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I. INTRODUCTION 

Type 2 diabetes mellitus has reached epidemic 

proportions globally because the eating habits have changed 

[1]. Generally, type 2 diabetes mellitus develops after age 

40, and aging itself can increase susceptibility to glucose 

intolerance and diabetes, as well as physical inactivity and 

obesity. According to the International Diabetes Federation 

(IDF), there are 463 million people worldwide living with 

diabetes in 2019. If this trend continues, 693 million people 

(age 18–99) will have diabetes by 2045 [2]. 

The causes for the rising epidemic of type 2 diabetes 

mellitus are primarily obesity, sedentary lifestyle, increased 

consumption of unhealthy food such as red and processed 

meat, refined grains, and sugary beverages [3]. 

Sociodemographic factors associated with development of 

type 2 diabetes mellitus are: age, race, ethnicity, male sex 

and socioeconomic status [6]. Population in Bosnia and 

Herzegovina (BH) is ethnically divided into Bosniaks, 

mostly Muslims and Serbs and Croats who are mostly 

Christians. Despite the diverse religions in this country, 

there was a lack of research examining the possible 

relationship of religion and religiosity in T2D patients. 

Research in Malaysia has shown that Christians have better 

glycemic control than Muslims [4]. 

Lack of patient education increases the risk of diabetes for 

41%, working at low-paid jobs for 31% and bad 

socioeconomic status for 40%, while a change of lifestyle 

and diet can be effective in prevention of type 2 diabetes 

mellitus [5]. 

It is estimated that one–third of newly diagnosed diabetes 

patients is due to population growth and ageing, 28% due to 

the rise in prevalence according to age, and 32% due to 

interaction of these two factors [6]. 

In BH the exact number of diabetic patients is unknown 

due to the lack of national diabetes register, but according to 

the IDF, BH is ranked third in Europe with diabetes 

prevalence at 11,7% in adults (ages 20-79) [2]. The 

available data for part of BH, more precisely for the 

Federation of BH show rise in mortality from diabetes for 

5.9% in 2016. and it is twice higher than in surrounding 

countries [7]. 

Percentage of everyday smokers in BH is 44,1%, with 

31,6% and 56,3% for female and male. Percentage of 

physical activity is 24,6%, with 20,3% and 28,7% for female 

and male respectively, while percentage of triglyceride 

equal or above 1,7 mmol/L is 21.2%. Percentage of 

cholesterol equal or above 5 mmol/L is 44.4% [8].  
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There is general trend of increased overall mortality rate, 

rates of malignant and cardiovascular diseases, as well as 

unhealthy lifestyles in BH. Very often it is explained by the 

consequences of the latest war, as well as unhealthy 

lifestyles [9]. 

Among other things, glycemic control depends on food, 

physical activity, medication, other diseases, alcohol, stress, 

hormones and the individual treatment goals should depend 

on these factors [2], [10].  

The goal of this paper is to explore clinical characteristics 

and lifestyle habits in patients with type 2 diabetes mellitus 

and their association with poor glycemic control in 

general/family medicine clinics in Central Bosnia Canton.  

 

II. PATIENTS AND METHODS 

A cross-sectional study was conducted in general medical 

centers in Central Bosnia Canton, Bosnia and Herzegovina, 

from August 2018 to February 2019. The study included 

subjects of both sexes who were older than 40, had type 2 

diabetes mellitus diagnosed at least 3 years prior to the 

study, and they visited their doctor at the time the study was 

conducted and agreed to participate. The subjects who could 

not understand questions without help and whose life 

expectancy was less than a year, were excluded from the 

study. Patients were informed about the purpose of the study 

and told that the study participation was anonymous and 

voluntary. The total number of subjects was 541. 

Cholesterol, triglyceride, AST, ALT, and creatinine levels 

were collected from patients’ medical records and used for 

the study purposes if performed within past year, otherwise 

blood tests were conducted, while glucose in plasma and 

HbA1c were measured at the day of entrance in the study. 

Patients were asked to fill out the questionnaire on lifestyle 

habits immediately on the day of study entry. Poorly 

controlled glycaemia was defined at the HbA1c level, which 

was higher than 7.5%. 

The study was conducted with a questionnaire previously 

used in the work of Bralić Lang and associates [11].  

The lifestyle habits explored with this questionnaire are 

defined as follows: 

1. An unhealthy diet was implied if at least two of the 

following habits were reported: consumption of animal fat, 

daily intake of salt-cured meat, milk, and dairy products 

with more than 3.2% fat, occasionally or never consuming 

fruit, always adding extra salt to food 

2. Physical inactivity was implied if at least two of the 

following habits were reported: working at home, traveling 

to work by public transport or working within a 15 minute 

walking or cycling distance, easy or very easy job (physical 

effort), physical activity of less than 30 min a day during 

leisure time, having received advice by a health care 

professional to increase physical activity 

3. If the answer to any of the questions concerning 

alcohol intake was affirmative, it was treated as if patient 

consumed alcohol 

4. Smoking: Patients who have been reported smoking 

were considered at risk. 

Patients’ ‘stress level was measured by a generic 

questionnaire for assessment of generally perceived 

psychological stress (the Perceived Stress Scale, PSS). 

Patients answered the questions using a Likert scale. By 

reversing the scores on positive questions 4, 5, 7, and 8 a 

total PSS-10 score was obtained. The stress level was later 

obtained as a gross score of all 10 responses, with 

affirmative positive questions recoded. Scores on the PSS 

range from 0 to 40 with higher scores indicating greater 

overall stress levels. The total stress score was additionally 

classified into three categories: 0-13: low level of stress; 14-

26: medium level of stress; 27-40: high level of stress. 

The consent of the Ethics Committee of the Faculty of 

Medicine, University of Split was obtained for the study in 

accordance with the Declaration of Helsinki, and written 

informed consent was obtained from all participants. 

A. Statistical Analysis 

The level of statistical significance was set at 5% 

(p<0.05), and all confidence intervals were given at the level 

of 95%. The normality of the distribution of continuous 

variables was tested with Kolmogorov-Smirnov test. In 

cases of statistically significant deviations in distribution of 

results from the normal distribution, the median and 

interquartile ranges were used as measures of central 

tendency and dispersion, and in all other cases the arithmetic 

mean and standard deviation were used. 

Binary logistic regression was used for univariate and 

multivariate prediction. Gender and age were included in the 

multivariate prediction as control variables, and from the 

other variables, those that were associated with the criterion 

at the level of statistical significance of p <0.250 were used. 

All statistical methods were performed using SPSS for 

Windows, version 20.0 (SPSS Inc. Chicago, IL, USA). 

 

III. RESULTS 

We studied lifestyle habits and self-reported stress of 541 

patients with T2DM and median age 65. There were 307 

(56.7%) female participants (Table I). Almost all (90.4%) 

participants had comorbidities and 85% of them had some 

chronic therapy other than oral antidiabetics. More than 

third (35.4%) of them had diabetic complications and less 

than 10% of them achieved targeted level of blood pressure 

advised for T2DM patients. Level of HbA1c ranged from 

4.5 to 13.0 %, and 208/541 (38.4%) of patients had HbA1c 

level higher than 7.5%, while 45/541 (8.3%) of them had 

HbA1c level ≥9.0% or higher.  

When it comes to lifestyle habits, 232/536 (43.3%) of 

patients had unhealthy diet, more than half 296/529 (56.0%) 

were physically inactive, almost a fifth (17.9%) of them 

were advised to stop alcohol-consuming and 141/536 

(26.3%) were smokers. 

Poorly controlled glycaemia was observed in 196/532 

(36.8%) patients. Among the studied patients’ clinical 

characteristics, at the univariate level of analysis, 

statistically significant predictors of poorly controlled 

glycaemia were LDL cholesterol, triglyceride and eGFR. 

Therefore, patients with elevated level of LDL cholesterol 

were more likely to have poor glycemic control as compared 

to ones with normal levels, patients with elevated 

triglyceride levels were also more likely to have poor 

control as compared to ones with normal level. Patients who 

had moderately or severely reduced eGFR were less likely 
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to have poorly controlled glycaemia as compared to patients 

with its normal level (Table II). 

 
TABLE I: PATIENTS’ CHARACTERISTICS 

Sex, N (%)   

 male 234/541 (43.3) 

 female 307/541 (56.7) 

Age (years), median (IQR) 65 (60-70) 

BMI (kg/m2), median (IQR) 28.5 (25.9-32.0) 

Waist circumference (cm), median (IQR)   

 male 95 (92-102) 

 female 95 (88-103) 

Cholesterol (mmol/l), median (IQR) 5.5 (4.9-6.3) 

HDL cholesterol (mmol/l), median (IQR)   

 male 1.3 (1.1-1.6) 

 female 1.4 (1.2-1.8) 

LDL cholesterol (mmol/l), median (IQR) 2.9 (2.2-3.8) 

Triglycerides, median (IQR) 2.0 (1.5-2.7) 

Creatinine (mmol/l), median (IQR) 80 (70-94) 

eGFR, median (IQR) 75.0 (61.5-88.0) 

Targeted level of blood pressure for T2DM 

 (< 140/80 mmHg) achieved, n (%) 

 

39/539 

 

(7.2) 

Other chronic diseases present, n (%) 489/541 (90.4) 

Chronic therapy other than OAD present, n (%) 460/541 (85.0) 

Fasting glycemia (mmol/l), median (IQR) 7.8 (7.1-9.5) 

Postprandial glycemia (mmol/l), median (IQR) 9.3 (8.1-11.5) 

HbA1c, median (IQR) 7.2 (6.5-8.0) 

Diabetes complications present, n (%) 191/539 (35.4) 

Unhealthy diet, n (%) 232/536 (43.3) 

Advised to increase physical activity, n (%) 296/529 (56.0) 

Advised to stop alcohol-consuming, n (%) 90/502 (17.9) 

Current smokers, n (%) 141/536 (26.3) 

Stress   

 low level (0-13) 73/536 (13.6) 

 moderate level (14-26) 446/536 (83.2) 

 high level (27-40) 17/536 (3.2) 

 

 

Patients with unhealthy diet and patients who smoked had 

statistically greater chance for poorly controlled glycaemia 

(p<0.001). On the other hand, physically inactive patients 

had significantly less chance to have poorly regulated 

glycaemia than physically active patients (p<0.001) Stress 

did not show statistically significant difference (p=0,238), 

but those patients with moderate and high risk of stress were 

more likely to have poor glycemic control (Table III). 

With control of other variables included in the predictive 

model, multivariate prediction was used to determine a 

relation between poorly controlled glycaemia and certain 

patient characteristics. All variables that in univariate 

analysis were associated with poorly controlled glycaemia at 

the level of statistical significance less than p=0.25 were 

entered in a predictive model. With multivariate prediction it 

was defined that statistically significant predictors of poorly 

controlled glycaemia were levels of LDL cholesterol, 

triglyceride, eGFR and unhealthy diet, physical inactivity, 

alcohol consumption and smoking. With control of other 

variables included in a predictive model, patients with 

increased levels of LDL cholesterol had higher chances for 

poorly controlled glycaemia as compared to ones with 

normal levels, patients with elevated triglyceride levels also 

had better odds for poorly controlled glycaemia. Patients 

with moderate or severe decrease of eGFR were less likely 

to have poorly controlled glycaemia as compared to patients 

with normal level. Chances for poorly controlled glycaemia 

increased with unhealthy diet, alcohol consumption, 

smoking, while they were lower in physically inactive 

patients (Table IV).  
 

TABLE II: POORLY CONTROLLED GLYCAEMIA WITH RESPECT TO THE CLINICAL CHARACTERISTICS OF PATIENTS 

 

Good controlled 

glycaemia <7,5% 

Poorly controlled 

glycaemia ≥7,5% ORUV (95% CI) P 

N (%) N (%) 

 Cholesterol (mmol/L) (T1)        

 normal (< 4,5) 55 (70,5) 23 (29,5) 1   

 increased (≥ 4,5) 280 (61,8) 173 (38,2) 1,48 (0,88-2,49) 0,143 

 HDL cholesterol (mmol/L)         

 normal (m: >1, f: >1,2) 238 (62,1) 145 (37,9) 1   

 decreased (m: ≤ 1, f: ≤ 1,2) 96 (65,8) 50 (34,2) 0,86 (0,57-1,28) 0,442 

 LDL cholesterol (mmol/L)         

 normal (< 3,0) 147 (51,9) 136 (48,1) 1   

 increased (≥ 3,0) 188 (76,1) 59 (23,9) 1,48 (1,03-1,99) <0,001 

 Triglycerides (mmol/L)         

 normal (< 1,7) 136 (74,7) 46 (25,3) 1   

 increased (≥ 1,7) 198 (56,9) 150 (43,1) 2,24 (1,51-3,33) <0,001 

 Creatinine (mmol/L) (T1)        

 normal (m: < 115, f: < 107) 302 (60,9) 194 (39,1)    

 elevated (m: ≥ 115, f: ≥ 107) 32 (100,0) 0 (0,0) - -  

 eGFR (ml/min/1,73m2)        

 normal level (≤ 90) 67 (55,8) 53 (44,2) 1   

 slight decrease (60-89) 175 (60,8) 113 (39,2) 0,82 (0,53-1,26) 0,356 

 moderate or severe decrease 
 (15-59) 

92 (76,7) 28 (23,3) 0,39 (0,22-0,67) 0,001 

 Targeted level of blood pressure for  

 T2DM  
       

 achieved (< 140/80 mmHg) 27 (71,1) 11 (28,9) 1   

 not achieved 308 (62,6) 184 (37,4) 1,47 (0,71-3,03) 0,300 

Abbreviations: ORUV= odds ratio; univariate, binary logistic regression; 95% CI = 95% confidence interval for odds ratio. 
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TABLE III: POORLY CONTROLLED GLYCAEMIA WITH RESPECT TO LIFESTYLE HABITS AND STRESS 

 

Good controlled 

glycaemia <7,5% 

Poorly controlled 

glycaemia ≥7,5% ORUV (95% CI) P 

N (%) N (%) 

 Unhealthy diet         

 no 212 (71,1) 86 (28,9) 1   

 yes 121 (52,8) 108 (47,2) 2,20 (1,53-3,16) <0,001 

 Physical inactivity         

 no 24 (40,7) 35 (59,3) 1   

 yes 307 (65,9) 159 (34,1) 0,36 (0,20-0,62) <0,001 

 Advised to increase physical   
 Activity 

       

 no  143 (62,7) 85 (37,3) 1   

 yes 183 (62,7) 109 (37,3) 1,00 (0,70-1,43) 0,991 

 Alcohol consumption         

 no 315 (64,4) 174 (35,6) 1   

 yes 18 (52,9) 16 (47,1) 1,61 (0,80-3,24) 0,182 

 Advised to quit alcohol  

 consumption  
       

 no 257 (63,6) 147 (36,4) 1   

 yes 56 (62,9) 33 (37,1) 1,03 (0,64-1,66) 0,902 

 Smoking         

 no 270 (69,8) 117 (30,2) 1   

 yes 63 (45,0) 77 (55,0) 2,82 (1,90-4,20) <0,001 

 Stress        

    low level (0-13) 50 (69,4) 22 (30,6) 1   

 moderate/high level (14-40) 283 (62,2) 172 (37,8) 1,38 (0,80-2,36) 0,238 

Abbreviations: ORUV= odds ratio; univariate, binary logistic regression; 95% CI = 95% confidence interval for odds ratio. 

 
TABLE IV1. MULTIVARIATE PREDICTION OF POORLY CONTROLLED 

GLYCAEMIA (N=185) VERSUS GOOD CONTROL (N=323) 

 ORMV (95% CI) P 

 Female 2,26 (1,00-5,10) 0,051 

 Age of the patient     

 60 – 69  1,11 (0,50-2,49) 0,797 

 ≥70  2,47 (0,85-7,19) 0,098 

Body mass index     

 25 – 29,99 kg/m2 0,68 (0,28-1,66) 0,400 

 ≥30 kg/m2  1,20 (0,46-3,12) 0,715 

 Increased waist circumference – IDF 

(m: > 94 cm, f: > 80 cm) 
2,23 (0,94-5,31) 0,071 

 Elevated cholesterol (≥ 4,5)  1,27 (0,44-3,70) 0,664 

 Elevated LDL cholesterol (≥ 3,0)  1,66 (1,12-2,55) <0,001 

 Elevated triglycerides (≥ 1,7)  3,15 (1,45-6,82) 0,004 

 eGFR (ml/min/1,73 m2)    

 slight reduction (60-89) 0,51 (0,20-1,29) 0,154 

 moderate or severe reduction (15-

59) 
0,17 (0,05-0,55) 0,003 

 Unhealthy diet  2,42 (1,18-4,95) 0,016 

 Physical inactivity  0,11 (0,03-035) <0,001 

 Alcohol consumption  6,44 (1,63-25,46) 0,008 

 Smoking  4,48 (2,12-9,45) <0,001 

Abbreviations: ORmv= odds ratio; multivariate, binary logistic regression; 

95% CI = 95% confidence interval for odds ratio. 

 

IV. DISCUSSION 

In our study, patients with elevated triglyceride levels, 

LDL cholesterol, alcohol consumers and smokers were more 

likely to have poorly controlled glycaemia.  

Patients with elevated triglyceride levels were more likely 

to have poorly controlled glycaemia. It is known that 

elevated triglyceride levels increase the chance for diabetes 

and prediabetes, and a recent study of over 20,000 patients 

with type 2 diabetes mellitus showed that elevated 

triglyceride levels significantly increase the chance for poor 

glycemic control, but also that better control of triglyceride 

levels affects the better glycemic control [12]. On average 

triglycerides are higher in patients with type 2 diabetes as 

compared to healthy population [13], and in our study, the 

triglyceride levels were elevated in 65% of subjects, while 

85% had elevated cholesterol levels. 

About half subjects in our study did not have satisfying 

LDL cholesterol levels, which is consistent with previous 

results [14]. In patients with elevated LDL cholesterol 

levels, chances for poorly controlled glycaemia were 

significantly higher than in patients with normal level of this 

lipid. One of the most common parameters for estimating 

the risk of cardiovascular disease is LDL cholesterol, 

therefore it is important that it does not exceed 3mmol/Lin 

T2DM patients [15], while decrease in LDL cholesterol by 

1mmol/L results in lower chance for myocardial infarction 

and cerebrovascular insult [16]. 

Every fourth subject in our study stated he smoked, and 

they were more likely to have poor glycemic control. A 

similar study in neigbouring Croatia showed 19.4% 

prevalence of smokers among patients with type 2 diabetes 

mellitus [11]. Large meta-analysis that included prospective 

studies on connection between smoking and risk of type 2 

diabetes mellitus, found that both passive and active 

smoking significantly increase the risk for development of 

type 2 diabetes [17]. There are several possible 

pathophysiological mechanisms that explain the impact of 

smoking on poor glycemic control, mainly that cigarette 

smoking is associated with insulin resistance [18], and that 
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smokers are more likely to have systemic inflammation [19] 

and increased sympathicus activity [20]. Smoking and 

smoking cessation definitely affect glycemic control, but 

their impact depends on duration, number of smoked 

cigarettes and the time when person quit smoking [21]. 

By using multivariate prediction, chances for poor 

glycemic control were higher in patients who consumed 

alcohol, as compared to those who didn't. Similar study in 

Croatia found that patients who had received anyone’s 

advice to stop consuming alcohol were significantly 

associated with HbA1c levels [11]. Alcohol consumption in 

our study refers to all affirmative answers related to alcohol, 

including low, moderate, and excessive consumption. It was 

pointed earlier that low and moderate alcohol consumption 

is associated with a lower risk of type 2 diabetes mellitus, 

while excessive alcohol consumption is not associated with 

this risk. While excessive alcohol consumption is not 

recommended to anyone, moderate consumption shouldn’t 

be forbidden to T2DM patients and it is recommended to 

healthy people [22].  

Chances for poor glycemic control decreased with eGFR 

increase. The assumption suggests that patients with higher 

eGFR levels were healthier and had less chance for diabetes 

complication.  

The risk of cardiovascular diseases increases when eGFR 

is below 45ml/min/1.73 m2 [23], i.e., higher eGFR indicates 

that these are healthier patients who care about their health 

and therefore have better glucoregulation. 

Unhealthy diet was reported in 43.3% of subjects and 

they were more likely to have poor glycemic control. Diet 

significantly affects glycemic control, especially in last few 

years because dietary habits have changed. It is found that 

unhealthy diet along with physical inactivity increases the 

risk of poor glycemic control for up to 7 times [24]. 

Surprisingly, chances for poorly controlled glycaemia 

were lower in the case of physically inactive patients. 

Physical activity in the form of aerobics in T2DM patients 

leads to a decrease of HbA1c, triglyceride, blood pressure 

and insulin resistance [25], while physical exercise of 150 

minutes per week contributes to better glycemic control 

[26]. To support this thesis, a large meta-analysis of 12 

studies in adults with type 2 diabetes showed positive effect 

of aerobics on the reduction in HbA1c levels [27]. Since our 

study included only people over 40, and almost 80% of them 

were over 60 years old, the outcome was that 80% of 

respondents did not work or worked at home. This led to the 

fact that only 59 (11.2%) subjects in our study were 

physically active, while 466 (88.8%) were not physically 

active, which is almost identical to the results in Greek 

PANORAMA study [14]. Physical activity should be 

advised to everyone, especially T2DM patients, and 

individualized recommendations should depend on the type 

of diabetes, age, complications, and profession [28].  

Some patients do not want to adhere to a lifestyle change, 

or treatment change. In the study by Strain and associates, 

most subjects (68%) stated they understood the importance 

of changing their lifestyle and eating habits, however, only 

37% accepted this as a way of treating type 2 diabetes 

mellitus [29]. 

The subjects in our research did not have satisfactory 

level of glycaemia. Satisfactory values HbA1c <7.5% had 

61.6% of the subjects, but an average HbA1c value of 7.2%, 

and fasting glucose level in plasma of 7.8 mmol/L and a 

postprandial glucosee level in plasma of 9.3 mmol/L are 

above the target values of glycemic profile. It is similar in 

the rest of the world, so meta-analysis, involving 24 studies 

from 20 countries around the world showed poor glycemic 

control of 42.8%, and the highest percentage of diabetics 

who reached the target glycaemia values were in Europe and 

North America [30]. In the surrounding countries (Serbia, 

Croatia, Bulgaria, Slovenia), less than 50% of patients have 

good glycemic control, and HbA1c is routinely controlled in 

only 50% of type 2 diabetes mellitus patients [28]. 

 

V. CONCLUSION 

Our study showed a significant impact of patient 

characteristics to poor glycemic control. Patients who 

consume alcohol, smokers, with unhealthy diet intake and 

elevated triglyceride and LDL cholesterol levels, were more 

likely to have poor glycemic control, unlike physically 

inactive patients, and patients with moderate or severe 

reduction of eGFR who were less likely to have poor 

glycemic control.  

 

VI. ADVANTAGES AND LIMITATIONS 

The advantage of this study is that it reveals missing data 

for the studied population.  

The limitation is that glycemic control is affected by 

different factors, not only by clinical characteristics and 

lifestyle habits explored in our research.  

Data on the lifestyle habits were collected by self-

assessment questionnaire, which includes the risk of under- 

reporting or recall bias. However, this was taken into 

account in our data analysis. 
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