$,	)-.%&'	!.$'&*&/0)	

!(#$%&'	%&	*/$+2&$	)%*#$+$,)   ) = !"# + !""%&'()*+, + !"-.+/(+01&2+   (1) 

Ln (
!(#$%&'	%&	)%*#$+$,	-./0	1/023	41567.48/.19:)	

!(#$%&'	%&	*<$+=&$	)%*#$+$,)   ) = !"# + !"%&'()*+,- + !"".,/),01'2,	  (2) 

Ln (
!(#$%&'	%&	)%*#$+$,	-./012/	31456.37/.189)	

!(#$%&'	%&	*;$+<&$	)%*#$+$,)   ) = !"# + !"%&'()*+,- + !"./,0),12'3,   (3) 

We can interpret the result in terms of log odds in equation (1), the log odds of being diabetic 

during pregnancy compared to acetone diabetes is increasing by 0.46 for Saudi people than non-

Saudi. In equation (2), the log odds of being diabetic with other complications compared to 

acetone diabetes is decreasing by -0.77 for male than female. 

In addition, we can interpret the result in terms of odds ratio. For example, the second 

value of odds ratio column in Table 15, the risk of having diabetes during pregnancy and 

delivery to acetone diabetes is 1.59 times higher for Saudi people than non-Saudi. Further, the 

findings suggest that all the variables are statistically significant since the p-values are less than 

0.05.  For the model with gender and Saudi status all levels of diabetes types are statistically 

significant compare to acetone diabetes for the predictors. 

Similarly, the model equation from Table 16: 

Ln (
!(#$%&'	%&	)%*#$+$,	)-.%&'	!.$'&*&/0)	

!(#$%&'	%&	*/$+2&$	)%*#$+$,)   ) = !"# + !""%&'()"* + !"+%&'"()** + !",%&'*(-   (4)          

Ln (
!(#$%&'	%&	)%*#$+$,	-./0		12345.16/.278)	

!(#$%&'	%&	*:$+;&$	)%*#$+$,)   ) =	"#$ + "#&'()*+&, + "##'()&*+,, + "#-'(),*.   (5) 
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Ln (
!(#$%&'	%&	)%*#$+$,	-./012/	31456.37/.189)	

!(#$%&'	%&	*;$+<&$	)%*#$+$,)   ) = !"# + !"%&'()*%+ + !""&'(%)*++ + !",&'(+)-   

(6) 

We can interpret the result in terms of log odds in equation (4) the log odds of being in diabetes 

during pregnancy comparing to acetone diabetes is increasing by 17.54 for patients whose age 

category is 5 – 14 than patients whose age category is 1 – 4. In equation (5), the log odds of 

being in diabetes with other complications comparing to acetone diabetes is decreasing by -0.87 

for patients whose age category is 15 – 44 than patients whose age category is 1 – 4. 

Moreover, we can interpret the result in terms of odds ratio (OR). For example, the 

6"#	  value of odds ratio column in Table 16, the risk of having diabetes with other complications 

to acetone diabetes is 1.5045 times higher for people whose age category is 15 – 44 than patients 

whose age category is 1 – 4. In the multinomial logit model with age variable, the effect of age 

group 5-14 and 45+ compare to age group 1-4 have same effect for having diabetes with other 

complications to acetone diabetes. All other levels of diabetes are statistically significant 

compare to acetone diabetes for all levels of age. 

Table 17: Analysis with Time 

 Predictors Coefficients Standard Error Z-value P-value Odds ratio 

Diabetes during 
pregnancy & 

delivery 

Intercept 101.0294 7.189112e-09 14053113581 0.0 7.525e+43 

 Year -0.04915193 1.445563e-05 -3400.193 0.0 0.9520365 

Diabetes with 
other 

complications 

Intercept -478.4869 6.874231e-09 -6960588987 0.0 1.569e-21 

 Year 0.23997386 1.382463e-05 17358.431 0.0 1.2712159 

Diabetes 
without 

complications 

Intercept -629.4181 6.835540e-09 -9208024102 0.0 4.4379e-3 

 Year 0.31566852 1.374474e-05 22966.494 0.0 1.3711757 

 



23 
 

 In the same way, we can obtain our model equation for table 17: 

Ln (
!(#$%&'	%&	)%*#$+$,	)-.%&'	!.$'&*&/0)	

!(#$%&'	%&	*/$+2&$	)%*#$+$,)   ) = !"# + !""%&'(   (7) 

Ln (
!(#$%&'	%&	)%*#$+$,	-./0	1/023	41567.48/.19:)	

!(#$%&'	%&	*<$+=&$	)%*#$+$,)   ) = !"# + !"%&'()   (8) 

Ln (
!(#$%&'	%&	)%*#$+$,	-./012/	31456.37/.189)	

!(#$%&'	%&	*;$+<&$	)%*#$+$,)   ) = !"# + !"%&'()   (9) 

With one unit increase in year variable the log odds of being in diabetes during pregnancy 

comparing to acetone diabetes decrease by 0.049. Also, in the multinomial logit model with year 

variable all levels of diabetes types are statistically significant compare to acetone diabetes for 

the predictors as their p-value are less than 0.05. 
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CHAPTER 5 

CONCLUSION 
 
From the public health point of view, identification of the risk factors for different types 

of diabetes is very important. Since the type of diabetes is measured on a nominal scale with four 

levels, we considered a multinomial logit model to estimate the odds of being in different 

categories for gender, nationality, and age groups. The Multinomial Logit model allows a 

nominal categorical response variable to have more than two levels. We used this model to 

predict the probabilities of the different possible outcomes of a categorically distributed 

dependent variable, given a set of independent variables. In addition, the model can give us a 

clear picture about the effect of the independent variables. 

The results from the analysis of the type of diabetes and gender and nationality show that 

the odds of having different types of diabetes differ across gender and nationality.  Also the 

results from the analysis of the type of diabetes and age show that the odds of having different 

types of diabetes differ across age groups, which is expected.  

One limitation of our study is that the data does not include age specific information for 

gender and nationality. This led us to conduct a separate analysis to determine the association 

between the type of diabetes and age group.  

This study can be extended by considering more covariate or risk factors, if available. A 

trend component to the model may also improve the predictability of the model. Due to time 

constrains and limitations of the data, these features were not explored in the current research.   
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APPENDIX 

R code: 
 
setwd("C:/Users/Maram Alrshedy/Desktop/thesis") 
data <- read.table("diabetes.csv", header=TRUE, sep=",") 
head(data) 
names(data) 
str(data) 
tail(data) 
class(data)          # "data.frame" 
sapply(data, class)  # show classes of all columns 
typeof(data)         # "list" 
names(data)          # show list components 
dim(data)            # dimensions of object, if any 
head(data)           # extract first few (default 6) parts 
tail(data, 1)        # extract last row 
head(1:10, -1)    # extract everything except the last element 
attach(data) 
mytable <- table(case,year) # A will be rows, B will be columns  
mytable 
summary(mytable) 
plot(year,case) 
mytable 
table(case,year) 
table(case,gender) 
table(case,saudi) 
table(case,type) 
table(gender) 
data[,4=='yes']="Yes" 
#3-way frequency table 
mytable<- table(case,gender,year) 
ftable(mytable) 
summary(mytable) 
#3-way frequency table 
mytable<- xtabS(~case+gender+year, data=data) 
ftable(mytable) 
summary(mytable) 
#creating a tabal 
table_Diabetes=xtabs(case ~ type) 
table_Diabetes 
table_Year=xtabs(case ~ year) 
table_Year 
table_Gender=xtabs(case ~ gender) 
table_Gender 
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table_Citizen=xtabs(case ~ saudi) 
table_Citizen 
table_Diabetes_Gender=xtabs(case ~ gender+type) 
table_Diabetes_Gender 
table_Diabetes_Year=xtabs(case ~ type+year) 
table_Diabetes_Year 
table_Diabetes_Citizen=xtabs(case ~ type+saudi) 
table_Diabetes_Citizen 
table_Gender_Citizen=xtabs(case ~ gender+saudi) 
table_Gender_Citizen 
for(i in data$saudi) if(i %in% "yes") data$saudi <- "Yes"                      
data$Species[data$Species == 'yes'] <- 'Yes' 
rename(data, yes = Yes) 
colnames(data)[colnames(data)=="No..of.cases"] <- "cases" 
library(dplyr) 
rename(data, yes = Yes) 
rename 
rename <- function(data, yes, Yes) { 
data <- saudi(data) 
data[which(data %in% yes)] <- Yes 
saudi(data) <- data 
data 
table(saudi) 
levels(data$saudi)[levels(data$saudi)=="yes"] <- "Yes" 
levels(data$saudi) 
table(data$saudi) 
#creating a barplot 
png('barplot1.png') 
#creating a barplot 
barplot(table_Diabetes,xlab="Diabetes Type",ylab="Number of People", 
names.arg=c("with compl", "Acetone","Pregnancy","No compl"), main="No. of Case according 
to Diabetes Type", 
col=c("red","green","blue","yellow"), legend = rownames(table_Diabetes)) 
dev.off() 
png('barplot1.png') 
barplot(table_Year,xlab="Year",ylab="Number of People", 
main="No. of Case according to Year",col=rainbow(6)) 
dev.off() 
png('barplot1.png') 
barplot(table_Gender,xlab="Gender",ylab="Number of People",main="No. of Case according to 
Sex", 
col=c("pink","blue"), legend = rownames(table_Gender)) 
dev.off() 
barplot(table_Citizen,xlab="Saudi",ylab="Number of People",main="No. of Case according to 
Citizenship", 
col=c("blue","green"), legend = rownames(table_Citizen)) 
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png('barplot1.png') 
barplot(table_Diabetes_Gender, main="No. of Case According to Diabetes Type & Gender ", 
xlab="Diabetes Type", ylab="Number of People", col=c("pink","blue"), 
names.arg=c("Acetone","Pregnancy","With compl","No compl")); 
legend("topleft",c(col=rownames(table_Diabetes_Gender)),fill=c("pink","blue")) 
dev.off() 
barplot(table_Diabetes_Citizen, main="No. of Case According to Diabetes Type & Citizenship " 
xlab="Diabetes Type", ylab="Number of People", col=c("blue","green"), 
names.arg=c("Acetone","Pregnancy","With compl","No compl")); 
legend("topleft",c(col=rownames(table_Diabetes_Citizen)),fill=c("blue","green")) 
# Grouped Bar Plot 
counts <- table(mtcars$vs, mtcars$gear) 
barplot(table_Diabetes_Gender, main="No. of Case According to Diabetes Type & Gender ", 
xlab="Diabetes Type", ylab="Number of People", col=c("darkblue","red"), 
names.arg=c("No compl", "Acetone","Pregnancy","Other"), 
legend = rownames(table_Diabetes_Gender), beside=TRUE) 
library(ggplot2) 
ggplot(data=data, aes(x=type, y=case, fill=gender)) + 
geom_bar(stat="identity") 
ggplot(data=data, aes(x=type, y=case, fill=gender)) +  
geom_bar(colour="black", stat="identity", 
position=position_dodge(), 
size=.3) +                        # Thinner lines 
scale_fill_hue(name="Sex of people") +      # Set legend title 
xlab("Diabetes Type") + ylab("Number of People") + # Set axis labels 
ggtitle("No. of Case According to Diabetes Type & Gender") +     # Set title 
theme_bw() 
#Main Analysis 
require(nnet) 
logit = multinom(type ~ saudi+gender,weights = case, data=data) 
summary(logit) 
table(data$saudi) 
z <- summary(logit)$coefficients/summary(logit)$standard.errors 
#2-tailed z test 
p <- (1 - pnorm(abs(z), 0, 1))*2 
exp(coef(logit)) 
logit = multinom(type ~ year,weights = case, data=data) 
summary(logit) 
exp(coef(logit)) 
z <- summary(logit)$coefficients/summary(logit)$standard.errors 
#2-tailed z test 
p <- (1 - pnorm(abs(z), 0, 1))*2 
p <- (1 - pnorm(abs(z), 0, 1))*2 
exp(coef(logit)) 
# One Way Anova (Completely Randomized Design) 
attach(data) 
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m1 <- aov(case ~ type, data=data) 
summary(m1) 
m2 <- aov(case ~ saudi, data=data) 
summary(m2) 
m3 <- aov(case ~ gender, data=data) 
summary(m3) 
m4 <- aov(case ~ year,data=data) 
summary(m4) 
# Rename a column in R 
colnames(data)[colnames(data)=="No..of.cases"] <- "cases" 
table_Age=xtabs(cases ~ Age) 
table_Age 
#Main Analysis 
require(nnet) 
logit = multinom(Type ~ Age,weights = cases, data=data) 
summary(logit) 
z <- summary(logit)$coefficients/summary(logit)$standard.errors 
#2-tailed z test 
p <- (1 - pnorm(abs(z), 0, 1))*2 
exp(coef(logit)) 
attach(data) 
m1 <- aov(cases ~ Age, data=data) 
summary(m1) 
 


