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Abstract: Diabetes mellitus is one of the fast-growing global problems in the modern era. Khulna Division is not out of that. 

So, in this paper, it has been tried to recognize the multiple difficulties of hyperglycemia in Khulna, one of the divisions of 

Bangladesh. Branching process is obtained to determine the probability of ultimate extinction of hyperglycemia in generations. 

Bivariate and hierarchical multiple logistic regression models are used to examine the association of the determinants and 

hyperglycemia. Poisson regression is used to look at the number of multiple complications for forthcoming death. The place of 

resident, marital status, diabetes symptoms: nausea, diabetes symptoms: frequent previous generation and treatment gap are 

identified most significantly associate with the occurrence of hyperglycemia. Also, nausea person has further chance to attain a 

hyperglycemia as compared to non-nausea peoples in addition to male patients, if all other factors are constant. Also, the 

probability of extinction expresses zero for the people with diabetes and the tree diagram exhibits swiftness in the generation to 

generation. Overall, mortality risk factors among the people with diabetes for numerous worries are estimated by Poisson 

regression and try to avoid widespread of hyperglycemia in Khulna by diminishing the community health problem of diabetes. 
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1. Introduction 

Diabetes mellitus (DM) is a non-communicable chronic 

disease that requires medical follow-up to reduce the risk of 

long-term complications and care to stop critical 

complications. Diabetes care is intricate and requires that 

numerous issues, beyond glycemic control to be addressed. A 

huge frame of indication exists that supports a range of 

involvements to improve diabetes consequences [1]. It is 

characterized by chronic elevation of blood glucose level 

above normal value. Current time, it is detected that the 

number of people having DM increasing so speedily. All of us 

are at risk of developing diabetes. Hence, everybody must 

know how this disease demonstrates itself and how everyone 

can defend ourselves from disease [2]. DM takes a widespread 

form and its prevalence is increasing at a scary rate [3]. 

Diabetes mellitus is prejudiced by physiology, genetics and 

health behaviors, social and economic statuses, commonly 

known as web factors [4]. Several important risk factors for 

the disease have been identified which include: obesity, poor 

diet, physical inactivity, increasing age, family history of 

diabetes, ethnicity, poor nutrition during pregnancy affecting 

the developing child, just to name a few [5]. Various studies 

have also explained the associations between several risk 

factors and the risk of type 2 diabetes such as body mass index 

(BMI), lipids, hypertension, smoking, low education, dietary 

patterns, and recently specific genes [6-15]. Female had 

complex pervasiveness of diabetes compared to male both in 

urban and rural (urban female-8.5%, male 7.7% and rural 

female-2.5%, male-1.9%). Age, sex and waist to current ratio 

for male were found to be significant risk factors following 

FBG and 2-h glucose values adjusted for several confounding 

variables. Poor agreement was observed of between FBG and 

2-h BG values [16]. In Bangladesh, which had a population of 

163 million in 2016 [17], a current meta-analysis presented the 
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prevalence of diabetes among adults had increased noticeably, 

from 4% in 1995 to 2000 and 5% in 2001 to 2005 to 9% in 

2006 to 2010 [18]. As stated by the International Diabetes 

Federation, the prevalence will be 13% by 2030 [19]. The 

purpose of this study is to explore and account for certain 

factors which are associated with the increasing prevalence of 

diabetes according to the World Health Organization (WHO). 

The study will explore the underlying association between the 

factors and predict the reasons behind diabetics by appropriate 

models with higher accuracy. Jacobson (1948) noticed that 

cancer occurs more frequently than expected among people 

with diabetes [20]. Forssas et al (2016) observed that a people 

with diabetes related difficulty (acute myocardial infarction, 

stroke, lower extremity amputation, and end stage renal 

disease) aggravate everybody’s to death [21]. Since diabetics 

increased the risk of having different disease such as stroke, 

renal disease which provokes towards death [22-23]. Hence, it 

can be warned everyone about this silent killer through this 

research. 

Hyperglycemia is a trade mark insignia of diabetes (both 

type-1 and type-2 diabetes) and prediabetes that have an 

unusually high blood glucose level. The foremost symptoms 

of hyperglycemia are enlarged dehydration and a recurrent 

necessity to urinate [24]. Hyperglycemia has been 

well-defined by the World Health Organization as: blood 

glucose levels greater than7.0mmol/L (126 mg/dl) when 

fasting or blood glucose levels greater than 11.0 mmol/L (200 

mg/dl) 2 hours after meals [24]. Though blood sugar levels 

above 7 mmol/L for prolonged stages of time can start to cause 

harm to internal organs, symptoms may not develop until 

blood glucose levels over do 11 mmol/L. It may be a solemn 

problem if not treated in time with symptoms: shortness of 

breath, nausea and vomiting, and very dry mouth. Some of the 

complications of hyperglycemia in poorly controlled diabetes 

are: increase the risk of heart attack, stroke, kidney failure, 

nerve damage, eye diseases, including damage to the retina, 

glaucoma, and cataracts and gum disease [24-25]. It scars the 

heart in patients without a antiquity of heart disease and is 

strongly linked with heart attacks and death. In this paper, 

firstly, the significant factor, quantity its contributions to the 

diabetes and measures the association between factors that 

affecting the growth of the diabetes are determined. Secondly, 

analyze the presence of demographic and socio-economic 

characteristics of diabetes affected patients. Thirdly, 

demonstrate the use of branching process for getting 

knowledge about the pictorial scenario of the disease on one 

generation to next generations. Finally, identify the multiple 

complications by counting among diabetic people through 

Poisson regression for predicting mortality. 

2. Materials and Methods 

2.1. Data and Variables 

A hospital based retrospective study of diabetes causes and 

etiology in Khulna Diabetes Hospital, Khulna was conducted 

from August 19, 2017 to October 20, 2017. The survey was led 

by face to face talk via a standard questionnaire setup. From 

interview, information was obtained about respondent 

socio-demographic characteristics, diabetes history, health state 

descriptions, habitual factor, risk factors and medication. Data 

has been collected from Khulna Diabetes Hospital by 

individually interview to 254 diabetes patients. There were about 

1200 Patients, a simple random sampling technique was 

conducted [26] to determined sample size and select 254 Patients. 

2.2. Socio-demographics Variables 

The interviewers noted the respondent’s femininity as either 

male or female based on their observation while the 

respondents stated their age in years, which was then 

characterized into less than 35 years, 35-45 years, 45-55 years, 

55-65 years and 65 plus years’ age brackets. Information on 

the region of residence (rural/urban) family size (less than 5 

members, 5 to 8 members and greater than 8 members) and 

their marital status (currently married or single) was also 

grouped. Respondents were also requested to tale their level of 

education as characterized by illiterate and educated. Body 
Mass Index (BMI) was calculated based on weight (in 

kilogram) and height (in squared meters). Respondents were 

then classified based on BMI as underweight (<18.5 kg/m2), 

normal (18.5 to 24.9 kg/m2), Obesity (>25 kg/m2). Wealth 

quintiles were generated based on family income such as less 

than or equal 10 thousand, 10- 30 thousand, 30 thousand plus. 

Employment was assessed based on unemployed and 

employed. Self-reported diabetes or hyperglycemia was 

assessed based on the questions – “Have you ever been 

suffering from any of the symptoms such as nausea, frequent 

urination etc.?”, “Did your previous generation affect form 

diabetics?” and “Have you ever been treatment gap?”. It can 

generate the idea about the daily life of the respondent by 

asking food habit (standard, vegetarian or high fat diet) or 

exercise (taking or not). 

2.3. Methods 

The distribution of patients who are suffering from 

diabetics with background characteristics considered in this 

study. The prevalence of hyperglycemia in a total of 254 

patients is found to be 77.2%. Sixty-five percent of them lived 

in urban areas, 95.3% were married, 61.8% were unemployed 

and utmost of them were adult people. Maximum respondents 

(67.3%) had a high level of physical activity while 32.7% had 

inactive physical exercise. Approximately, 78.7% of the 

respondents consumed standard foods. It is evident from data 

that a higher percentage of patients with diabetics are obese 

compared to those with normal weights. For example, among 

the respondents, 63% are suffering from obesity compared to 

37% of normal weights. Most of the respondents are suffering 

from various symptoms such as frequent urination (61.8%) etc. 

The frequency distribution of patients who are suffering from 

diabetics with background characteristics considered in Table 

2. Also, it has been detected 79 offspring from the 254 

participants to develop diabetes during study. Overall, there 

are 1, 2 or 3 offspring in a family infected from their parents 
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respectively. Also, frequency distributions of offspring is 

premeditated to discover the probability of extinction in the 

generation and the graphical representation by the tree 

diagram [27-29], then the mean number of offspring and 

variance who are suffering from diabetics are observed. 

Table 1. Frequency distribution of offspring. 

No. of offspring (x) Frequency Probability (p,k) 

1 45 .57 

2 14 0.18 

3 20 0.25 

Total 79 1 

From the given dataset, mean �  is 1.68 and �� is 0.72 

respectively. Since, � � 1  (super-critical), probability of 
ultimate extinction for diabetes affected offspring can be 

solved by equations � � ∑ 	
�

�


�  and get the ultimate 

probability of extinction is -1.72 or 0 approximately. Since �� 
is near to 0. Hence the diabetes may not be extinct in the 
generations. Graphical representation of the affected 1st and 
2nd generations are presenting through the tree diagram. By 
the graphical representation it can be easily recognize that 
how rapidly generations are affecting through this 
non-communicable disease. 

 

Figure 1. Tree diagram of offspring. 

Table 2. Frequency table for the selected variables. 

Variable Category Frequency Percentage 

Gender 
Male 113 44.5% 

Female 141 55.5% 

Type of Resident 
Rural 90 35.4% 

Urban 164 64.6% 

Age of respondent 

Less than 35 25 9.8% 

35-45 64 25.2% 

45-55 75 29.8% 

55-65 60 23.8% 

Greater than 65 30 11.8% 

Education 
Illiterate 42 16.5% 

Educated 212 83.5% 

Body mass index (BMI) 
Obesity 160 63% 

Normal 94 37% 

Marital Status 
Married 242 95.3% 

Single 12 4.7% 

Family member 

Less than 5 163 64.2% 

5 to 8 74 29.1% 

Greater than 8 17 6.7% 

Occupation 
Unemployed 157 61.8% 

Employed 97 38.2% 

Family Income Less than /equal 10 thousand 49 19.3% 
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Variable Category Frequency Percentage 

10- 30 thousand 162 63.8% 

Upper than 30 thousand 43 16.9% 

Diabetes symptoms: nausea 
Yes 44 17.3% 

No 210 82.7% 

Diabetes symptoms: frequent Urination 
Yes 157 61.8% 

No 97 38.2% 

Previous Generation affected by diabetics 
Yes 79 31.1% 

No 175 68.9% 

Food habit 

Vegetarian 37 14.6% 

Standard 200 78.7% 

High Fat diet 7 2.8% 

Lower Class 10 3.9% 

Exercise 
Yes 171 67.3% 

No 83 32.7% 

Treatment Gap 
Yes 98 38.6% 

No 156 61.4% 

 Yes 196 77.2% 

Hyperglycaemia No 58 22.8% 

 
The relationship between selected explanatory variables 

and hyperglycemia status has been assessed in bivariate and 

multivariate system. Recall that the dependent variable 

hyperglycemia status is measured in nominal scale. In the 

bivariate system, the association is assessed by comparing 

percentages of response categories conditional on the nominal 

explanatory variables. 

For testing statistical significance of association in the 

bivariate system, Chi-squared test of independence for 

nominal explanatory variable is used. Bivariate analysis 

results are reported in Table 3. In the case of multivariate 

analysis, multiple logistic regression and Poisson regression 

for assessing multiple complications have been used [30-33], 

given in the Table 4 and Table 5 respectively. 

3. Results and Discussion 

The consequences of variables and hyperglycemia status 

are exposed in table-3. From the table, it is certain that place of 

resident, marital status, diabetes symptoms: nausea, diabetes 

symptoms: frequent urination and treatment Gap have 

significant monotone relation with hyperglycemia status. In 

the group of respondents who have food habit with a high-fat 

diet, has maximum prevalence of hyperglycemia (85.7%). Out 

of respondents who resided in rural areas 86.7% are 

hyperglycemic. These figures were 72% for those patients 

who resided in urban areas, respectively. 83.7% of the 

respondents are trailing from hyperglycemias that have a gap 

in treatment. Most of the respondents (82.8%) have the 

symptoms of frequent urination who are suffering from this 

disease. 

Table 3. Association between particular covariates and hyperglycemia status using chi- square test. 

Variables Categories 
Hyperglycemia 

Chi-square p-value 
No Yes 

Gender 
Male 24.8 75.2 

0.437 0.509 
Female 21.3 78.7 

Place of Resident 
Rural 13.3 86.7 

7.141 0.008** 
Urban 28 72 

Age of respondents 

Less than 35 24 76 

2.299 0.681 

35-45 21.9 78.1 

45-55 21.3 78.7 

55-65 20 80 

Greater than 65 33.3 66.7 

Body mass index (BMI) 
Obesity 23.1 76.9 

0.021 0.886 
Normal 22.3 77.7 

Marital Status 
Married 21.5 78.5 

5.275 0.002** 
Single 50 50 

Family member 

Less than 5 24.5 75.5 

3.606 0.165 5 to 8 16.2 83.8 

Greater than 8 35.3 64.7 

Occupation 
Unemployed 20.4 79.6 

1.403 0.236 
Employed 26.8 73.2 

Family Income 

Less than/equal10 thousand 20.4 79.6 

4.265 0.119 10- 30 thousand 20.4 79.6 

Upper than 30 thousand 34.9 65.1 

Diabetes symptoms: nausea 
Yes 38.6 61.4 

7.542 0.006** 
No 19.5 80.5 

Diabetes symptoms: frequent Yes 17.2 82.8 7.414 0.006** 
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Variables Categories 
Hyperglycemia 

Chi-square p-value 
No Yes 

Urination No 32 68 

Previous Generation affected by 

diabetics 

Yes 27.8 72.2 
1.636 0.201 

No 20.6 79.4 

Food habit 

Vegetarian 35.1 64.9 

6.052 0.109 
Standard 20 80 

High fat diet 14.3 85.7 

Lower Class 40 60 

Exercise 
Yes 21.1 78.9 

.943 0.331 
No 26.5 73.5 

Treatment Gap 
Yes 16.3 83.7 

3.836 0.05** 
No 26.9 73.1 

Education 
Illiterate 23.8 76.2 0.027 

0.027 

0.869 

0.869 Educated 22.6 77.4 

 
Then multiple logistic regression is applied to adjust for the 

socio-demographic, socioeconomic, behavioral factors. Odds 

ratios with p-values of less than 0.05 are considered 

statistically significant. It is noticed that place of resident, 

marital status, diabetes symptoms: nausea, diabetes symptoms: 

frequent urination, previous generation and treatment Gap 

have significant monotone relation with hyperglycemia status 

by multiple logistic regression (From the table 4). The odd 

ratio of 1.054 for gender indicates that probability of having 

hyperglycemia for male patients are 1.054 times more than 

female, keeping all other factor constant. The odd ratio of 

0.391 for resident indicates that probability of having 

hyperglycemia for rural patients are 0.609 times less than 

Urban, keeping all other factor constant. The reference group 

for Nausea was taken as Non-nausea persons. The odd ratio 

for Nausea is 3.124, which shows that a Nausea person has 

3.124 times more chance of getting a significant 

Hyperglycemia as compared to Non-nausea persons keeping 

all other factors constant. The reference group for Diabetes 

affected previous generation was taken as Diabetes 

non-affected previous generation persons. The odd ratio for 

Diabetes affected previous generation is 2.132, which shows 

that a Diabetes affected previous generation person has 2.132 

times more chance of getting a significant Hyperglycemia as 

compared to diabetes non-affected previous generation 

keeping all other factors constant. The odd ratio of 0.521 for 

exercise indicates that persons who take exercise have 49.4% 

less chance of getting a Hyperglycemia as compared to the 

persons who don’t take Exercise, keeping all other factor 

constant. The odd ratio of 0.435 for treatment gap indicates 

that persons who have treatment gap 56.5% less chance of 

getting a significant Hyperglycemia as compared to the 

persons who get regular treatment, keeping all other factor 

constant. 

Table 4. Prevalence of hyperglycemia status according to variables by multiple logistic regression. 

Variable Category Odds Ratio P-value 
95% C.I. for Odds Ratio 

Lower Upper 

Gender 
Male 1.054 0.909 0.428 2.599 

Female (ref) - - - - 

Place of Resident 
Rural 0.391 0.028** 0.169 0.906 

Urban (ref) - - - - 

Age of the respondent 

Less than 35 0.839 0.816 0.192 3.664 

35-45 0.654 0.513 0.183 2.334 

45-55 0.658 0.474 0.209 2.070 

55-65 0.525 0.294 0.157 1.750 

Greater than 65 (ref) - - - - 

Body mass index (BMI) 
Obesity 0.838 0.636 0.403 1.741 

Normal (ref) - - - - 

Marital status 
Married 0.217 0.049** 0.047 0.994 

Single (ref) - - - - 

Family size 

Less than 5 0.752 0.659 0.213 2.659 

5 to 8 0.457 0.255 0.118 1.761 

Greater than 8 (ref) - - - - 

Occupation 
Unemployed 0.551 0.176 0.232 1.307 

Employed (ref) - - - - 

Family Income 

Less than/equal 10 thousand 0.849 0.784 0.262 2.745 

10- 30 thousand 0.806 0.638 0.327 1.986 

Upper than 30 thousand (ref) - - - - 

Diabetes symptoms: nausea 
Yes 3.124 0.006** 1.395 6.994 

No (ref) - - - - 

Diabetes symptoms: frequent Urination 
Yes 0.429 0.018** 0.214 0.862 

No (ref) - - - - 

Previous Generation affected by diabetics 
Yes 2.132 0.044** 1.022 4.447 

No (ref) - - - - 
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Variable Category Odds Ratio P-value 
95% C.I. for Odds Ratio 

Lower Upper 

Food habit 

Vegetarian 0.842 0.841 0.157 4.509 

Standard 0.296 0.112 0.066 1.327 

High fat diet 0.124 0.180 0.006 2.616 

Lower class (ref) - - - - 

Exercise 
Yes 0.521 0.083 0.250 1.088 

No (ref) - - - - 

Treatment gap 
Yes 0.435 0.033** 0.202 0.937 

No (ref) - - - - 

Education 
Illiterate 1.470 0.443 .549 3.932 

Educated (ref) - - - - 

Table 5. Prevalence of number of complications for hyperglycemia by Poisson regression model. 

Variable Category Estimate 
95% Wald Confidence Interval 

P value 
Lower Upper 

Gender 
Male 0.249 -0.124 0.622 0.191 

Female (ref) - - - . 

Place of Resident 
Rural 0.077 -0.234 0.389 0.626 

Urban (ref) - - - . 

Age of the respondent 

Less than 35 -1.035 -1.782 -0.288 0.007** 

35-45 -0.227 -0.741 0.286 0.385 

45-55 -0.107 -0.581 0.366 0.657 

55-65 -0.059 -0.529 0.411 0.806 

Greater than65(ref) - - - . 

Body mass index (BMI) 
Obesity -0.062 -0.358 0.233 0.680 

Normal (ref) - - - . 

Marital status 
Married -0.507 -1.075 0.062 0.081 

Single (ref) - - - . 

Occupation 
Unemployed 0.532 0.156 0.907 0.006** 

Employed (ref) - - - . 

Family Income 

Less than/equal 10 thousand 0.434 -0.069 0.936 0.091 

10- 30 thousand 0.269 -0.158 0.696 0.216 

Upper than 30 thousand (ref) - - - . 

Diabetes symptoms: nausea 
Yes 0.487 0.152 0.821 0.004** 

No (ref) - - - . 

Diabetes symptoms: frequent Urination 
Yes 0.143 -0.157 0.442 0.350 

No (ref) - - - . 

Previous Generation affected by diabetics 
Yes -0.007 -0.325 0.311 0.967 

No (ref) - - - . 

Food habit 

Vegetarian -0.273 -1.094 0.547 0.514 

Standard 0.133 -0.572 0.838 0.712 

High fat diet 0.274 -0.751 1.300 0.600 

Lower class (ref) - - - . 

Exercise 
Yes -0.279 -0.571 0.013 0.061* 

No (ref) - - - . 

Treatment gap 
Yes 0.143 -0.148 0.434 0.335 

No (ref) - - - . 

Education 
Illiterate -0.084 -0.455 0.286 0.655 

Educated (ref) - - - . 

 
From table 5, it is clear from the estimated Poisson 

regression coefficient of age of the respondent, occupation, 

diabetes symptoms: nausea, and exercise have significant 

monotone relation with number of complication. Considering, 

other variables constant in this model, the difference in the 

logs of expected complications is expected to be 0.249 unit 

advanced for males compared to females, So, two patients are 

considered here, one male and one female, with identical 

occupation, nausea, exercise, treatment gap and food habit etc., 

the male patients will have a progressive predicted value 

number of complications than the female patients. For 

comparing age group of with 65+ year’s patients, it has been 

observed that the expected number of complications is 

decreased 1.035 unit within 0 to 35 years group of people 

compared to the 65+ years. If a patient was to increase his/her 

nausea score by one point, the difference in the logs of 

expected counts or number of complications would be 

expected to increase by 0.487 unit, while holding the other 

variables in the model constant. If a patient increases 

standardized exercise time one unit, then the complication 

would be decreased by 0.279 unit. If two patients are 

considered who had same gender, occupation, nausea, 

treatment gap and food habit, it would have expected that the 

patients who are doing exercise to have low complication than 

the patient who have no exercise habit. 



 International Journal of Systems Science and Applied Mathematics 2018; 3(2): 16-23 22 
 

4. Conclusion 

In this paper, the significant factors of the growth in 

hyperglycemia incidence are identified. For this data, the 

place of resident, marital status, diabetes symptoms: nausea, 

diabetes symptoms: frequent previous generation and 

treatment gap are found significantly associate with the 

occurrence of hyperglycemia by multiple logistic regression. 

Moreover, it has been observed that, if all other factors 

constant, nausea person has more chance of getting a 

significant impact on hyperglycemia as compared to 

non-nausea persons as well as male patients has a high risk of 

getting Hyperglycemia then female patients. Also, the 

probability of extinction shows zero for the diabetic patients 

and the tree diagram exhibit that diabetic is spreading swiftly 

in generation to generation. The Poisson regression is usage to 

predict mortality risk factors among the diabetic patients for 

multiple complications and try to prevent hyperglycemia 

epidemic in the population to reduce the public health burden 

of diabetes. 
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