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Abstract 

Background 

Diabetes, one of the top five non-communicable diseases (NCDs), contributes 1.6 million to the 

global death toll of 41 million people every year. Estimates for 2017 showed that 425 million of the 

global population are living with diabetes and are disproportionately spread in the low- and lower-

middle-income countries (LMICs). In 2017, diabetes accounted for US$727 billion of the global 

health expenditure. Type 2 diabetes mellitus (T2DM) accounts for 90% of all the diabetes cases. 

Therefore, there has recently been an urgent call for sufficient scientific breakthroughs to combat the 

disease; however, there is still limited scientific evidence regarding T2DM, especially in LMICs, 

which include Bangladesh. The main objective of this thesis was to estimate the economic burden of 

T2DM, find the risk factors of T2DM complications and their impact on the economy, and explore 

the prevalence and determinants of glycaemic control. Furthermore, this thesis aimed to develop risk 

scoring tools for T2DM-related complications and evaluate the impact of diabetes on gross domestic 

product (GDP) of Bangladesh.   

Methods 

The study design was cross-sectional and retrospective. A prevalence-based approach with a bottom-

up methodology was employed to calculate the cost from the patient’s perspective. In 2017, 1,253 

participants with T2DM were recruited from six diabetes hospitals providing primary to tertiary 

healthcare services, located in the northern and central regions of Bangladesh covering urban, semi-

urban and rural residence. A structured questionnaire was used for face-to-face interviews via a web-

based application to collect non-clinical data. Patients’ medical records were reviewed for clinical 

data and hospital records were reviewed for hospitalisation data. The micro-costing approach was 

used to calculate the direct cost and the human capital approach was used to calculate the indirect 

cost. Descriptive statistics were used to summarise the data. The chi-square test, ANOVA, and simple 

and multiple regression analyses were also performed. Missing values were imputed using the iced 

chained equation (ICE) method and the bootstrap method was used to develop the models for risk 

scoring tools. The risk scoring systems for CAD and stroke were developed and translated into a web-

based risk scoring tool. Using this tool, the absolute risk and additive scores of CAD and stroke can 

be calculated. Furthermore, based on the additive risk a patient can be classified into one of the 

following risk categories: very low, low, moderate, high and very high. Furthermore, a life table 

model was used to estimate the impact of productivity loss on GDP.  
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Results  

1. The average annual cost for a person with T2DM was US$865 in Bangladesh, to which the 

medicine cost was the highest contributor followed by the hospitalisation cost. Patients who had 

a history of hospitalisation had a 4.2-fold higher average annual cost than those without 

hospitalisation. 

2. Overall, 63.4% of participants had complications of which 14.8% had macro- and 20.7% had 

micro-vascular complications, while 27.9% had both. The outpatient department (OPD) cost was 

significantly higher for patients with the presence of coronary artery disease (CAD), nephropathy 

and retinopathy due to frequent OPD follow-ups. The hospitalisation cost was higher for patients 

with stroke and nephropathy due to higher treatment costs and prolonged hospital stays. 

3. Among the study participants, 81.8% did not achieve the recommended HbA1c target level of 

lower than 7%, and 54.7% showed very poor control (≥9%). Being female, low education level, 

rural residence, unhealthy eating habits, smokeless tobacco consumption, insulin use, infrequent 

follow up check-ups, cognitive impairment and history of CAD were found to be associated with 

poor control of HbA1c level.  

4. The prevalence of macrovascular complications of CAD, stroke and diabetic foot was 30.5%, 

10.1% and 12%, respectively, while that for microvascular complications of nephropathy, 

neuropathy and retinopathy was 34%, 5.7% and 25.1%, respectively. Several modifiable and 

non-modifiable factors were identified to be associated with these complications.  

5. In 2017, the prevalence of diabetes in Bangladesh was 6.9% (6.9 million people aged 20-59 

years). Assuming a follow-up of this population until a retirement age of 60 years, an estimated 

0.8 million excess deaths, loss of 4.0 million life years (5.5%) and 9.2 million productivity-

adjusted life years (PALYs) (20.4%) were due to diabetes. The calculated loss in PALYs equated 

to a total of US$97.4 billion lost (US$16,987 per person) in GDP.  

Conclusions  

In Bangladesh, diabetes is a major public health issue with a high economic burden. Quantification 

of the economic burden of T2DM, in terms of both direct and indirect costs, highlighted the 

importance of prevention, treatment and adequate control of T2DM in Bangladesh. Optimisation of 

T2DM management through positive lifestyle changes is urgently required for prevention of 

comorbidities and complications, which, in turn, will reduce the cost. Having understood the 

modifiable and non-modifiable factors related to glycaemic control and complications among people 

with T2DM, policy makers, healthcare providers and patients should work together to combat this 

growing epidemic.  
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1.1 Background  

Diabetes is a leading crisis of the twenty-first century for both medical science and the global 

economy (1, 2). The burden of diabetes continues to increase rapidly, especially in low- and 

lower-middle-income countries (LMICs) (3). Therefore, there has recently been an urgent call 

for sufficient scientific breakthroughs to combat the crisis. The greatest burden of the disease 

is mainly due to a variety of severe complications associated with long duration of diabetes (4, 

5).   

As estimated in 2017, globally, more than 425 million people had diabetes, and if the trend 

continues, the number is expected to be 629 million by 2045. The highest prevalence of 

diabetes with 11.1% was observed in the North America and Caribbean region, while the 

lowest was observed in the Africa region with 4.4% (3). According to the International 

Diabetes Federation (IDF), the Southeast Asia region is the epicentre of the diabetes crisis as 

about 80% of total diabetes deaths occurred here. Bangladesh belongs to South Asia, where all 

the countries are listed as LMICs. More than one third of diabetes cases are estimated to have 

resulted from population growth and ageing, 28% from an increase in age-specific prevalence, 

and 32% from the interaction of these two (3).  

Diabetes places a significant burden on individuals, their families, society and overall on the 

economy of the country in addition to the human burden characterised by premature mortality 

and lower quality of life due to diabetes-related complications. In 2017, globally, US$727 

billion was spent to treat and prevent diabetes and its related complications, representing an 

8% increase compared to the 2015 estimate. A large disparity in the amount of healthcare 

expenditure can be observed across countries. Around the globe the United States (US) with 

international dollar (ID) 11,638, followed by Luxembourg and Monaco with ID8,941 and 

ID8634 respectively have the highest annual cost per person. Conversely, Central African 

Republic with ID47, the Democratic Republic of Congo with ID66 and Madagascar with ID87 

have the lowest annual cost per person.  

The burden of diabetes is mainly driven by its devastating complications, which are mainly 

grouped as macrovascular (coronary heart disease, cerebrovascular disease, peripheral arterial 

disease (PAD) contributing to diabetic foot, rheumatic heart disease, and congenital heart 

disease) and microvascular (retinopathy, nephropathy and neuropathy) complications. A 

number of modifiable and non-modifiable risk factors of macrovascular and microvascular 

complications have been identified by many epidemiological studies and randomised 
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controlled trials (6-9). The non-modifiable factors include advanced age, gender, use of insulin, 

duration of diabetes and other socioeconomic factors. The modifiable factors include lifestyle 

factors such as physical activity, diet, obesity and smoking and comorbidities such as 

hypertension and dyslipidaemia.  

Optimal management of diabetes is highly related to glycaemic control to prevent diabetes 

complications. Therefore, it is considered as the main therapeutic goal for prevention of its 

injurious effects and the dire consequences. Results from many observational studies and 

randomised controlled clinical trials (10-13) revealed that strict glycaemic control helps to 

prevent complications, especially microvascular complications, and that these complications 

are directly related to quality of life (14, 15). 

While there is a modest amount of information available from high-income countries (HICs) 

related to the economic burden of diabetes, factors related to glycaemic control and diabetic 

complications, there is a paucity of evidence from LMICs, which include Bangladesh. 

Therefore, the aim of this PhD research was to estimate the economic burden of T2DM, and to 

explore the risk factors of diabetic complications and glycaemic control among people with 

T2DM in Bangladesh.  

This thesis consists of nine chapters. This first chapter is the introduction which defines 

diabetes and its complications and discuss the economic burden of diabetes and its 

complications, risk factors of diabetic complications, and the importance of glycaemic control. 

This chapter will conclude by presenting the outline and aims of this thesis. 
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1.2 Diabetes Mellitus: An Overview 

Diabetes is no longer associated with affluence and has recently become the biggest health 

threat for both rich and poor. It is a group of metabolic disorders characterised by persistent 

hyperglycaemia with abnormal metabolism of carbohydrate, fat and protein resulting from 

impairment of insulin secretion, action or both (3).  

Hyperglycaemia, if remains unchecked or uncontrolled over a long period of time, can cause 

long-term damage, including dysfunction and failure of multiple organs, resulting in 

cardiovascular disease (CVD), neuropathy, nephropathy and retinopathy (16). Diabetes can 

have a significant impact on quality of life and even reduce life expectancy, if not managed 

properly. To date, there is no cure for the disease; however, a person with diabetes can live an 

enjoyable life by learning about the condition and managing it effectively. 

The commonly accepted classification of diabetes by the IDF includes three major types: type 

1 diabetes, type 2 diabetes mellitus (T2DM) and gestational diabetes (GDM). Type 1 diabetes 

is caused by an autoimmune or idiopathic origin resulting in a relative or absolute deficiency 

of insulin in the body. T2DM is predominantly due to insulin resistance or insulin secretory 

defects or a combination of both conditions. Hyperglycaemia (high blood glucose level) that is 

first detected during pregnancy is classified as GDM (3).  

Type 1 diabetes is more common in the developed world, usually in children and young adults 

and accounts for only 5-10% of people with diabetes worldwide (16, 17). Conversely, T2DM, 

which is associated with a number of modifiable (i.e. obesity, metabolic syndrome, sedentary 

lifestyle, unhealthy diet) and non-modifiable (i.e. ageing, ethnicity and genetics) risk factors, 

accounts for 90–95% of those with diabetes (3, 18-20). There is currently no effective 

intervention that can prevent type 1 diabetes, but lifestyle modification with physical activity 

(21) and/or a healthy diet (22-26) can delay or prevent the onset of T2DM.   

1.3 Diabetes Complications 

Diabetes is a lifelong condition that needs regular monitoring and proper management to live 

a healthy life. If not managed well, all types of diabetes can lead to severe life-threatening 

complications that affect many parts of the body, resulting in frequent hospitalisations, reduced 

quality of life and even early death. Continuous high blood glucose resulting from diabetes 

may cause damage to the blood vessels and nerves over time, causing CVD, blindness, kidney 

failure and lower-limb amputation.  
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Diabetes complications can be classified as acute and chronic complications. Acute 

complications include hypoglycaemia, diabetic ketoacidosis, hyperglycaemic hyperosmolar 

state, hyperglycaemic diabetic coma, seizures or loss of consciousness and infections (3). 

Chronic complications have two subgroups: microvascular complications (due to damage to 

small blood vessels) and macrovascular complications (due to damage to larger blood vessels) 

(3, 27). Microvascular complications include nephropathy, neuropathy and retinopathy (28). 

Macrovascular complication include coronary artery disease (CAD) leading to angina or 

myocardial infarction, cerebrovascular disease contributing to stroke, and PAD contributing to 

diabetic foot (3) grouped as CVD. Diabetes is also associated with increased rates of cancer 

(29), cognitive impairment, physical disability (30, 31), tuberculosis (32, 33) and depression 

(34). 

1.3.1 Microvascular complications of diabetes 

Hyperglycaemia is the main factor that leads to the development of microvascular 

complications such as retinopathy, nephropathy and neuropathy. Therefore, these 

complications only appear after a person has developed T2DM.  

a. Diabetic retinopathy  

Diabetic retinopathy is the most common microvascular complication of diabetes. In the US, 

it is responsible for more than 10,000 new cases of blindness every year (35). The risk of 

developing microvascular complications such as diabetic retinopathy depends on the duration 

and severity of hyperglycaemia and the presence of hypertension, according to the results of 

the United Kingdom Prospective Diabetes Study (UKPDS) (11). Retinopathy can affect the 

peripheral retina, the macula, or both. The development of retinopathy may begin as early as 

seven years before the diagnosis of T2DM (35).  

Up to 21% of patients with T2DM have retinopathy at the time of first diagnosis of diabetes, 

and the rest develop some degree of retinopathy over time. The general classification of 

diabetic retinopathy includes non-proliferative and proliferative retinopathy (36). The 

prevalence of any retinopathy in people with diabetes is 35%, while it is 7% for proliferative 

retinopathy (37). 

b. Nephropathy  

Diabetic nephropathy, which is the leading cause of renal failure, is defined as proteinuria lead 

by microalbuminuria. Without intervention, people with T2DM and microalbuminuria 

typically progress to proteinuria and overt diabetic nephropathy. At the time of diagnosis with 
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T2DM, more than 7% of patients may already have microalbuminuria (38). Data from the US 

revealed that 40% of people with diabetes develop chronic kidney disease (CKD) and 19% of 

them have the signs of stage 3 or higher (39). There is a strong correlation between diabetes, 

hypertension and kidney failure. The CKD among patients with diabetes is called diabetic 

nephropathy. Hypertension is a risk factor for T2DM, which is the leading cause of CKD. In 

other words, hypertension can often precede T2DM and contribute to progression of CKD (40).  

c. Neuropathy  

Diabetic neuropathy is defined by the American Diabetes Association (ADA) as “the presence 

of symptoms and/or signs of peripheral nerve dysfunction in people with diabetes after the 

exclusion of other causes” (41). Diabetic neuropathy causes loss of sensation or dysfunction in 

the lower limbs. As a result of diabetic neuropathy, foot ulceration or injury occurs, which is 

subsequently responsible for more than 80% of amputations (42).  The risk factors for people 

with diabetic foot often include older age, longer diabetic duration, hypertension, diabetes 

retinopathy and smoking (3). 

1.3.2 Macrovascular complications of diabetes 

Hyperglycaemia, insulin resistance and metabolic syndrome which are commonly observed in 

diabetic patients, are the factors that contribute significantly to atherosclerotic changes and the 

pathogenesis of macrovascular complications.  

People with diabetes are 2- to 3-times more likely to have CVD than those without diabetes 

and CVD is the major cause of death and disability worldwide (43, 44). The increased risk of 

CVD in patients with diabetes has been demonstrated in numerous epidemiological studies (45, 

46) conducted since the Framingham study (47). CVD is a group of disorders of the heart and 

blood vessels that include CAD, cerebrovascular disease, PAD contributing to diabetic foot, 

rheumatic heart disease and congenital heart disease (3). Hyperglycaemia adversely affects the 

cerebrovascular circulation by increasing the risk of intracranial and extracranial (e.g., carotid 

artery) atherosclerosis which leads to narrowing of arterial walls throughout the body, resulting 

in CVD (48).  

The results of the UKPDS showed that a 14% reduction in the risk of CAD was associated with 

a 0.9% reduction in HbA1c level (11) and a 16% reduction for every 1% HbA1c level reduction 

(49).  A 42% reduction in CVD risk and a 57% reduction in nonfatal myocardial infarction or 

death from CVD was found by the Diabetes Control and Complications Trial during a 17-year 

follow-up of the patients (50).   
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Reduced blood flow to the lower limbs causes PAD and increases the risk of amputation. The 

German Epidemiological Trial on Ankle Brachial Index study demonstrated that diabetic 

patients aged 65 or older have a 2-fold higher risk of PAD as well as a 2.5-fold higher risk of 

intermittent claudication (51). Furthermore, for patients diagnosed with PAD, the risk of 

developing ischemic ulceration is increased by more than 20% in ten years and among people 

with diabetes the likelihood is 3-fold higher (52). 

The risk factors for the development of CVD includes high blood glucose; obesity; 

dyslipidaemia (i.e., elevated serum triglyceride, low-density lipoprotein, and free fatty acid 

levels and low high-density lipoprotein levels); hypertension (53, 54); unhealthy lifestyle 

characterised by high intake of sugar, salt and fat; low intake of fruit and vegetable; physical 

inactivity; and use of tobacco and alcohol (50, 55, 56). 

1.4 Burden of Diabetes 

1.4.1 Prevalence of diabetes and its complications 

Diabetes has become one of the major global health emergencies. The prevalence of diabetes 

was estimated as 8.8% (95% CI 7.2-11.3%) in 2017 and is expected to be 9.9% (7.5-12.7%) by 

2045 (3). In 2017, the highest prevalence of diabetes with 11.1% was observed in the North 

America and Caribbean region while the lowest was in the Africa region with 4.4% (3). 

In Southeast Asia, 82 million adults live with diabetes which is the second-highest number of 

all IDF regions, and it is home to 19.3% of the total number of people with diabetes in the 

world. In 2017, 1.1 million people died due to diabetes, the second-highest number of deaths 

of all IDF regions. In the past two decades, the remarkable change in the prevalence was found 

in Nepal and China. The national prevalence has increased by two-fold or more within a decade 

in many countries of this region (57). In Bangladesh, the prevalence of diabetes was 9.7% in 

2011 (58) and the number of adults with diabetes is projected to be 13.7 million by 2045 (3).  

The estimated global prevalence of each complication for working-age adults aged between 20 

and 65 years in 2017 showed that the prevalence of CAD ranged between 12% and 31.7%. The 

prevalence of diabetic foot was 6.4% (1) with a variation between 3% in Oceania and 13% in 

North America (1). The prevalence of nephropathy was 39% (19) and it varied between 16% 

and 66%. The prevalence of retinopathy, a leading cause of blindness was found to be 35%. 

Compared to Western populations, diabetes and its complications start relatively early among 

Southeast Asians with a higher magnitude and severity (59, 60).  
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1.4.2 Economic burden of diabetes and its complications 

Diabetes is a global catastrophe that drains national healthcare budgets, reduces productivity, 

slows economic growth, and places a burden on vulnerable households and the economy of the 

country (61-63). For treatment and prevention of diabetes alone, US$727 billion was spent on 

healthcare in 2017, which corresponds to one of every eight dollars spent on healthcare (3). 

The economic burden of diabetes is expected to continue to grow with the growing incidence 

and prevalence of diabetes. The 2017 estimates showed that it would be US$776 billion by 

2045, which represents 7% growth compared to the estimate for 2017 (3). 

In addition to the direct cost, diabetes-related premature death and disability have a negative 

economic impact on the economy of countries, which is often called the indirect cost of 

diabetes. As estimated in 2017, approximately 4.0 (3.2-5.0) million people aged between 20 

and 79 years died from diabetes, which is equivalent to one death every eight seconds (3). 

Among this age group, diabetes accounted for 0.7% of the global all-cause mortality, which 

was higher than the all-cause mortality from infectious diseases such as HIV/AIDS (64), 

tuberculosis (65) and malaria in 2015 (64). Diabetes also has an impact on the work 

productivity of the working-age population. Productivity loss occurs due to absenteeism (time 

lost from work due to illness) as well as presenteeism (time at work impaired due to illness) 

(3). A significant loss of productivity can result from the high prevalence of diabetes in a 

working-age population combined with high prevalence of diabetes complications and 

consequent disability. Lost productivity at work is an important concern for employees, 

employers and society as it places a significant economic burden on a country in terms of lost 

income earnings and tax revenue and diminished GDP. 

Among the seven IDF regions, the North America and Caribbean region, the Europe region 

and the Western Pacific region were the top three regions with the highest expenditure on 

diabetes in 2017, which corresponds to 91% of the total global spending (3). The other four 

regions spent the remaining 9% on diabetes despite being home to 27% of the total population 

with diabetes (3). In the Africa region. on average, ID444 was spent on people with diabetes 

yearly. However, the expenditure was almost 20 times higher in the North America and 

Caribbean region, where ID8,396 was spent annually per person with diabetes (3). 

People with diabetes have on average 2-fold higher medical expenditure than those without 

diabetes due to its chronic complications. Among the chronic complications, CVD consumes 

a significant part of diabetes resources nationally (66) and the economic burden as a percentage 
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of GDP was larger in LMICs than in HICs (67). Data from 23 LMICs showed that an estimated 

amount of US$84 billion of GDP was lost due to CVD between 2005 and 2015. China, India, 

and the Russian Federation were responsible for half of this GDP loss (68). 

A survey conducted across 41 countries diagnosed 20% of adults with diabetes eye diseases 

(DED) and the prevalence of DED was the highest in the Southeast Asia with 41% (69). The 

burden of DED is also evident in the data from some developed countries: in Spain, the cost of 

diabetic retinopathy grew from €(euro)200 to €233 between 2007 and 2014 (70), while in 

Canada, the mean six-month cost of mild Diabetic Macular Edema (DME) was Canadian dollar 

(CAD) 2,092 and for severe DME it was CAD3,007 (71). In addition to the DED treatment, 

the cost is associated with productivity losses due to absenteeism and seeking the support of 

informal caregivers (72).  

Nephropathy, the CKD in diabetes is associated with significant additional health expenditure 

and the costs vary depending on the severity of the disease. The associated health expenditure 

increases exponentially when nephropathy progresses to end stage renal disease (ESRD). The 

mean annual cost for nephropathy was US$6,826 in the US between 1999 and 2002, which is 

49% higher than for people without nephropathy. Patients with ESRD experienced an annual 

mean cost of US$10,322 without dialysis, which it increased 2.8-fold with dialysis (73).   

Diabetic foot complications due to neuropathy are among the most severe and costly 

complications of diabetes. One third of diabetes-related costs were estimated to be linked to 

foot ulcers in 2007. Among people with diabetes the cost of care is 5.4-fold higher for people 

with foot ulcers than those without foot ulcers. Furthermore, among patients with foot ulcers, 

the treatment cost of the highest grade foot ulcers was 8-fold higher than the cost of the lowest 

grade foot ulcers (74). 

1.5 Glycaemic Control: An Important Aspect of Diabetes Management 

Diabetes mellitus which is characterised by chronic hyperglycaemia, demands intensive 

management to achieve HbA1c of less than 7%, which is recommended by the ADA in 

standards of medical care in diabetes (75). Intensive control of hyperglycaemia reduces the 

development and progression of macrovascular and microvascular complications in both type 

1 and T2DM. 

The literature supports that glycaemic control (HbA1c less than 7%) is directly associated with 

the onset and progression of macro vascular and microvascular complications (76, 77). Results 

from the ten-year follow-up of the UKPDS found that newly diagnosed diabetes patients under 
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the intensive treatment (sulfonylurea, metformin or insulin) arm had reduced incidence of 

microvascular complications, myocardial infarction, and death from all causes than the control 

group (77). Results of the Action to Control Cardiovascular Risk in Diabetes and Action in 

Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation studies 

indicated that a lower HbA1c level is associated with a reduction in macrovascular 

complications of diabetes but failed to demonstrate conclusively that aggressive glycaemic 

control can improve the prognosis of macrovascular complications, especially for patients with 

existing CVD and long-standing diabetes (78, 79). However, newly diagnosed patients who 

have no notable microvascular or macrovascular complications can benefit from glycaemic 

control in the short term (to prevent microvascular complications) and in the long-term (to 

potentially prevent myocardial infarction and death from any cause) (76). 

The ADA standards of medical care in diabetes recommended an individualised goal of 

glycaemic control, which means not all patients are candidates for an HbA1c goal of less than 

7%. The goal individualisation should be based on duration of diabetes, age, comorbid 

conditions, known CVD or advanced microvascular complications, hypoglycaemia 

unawareness, and other individual patient considerations (75).  

1.6 The Aims of This Thesis 

Diabetes has become a global threat and in LMICs especially, it is a cause of greater concern 

as more than 80% of people with T2DM are living in these countries. Due to social, 

psychological, environmental, economic and lifestyle variations between HICs and LMICs, the 

factors related to the different aspects of diabetes and the cost of diabetes care vary enormously 

between them. Therefore, the scientific evidence that is mostly available in the context of HICs 

is rarely translatable to LMICs, which include Bangladesh. To generate research-based 

evidence in the context of Bangladesh, the main objective of this thesis was to estimate the 

economic burden of T2DM, find the risk factors of T2DM complications and their impact on 

the economy, and explore the prevalence and determinants of glycaemic control to support the 

management of T2DM in Bangladesh. This thesis was also aimed to develop a risk scoring tool 

for T2DM related complications and an economic model to estimate the impact of diabetes on 

GDP in Bangladesh.   
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Specifically, the aims were: 

▪ To estimate the cost-of-illness (COI) for T2DM in Bangladesh 

▪ To assess the economic burden of complications on total cost and hospitalisation for 

T2DM 

▪ To find the prevalence and factors related to glycaemic control among people with 

T2DM 

▪ To find the factors related to macrovascular and microvascular complications and 

develop a risk scoring tool for T2DM-related complications  

▪ To model the effect of productivity loss on GDP in Bangladesh. 

Chapter 2 presents the results of a systematic review to summarise the impact of the COI of 

T2DM in LMICs and to identify methodological gaps in measuring the COI of T2DM. 

Chapter 3 of this thesis describes the methods and materials related to each of the studies 

mentioned above. 

Chapter 4 of this thesis estimates the COI for people with T2DM in Bangladesh. The findings 

of this study highlight the major cost contributors and the cost determinants that will help both 

patients and the providers to manage and allocate scarce resources.  

Chapter 5 outlines the burden of T2DM complications on hospitalisation and healthcare costs. 

Diabetes-related complications are the salient threat which is placing an enormous burden on 

the global economy, especially on the economy of a resource-limited country like Bangladesh.  

Identifying the complication with the highest impact will assist in making recommendations to 

advocate and develop a complication-specific diabetes management plan.   

Chapter 6 estimates the prevalence of and identifies the factors related to glycaemic control 

among people with T2DM. It has been well established that intensive blood glucose control 

can reduce the incidence of complications and delay their onset and progression. However, 

keeping the blood glucose within the desired range is a challenging task without a clear 

understanding of the factors related to glycaemic control.   

Chapter 7 assesses the prevalence of macrovascular and microvascular complications among 

people with T2DM. This chapter also identifies the plausible factors associated with each of 

the complications and describes the development of a risk scoring system for CVD related to 

T2DM. 
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Chapter 8 presents the economic model that was developed to assess the effect of productivity 

loss on GDP of Bangladesh to assist the healthcare providers and the policy makers of the 

country.  

Chapter 9 provides a summary and the conclusion of this thesis. 
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Context of the study 

A systematic review was conducted to serve the primary focus of this project that has been 

included in this chapter. The study performed a systematic search on the COI of T2DM in 

LMICs to summarise the previous study findings and their gaps and provided recommendations 

to appropriately measure the economic burden of T2DM in LMICs. This review was conducted 

by synthesising results from studies conducted in LMICs in English language covering the 

COI, healthcare cost or resource use for T2DM. The systematic search was conducted in the 

MEDLINE, EMBASE, CINAHL, PsycINFO and COCHRANE databases. Despite the 

substantial body of evidence on the COI of T2DM, most of the studies were conducted in HICs. 

At the time of this review, there was no synthesised evidence of the COI of T2DM in LMICs. 

Moreover, in HICs, the commonly used perspective was healthcare system, where insurance 

databases and healthcare providers were the main source of cost-related information. 

Therefore, the total medical cost approach is the most common in HICs as all the components 

of costs are available in the database for people with diabetes. Conversely, in LMICs, the choice 

of cost-estimation methodology was largely driven by the availability of data, which greatly 

influenced the magnitude of cost estimates. Therefore, this review aimed to summarise the COI 

of T2DM in LMICs to identify methodological gaps in studies conducted in these countries in 

measuring the COI of T2DM. 

                                                                                                                                                                   

This paper has been published by BMC Health Service Research in 2018, and is presented in 

its published format within this thesis.



 
 

Page | 23 
 

cle 

 



 
 

Page | 24 
 

 
  



 
 

Page | 25 
 

 



 
 

Page | 26 
 

  



 
 

Page | 27 
 

 



 
 

Page | 28 
 

 



 
 

Page | 29 
 

 



 
 

Page | 30 
 

 

 



 
 

Page | 31 
 

 



 
 

Page | 32 
 



 
 

Page | 33 
 

hapter 3 Methodology  

Chapter 3 

 

Methodology 



 
 

Page | 34 
 

This project was undertaken to address a number of key issues related to T2DM in Bangladesh. 

T2DM, which had become a major concern, should receive adequate attention with sufficient 

research-based evidence. To generate research-based evidence, some specific research 

questions were developed, and a cross-sectional survey was conducted from March to 

September 2017 in Bangladesh to address the research questions. There were some changes in 

the direction of the study project and the primary protocol of the study project that was 

published in the Bangladesh Journal of Medical Science. This chapter will provide the updated 

details of the study design, methods and statistical analysis. 

3.1 Study Design and Study Population 

The study design was a cross-sectional and retrospective study. A prevalence-based approach 

with a bottom–up methodology was employed to calculate the cost from patient’s perspective.   

Six hospitals located in the northern and central regions of the country were selected 

purposively to recruit the study participants. Two of these hospitals are in the central region, 

providing primary to tertiary healthcare, particularly to urban residents. The remaining 

hospitals are in the northern region, two of which provide primary and secondary healthcare 

and the other two provide primary to tertiary healthcare to people residing in semi-urban and 

rural locations. Patients attending hospitals providing primary and secondary healthcare but in 

need of tertiary care are usually referred to the tertiary care hospitals. Due to the similar social 

and economic status for people living in the northern and southern regions, the patients from 

the hospitals in the northern region are comparable to those living in the southern region of the 

country. Therefore, no hospitals were selected from the southern region. The Diabetic 

Association of Bangladesh (BADAS), a not-for-profit but mostly self-sustaining social welfare 

organisation, directly or indirectly (through affiliated local associations) owns all the selected 

hospitals. BADAS, the highest diabetes care provider, has 75 diabetes centres/hospitals that 

cover all 64 districts (second-highest tire of regional administration) across the country.  

Bangladesh has both public and private healthcare sectors. The public health system is 

subdivided into four different levels according to their capacity of resolution and the internal 

organisation. However, except medical college hospitals (tertiary level), all other hospitals 

(community centres and primary- or secondary-level hospitals) are not well equipped to 

provide adequate treatment to people with diabetes. While private providers are more diverse 

in terms of the treatments provided, they are mainly money-driven and usually depend on out-

of-pocket (OPP) and insurance money for every service provided. This makes them accessible 
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only to the middle- and high-income groups (1). However, diabetes-centred care is provided 

primarily by BADAS, which provides specialist clinics and tertiary-level specialist hospitals. 

BADAS also has a research institute, which has a main hospital providing specialist services 

in Dhaka and a network of specialist diabetes centres across Bangladesh (2).  

The selection of hospitals in this study ensured the inclusion of rural-urban as well as 

professionally mixed populations (e.g. service holders, businessmen, farmers, day labourers, 

housewives, etc.) attending various levels of healthcare services. Furthermore, although the 

recruited 1,253 participants, selected using systematic random sampling, in our study may not 

be representative of the overall population with T2DM in Bangladesh, they are representative 

of a good majority of them. 

3.2 Sample Size 

The primary focus of this thesis was to estimate the COI of T2DM. The previous COI studies 

that were conducted in HICs usually considered the patient database and included the data from 

all eligible people for analysis. Conversely, in an LIMCs setting where a database is not 

available, studies usually consider a specific time period and recruit the maximum number of 

eligible participants within the time period. In this study, we followed the recruitment method 

of the studies conducted in an LMICs setting and recruited participants during a period of six 

months. The inclusion criteria were registered adults of either gender with a minimum one-

year duration of T2DM. The study excluded people with other types of diabetes or women who 

were pregnant at the time of data collection.  

To assess for power given the sample size, we used the statistical rule of thumb ‘rule of 10’. 

Our studies in the thesis mainly used multivariable logistic regression model and multivariate 

linear regression models among other statistical methods to answer the research questions. 

These two regression methods were used mainly for predictive purposes where statistical 

power is important. In the logistic regression modelling, we need at least 10 “yes” outcomes 

and at least 10 “no” outcomes per coefficient. Number of coefficients depend on the number 

of covariates in the model.  For multivariable linear regression, we can use the simple rule of 

thumb i.e. 20 observations per coefficient. Statistically, bigger the sample size, the more power 

the study will have. In this study we recruited 1,253 patients, which is higher than the sample 

size required for regression analysis.   
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3.3 Information on the variables pertinent to the study 

3.3.1 Socio-demographic and lifestyle characteristics  

The socio-demographic characteristics included age, gender, marital status, education, 

profession and monthly household income. The lifestyle characteristics included smoking 

status, smokeless tobacco consumption status, eating habits and physical activity. 

3.3.2 Clinical characteristics 

The clinical characteristics included duration of diabetes, family history of diabetes, frequency 

of follow-up check-ups, mode of treatment and history of hypoglycaemic events. 

3.3.3 Information related to cost-of-illness 

All the information related to the COI of T2DM was collected using a questionnaire. The cost 

components are detailed in the table below: 

Cost components  Details of the component 

a. Direct cost  

i. Direct medical cost  

Outpatient visit Consultancy fee paid per visit 

Hospital care Hospital care includes hospital stay, medicine and laboratory 

tests during stay 

Medicine   Cost of medicine per day 

Laboratory tests  Investigation test done during the previous year. 

Other service utilisation#  Other service utilisation includes use of self-monitoring blood 

glucose and consumables during the previous year. 

ii. Direct non-medical cost  

Transportation Transportation cost en-route to the hospital. 

Meal Meal cost en-route to the hospital. 

b. Indirect cost  

Productivity loss of patient The productive time loss of the patient to attend out-patient 

visit and during hospital admission. 

Productivity loss of accompanied person The productive time loss of the attendant during out-patient 

visit and hospital admission of the patient. 

 

3.3.4 Recognized tools used in the questionnaire 

The questionnaire was tailored including several recognized tools to assess several known and 

alleged factors relating aspect of T2DM. The UK diabetes and diet questionnaire (UKDDQ) 

(3) was used with some minor modifications to make it suitable for Bangladeshi population. 

Selected six items from Global Physical Activity Questionnaire (GPAQ) (4) were used to 

assess the physical activity level. Patient Health Questionnaire-2 (PHQ-2) (5), Generalized 

Anxiety Disorder Scale (GAD-2) (6), Michigan Neuropathy Screening Instrument (7), and a 

Six-item Cognitive impairment test (6CIT) (8) were used without any modification. Permission 

was obtained from the respective authority to use the above-mentioned tools. Weight and 
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height of participants were measured in light clothes and taking the shoes off. Waist and hip 

circumference were measured against thin clothing. Body mass index (BMI) and waist-hip 

ratio (WHR) were calculated from the collected measurements. Research Electronic Data 

Capture (REDCap) was used to collect and manage data (9). 

3.4 Cost Calculation 

The total cost of T2DM was calculated from the patient’s perspective for 2017, considering 

direct and indirect costs as the major components. The direct cost was estimated using a 

bottom-up approach for the primary data collection (10) and divided into two sub categories: 

(a) direct medical costs including costs of hospitalisation, outpatient visits, medicine, 

laboratory tests, and other service utilisation (includes use of self-monitoring blood glucose 

and consumables), and (b) direct non-medical costs including cost of transportation and meal 

en-route to the hospital.   

3.4.1 Direct cost  

The micro-costing approach was used to identify cost items in as much detail as possible to 

calculate the direct cost (11). Cost per daily dose (12) of each medicine and therapy was 

defined. Costs related to medicine, consultancy and laboratory tests were collected from 

respective hospitals. All hospitals under BADAS are homogeneous, and therefore there is 

negligible cost variation between the selected hospitals. For other components of direct medical 

cost and direct non-medical cost (transportation and meal), participants’ responses to the 

questionnaire were considered as a reference. The calculation of unit costs was done for all 

components of direct cost and then multiplied by the quantities of medical services received 

during the previous year. The cost of hospitalisation (includes hospital stay, medicine and 

laboratory tests during stay) was retrieved for each patient from the hospital record that was 

provided by the accounts department of the respective hospital. The total direct cost was 

calculated by adding up all the components of direct medical and direct non-medical costs.   

3.4.2 Indirect cost  

The indirect cost was calculated for both patients and their attendants en-route to the hospital. 

The productive time loss to attend OPD visit and during hospital admission was recorded based 

on the information provided by the patients and their attendants. The human capital approach 

(13) was used to calculate the indirect cost for those who were productive and in the formal 

workforce or housewives but not for those who were unable to work (retired or due to ill health) 

or who chose not to work. The minimum wage rate (US$224/annum) (14) and the median 
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income of the participants who were in the formal workforce were used to calculate the indirect 

cost of housewives. The total cost was calculated by adding up the total direct and total indirect 

costs. 

3.4.3 Currency exchange rates 

All costs were calculated in the Bangladeshi currency, Taka (BDT). During the analysis, all 

costs were converted into US$ using the mid-year currency conversion rate for 2017 (US$1 = 

BDT80) (15). 

3.5 Statistical Method and Techniques Applied for Data Analysis 

To analyse the data for studies 1 to 5, the statistical software package Stata SE version 15.0 

was used and a p-value of 0.05 or less was considered to be statistically significant. 

Chapter 4 (Study 1) aimed to estimate the COI for people with T2DM in Bangladesh. The 

descriptive statistics include mean with standard deviation (SD) for numerical data and 

frequency with percentage for categorical data. A normality test of cost data was performed 

using a histogram, Q-Q plot and the Shapiro-Wilk test. Cost data was right skewed; therefore, 

mean, median with percentiles was used to report it. A median regression was performed to 

determine the factors related to average annual cost. A bootstrap method was used to calculate 

the 95% confidence interval (CI) of regression coefficients. Sensitivity analyses were 

performed to evaluate the assumption that the use of minimum wage to calculate the indirect 

cost of housewives may give the lowest estimate and to explore the change in average annual 

cost with assumptions of a 25% (+/-) change in the prevalence of insulin use and a 25% (+/-) 

change in the prevalence of T2DM-related complications. 

Chapter 5 (Study 2) assesses the burden of T2DM complications on hospitalisation and 

healthcare costs. The mean with SD, median with percentiles and frequency with percentage 

were used as descriptive statistics. A normality test of cost data was performed using a 

histogram, Q-Q plot and the Shapiro-Wilk test. The nonparametric Mann-Whitney U-test and 

Kruskal-Wallis test were used respectively to compare two groups and more than two groups. 

A multiple logistic regression analysis was used to identify the factors related to hospitalisation. 

Furthermore, multiple non-parametric regression analyses (50th percentile (median), 75th 

percentile and 90th percentile) were performed to explore the relationship between average 

annual cost with macrovascular and microvascular complications. Sensitivity analyses were 

performed to investigate the robustness of the total estimated cost.  

https://en.wikipedia.org/wiki/Shapiro%E2%80%93Wilk_test
https://en.wikipedia.org/wiki/Shapiro%E2%80%93Wilk_test
https://en.wikipedia.org/wiki/Mann%E2%80%93Whitney_U_test
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Chapter 6 (Study 3) aimed to estimate the prevalence of and find the factors related to 

glycaemic control among people with T2DM. Descriptive statistics were reported using mean 

with SD for numerical data and relative frequencies (percentages) for categorical data. To test 

the associations between risk factors and levels of glycaemic control, ANOVA, chi-square tests 

and simple logistic regression analysis were used as the univariate analysis. Risk factors with 

a p-value <0.05 in simple logistic regression analysis were considered for the multiple logistic 

regression model. Clinically plausible risk factors were included in the model even though they 

appeared as insignificant in the univariate analysis. Multicollinearity and the first order 

interaction effect between clinically relevant risk factors were investigated. The stepwise 

backward elimination method was used to select variables that are significantly related to the 

outcome measures. Multiple logistic regression analysis was mainly performed to identify the 

determinants for inadequate glycaemic level (HbA1c ≥7%) as well as for very poor glycaemic 

control (HbA1c ≥9%). To determine the duration-specific risk factors, the patients were 

stratified by T2DM duration of ≤5 years and >5 years.  

Chapter 7 (Study 4 and Study 5) includes two studies, one (Study 4) that aimed to assess the 

prevalence and identify the associated factors of macrovascular and microvascular 

complications among people with T2DM, and another (Study 5) that described the developed 

risk prediction tools for CVD. In Study 4, data was summarised and presented as a mean (± 

SD) for numerical data and frequency and percentage for categorical data. The chi-square test 

was used to examine associations between each of the complications with patients’ 

demographic and clinical characteristics. Any association was further examined using simple 

logistic regression analysis. Potential risk factors with a p-value of 0.1 or less in the simple 

logistic regression were included in the multiple logistic regression analysis. The stepwise 

variable selection method was used to identify the factors related to complications. 

Multicollinearity and first order interaction effect between covariates were also investigated. 

In Study 5, we developed a risk scoring system. All missing values were imputed using the 

ICE method. The bootstrap method with multiple logistic regressions was used to identify 

predictors for cardiovascular complications of CAD and stroke. The selected predictors were 

then added to a mixed-effects multiple logistic regression to account for residential variation. 

The models were validated using the k-fold bootstrap method. Using the developed models for 

CAD and stroke, the absolute and additive scores were calculated and the risk of developing 

CAD or stroke for a patient was stratified into groups. The risk scoring systems for both CAD 

and stroke were translated into a web-based risk calculator. 
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Chapter 8 (Study 6) includes the economic model to estimate the impact of diabetes in 

Bangladesh in terms of mortality, years of life lost and PALYs lost. A life table model was 

developed using published demographic and mortality data to estimate excess mortality, years 

of life lost, quality-adjusted life years lost and PALYs lost among the Bangladeshi working-

age (20 to 59 years) population with diabetes and each of them were simulated in a follow-up 

until a retirement age of 60 years. The health-related quality of life decrements and relative 

reduction in productivity attributable to diabetes were sourced from primary data of the cross-

sectional survey conducted for this study in Bangladesh in 2017. A model was constructed for 

the people with diabetes and another model was developed for the same cohort on the 

assumption that they no longer had diabetes. The number of deaths, years of life lived and 

PALYs lived of the above two models were compared to evaluate the impact of diabetes. The 

standard annual discount rate of 3% by the World Health Organisation was applied to years of 

life lived and PALYs lived. 
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Context of the study 

 

Diabetes is a costly disease due to its chronic nature. It is a major public health concern in 

developing countries because of its rapidly increasing prevalence, related complications and 

the requirement for long-term care. Diabetes places a significant burden on individuals, their 

families, society and overall on the economy of a country. The economic burden of diabetes is 

well-acknowledged, investigated and evident in the literatures. The majority of the studies in 

the literature were conducted in the context of HICs. Therefore, information to support the 

burden of diabetes in LMICs is a significant limitation of the current literature. A limited 

number of studies addressed this in LMICs; however, there was a wide variation in the 

methodology that was used in these studies and the choice of methodology was mainly driven 

by the availability of data which greatly influenced the magnitude of cost estimates. 

Furthermore, it is difficult to generalise or compare the results of the studies conducted in 

different countries due to monetary issues such as fluctuating exchange rates and purchasing 

powers of currencies.  

Diabetes is also an increasing economic threat in Bangladesh, however, studies on an adequate 

estimation of the COI for T2DM and the factors related to it are limited; which led to the aim 

of this paper. The results of this COI study will assist public health policy makers and the 

general population to recognise the magnitude of the up-to-date financial burden, to make 

decisions about future healthcare benefits, to place emphasis on controlling the disease, and to 

develop programs to improve the health of people with T2DM in Bangladesh.  

 

This paper has been published by BMC Health Service Research in 2019, and is presented in 

its published format within this thesis. 
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Context of the study 

The increasing prevalence of uncontrolled diabetes leads to an increase in the prevalence of 

diabetes-related macrovascular and microvascular complications. People with diabetes have on 

average 2-fold higher medical expenditure than those without diabetes. The burden of this 

emerging pandemic is driven by its increased risk of complications and much of the burden, 

especially for people with T2DM, is related to microvascular and macrovascular complications. 

Each complication results in a different type of resource utilisation, which has an independent 

economic impact. The progression of complications results in frequent hospitalisations, which 

coupled with their ongoing treatment cost escalate the burden. To prioritise the resource 

allocation for the prevention of complications, policy makers need clear information about the 

individual impact of each complication on healthcare.  

In Bangladesh, there is a paucity of research-based evidence regarding the burden of diabetes-

related macrovascular and microvascular complications on hospitalisation and average annual 

cost of care, which led to the objective of this study. The findings of this study may help 

healthcare providers to intervene in improving patient management and possibly reduce 

healthcare costs in the near future.  

 

This paper has been published by Diabetes and Metabolic Syndrome: Clinical Research 

and Reviews in 2019, and is presented in its published format within this thesis. 
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Context of the study 

Diabetes mellitus is a chronic disease for which there is no known cure, and it needs to be well 

managed to achieve better wellbeing. Management concentrates on keeping blood sugar levels 

as close to normal without having hyperglycaemia or hypoglycaemia. The detrimental 

consequence of hyperglycaemia is that it increases the likelihood of developing diabetes-

related complications, which are a major concern. Long-term hyperglycaemia may affect many 

organs of a person’s body and can lead to the development of disabling and life-threatening 

complications such as the macrovascular complication of CVD and the microvascular 

complications of neuropathy, nephropathy and retinopathy. Prevention of the injurious effects 

of hyperglycaemia is the most important aspect of the optimal management of patients 

suffering from diabetes. Glycaemic control is therefore considered an essential approach to 

prevent chronic complications in patients with T2DM. 

Knowledge about the disease and actively participating in the treatment are important to 

prevent the onset and progression of complications since complications are far less common 

and less severe in people who have controlled blood sugar levels. Guidelines, interventions and 

lifestyle modification have focused on achieving optimal glycaemic control. However, without 

a clear understanding of the precise dynamics of poor glycaemic control, the achievement of 

optimal control of glucose is a daunting task for a person with T2DM. Factors related to poor 

glycaemic control have been investigated among the Western population; however, these are 

not translatable to the Bangladeshi population due to geographical, social and cultural 

variations.  

Given the impact on patients, healthcare delivery, and policy making, the relationships between 

poor glycaemic control and all the potentially important factors, including compliance with 

management plans and the effects of lifestyle modification comparing their relationships with 

the body of evidence merits investigation. Therefore, this study aimed to estimate the 

prevalence of glycaemic control and to widen the investigation regarding its related factors 

among patients with T2DM in Bangladesh.  

This paper has been published by Scientific Reports in 2019, and is presented in its published 

format within this thesis.
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Context of the study (7a) 

Diabetes is a leading cause of morbidity and mortality worldwide that affected 425 million or 

8.8% of adults in 2017. In Bangladesh, the prevalence of diabetes is increasing in line with the 

epidemiologic transition that she is undergoing. This trend is also seen in the wider context of 

South Asia, where rapid urbanisation has led to an increasingly sedentary but more stressful 

lifestyle, change in eating habits including increased access to processed food, and reduced 

physical activity. Furthermore, biological factors have been found to predispose in the South 

Asians diabetes population. Therefore, both lifestyle and biological factors are related to higher 

prevalence of diabetes in South Asians than in Europeans.  

Diabetes complications are another concerning issue in Bangladesh. Globally, the relative risk 

of microvascular and macrovascular complications among people with diabetes was estimated 

to be 10–20 times and 2–4 times higher respectively than in people without diabetes. Diabetes-

related complications reduce the quality of life and life expectancy of the affected people and 

create an economic, physical, psychological and social burden. In Bangladesh, a limited 

number of studies have been conducted to study the prevalence of macrovascular and 

microvascular complications and identified factors associated with these complications among 

people with T2DM. However, due to the lack of a strong methodology, they might not be 

representative of all people with T2DM in Bangladesh. Therefore, this study aimed to estimate 

the prevalence of macrovascular and microvascular complications related to T2DM and to 

identify the various risk factors that influence these complications. The findings of this study 

may help in tackling the factors related to the complications early in treatment, which will help 

to prevent or delay the onset of complications.  

 

This paper has been published by Diabetes and Metabolic Syndrome: Clinical Research 

and Reviews in 2019, and is presented in its published format within this thesis. 

 



 
 

Page | 88 
 

 
 



 
 

Page | 89 
 

 
 



 
 

Page | 90 
 

 
 



 
 

Page | 91 
 

 
 



 
 

Page | 92 
 

 
 



 
 

Page | 93 
 

 
 



 
 

Page | 94 
 

 
 



 
 

Page | 95 
 

 



 
 

Page | 96 
 

Context of the study (7b) 

Diabetes is a major risk factor for CVD, which is a leading cause of morbidity and mortality 

worldwide and accounts for approximately one third of all deaths globally. Vascular disorders include 

CAD, PVD, stroke, and diabetic foot. The global economy is highly affected by diabetes with CVD. 

The healthcare costs for diabetes with CVD comprise the largest share of diabetes health expenditure. 

The likelihood of having CVD is 2 to 3-fold higher for people with diabetes compared to the general 

population.  

The evaluation of an individual’s risk of experiencing a future cardiovascular event increasingly 

forms the basis of clinical guidelines for the prevention of CVD. Risk prediction tools play an 

important role in identifying patients with a high risk of diabetes complications and their use has been 

recommended in the diabetes management guidelines on assessing individual risk factors. These tools 

also help in patient counselling and motivation, particularly to change patients’ lifestyle behaviour 

and encourage them to adhere to their management plans, by identifying patients who are at high 

cardiovascular risk. A number of risk prediction models for CVD including CAD and stroke are 

available in the literature and in use for routine clinical practice. However, they are rarely applicable 

to the Bangladeshi population due to social, cultural and economic variations. Therefore, the aim of 

this study was to develop risk prediction models for CAD and stroke specific to the T2DM population 

in Bangladesh, which will serve as an evidence-based risk scoring tool for these complications. 

This paper has been included in its manuscript format within this thesis. 
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Abstract 

Aims: This study aimed to develop a risk scoring system for evaluating risk of cardiovascular 

complications for people with type 2 diabetes in Bangladesh. 

Materials and Methods: A cross-sectional and retrospective study was conducted between April 

and September 2017. Using a systematic random sampling method, a total of 1,253 adults with type 

2 diabetes were recruited from six hospitals, covering rural and urban residents. All missing values 

were imputed. The bootstrap method was used to identify plausible variables related to coronary 

artery disease and stroke. The mixed-effects multiple logistic regression was used to estimate the final 

model and the bootstrap method was used for model validation. The model was then translated to a 

risk scoring system. 

Results: The variables age, female gender, hypertension and physical activity <150 minutes/week 

were selected as the predictors in both models. Glycaemic level, retinopathy, neuropathy, 

dyslipidaemia, ever smoking, and unhealthy eating habits were related to coronary artery disease 

only. Furthermore, education up to secondary level, duration of diabetes, and non-adherence to 

treatment were associated to stroke only. The discrimination and calibration powers of the models 

were very good.  

Conclusions: The prevalence of coronary artery disease and stroke were high amongst people with 

type 2 diabetes in Bangladesh. The developed risk scoring system is parsimonious and easy to use. 

We recommend this to people with type 2 diabetes and clinicians as an evidence-based risk 

stratification tool.  

Key word: Bangladesh, Coronary artery disease, Risk scoring tool, Stroke, Type 2 diabetes mellitus 
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Introduction 

Diabetes is one of the major global health threats of the twenty-first century. It affected more than 

425 million people across the world in 2017 and this number has been projected to rise to 628 million 

by 2045 1. The burden of this emerging pandemic is driven by its increased risk of complications and 

much of the burden, especially for people with type 2 diabetes mellitus (T2DM), is related to micro- 

and macro-vascular complications 2, 3. Globally, 12.7% and 18.8% of people with T2DM suffer from 

macro- and micro-vascular complications, respectively 4.  

Cardiovascular disease (CVD) is a macrovascular complication and is an umbrella term that includes 

coronary artery disease (CAD), stroke, diabetic encephalopathy and diabetic foot 1. Diabetes with 

CVD poses a remarkable burden for the global economy as its related healthcare costs represent the 

largest proportion of diabetes health expenditure. The likelihood of having CVD is 2 to 3-fold higher 

for people with diabetes compared to those without diabetes 5, 6. A higher prevalence is being 

observed in low- and middle-income countries (LMICs) compared to high-income countries 5. In 

LMICs, an estimated US$84 billion of gross domestic product was lost due to diabetes with CVD 

between 2005 and 2015 7. Among the subclasses of CVD, CAD and stroke lead to the worst health 

outcomes including decreased quality of life, disability and mortality 5, 8. The prevalence of CAD 

among people with T2DM ranges between 5% and 36% in different settings (population/hospital 

based) and that of stroke ranges from 4% to 12% in hospital-based studies and between 4% and 5% 

in population-based studies 9. A multinational study showed the prevalence of CVD in South Asia 

was 23.3% among people with type 2 diabetes 10. However, in Bangladesh, a study reported a 

prevalence of 25.8% for CAD and 11% for stroke, which was higher than the regional prevalence 11.  

International guidelines for the management of diabetes suggest risk-stratified interventions based on 

a predicted risk profile of the disease, rather than individual risk factors 12-14. A risk scoring tool can 

be used to screen and identify individuals who are at an increased risk of having a disease, and hence 

is potentially important in clinical decision making regarding the management of the disease and 

patient counselling.  

A number of previous studies developed risk prediction models for CVD including CAD 15-18 and 

stroke 19-22, which are frequently used in clinical decision making. However, they are exclusive to 

either western populations 16-18, 20 or populations from upper-middle- or high-income countries in 

Asia such as China and Hong Kong 15, 19, 21, 22. In addition to common risk factors such as age, gender, 

and duration of diabetes, these models considered some clinical variables including atrial fibrillation 

20 and some biomarkers 18, 23, 24, which are not routinely collected in clinical practice. Furthermore, 

only a few of the previous models considered lifestyle factors such as smoking and physical activity 
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as potential risk factors, and none of them used eating habits or adherence to treatment as a risk factor 

of CAD and stroke. Furthermore, due to variations in environmental factors and economic conditions 

that affect lifestyle behaviours, risk scoring system adopted from one population may limit its 

accuracy when applied to another population.  

An overall risk assessment tools for CAD and stroke among T2DM in Bangladesh are currently 

unavailable in the literature. Thus, the aim of this study was to develop risk scoring system for CAD 

and stroke specific to the Bangladeshi T2DM population, which will serve as an evidence-based risk 

stratification tool for these complications.  

Materials and Methods 

Study Design and Data Source 

The project protocol was approved by the Monash University Human Research Ethics Committee 

and the Diabetic Association of Bangladesh (BADAS). A cross-sectional and retrospective study was 

carried out between March and September 2017 in six diabetes hospitals located in the central and 

northern regions of Bangladesh. The selected hospitals are under BADAS, which has the largest 

network of specialist diabetes hospitals/centres across the country providing primary to tertiary levels 

of healthcare services. Due to minimal variation between people attending hospitals in the northern 

and southern regions of the country, no hospitals were selected from the southern region. Bangladesh 

has also public and private healthcare sectors. In the public health system except medical college 

hospitals (tertiary level), all other hospitals (community centres, and primary or secondary level 

hospitals) are not well equipped to provide adequate treatment to people with diabetes. While private 

providers are mainly money driven thus accessible only to the middle- and high-income groups 25. In 

this study, 1,253 participants were recruited from rural, semi-urban and urban locations which may 

not be representative to the overall population with T2DM in Bangladesh but represent a good 

majority of them. The inclusion criteria were adult subjects of either gender with a minimum one-

year duration of T2DM. The study excluded patients with other types of diabetes such as gestational 

diabetes and type 1 diabetes. Participants were selected randomly and interviewed face-to-face using 

a structured questionnaire after obtaining informed consent from each of them. The questionnaire 

comprised questions about the patient’s socio-demographics, lifestyle characteristics and clinical 

information. Participants’ medical records were reviewed to collect the data regarding laboratory 

investigation, prescribed medicines and documented diagnoses of complications and comorbidities. 

All the study procedures were carried out in accordance with the principles of the Declaration of 

Helsinki as revised in 2013. 
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Definitions of Outcome Variables  

The primary outcomes were CAD and stroke among people with T2DM. Information about CAD 

was obtained following a comprehensive review of the participant’s medical record, prescribed 

medicine, and questionnaire survey. Stroke was defined by reviewing the documented diagnosis of 

an irreversible cerebrovascular accident as well as by asking the patient about any incidence in the 

previous years. 

Description of Independent Variables  

Patients’ socio-demographics (including age, gender, marital status, education, professional status, 

and monthly household income) and medical histories (including duration of diabetes, family history 

of diabetes, frequency of follow up, mode of treatment and hypoglycaemic events) were derived from 

the administered questionnaire. Participants’ complications and comorbidities were confirmed by the 

patient’s response, a comprehensive review of the prescription for pharmacotherapy and by reviewing 

the record of documented diagnoses.  

Mode of treatment was categorised as users of an oral hypoglycaemic agent (OHA) only, and users 

of insulin with or without an OHA. Glycaemic status was categorised using HbA1c <7% as good 

control and HbA1c ≥7% as poor control 26. Body mass index was categorised into normal/overweight 

(<27.5 kg/m2) and obese (≥27.5 kg/m2), adhering to the World Health Organization guidelines for 

Asians 27. The cut off for waist-hip ratio was defined as >0.90 for men and >0.80 for women 28. 

Hypertension was defined as either a documented diagnosis of hypertension, taking antihypertension 

medications, or following the latest (within three months) blood pressure readings (either systolic 

≥140 or diastolic ≥90) 29. Dyslipidaemia was defined as either a documented diagnosis of 

dyslipidaemia or taking any lipid-lowering medicine. Nephropathy was defined by an estimated 

glomerular filtration rate <60 ml/min/1.73m² 30 or a documented diagnosis from the medical records. 

Neuropathy was defined as a score of seven or more using the Michigan Neuropathy Screening 

Instrument 31. Retinopathy was defined by a procedure undertaken for the treatment of retinopathy or 

documented diagnosis. The diabetic foot was defined by documented diagnosis of diabetic foot and 

visual examination of ulcers or amputations. Physical activity was defined as active if the person had 

>150 minutes of physical activity measured by the Global Physical Activity Questionnaire 29. Dietary 

habits were assessed by the UK Diabetes and Diet Questionnaire 32. The dietary habit variable was 

measured as a scale between 0 and 48 and categorised using a cut off at first quartile (score 28). A 

score of more than 28 was considered to show healthy eating habits. Smoking status and smokeless 

tobacco consumption were the categories of ever and never being a smoker/consumer.  

 



 
 

Page | 102 
 

Statistical Analysis 

Using an extensive literature review and clinical assessments, a set of potential variables was 

identified and then entered into the simple logistic regression analysis to examine the univariate 

association between outcomes and each of these variables. Then the bootstrap method with the 

receiver operating characteristics curve (BROC) was used to select the variables 33-35. The selected 

variables were then entered into a multilevel mixed-effects logistic regression model to account for 

residential variation. The following steps demonstrate the development of the final model.  

Imputation: Overall, 20.1% of data was missing. A multiple imputation using the ICE method was 

used for imputing the missing values 36, 37. The missing values were imputed five times, i.e., five 

imputed samples were created, each the same size as the study sample (n=1,253).  

Bootstrap model selection: The BROC method was used for variable selection 33. From each of the 

five imputed samples, 5,000 bootstrap random samples were drawn using with replacement 

technique, which resulted in 25,000 bootstrap samples. For each of the bootstrap samples, a multiple 

logistic regression was run and variables that appeared significant were recorded. The percentage of 

times each variable appeared as significant were ranked from highest to smallest percentage of 

appearance. Then, a series of plausible models were developed and their corresponding receiver 

operating characteristic (ROC) was recorded. The first plausible model (M1) was developed by using 

the variable that appeared as significant in the highest percentage of times. Then, the variable that 

appeared as significant the second-highest percentage of times was added into the first model to 

develop the second model (M2). This procedure of entering one additional variable at a time to the 

preceding model was continued until all plausible models were developed. The variables with a 

percentage appearance of less than 20% were excluded from model development. The final model 

was selected by making a trade-off between the optimisation of ROC and the parsimony of the model 

33. The selected variables were then entered into multilevel mixed-effects logistic regression models 

in order to account for the residential variations (rural vs. urban). First-order interaction effect and 

multicollinearity between potential risk factors were also investigated. 

Validation and calibration: The model’s performance was evaluated using discrimination and 

calibration powers. The discrimination power of the model was evaluated using 1,000-fold bootstrap 

validation, where 1,000 random samples were drawn from the study sample, each of which was 90% 

of the size of the original sample 33-35. The ROC was calculated for each sample and then averaged. 

Calibration was assessed by the decile-decile plot by comparing observed and predicted probability 

of the outcome of the deciles. A linear regression model was fitted with the deciles of the observed 

(dependent) and predicted (independent) values to measure the amount of variation in the observed 
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outcome explained by its predicted value. All statistical analyses were performed using the statistical 

software package Stata (version 15.0) and the imputation was carried out by the user-written program 

ICE in Stata 38. 

Risk stratification  

Using the beta coefficients of the respective variables related to CAD and stroke models, the absolute 

risk of these outcomes for a patient can easily be calculated using the following formula: absolute 

risk = exp(XB)/(1+exp(XB)), where ‘X’ is the set of variables related to outcome and ‘B’ is their 

corresponding beta coefficients, and ‘XB’ is the added of value of these beta coefficients and the 

constant term in the model. Furthermore, these beta coefficients can easily be translated into a risk 

scoring tool, which describes a points-based risk-scoring for each individual patient 39. The higher 

the risk score, the worse the risk. The calculation of risk score has been described below:  

Step 1: From the calculated beta coefficients, the smallest absolute beta coefficient was selected. 

Then, each of the beta coefficients was divided by the absolute smallest beta coefficient, which gives 

a score corresponding to each variable. 

Step 2: The total risk score for each patient can be calculated based on the risk factors the patient has 

presented. 

Step 3: The calculated scores for all patients will be divided into quintiles (five groups) and rounded 

to the closest integer for risk stratification. 

Step 4: If a patient falls into the 1st or 2nd or 3rd quintiles, he/she will be classified as very low or 

low or moderate risk category, respectively. However, will be classified as high or very high category 

if the patient falls into the 4th or 5th quintiles, respectively. 

Finally, a web-based calculator will be developed to facilitate the risk calculation online. 

Results 

General Characteristics of the Study Samples 

Participants’ general characteristics are presented in Table 1. Among the 1,253 participants, 54.4% 

were male. The mean age was 55.1±12.5 years. Approximately 45% had a secondary-level education 

and 23% had a tertiary-level education. About two-fifths (40.5%) were employed and about a quarter 

(23.8%) were housewives. Three-quarters (73.2%) resided in urban areas and 51.2% had a median 

monthly household income of US$375 (Bangladeshi currency taka (BDT) 30,000). The mean 

duration of diabetes was 10.9±7.7 years and 43.5% of participants had diabetes for more than ten 

years. About one-third (34.5%) managed their glycaemic level using only an oral hypoglycaemic 

agent (OHA), while the remaining 65.5% used insulin with or without OHA. More than one-third 
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(34.6%) had a family history of diabetes. Only 18.2% had good glycaemic control (HbA1c <7%). 

About two-thirds (62.8%) of participants did not adhere to treatment. Among the participants, 51.2% 

had physical activity levels of <150 minutes/week and 78.3% had unhealthy eating habits. About one-

quarter (25.9%) were current smokers or had smoked in the past and 22.4% had a history of smokeless 

tobacco consumption. About two-thirds (64.4%) of participants had hypertension and one-third 

(34.6%) had dyslipidaemia. The prevalence of macrovascular complications of CAD, stroke and 

diabetic foot were, respectively, 30.5%, 10.1%, and 12%, while that for microvascular complications 

of nephropathy, neuropathy, and retinopathy were 34.2%, 5.7% and 25.1%, respectively. 

Table 1 General characteristics of the study participants  

Variables n (%) 

(n = 1253) 

Variables n (%) 

(n = 1253) 

Age (mean ± SD) 55.1±12.5 Family history of diabetes 

Gender     Yes  433 (34.6) 

   Male 681(54.4)    No  820 (65.4) 

   Female 572 (45.6) Physical activity  

Education     ≥150 minutes/week  612 (48.8) 

   Illiterate 161 (12.8)    <150 minutes/week 641 (51.2) 

   Primary 239 (19.1) Eating habit  

   Secondary  566 (45.2)    Healthy  272 (21.7) 

   Tertiary  287 (22.9)    Unhealthy  981 (78.3) 

Work status  Smoking status  

   Unemployed 36 (32.8)    Never-smoker  929 (74.1) 

   Employed 411 (40.5)    Ever-smoker  324 (25.9) 

   Housewife   508 (23.8) Smokeless tobacco consumption    

   Retired 298 (2.9)    Non-consumer  973 (77.6) 

Area of residence     Consumer  280 (22.4) 

   Rural  336 (26.82) Hypertension  

   Urban  917 (73.2)    No 446 (35.6) 

Monthly household income (USD)    Yes 807 (64.4) 

   ≤250 447 (35.7) Dyslipidaemia   

   251-750 497 (39.7)    No 819 (65.4) 

   751 and above  309 (24.6)    Yes 434 (34.6) 

Duration of diabetes (in year) CAD   

   ≤5  360 (28.8)    No 871 (69.5) 

   6-10  348 (27.7)    Yes 382 (30.5) 

   ≥11  545 (43.5) Stroke   

Mode of treatment      No 1126 (89.9) 

   OHA  432 (34.5)    Yes 127 (10.1) 

   Insulin±OHA 821 (65.5) Diabetic foot   

Adherence to treatment      No 1103 (88.0) 

   Adhere   466 (37.2)    Yes 150 (12.0) 

   Not-adhere    787 (62.8) Nephropathy  
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Variables n (%) 

(n = 1253) 

Variables n (%) 

(n = 1253) 

BMI (kg/m2)     No 824 (65.8) 

   Normal (<23) 290 (25.3)    Yes 429 (34.2) 

   Over weight (23-27.4) 530 (46.3) Neuropathy   

   Obese (≥27.5) 325 (28.4)    No 1181 (94.3) 

HbA1c (%)     Yes 72 (5.7) 

   Good (<7) 182 (18.2) Retinopathy   

   Poor (≥7) 1071 (81.8)    No 938 (74.9) 

     Yes 315 (25.1) 
SD= Standard deviation, OHA = Oral hypoglycaemic agent 

Risk Prediction Models  

The variables with the percentage of appearance as significant in the bootstrap analysis for CAD and 

stroke, along with ROC for each of the plausible models, are presented in Table 2. The ROC for the 

plausible models for each complication are plotted and presented in Figure 1. There was no first-order 

interaction effect or multicollinearity between the risk factors in the selected final model. Table 3 

shows the beta coefficient and its corresponding odds ratio (OR) for the selected risk factors. Figure 

2 illustrates the slope calibration for the final models. 

Risk Prediction Model for CAD 

The bootstrap results presented in Table 2 show that hypertension appeared as significant in all 

bootstrap samples, while poor glycaemic control and retinopathy appeared as significant in 99% and 

95.8% of the samples respectively. Age ≥60 years was significant in 77.6% of the time and the 

variables of unhealthy eating habits, physical activity <150 minutes per week, and being an urban 

resident were significant between 60% and 70% of the time. Ever smoking, nephropathy and 

dyslipidaemia appeared as significant in between 45% and 55% of the samples, while the remaining 

variables were significant in less than 45% of the samples. Finally, after trading off between 

parsimony and discrimination powers of the plausible models, the variables age in years, glycaemic 

level (HbA1c %), hypertension, retinopathy, nephropathy, dyslipidaemia, ever smoking, physical 

activity <150 minutes/week, unhealthy eating habits, and urban area of residence (shown in M10 in 

Figure 1), were selected as the predictors for CAD. The variable gender was added to the final 

multilevel mixed-effects model irrespective of their significance status in bootstrapping. 
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Table 2: The average percentage of appearance and ROC in bootstrap-ROC analysis  

 
Coronary artery diseases (CAD)  Stroke  

Variable % of 

appearance as 

significant 

Model  ROC 

(%) 

 Variable % of 

appearance as 

significant 

Model ROC 

(%) 

Hypertension  100.0 M1 64.1  Physical activity (<150 minutes/week) 97.4 M1 63.5 

Poor glycaemic control (HbA1c ≥7%) 99.0 M2 67.2  Non-adherence to treatment 95.3 M2 67.4 

Retinopathy  95.8 M3 70.8  Hypertension  90.5 M3 72.3 

Age ≥60 years   77.6 M4 72.6  Urban resident§ 80.2 M4 74.7 

Unhealthy eating habit 67.9 M5 73.5  Up to secondary level education 61.2 M5 75.0 

Physical activity (<150 minutes/week)  66.7 M6 73.7  Duration of diabetes >10 years 53.2 M6* 77.2 

Urban resident§ 63.7 M7 74.5  Family history of diabetes  43.5 M7 77.1 

Ever smoker 54.6 M8 75.1  Age ≥60 years 41.4 M8 77.0 

Nephropathy 48.7 M9 75.4  Female gender 39.6 M9 77.9 

Dyslipidaemia  46.4 M10* 75.6  Retinopathy  36.9 M10 78.4 

High WHR 42.8 M11 75.8  Unhealthy eating habit 35.5 M11 78.8 

Stroke  30.4 M12 75.9  Ever smoker 25.1 M12 79.0 

Duration of diabetes >10 years  27.9 M13 76.0  History of CAD 22.6 M13 79.2 

Up to secondary level education 23.8 M14 76.0  Diabetic foot 22.0 M14 79.3 

Non-adherence to treatment 22.8 M15 76.1      

BMI ≥27.5 kg/m2 20.3 M16 75.9      

Family history of diabetes  20.0 M17 76.1      
     * The selected model for coronary artery disease (CAD) and stroke based on both the ROC and the percentage of appearance, §Area of residence was adjusted for both of the models using as multilevel variable. 
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Table 3 Beta coefficient and OR (95% CI) for the predictors of coronary artery disease (CAD) and stroke 

Coronary artery diseases (CAD)*  Stroke * 

Variables Beta 

Coefficient 

OR 95%CI  Variables Beta 

Coefficient 

OR 95%CI 

Female gender  -0.07 0.9 0.5-1.2  Female gender -0.38 0.7 0.4-0.9 

Age (in years) 0.03 1.0 1.1-2.3  Age (in years) 0.03 1.0 1.1-2.6 

Glycaemic level (HbA1c %) 0.05 1.1 1.5-9.3  Up to secondary level education 0.58 1.7 1.1-3.1 

Hypertension  1.09 2.9 2.2-4.7  Duration of diabetes (in years) 0.03 1.0 1.1-2.6 

Retinopathy 0.74 2.1 1.5-3.2  Hypertension  0.97 2.6 1.6-4.9 

Nephropathy 0.20 1.2 0.9-2.0  Non-adhere to management 0.79 2.2 1.4-3.6 

Dyslipidaemia  0.42 1.5 1.2-2.1  Physical activity (<150 minutes/week) 0.86 2.4 1.6-3.9 

Ever smoker 0.18 1.2 0.8-1.9  Constant -6.90   

Physical activity (<150 minutes/week) 0.39 1.5 1.1-2.1      

Unhealthy eating habit 0.35 1.5 1.1-2.5      

Constant -5.06        

* Accounts for residential variation in multiple mixed-effect logistic regression  
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Note: M1: model 1, comprised of one variable; M2: model 2, comprised of two variables; M3: model 3, comprised of three variables; and so on. The variables appearing as significant in bootstrapping were 

added into the model, starting from the highest to the lowest. A variable upon deletion that does not change the ROC of a model might be useful in the risk stratification of patients. Therefore, importance should 
be based on a model’s parsimony and the clinical importance of the variable in question. 

 

Figure 1 The selection of the variables into the final model for CAD and stroke (highlighted) 
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Figure 2 Decile-decile plot for coronary artery diseases (CAD) and stroke 

Females had 90% (95% CI 0.5-1.2) lower odds of developing CAD, while the odds of CAD increased 

by 20% (95% CI 0.8-1.9) among people who had ever been smokers, and 50% for both who had 

physical activity <150 minutes/week (95% CI 1.1-2.1) and unhealthy eating habits (95% CI 1.1-2.5). 

The odds of CAD increased by 1% with every additional increase in both age (95% CI 1.1-2.3) and 

HbA1c% (95% CI 1.5-9.3). History of retinopathy, dyslipidaemia and nephropathy increased the odds 

of CAD by 2.1-fold (95% CI 1.5-3.2), 1.5-fold (95% CI 1.2-2.1) and 1.2-fold (95% CI 0.9-2.0), 

respectively. People with hypertension had 2.9-fold (95% CI 2.2-4.7) higher odds of having CAD 

compared to those without hypertension. The model has the bootstrap ROC value of 75.3% and 

calibration power of 99.0% (p-value < 0.001) (Figure 2). 

Risk Prediction Model for Stroke 

The results in Table 2 also show that physical activity <150 minutes per week, not adhering to 

treatment, and hypertension had a significant appearance in 97.4%, 95.3% and 90.5% of the bootstrap 

samples respectively. Residing in an urban area was significant in 80.2% of the times. Education up 

to secondary level and duration of diabetes >10 years were significant in more than 50% but less than 

70% of the samples. The remaining variables were identified as significant in less than 50% of the 

bootstrap samples. The six variables, shown in M6 in Figure 1, were considered as the predictors for 

stroke. These variables are education up to secondary level, duration of diabetes >10 years, 

hypertension, not adhering to treatment, physical activity <150 minutes per week, and residing in an 

urban area. Irrespective of significance status in bootstrapping, age and gender variables were 

considered to the final multilevel mixed-effects model. The results of the final model presented in 

Table 3 showed that females have 70% (95% CI 0.4-0.9) lower odds of developing stroke. With each 

year increase in age, the odds of stroke (95% CI 1.1-2.6) increased by 1%. Education up to secondary 

level had increased odds of stroke of 70% (95% CI 1.1-3.1). The odds of stroke increased by 2.2-fold 

(95% CI 1.4-3.6), 2.4-fold (95% CI 1.6-3.9) and 2.6-fold (95% CI 1.6-4.9), respectively for non-

 

 

 

CAD R²=0.9906 

       P<0.0001 
Stroke R²=0.9925 

            P<0.0001 
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adherence to treatment, physical activity <150 minutes per week, and hypertension. The stroke model 

had a bootstrap ROC value of 76.7% and calibration power of 99.2% (p-value < 0.001) (Figure 2). 

Example - a Case Study for CAD 

Let us consider a male (beta = 0, additive score = 0) patient, who was 65 years old (beta = 0.03, 

additive score = 0.86) and had a recent HbA1c measurement of 13.2% (beta = 0.05, additive score = 

4.4). The patient was a smoker (beta = 0.18, additive score = 1), physically inactive (beta = 0.39, 

additive score = 2.1), and has a healthy eating habit (beta = 0, additive score = 0). Furthermore, the 

patient presented with hypertension (beta = 0.1.09, additive score = 5.6), retinopathy (beta = 0.74, 

additive score = 4.1), nephropathy (beta = 0.2, additive score = 1.6) and dyslipidaemia (beta = 0.42, 

additive score = 2.2). The calculated absolute risk of this patient is 63.9% and the approximate risk 

score is 22, and based on the risk stratification presented in Table 4, the patient falls in the 5th quintile 

of risk groups, hence classified as having a very high-risk of developing CAD. 

Table 4 The stratified additive risk score for patients presented CAD and stroke. 

Risk quintiles  Risk 

groups 

Additive score 

category for CAD 

Additive score 

category for stroke 

1st (0-20% of the patients) Very low 0-9 0-3 

2nd (21-40% of the patients) Low 10-12 4-5 

3rd (41-60% of the patients) Moderate 13-14 6-8 

4th (61-80% of the patients) High 15-17 9-10 

5th (81-100% of the patients) Very high Above 17 Above 10 

 

Online Risk Calculator 

The risk scoring system for both CAD and stroke were translated into a web-based risk scoring tool 

(calculator), which is available online using the following link:  

http://projects.fimaruf.com/rc/ 

Discussion 

Type 2 diabetes prevalence is increasing globally and it is related to CAD and stroke, which are major 

cost incurring among all diabetes related complications. These complications can be prevented or 

delayed by stratifying patients’ risk of having the disease. A risk scoring tool is commonly used to 

stratify and evaluate the overall risk of a disease, monitor individual's progress to control the risk 

factors and provide objective risk estimates that can assist the decision making of health professionals. 

To the best of our knowledge, this is the first attempt to develop risk scoring tools for CAD and stroke 

http://projects.fimaruf.com/rc/?fbclid=IwAR2_XNN8LMbLa7v_6QcJ3jen5rbA9w5eozJ4ueF1TPjWCrcEqWUf2nL0_cY
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for T2DM population in Bangladesh. The developed tools are parsimonious, easy to apply and have 

high discrimination and calibration power. 

In this study, the prevalence of CAD and stroke was 30.5% and 10.1%, respectively, which is 

comparable to the global prevalence that ranges from 14.8% to 40.5% for CAD and from 3.5% to 

10.4% for stroke 40. A limited number of studies in Bangladesh that confer the prevalence of CVD 

including CAD and stroke 41-44, show an increasing trend of CVD. These studies showed that factors 

including rapid urbanisation, habituation of a sedentary lifestyle, change in eating habits, and reduced 

physical activity 43, 44 are related to CVD. An upward trend in the prevalence of CVD shows the 

importance of development of a risk scoring tool specific to the Bangladeshi population to identify 

the patients at risk before onset of complications or in the early stage of complications.  

Similar to previous risk prediction models for CAD and stroke 15-21, this study investigated the 

common risk factors such as age, gender, education, duration of diabetes, glycaemic control, smoking, 

hypertension, and dyslipidaemia. In addition, this study included life-style factors in the risk scoring 

tool. The positive effect of lifestyle behaviour factors such as healthy diet 45 and adherence to 

treatment 46 were evident in literature. Adherence to treatment was found to be significantly 

associated with good glycaemic control, which in turn may be related to reduced risk of diabetes 

complications 44. However, their effect on CVD was not investigated adequately in the previously 

developed risk prediction models. Furthermore, several studies showed that nephropathy, assessed by 

eGFR, is strongly associated with the incidence of CVD and should be considered for the prediction 

of CVD risk 47-49. It is also evident that the prevalence of nephropathy is higher among Asian T2DM 

population compared to others 50. This current study investigated the effect of all T2DM related 

macro- and micro-vascular complications as potential risk factors for CAD and stroke. 

Inclusion of some non-traditional biomarkers such as b-type natriuretic peptide, osteopontin, and 𝛽-

2 microglobulin may improve the prediction performance of complications related to people with 

T2DM 18, 23, 24. However, this study did not consider them as they are not usually collected in routine 

clinical practice and hence, their inclusion may limit the use of the risk scoring tool. The variables 

age ≥60 years, female gender, education up to secondary level, duration of diabetes >10 years, poor 

glycaemic control, hypertension, retinopathy, nephropathy, dyslipidaemia, ever smoking, physical 

activity <150 minute/week, unhealthy eating habits, and non-adherence to treatment were selected as 

significant risk factors in one or both of the tools. 

The bootstrap method was used for developing and validating the underlying model of the risk scoring 

tools as opposed to the traditional split-sample method. The bootstrap method, which uses the entire 

data set for both model development and validation, is preferable over the split-sample method 51. 
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This is due to the fact that splitting the data can decrease the model’s predictive accuracy and 

precision, particularly when the sample size is relatively small 52. In this current study, the risk scoring 

tools for CAD and stroke were developed using the BROC method, which improves parsimony and 

performance of the tools compared to automated and other variable selection methods 33-35. A 

selection of ten variables for CAD and seven variables for stroke in this study confirmed the 

parsimony of the proposed tools. Furthermore, high discrimination and calibration powers of both the 

CAD and stroke models confirmed their classification power. Guidelines for primary prevention often 

use risk scoring tools 16, 53-55 for CVD which combine CAD and stroke. However, a complication-

specific tool is always preferable over a case-mix tool 20, which highlights the importance of 

individual risk scoring tool for CAD and stroke in this current study.  

This study has several limitations and strengths to mention. A professionally mixed population 

recruited from six different hospitals covering rural and urban population, and the collection of 

primary data added strength to this study. Furthermore, use of the bootstrapping method for 

developing parsimonious risk scoring tools increased the potential for their use. Conversely, the cross-

sectional design of this study lacks temporality. Some of the continuous variables were converted 

into categorical variables, which may subject to minor information loss, but a categorical variable is 

clinically more meaningful in a logistic regression model.  

Conclusions  

To conclude, the proposed risk scoring system for CAD and stroke was developed as a simple and 

easily applicable tool in daily practice. This tool, with its high calibration and discrimination powers, 

may increase the screening and lower the diagnostic thresholds related to CAD and stroke for people 

with T2DM in Bangladesh. This tool will support clinicians in patients’ counselling and education 

for planning a primary prevention of CAD and stroke.  
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Context of the study  

Diabetes places an enormous economic burden on the global population, irrespective of whether 

people are rich or poor. The burden of the disease can be defined under two major subgroups: direct 

cost and indirect cost.  

The direct cost affects the public health finance as an expenditure resulting from treatments, medicine 

and hospitalisations. Furthermore, the economy faces a loss related to the indirect cost of diabetes. 

Productivity losses that can be measured through absenteeism (work day lost due to illness), 

presenteeism (impaired work time due to illness), productivity (work day lost due to illness plus 

impaired work time due to illness) and labour force dropout (retirement before the official retirement 

age due to illness) are considered as indirect costs. They have an impact in terms of lost income 

earnings and tax revenue and reduced GDP of the country.  

The impact of diabetes on work productivity has been addressed adequately in the context of HICs 

but there is a lack of studies in LMICs, which include Bangladesh. To make a trade-off between the 

direct costs of prevention initiatives, health services for diabetes and net economic consequences 

taking future productivity gained into account, quantification of the economic burden of diabetes in 

terms of lost productivity is imperative. Therefore, this study aimed to estimate the impact of diabetes 

on productivity in Bangladesh in terms of years of life lost and PALYs lost due to diabetes by using 

a life table model. 

This paper has been included in its manuscript format within this thesis. 
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Abstract 

Aims: Diabetes in the middle ages combined with loss of productivity has the potential to cripple 

countries such as Bangladesh. The loss of productivity due to diabetes has not been well described in 

low and lower-middle income countries which include Bangladesh. Thus, the aim of the present study 

was to estimate the impact of diabetes in terms of mortality, years of life lost, and productivity-

adjusted life years (PALYs) lost in Bangladesh.  

Methods: A life table model was developed using published demographic and mortality data to 

estimate excess mortality, and years of life, and PALYs lost among the Bangladeshi population of 

working age (20 to 59 years), with simulated follow-up until a retirement age of 60 years. Quality of 

life decrements and relative reduction in productivity attributable to diabetes were sourced from a 

cross-sectional survey conducted in Bangladesh in 2017. Two models were constructed; one for the 

individuals with diabetes, and another for the same cohort assuming that they did not have diabetes. 

Differences in the number of deaths, and years of life, and PALYs lived between the two models 

reflected the impact of diabetes. The World Health Organisation standard annual discount rate of 3% 

was applied to YLL and PALYs lived. 

Results: In 2017, 6.9 million (6.9%) people aged 20-59 years in Bangladesh had diabetes. Assuming 

a follow-up of this population (aged 20-59 years) until age 60 years, an estimated 0.8 million excess 

deaths, and loss of 4.0 million life years (5.5%), and 9.2 million PALYs (20.4%) were attributable to 

diabetes. This was equivalent to 0.7 years of life, and 1.6 PALYs lost per person. The loss in PALYs 

equated to a total of US$97.4 billion lost (US$16,987 per person) in gross domestic product (GDP).  

Conclusions: In Bangladesh, the impact of diabetes on productivity and the broader economy looms 

large, and poses a substantial risk to the country’s future prosperity. This highlights the critical 

importance of health strategies aimed at the control of diabetes.  

Keywords: Bangladesh, Cost, Diabetes, Gross Domestic Product, Productivity, Productivity 

Adjusted Life Years 
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Introduction 

Diabetes is a leading cause of morbidity and mortality across the globe (1, 2). According to the 

International Diabetes Federation (IDF), the cluster of low-middle income countries which make up 

South-East (SE) Asia is home to 82 million people (aged 20-79 years) living with diabetes (3). In 

Bangladesh, the prevalence of diabetes has been steadily rising, reaching 6.9% in 2017 (3, 4). 

Compounding the problem, compared to Caucasian populations, Asian populations experience more 

severe complications and greater risk of premature mortality (4, 5). Furthermore, develops at an 

earlier age, meaning the absolute burden of disease is higher among younger populations in Asia (6).  

In addition to the direct (healthcare-related) costs of diabetes, the indirect costs of diabetes are also 

significant. Indirect costs include work productivity losses, which can be measured through 

absenteeism (work day lost due to illness), presenteeism (impaired function at work due to illness), 

or labour force dropout (retirement before the official retirement age due to illness or premature death) 

(7, 8). The economic impact of productivity loss poses a burden to individuals, society and the country 

as a whole in terms of lost income earnings, tax revenue, and reduced gross domestic product (GDP) 

(9, 10). In 2017, an estimated US$89.9 billion was lost due to diabetes-related productivity losses in 

the US, including diabetes-related absenteeism (US$3.3 billion), presenteeism (US$26.9 billion), 

reduced labour force participation (US$37.5 billion), and diabetes related premature deaths (US$19.9 

billion) (9). In Bangladesh in 2017, diabetes was the 8th highest cause of death and disability in the 

country (11). Diabetes also cost Bangladesh approximately US$5.3 billion in direct healthcare costs 

in 2014 (12).   

A number of studies have examined the impact of diabetes on work productivity in high income 

countries (13), but not in low- and lower-middle income countries, which include Bangladesh. This 

information will inform investment in strategies to control diabetes and its complications. Thus, the 

aim of this study was to estimate the health impact of diabetes in the context of years of life, as well 

as the broader economic burden in terms of productivity-adjusted life years (PALYs) lost and their 

implications on GDP (13, 14) in low- and lower-middle income setting such as Bangladesh.  

Research Design and Methods 

Age (in five-year age groups) and sex specific life table models were constructed for the Bangladeshi 

population aged 20 to 59 years, with a follow-up until the official retirement age of 60 years (15), 

with estimation of years of life and PALYs lived. First, a life table model was developed to estimate 

these parameters for the Bangladeshi population of working age with diabetes. Then, the cohort was 

re-simulated with the hypothetical assumption that subjects did not have diabetes, with relevant 

changes to mortality, labour force participation and relative productivity (see below). The differences 
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between the two cohorts in terms of total years of life, and PALYs lived reflected the impact of 

diabetes. The key model inputs and their data sources are shown in supplemental Table S1. The World 

Health Organisation (WHO) standard 3% annual discount rate was applied to all future years of life 

and PALYs lived (16).  

Population and mortality rates 

The demographics of the model population were profiled using IDF estimates for 2017 (3). Data 

regarding diabetes prevalence, stratified by sex and five-years age groups were also derived from the 

2017 IDF Diabetes Atlas (3). Sex and age specific mortality data for 2017 were retrieved from the 

Institute for Health Metrics and Evaluation (IHME)-Global Health Data Exchange (GHDx) database 

(17). Age and sex-specific mortality data for 2017 were extrapolated from the Urban Rural 

Epidemiology Study (CURES - 150) (18). These were attributed to those with and without diabetes 

was based on diabetes prevalence and the relative risk (RR). Based on an assumption that the 

mortality rate for a five-year age group applied to people in the midpoint of that age band, mortality 

rates for age in single years were derived using exponential functions (EMS Table 2). Temporal trends 

in population mortality across the model time horizon was projected using the average annual 

proportional reduction in adult mortality in Bangladesh (1.0% per year) from the United Nations 

World Population Prospects (UN WPP) forecast (19). Annual age and sex specific mortality rates 

were applied to the model in yearly cycles, with deaths assumed to have occurred at the mid-point of 

the year. 

Labour force participation 

Sex and age-specific labour force participation in Bangladesh were sourced from International Labour 

Organisation (ILO) estimates for 2017 (20). Labour force participation was lowest in men aged 20-

24 years (74.5%) and in women aged 55-59 years (30.7%). The participation was highest in men aged 

30-34 years (97.9%) and in women aged 35-39 years (49.2%).  

Utility and productivity indices 

Diabetes-related productivity loss was quantified in terms of productivity indices, which reflect 

relative work productivity impairment, and range from 0 (entirely unproductive) to 1 (entirely 

productive) (13, 14). Productivity indices were derived from estimates of labour force participation 

and absenteeism in people with diabetes compared to those without (21). Diabetes-related labour 

force drop-out was expressed as labour force participation percentage shortfall, and ranged from 7.0% 

in women and 5.2% in men with diabetes aged 20-29 years to 12.8% in women and 8.3% in men with 

diabetes over 40 years (21). These relative reductions were applied to 2017 the ILO gender and age-

group specific population labour force participation rates to estimate labour force participation in 
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those with and without diabetes. All workers were assumed to be in equivalent full-time (EFT) 

employment due to the absence of data on division of the labour force into full and part-time 

employment.  

To estimate PALYs lived by the cohorts, each year lived in the labour force by the cohort was 

multiplied by a productivity index derived from estimates of diabetes-related absenteeism (13, 14). 

This is akin to multiplication of years of life lived by utilities to derive QALYs (22). Absenteeism 

was defined as the number of lost work days per year due to diabetes and was expressed as a 

percentage of the total working days per year. These inputs were derived from primary data collected 

through a cross-sectional study in Bangladesh in 2017 (23), stratified by gender and five-year age 

groups. Absenteeism was estimated to be on average 4.1 days per year in men and 4.9 days in women. 

These represented 1.7% and 2.0%, respectively, of the 240 maximum working days per year in 

Bangladesh. Hence the productivity indices for men and women with diabetes were 0.983 and 0.980, 

respectively.  

Data on GDP per worker were drawn from the World Bank database for 2018 and the figure was 

Tk701,062 (US$8,763) in Bangladesh in 2017 (24). We assumed that the economic value of each 

PALY was equivalent to annual GDP per worker, as per other studies (13, 14). We projected temporal 

trends in GDP across the model time horizon using the Organisation for Economic Co-operation and 

Development (OECD) long-term GDP forecasts (25). The World Health Organisation standard 

annual discount rate of 3% was applied to YLL and PALYs lived. 

Sensitivity and scenario analyses 

First, the individual contribution of absenteeism, labour force drop-out and premature mortality to 

productivity loss were calculated. Secondly, to assess the impact of uncertainty around diabetes-

related mortality risk, productivity indices, and economic data inputs, deterministic sensitivity 

analyses were performed on the model to calculate PALYs lost in the Bangladeshi population with 

diabetes. These estimates included upper and lower 95% confidence intervals (CIs) around estimates 

of all-cause mortality associated with diabetes (26), and varying estimates of absenteeism and labour 

force drop out by 25% (21). Finally, scenario analyses were undertaken to explore other model 

assumptions: doubling the average annual reduction in mortality risk from the UN WPP (1.0% per 

year) to a 2% reduction per year; removing the temporal trend in mortality risk; doubling the annual 

GDP growth rate from 1.8% per year (OECD forecast average annual GDP growth rate) to 3.6% per 

year; removing the temporal trend in GDP per worker (24) ; and varying the annual discount rate of 

to 5% and 1.5% (16).  
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Results  

In 2017, an estimated 6.9 million people (6.9%) aged between 20 years and 59 years in Bangladesh 

had diabetes. The prevalence of diabetes was 7.0% in women and 5.7% in men (Table 1). 

Table 1: The age and gender-specific population and number of people living with diabetes in 

Bangladesh in 2017 

 Men Women 

Age 

group Population a  

Prevalence of 

diabetes (%) a 

Number of 

men with 

diabetes Population a 

Prevalence of 

diabetes (%) a 

Number of 

women with 

diabetes 

20—24 7,862,660 1.8  142,542   7,621,330  3.1  235,700  

25—29 7,312,030 2.7  197,467   7,357,770  4.2  308,150  

30—34 6,796,110 3.9  267,674   7,028,330  5.6  391,801  

35—39 6,118,590 5.5  339,234   6,367,610  7.2  458,686  

40—44 5,211,850 7.4  387,166   5,294,190  8.9  472,611  

45—49 4,626,430 9.4  433,997   4,591,970  10.5  482,417  

50—54 4,012,750 11.1  445,988   3,923,260  11.7  458,192  

55—59 2,962,960 12.3  365,906   2,818,620  12.3  345,557  

Total 44,903,380 5.7  2,579,975  45,003,080 7.0 3,153,114 
a Age and gender-specific population estimates and age and gender-specific prevalence of diabetes based on estimates by 

age and gender from the International Diabetes Federation Diabetes Atlas for 2017 (3). 

Excess mortality and years of life lost to diabetes 

The projected deaths in each five-year age and sex group are shown in Table 2. It was estimated that 

of the current working-age population followed up until retirement, there were 813,807 extra deaths 

due to diabetes, 304,682 among men and 509,125 among women. Over the modelled time horizon, 

3.9 million years (5.5%) would be lost to diabetes, which equated to overall 0.7 years (for both in 

men and women) of life lost per person.  

Table 2: Excess deaths and years of life lived in those with diabetes, and in the same cohort assuming no 

diabetes, over the working lifetime of the Bangladeshi population simulated from life table modelling 

 

Age 

group 

Deaths in 

cohort 

with 

diabetes 

Deaths in 

‘diabetes 

cohort’ 

assuming 

no diabetes 

Excess 

deaths in 

diabetes 

cohort 

Years of life 

lived in 

cohort with 

diabetes 

Years of life lived 

in ‘diabetes 

cohort’ assuming 

no diabetes 

Years of life lost 

(%) 

Men       

20—24 30,555 14,932 15,623 3,220,724 3,274,155 53,431 (1.6) 

25—29 43,782 21,160 22,622 4,096,295 4,186,292 89,997 (2.1) 

30—34 61,053 28,957 32,096 4,984,404 5,132,967 148,563 (2.9) 

35—39 78,945 36,266 42,679 5,492,587 5,722,470 229,883 (4.0) 

40—44 90,752 39,439 51,313 5,193,160 5,514,858 321,698 (5.8) 

45—49 90,204 40,391 49,813 4,610,903 4,870,686 259,784 (5.3) 

50—54 76,201 35,218 40,982 3,306,543 3,458,901 152,358 (4.4) 

55—59 33,603 15,868 17,735 1,339,258 1,372,462 33,204 (2.4) 

Total  505,094 232,231 272,863 32,243,872 33,532,792 1,288,919 (3.8) 
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Age 

group 

Deaths in 

cohort 

with 

diabetes 

Deaths in 

‘diabetes 

cohort’ 

assuming 

no diabetes 

Excess 

deaths in 

diabetes 

cohort 

Years of life 

lived in 

cohort with 

diabetes 

Years of life lived 

in ‘diabetes 

cohort’ assuming 

no diabetes 

Years of life lost 

(%) 

Women       

20—24 51,703 17,955 33,748 4,948,710 5,021,949 73,239 (1.5) 

25—29 69,989 23,854 46,135 5,822,208 5,938,666 116,458 (2.0) 

30—34 91,734 30,327 61,407 6,454,351 6,634,683 180,332 (2.7) 

35—39 109,996 34,592 75,404 6,277,909 6,535,570 257,660 (3.9) 

40—44 114,967 33,217 81,750 4,950,391 5,275,494 325,103 (6.2) 

45—49 103,412 30,790 72,622 3,432,044 3,649,764 217,720 (6.0) 

50—54 77,001 22,168 54,833 3,395,268 3,397,913 2,645 (0.1) 

55—59 31,236 8,575 22,662 1,696,908 1,738,891 41,982 (2.4) 

Total  650,038 201,478 448,560 36,977,790 38,192,929 1,215,139 (3.2) 

Total 1,155,132 433,708 721,423 71,725,721 71,732,349 2,504,059 (3.5) 
Calculation of years of life lived were modelled in life tables with a half cycle correction and were subject to an annual 

discount rate of 3%. 

 

Productivity-adjusted life years and quality-adjusted life years lost to diabetes 

It was estimated that 9.2 million (20.4%) PALYs were lost due to diabetes, which equated to 1.6 

PALYs lost per person (1.7 in men and 1.5 in women) (Table 3). Assuming a constant GDP per EFT 

worker of Tk701,062 (US$ 8763), the economic impact of productivity lost due to diabetes in 

Bangladesh would be Tk7.7 trillion (US$97.4 billion) loss in GDP. This is equivalent to an average 

GDP loss of Tk1,358,969 (US$16,987) per person with diabetes over the working lifespan. 

 

Table 3: Productivity-adjusted life years (PALYs) lived in those with diabetes, and in the same cohort 

assuming no diabetes, over the working lifetime of the Bangladeshi population simulated from life table 

modelling 

Age group 

PALYs lived 

in cohort with 

diabetes 

PALYs lived in 

‘diabetes cohort’ 

assuming no diabetes PALYs lost (%) 

PALYs lost per 

person with 

diabetes 

Men     

20—24 2,671,875 2,967,848 295,973 (10.0) 2.1 

25—29 3,486,379 3,898,715 412,336 (10.6) 2.1 

30—34 4,279,719 4,833,905 554,186 (11.5) 2.1 

35—39 4,684,690 5,371,987 687,297 (12.8) 2.0 

40—44 4,334,462 5,092,370 757,908 (14.9) 2.0 

45—49 3,710,326 4,367,645 657,319 (15.0) 1.5 

50—54 2,528,227 2,974,315 446,088 (15.0) 1.0 

55—59 958,753 1,117,325 158,572 (14.2) 0.4 

Total  26,654,431 30,624,110 3,969,679 (13.0) 1.5 

Women     

20—24 1,456,552 1,936,201 479,649 (24.8) 2.0 

25—29 1,765,396 2,390,714 625,318 (31.7) 2.0 

30—34 1,954,412 2,713,980 759,568 (32.9) 1.9 

35—39 1,842,080 2,650,325 808,245 (34.6) 1.8 

40—44 1,360,367 2,068,313 707,946 (37.3) 1.5 

45—49 840,444 1,339,904 499,460 (38.8) 1.0 
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Age group 

PALYs lived 

in cohort with 

diabetes 

PALYs lived in 

‘diabetes cohort’ 

assuming no diabetes PALYs lost (%) 

PALYs lost per 

person with 

diabetes 

50—54 672,063 1,108,213 436,149 (37.3) 1.0 

55—59 389,432 618,867 229,435 (37.3) 0.7 

Total 10,280,746 14,826,517 4,545,771 (30.7) 1.4 

Total 36,935,177 45,450,627 8,515,450 (18.7) 1.8 

Notes: Calculation of PALYs were modelled in life tables and subject to an annual discount rate of 3%. 

Sensitivity and scenario analyses 

Figure 1 shows the contribution of labour force drop out, mortality and absenteeism to diabetes-

related productivity loss. Labour force drop-out (64.9%) was the major contributor to productivity 

loss followed by mortality (26.8%) and absenteeism (8.3%). Accordingly, the majority of costs 

associated with productivity losses were caused by diabetes-related labour force drop out (Tk5.1 

trillion, US$63.2 billion) followed by mortality (Tk2.1 trillion, US$26.1 billion) and absenteeism 

(Tk648 billion, US$8.1 billion). The proportion of PALYs lost to diabetes-related mortality and 

absenteeism were higher in men (37.0% and 10.2%, respectively) than women (18.0% and 6.7%, 

respectively), while the proportion of PALYs lost to labour force drop-out was higher in women 

(75.2%) than in men (52.8%). 

Figure 1: Economic burden of productivity loss in those with diabetes due to diabetes-related absenteeism, 

premature mortality and labour force drop out over the working lifespan in the Bangladeshi population 
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Table 4 includes sensitivity and scenario analyses. The model was sensitive to a number of inputs 

such as productivity indices, diabetes-related labour force drop-out, and mortality risk, and model 

assumptions including temporal trends in mortality risk and the annual discount rate. The PALYs lost 

to diabetes were reduced by 5.4% and increased by 1.6%, respectively using the upper and lower 

uncertainty bounds of absenteeism estimate compared to the base case. At the hypothetical 25% 

change of diabetes-related labour force drop-out, PALYs lost changed in the same direction by 16.7% 

Applying the upper and lower bounds of 95% CI around estimates of all-cause mortality risk 

associated with diabetes, PALYs lost were increased by 20.5% and decreased by 8.7%, respectively. 

In scenario analyses, the annual reduction in population mortality risk to 2% and removal of the 

temporal trends in population mortality risk resulted +/-1.2% change in PALYs lost. Doubling the 

annual GDP growth rate to 3.6% lead to an increase in the estimate of GDP lost to Tk9.0 trillion 

(US$112.9 billion), while removing all temporal trends in GDP decreased the estimate of GDP lost 

to Tk6.6 trillion (US$81.9 billion). Finally, altering the annual discount rate to 5% and 1.5% 

corresponded to a 17.1% reduction in PALYs lost and a 17.3% increment in PALYs lost, respectively 

(Table 4). 

Table 4: Sensitivity and scenario analyses to assess the impact of the uncertainties around productivity, 

mortality and economic data inputs on Productivity-adjusted life years (PALYs) lost in those with 

diabetes in the Bangladeshi population and the associated economic impact 

  

PALYs lost 

due to 

diabetes 

% change in 

PALYS lost 

compared to 

base case 

GDP lost 

(USD$ 

billion) 

GDP lost per 

person with 

diabetes (USD$) 

Base case 8,515,450  89.0 18,061 

1. Productivity indices upper 

uncertainty bound a 

8,006,695 -5.97 83.8 17,005 

2. Productivity indices lower 

uncertainty bound a 
8,662,166 + 1.7 90.5 18,362 

3. Labour force drop out upper 

uncertainty bound b 
6,938,986 -18.5 73.1 14,835 

4. Labour force drop out lower 

uncertainty bound b 
10,091,914 +18.5 104.9 21,286 

5. Upper uncertainty bound of all-

cause mortality risk associated 

with diabetes c 

11,159,921 +31.1 118.0 23,929 

6. Lower uncertainty bound of all-

cause mortality risk associated 

with diabetes c 

8,466,438 -0.58 88.6 17,965 

7. Temporal trend in population 

mortality risk is doubled to a 

2% reduction per year d 

8,432,686 -1.0 88.1 17,868 

8. No temporal trend in population 

mortality risk d 
8,610,128 +1.1 90.1 18,281 
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PALYs lost 

due to 

diabetes 

% change in 

PALYS lost 

compared to 

base case 

GDP lost 

(USD$ 

billion) 

GDP lost per 

person with 

diabetes (USD$) 

9. Annual GDP growth rate is 

doubled to 3.6% per year e 
  102.8 20,846 

10. No temporal trend in GDP e   75.3 15,275 

11. Annual discount rate increased 

to 5%f 
7,117,931 -16.5 72.8 14,762 

12. Annual discount rate reduced 

to 1.5% f 
9,923,170 +16.5 105.8 21,469 

a Sensitivity analysis 1 & 2 apply (1) a 25% reduction and (2) a 25% increase in absenteeism estimate, holding all other 

model inputs constant 

b Sensitivity analysis 3 & 4 apply (3) a 25% reduction and (4) a 25% increase in diabetes-related labour force drop out 

estimates, holding all other model inputs constant 
c Sensitivity analysis 5 & 6 apply (5) the lower bound of the 95% confidence interval and (6) the upper bound of the 95% 

confidence interval around the estimate of relative risk of all-cause mortality associated with diabetes, holding all other 

model inputs constant 
d Scenario analysis 7 & 8 apply (7) double the annual reduction in mortality risk to 2% per year and (8) no temporal trend 

in population mortality risk, holding all other model inputs constant 
e Sensitivity analysis 9 & 10 apply (9) double the annual growth rate in GDP to 3.6% per year and (10) no temporal trend 

in GDP across the model, holding all other model inputs constant. These sensitivity analyses do not affect the number 

of PALYs lived but do affect their assumed value and therefore the resulting GDP lost 
f Sensitivity analysis 11 & 12 apply an annual discount rate (11) increased to 5% (in line with the WHO standard annual 

rate) and (12) reduced to 1.5%. 

Discussion 

This study highlights that diabetes would lead to a significant reduction in years of life lived and 

productivity when projected among a cohort of working age Bangladeshi population with diabetes. 

Assuming a follow-up of this population until the retirement age an estimated 0.8 million excess 

death, loss of 4.0 million life years (5.5%) and 9.2 million PALYs (20.4%) were expected due to 

diabetes. 

The productivity loss attributable to diabetes represents a combined effect of premature mortality, 

diabetes-related labour force drop-out and absenteeism during the working lifespan. Over the working 

lifespan of the diabetes cohort, higher all-cause mortality risk in those with diabetes resulted in a 

5.5% reduction in years of life lived and was almost similar in men and women. This is consistent 

with the previous study conducted in India (18) but is contrary to the findings of a study conducted 

in China showing higher mortality risk in working age Chinese men than women (27). The relative 

impact of diabetes on years of life lost was higher among younger people due to their longer working 

lifespan, though the prevalence of diabetes among younger age groups was lower.  

Traditional health economic analyses evaluate the cost-effectiveness of health interventions in terms 

of net costs per year of life saved or QALY saved (28, 29), but they have no inherent financial value. 

This study estimates showed that the loss of productivity, measured in terms of PALYs, among the 

working population has economic implications as it can be ascribed a financial value. The results of 
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our modelling estimate the loss of over 9.2 million PLAYs in those with diabetes, or 1.6 PALYs per 

person, over a working lifespan. The average number of PALYs lost (1.6) per person with diabetes 

in Bangladesh was higher than that reported in recent studies conducted in Australia (1.4) and China 

(1.3) (13, 30). The retirement age for men in Bangladesh is similar to men in China but for women it 

is five years higher than women in China (30). Compared to Australia, a high-income country, 

retirement age in Bangladesh is 10 years lower in both gender (13), people living with diabetes in 

Bangladesh incurred higher productivity losses over a shorter timeframe compared to the Australian 

population. Additionally, greater productivity loss would be borne by younger people as with years 

of life lost due to diabetes, in proportional terms, is greater for them. This reflects the higher mortality 

risk and labour force drop out in Bangladesh compared to Australia (13). Our model did not account 

the direct cost of diabetes and thus, if considered the broader economic burden of diabetes in 

Bangladesh could be multi-fold higher than the current estimates, which is mirrored in previous 

studies (9, 21). 

The most recent study conducted in Bangladesh showed that 40% of people with type 2 diabetes had 

the disease before the age of 40 years (31). This study showed that the relative impact of diabetes on 

productivity loss was greater in younger people, reflecting the greater cumulative losses associated 

with early onset diabetes. The absolute number of PALYs lost was greater in men (1.7) than in women 

(1.5). This is because the higher labour-force participation of men than women in Bangladesh (20), 

that cause higher diabetes-related productivity losses among men. However, the relative reduction in 

productivity due to diabetes was higher in women (32.5%) than men (14.5%), driven by higher labour 

force drop outs (75.2% in women vs 52.8% in men). There is evidence of an employment shortfall in 

people with diabetes compared to those without diabetes (9, 32, 33). Results from studies in the US 

showed that diagnosis of diabetes was associated with approximately double the labour force 

participation shortfall and compared to men with diabetes, more work days lost in women with 

diabetes (34, 35).   

We estimated an average GDP loss of Tk 1,358,969 (US$16,987) per person with diabetes over the 

working lifespan. According to Islam et.al, Bangladesh spends a much lower percentage (3.5%) of 

its GDP on health compared to neighbouring counties like Maldives (10.8%) or countries with similar 

economic status like South-Africa (8.9%) and Tanzania (7.3%) (36). Nevertheless, allocating funds 

to health care and money spent on prevention strategies may yield a better return on investment. If 

the amount representing GDP lost to diabetes over the working lifespan in the current diabetes cohort 

in Bangladesh was directed to prevention of diabetes, this could be viewed as an ‘investment’ rather 

than as an ‘expenditure’, as financial benefits would accrue not only from work productivity gains, 

but also reductions in direct costs of diabetes treatment and management. Acknowledging that 
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diabetes is not 100% preventable, if even 10% of diabetes was prevented, Tk 135,89 (US$1,698) 

could be spent per working age person as, at least, a break-even investment.  

This study quantifies the macroeconomic burden of diabetes-related lost productivity using 

contemporary age- and gender-specific estimates of diabetes prevalence by the IDF, mortality risk, 

and labour force participation (3). The major strength of the study is, we used PALYs to calculate 

productivity losses. PALYs are able to ascribe a financial value in terms of GDP and net costs. PALYs 

represent a useful measure alongside QALYs which require the calculation of incremental cost-

effectiveness ratios to estimate the impact of health interventions. Strengths of our study include the 

use of productivity indices and utility values which were stratified by age, gender, and the type of 

work that people undertake and were sourced from a study conducted on Bangladeshi population, 

thus, estimates of the impact of diabetes on the productivity of specific subgroups were more precise 

and are generalisable to the total Bangladeshi population. In addition, we used contemporary age-

group and gender-specific estimates of diabetes prevalence, mortality risk, labour force participation 

and in-work productivity, which can inform the targeting of interventions. Life table modelling 

allowed us to capture the impact of diabetes-related productivity losses across the working lifespan.  

Life table modelling is a well-recognized tool used in epidemiological and demographic studies but 

is subject to uncertainty and this is one of the limitations of the study. The uncertainty around 

productivity indices was explored in sensitivity and scenario analyses and found that the developed 

model was more sensitive to variation in labour force drop out (±16.7%) while varying absenteeism 

by 25% had a minimum effect on estimates of PALYs lost (+1.6%, -5.4%). Our model did not account 

for the large proportion of people (56%) who are unaware of the presence of diabetes (37). Thus, 

these results may be considered an underestimation of the effect of diabetes on work productivity as 

diabetes could still exert an impact in those with undiagnosed diabetes. We also assumed that current 

projections in temporal trends in mortality rates and GDP growth held true across the model time 

horizon. However, in scenario analyses, the doubling and removal of the trend in population mortality 

rates affected the model output by <2%, although estimates of GDP lost were more sensitive to the 

equivalent changes in GDP growth rate. The contribution of comorbidities of diabetes such as obesity 

and hypertension to productivity loss could not be distinguished from these estimates. Due to the 

absence of available data, an assumption was made that work will relate to paid employment and the 

population worked full-time, and no attempt was taken for unpaid and part-time workers. 

Furthermore, diabetes might impact on GDP in ways other than through productivity losses (8, 10). 

While these limitations may affect the current estimates of our model, the overall conclusion of the 

study is unlikely to be changed. 
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Conclusion  

Diabetes creates a substantial burden on the Bangladeshi population, not only in terms of health and 

well-being, but also in terms of lost productivity. By quantifying the economic burden of diabetes in 

terms of missed production opportunities, rather than health expenditure only, our findings highlight 

the importance of prevention, treatment, and adequate control of diabetes in Bangladesh as an 

investment. An economic payoff through gains in productivity can be achieved by interventions 

aimed to prevent and adequately control diabetes. Future studies should aim to describe the dynamics 

of the balance between the economic benefits arising from productivity gains and the greater 

investment in prevention and health services for diabetes.   
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Electronic Supplementary Material (ESM) 

 
ESM Table 1: Description and source of data used as inputs for life table models. 

Model input and description Data source 

Population:  

The 2017 population of Bangladesh, stratified 

by gender and 5-year age groups 

 

International Diabetes Federation: IDF Diabetes 

Atlas (8th edition) (1). 

Diabetes Prevalence: 

Prevalence of T2Dm in Bangladesh in 2017, 

stratified by gender and 5-year age group 

 

International Diabetes Federation: IDF Diabetes 

Atlas (8th edition) (1).  

Mortality rates: 

Mortality rate in the 2017 population of 

Bangladesh, stratified by gender and 5-year age 

groups 

Temporal trends in population mortality rate 

 

 

 

Relative risk (RR) of all-cause mortality 

associated with diabetes 

 

IHME-Global Health Data Exchange (GHDx) 

database (2) 

 

Projected average annual proportional reduction 

in adult mortality in Bangladesh (1.0%) from 

the United Nations (UN) World Population 

Prospects (WPP) forecast.(3) 

The Chennai Urban Rural Epidemiology Study 

(CURES - 150) of adults with diabetes. (4)  

Population Labour force participation: 

Labour force participation in Bangladesh in 

2017, stratified by gender and 5-year age 

groups 

International Labour Office: ILO Labour force 

estimates and projections: 1990-2030.(5) 

Diabetes-related productivity losses: 

Productive time loss due to diabetes in 2017, 

stratified by gender and 5-year age groups 

 

 

Labour force participation shortfall and 

absenteeism in those with T2DM 

 

Primary data collected from a cross-sectional 

survey among Bangladeshi population with 

diabetes in 2017. 

 

Bommer et al. The global economic burden of 

diabetes in adults aged 20–79 years: a cost-of-

illness study. The Lancet Diabetes & 

Endocrinology 2017;5:423-430.(6) 

Gross Domestic Product (GDP): 

The GDP and GDP per effective full-time 

(EFT) Bangladeshi worker in 2017. 

 

International Labour Organization, ILOSTAT 

database. Data retrieved in September 2018. 

(https://data.worldbank.org/indicator/SL.GDP.P

CAP.EM.KD?locations=BD&view=chart) 

The World Bank: World Development 

indicators, 2017.(7) 

 

 



 
 

Page | 137 
 

Temporal trends in GDP growth rate Organisation for Economic Co-operation and 

Development (OECD) long-term GDP forecasts 

(8). 

 

ESM Table 2: Annual mortality rate in the total population, those with diabetes and those without 

diabetes in Bangladesh in 2017 by age group and sex based on the GBD 2017 (1). 

 

Age group Mortality rate in the 

total population per 

person year  

Mortality rate among 

people without diabetes 

per person year 

Mortality rate 

among people with 

diabetes per person 

year 

Men    

20-24 0·00074 0.00067 0.00501 

25-29 0·00088 0.00078 0.00451 

30-34 0·00115 0.00100 0.00468 

35-39 0·00142 0.00123 0.00474 

40-44 0·00223 0.00191 0.00626 

45-49 0·00382 0.00326 0.00925 

50-54 0·00679 0.00583 0.01452 

55-59 0·01131 0.00922 0.02617 

Women    

20-24 0·00078 0.00058 0.00704 

25-29 0·00087 0.00065 0.00599 

30-34 0·00087 0.00064 0.00474 

35-39 0·00119 0.00087 0.00526 

40-44 0·00201 0.00147 0.00750 

45-49 0.00253 0.00187 0.00818 

50-54 0.00532 0.00400 0.01527 

55-59 0·00748 0.00529 0.02315 

 

Calculation of annual mortality rates in those with and without diabetes in the Bangladeshi population by age 

group and sex was based on the following formula: 

 

MortNon-diabetes = MortTotal / (DiabetesPrevalence*RR+(1-DiabetesPrevalence)) 

 

The mortality rate for those with diabetes were based on the following formula: 

 

MortDiabetes = MortNon-diabetes*RR 

 

Where: 

MortTotal = total deaths in population/total population 

MortDiabetes = mortality rate in those with diabetes 

MortNon-diabetes = mortality rate in those without diabetes 

RR=relative rate of all-cause mortality in those with diabetes compared to those without diabetes 
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Average annual proportional reduction in adult mortality in Bangladesh (1.0% per year) from the United 

Nations (UN) World Population Prospects (WPP) forecast,4 was applied progressively across the model time 

horizon. 
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9.1 Overview of the Main Findings 

This thesis has five main objectives: first, to estimate the COI for T2DM in Bangladesh; second, to 

assess the influence of complications on total cost and hospitalisation; third, to find the prevalence of 

glycaemic control and its associated factors among people with T2DM; fourth, to find the prevalence 

of macrovascular and microvascular complications and explore their associated factors, as well as to 

develop a risk scoring tool for CVD as it was found to be the most prevalent and cost-incurring 

complication among the Bangladeshi T2DM population; and finally, to use a life table model to 

estimate the impact of diabetes on lost productivity in Bangladesh. There are five individual chapters 

in this thesis, each of which presents the study findings related to each of the objectives. The key 

findings of each chapter are summarised below. 

9.1.1 Cost-of-illness of type 2 diabetes mellitus in Bangladesh  

Chapter 4 shows that of the average annual cost of US$865 for a person with T2DM in Bangladesh, 

the medicine cost was the highest contributor followed by the hospitalisation cost. Patients who had 

a history of hospitalisation had a 4.2-fold higher average annual cost than those without 

hospitalisation. The average annual cost for each person with T2DM in Bangladesh appears to be 

considerably higher than in the neighbouring countries (1, 2) but lower than in the high- or upper-

middle-income countries (3, 4) in Asia. 

We investigated the contribution of several demographic and clinical factors to the average annual 

cost. Consistent with a previous study (5), the finding of this study showed that older age and being 

female were more likely to incur higher cost. This may be due to the fact that females had better 

awareness about diabetes and attended more regular follow-up check-ups (6). Urban residents spent 

more than rural residents, which may be due to the fact that urban residents have higher income and 

therefore are more able to afford the cost of treatment. The results also showed that 13.5% of 

participants had income less than the estimated average annual cost, which creates a notable financial 

burden for a family as almost all expenses were OOP in Bangladesh.  

Chapter 4 also shows that the direct cost had the largest share (90.5%) of the overall cost. Among all 

the cost components of the overall direct cost, the medicine cost was the major contributor (60.7%). 

This finding is similar to those of the studies conducted in Pakistan (2) and India (1). Better adherence 

to medication, higher percentage of insulin users and high cost of insulin may be the reasons for the 

high medicine cost, which makes it the main contributor. Furthermore, presence of comorbidity and 

complication were identified as significant cost contributors that emphasise the importance of 

optimisation of the management of diabetes-related complications and comorbidities. The cost of 
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diabetes care was found to be increased with the increasing duration of diabetes, which adds multiple 

complications and comorbidities, making the disease condition more critical.  

The estimated average annual cost of US$864.7 per person with T2DM is 52% of per capita GDP of 

Bangladesh (7) and 9.8-fold higher than the general healthcare cost (8). Therefore, this chapter of 

thesis highlights the importance of the development and improvement of interventions for better 

control of T2DM and the prevention of its complications to avoid the threat to healthcare financing. 

9.1.2 Burden of type 2 diabetes-related complications on hospitalisation and healthcare cost  

Chapter 5 of this thesis reported the burden of macrovascular and microvascular complications on 

hospitalisation and healthcare cost among people with T2DM in Bangladesh. The key finding of this 

chapter was that 63.4% of participants had complications, of which 14.8% had macrovascular 

complications, 20.7% had microvascular complications and 27.9% had both. The cost of diabetes 

care is significantly associated with the level of complications that lead to hospitalisation. In this 

study, the OPD cost was significantly higher for patients with the presence of CAD, nephropathy and 

retinopathy as these patients required frequent OPD follow-ups. Furthermore, the hospitalisation cost 

was higher for patients with stroke and nephropathy, which may be due to the fact that these 

complications are related to higher treatment and prolonged hospital stay costs. 

The findings of this study in chapter 5 also show that patients under the insulin mode of treatment 

were more prone to be hospitalised and thus incurred higher cost than those treated with an oral 

hypoglycaemic agent only. This may be due to the fact that the higher cost of insulin increases the 

spending for patients using insulin with a combination of OHA. Moreover, patients are generally 

prescribed insulin with or without a combination of OHA when the monotherapy fails to maintain the 

blood glucose that requires multiple modalities of treating hyperglycaemia or they have multiple 

complications that makes them prone to hospitalisation. As described in previous studies (9, 10), this 

study also shows that patients with the presence of any complication experienced almost double the 

healthcare cost of those without any complication. Furthermore, the cost increased considerably as 

the number of complications increased and it was 3-fold higher for patients with the presence of both 

macrovascular and microvascular complications than for patients without any complication. The 

number and severity of complications increased the likelihood of hospitalisation that boosts the cost 

increment, which is also evident in the literature (11-14). 

All these findings indicate that people with T2DM in Bangladesh should be under the coverage of 

screening and monitoring programs on a regular basis to avoid T2DM-related complications. These 

programs should be subsidised by the government as the patients are paying all the costs OOP and 
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more than 12% of households in the country have to borrow money or sell household assets to pay 

healthcare costs related to chronic diseases (15).  

9.1.3 Glycaemic control: an important aspect of diabetes management  

Glycaemic control, which is considered as the main therapeutic goal for prevention of the injurious 

effects of hyperglycaemia and its consequences, has been described in chapter 6. The key results of 

the study in chapter 6 show that 81.8% of the study participants did not achieve the recommended 

HbA1c target of lower than 7% and 54.7% showed very poor control (HbA1c ≥9%). This finding is 

consistent with the findings of previous studies conducted in Bangladesh (16, 17).  

In this chapter, we also widened the investigation to the factors related to poor glycaemic control and 

how the identified factors play a role in different durations of T2DM. Consistent with the literature 

(16, 18-21), the non-modifiable factors of female gender, low level of education and rural residence 

were found to be associated with uncontrolled glycaemic level.  

Smokeless tobacco consumption, which is very common in South Asian countries, was found to be 

associated with uncontrolled glycaemic level for participants with shorter duration (≤5 years) of 

T2DM. Furthermore, a relationship was identified between unhealthy eating habits, infrequent 

follow-up check-ups and poor glycaemic control. These findings highlight the importance of active 

and individualised education intervention to motivate patients to eat healthily, attend frequent follow-

up check-ups and avoid smokeless tobacco consumption. 

The results of this study also showed that insulin use and history of CVD were associated with poor 

glycaemic control. The insulin users are expected to have better control, which is contradictory to our 

findings. This reinforces the need for further research to determine why a large proportion of insulin 

users have uncontrolled diabetes in Bangladesh. Furthermore, the findings highlight the need for 

optimisation of CVD management. Another important finding of this study was the association 

between impaired cognitive function and poor glycaemic control, which is evident in the context of 

developed countries (22-24) but no similar data was found in the context of developing countries, 

including Bangladesh. 

The identified associated factors will help healthcare providers to individualise the choice of 

glycaemic goals in reference to duration of diabetes. This goal individualisation will significantly aid 

in improving patient care and health outcomes. 
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9.1.4 Type 2 diabetes-related macrovascular and microvascular complications: risk factors and 

risk scoring system  

There are few studies on the prevalence of macrovascular and microvascular complications of T2DM 

in Bangladesh in the literature, which has been addressed in one (7a) of the studies included in chapter 

7. Another study (7b) in which we developed a risk scoring tool for CVD for people with T2DM in 

Bangladesh was also included in chapter 7. 

The key results of Study 7a showed that the prevalence of macrovascular complications of CAD, 

stroke and diabetic foot was 30.5%, 10.1% and 12% respectively, while the prevalence of 

microvascular complications of nephropathy, neuropathy and retinopathy was 34%, 5.7% and 25.1% 

respectively. Several modifiable and non-modifiable factors of female gender, higher age, lower 

education level, urban area of residence, higher household income, smoking, physical inactivity, 

hypertension, poor glycaemic control, poor adherence to treatment, longer duration of diabetes, and 

insulin use were identified to be associated with one or more of the macrovascular and microvascular 

complications. 

Study 7b aimed to develop a risk scoring tool for CVD (CAD and stroke) in people with T2DM in 

Bangladesh. The bootstrap method was used for the model development and validation, which is 

recommended for a relatively small sample (25) as opposed to the traditional split-sample method 

(26). In this study, the risk scoring tools for CAD and stroke were developed separately using the 

BROC method, which improves the parsimony and prediction performance of the model compared 

to automated and other variable selection methods (27-29). The developed risk scoring systems with 

their high calibration and discrimination powers are the simplest and most easily applicable tools in 

daily practice. 

The developed CVD risk scoring tool will support clinicians in motivating and educating the patients 

for better managing the disease. Furthermore, it could potentially assist policy makers in developing 

conservative health policies and risk prevention approaches such as diet and lifestyle modifications, 

which were identified to be associated with CAD and stroke in the Bangladeshi T2DM population.  

9.1.5 Evaluation of the impact of diabetes on the economy of Bangladesh 

The impact of diabetes in terms of mortality, years of life lost and PALYs lost in Bangladesh is 

described in the study included in chapter 8. In 2017, the prevalence of diabetes was 6.9% (6.9 million 

people aged 20-59 years) in Bangladesh. Assuming a follow-up of this population (aged 20-59 years) 

until a retirement age of 60 years, an estimated 0.8 million excess deaths, and loss of 4.0 million life 

years (5.5%) and 9.2 million PALYs (20.4%) were attributable to diabetes. This was equivalent to 
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0.7 years of life, and 1.6 PALYs lost per person. The loss in PALYs equated to a total of US$97.4 

billion lost (US$16,987 per person) in GDP.  

Bangladesh spends a much lower percentage (3.5%) of GDP on health than the neighbouring counties 

such as Maldives (10.8%) and countries with a similar economic status like South Africa (8.9%) and 

Tanzania (7.3%) (30). However, allocating funds to healthcare and money spent on prevention 

strategies should be perceived as an investment rather than expenditure. 

The results of our study highlight that the prevention of diabetes and diabetes complications is vitally 

important from both an economic perspective and a health perspective. Investment in the management 

of disease such as diabetes, which is highly prevalent and consequential will be of paramount 

importance, especially in developing countries where the diabetes prevalence is rising at a much more 

rapid rate in the working-age population than in developed countries (31). An economic pay-off 

through gains in productivity can be achieved by interventions aimed at the prevention and adequate 

control of diabetes. 

9.2 Strengths and limitations 

The strengths and limitations pertaining to each of the studies presented as individual publications 

are summarised in the respective sections. Therefore, here, I will discuss the limitations and key 

strengths of this thesis in general, as all the studies were sourced from the same dataset except study 

eight, where some secondary data sources were used.  

Chapter 4 to 7b are based on the cross-sectional survey that was conducted between March and 

September 2017 in Bangladesh. The cross-sectional nature of the study may not provide reliable 

insights on temporal relationships; however, it has uncovered many important aspects of T2DM in 

Bangladesh that helped to fill the gaps in the current literature. Furthermore, the developed risk 

scoring tool described in study 7b needs the inclusion of prospective measurements which may further 

refine the models that identified the associated factors of CVD. To find out potential risk factors for 

one complication; other complications (CAD, Diabetic foot, Stroke) from the same patients were used 

in the model. Therefore, there is a potential risk of multiplicity, which has not been addressed in this 

thesis. Study 8 was based on a life table model, a simple and recognised tool used in epidemiological 

and demographic studies that has its inherent limitation of uncertainty and was explored in sensitivity 

analyses.  

In contrast, the recruitment of participants and the information collection procedures using web-based 

software ensured data quality. Data collection from six hospitals affiliated with BADAS, the largest 

diabetes care provider in the country, supported the recruitment of a heterogenous professional-mixed 

population residing in rural-urban locations. Furthermore, it increased the likelihood of the 
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generalisability of the findings to people with T2DM attending hospitals affiliated with BADAS 

across the country. 

9.3 Implications and Future Research Directions 

The studies that have been included in this thesis have several clinical and public health implications 

and, suggestions for future research directions, which are described below. 

9.3.1 Clinical implications 

This thesis has provided substantive evidence on the average cost of T2DM care, the clinical and 

economic burden of T2DM-related complications, factors associated with macrovascular and 

macrovascular complications and the current scenario of glycaemic control among the Bangladeshi 

T2DM population. The clinical implications specific to each study are listed below: 

1. Study 4 provided the most up-to-date information on the economic burden incurred by T2DM 

in Bangladesh which is supportive for both patients and clinicians in identifying and 

quantifying the costs attributed to T2DM.  

2. Study 5 highlighted the most cost contributing T2DM related complications that will help 

clinicians to be more focused on these complications while treating and managing patients 

with T2DM.  

3. The high prevalence of inadequate glycaemic control estimated in study 6 emphasised the 

need for regular monitoring and counselling to prevent long-term diabetes complications. 

Furthermore, the identified modifiable factors of inadequate glycaemic control highlighted 

the importance of being compliant with follow-up check-ups and lifestyle modifications to 

control or delay the onset of long-term complications.  

4. Study 7a demonstrated that CAD among macrovascular and nephropathy among 

microvascular complications were the most prevalent and thus need the highest attention of 

the clinicians during patient follow-up and treatment. Moreover, the findings of this study 

highlighted the need for lifestyle modification by identifying the modifiable factors of 

complications. The developed risk scoring tools for CAD and stroke, in study 7b, can aid 

clinicians to educate and motivate patients. Also, patients can use this tool to calculate their 

risk of complications and hence adapt better management strategies for prevention. This will 

help patients in reducing their long-term economic burden. 

5. The substantial burden quantified through the life-table model in study 8 highlighted the 

importance of prevention, treatment, and adequate control of diabetes in Bangladesh. 
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9.3.2 Public health policy implication 

The outcome of this thesis has important implications for health service planners and policy makers 

in Bangladesh regarding the prevention and control of T2DM. One of the major implications of this 

thesis is that the identified cost contributors of T2MD care will help public health policy makers to 

prioritise and allocate the scarce healthcare resources of a country like Bangladesh. We recommend 

that policy makers, the government and healthcare providers focus on improving the understanding 

of modifiable risk factors that are associated with various T2DM-related complications and glycaemic 

control. Thus, they may able to develop and improve tailored and complication specific strategies in 

advocating a diabetes management plan. They should pay special attention to the complications that 

are the highest cost contributors and develop cost-effective health strategies to maximise health 

outcomes for the T2DM population in Bangladesh. 

The developed risk scoring tool will help to manage adverse disease progression and thus aid in 

reducing long-term treatment expenditure. Furthermore, the findings of the developed economic 

model will assist public health policy makers in designing effective public health strategies regarding 

the control and prevention of diabetes to avoid the burden in the long-term. 

9.4 Future Research Directions 

Bangladesh belongs to the IDF Southeast Asia region, which is considered as the epicentre of the 

diabetes epidemic. There is a huge gap in the literature regarding several important aspects of T2DM 

in Bangladesh. This thesis has been designed to fill the gaps in the literature and at the same time, to 

make some suggestions regarding future research directions to overcome its limitations. The cross-

sectional design of this project may able to identify the plausible factors but unable to establish the 

temporal relationship with the outcome, which requires longitudinal cohort studies. We recommend 

the inclusion of prospective measurements in the development of a risk scoring system to refine the 

current developed tool for CVD and that complications of T2DM other than CVD should be 

considered in future risk prediction model development. Furthermore, future studies should aim to 

describe the dynamics of the balance between the economic benefits arising from productivity gains 

and the greater investment in prevention and health services for diabetes. 

9.5 Conclusion 

Prevention, treatment and adequate control of T2DM and its consequences are of paramount 

importance, especially in developing countries like Bangladesh where diabetes prevalence is rising 

much more rapidly than in developed countries. This doctoral thesis addressed several important gaps 

in the literature within the scope of cost-of-illness, the influence of complications on total cost, 

glycaemic control and its associated factors, the prevalence and factors related to macrovascular and 
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microvascular complications, risk scoring tool development and the impact of diabetes on the 

economy of Bangladesh. The insights drawn from this thesis may prove useful to policy makers, 

clinicians and patients alike to gain an understanding of the magnitude of the disease, effective policy 

development for better management of the disease and ideal use of scarce healthcare resources. 

9.6 References  

1. Tharkar S, Devarajan A, Kumpatla S, Viswanathan V. The socioeconomics of diabetes from a 

developing country: a population based cost of illness study. diabetes research and clinical 

practice. 2010;89(3):334-40. 

2. Khowaja LA, Khuwaja AK, Cosgrove P. Cost of diabetes care in out-patient clinics of Karachi, 

Pakistan. BMC health services research. 2007;7(1):189. 

3. Wang W, McGreevey WP, Fu C, Zhan S, Luan R, Chen W, et al. Type 2 diabetes mellitus in 

China: a preventable economic burden. The American journal of managed care. 

2009;15(9):593-601. 

4. Ng CS, Toh MPHS, Ko Y, Lee JY-C. Direct medical cost of type 2 diabetes in Singapore. PloS 

one. 2015;10(3):e0122795. 

5. Bhattacharyya SK, Else BA. Medical costs of managed care in patients with type 2 diabetes 

mellitus. Clinical therapeutics. 1999;21(12):2131-42. 

6. Akter S, Rahman MM, Abe SK, Sultana P. Prevalence of diabetes and prediabetes and their 

risk factors among Bangladeshi adults: a nationwide survey. Bulletin of the World Health 

Organization. 2014;92:204-13A. 

7. Bangladesh Bureau of Statistics SaID, Ministry of Planning. NATIONAL ACCOUNTS 

STATISTICS, April 2018. 

8. Chuang L-M, Soegondo S, Soewondo P, Young-Seol K, Mohamed M, Dalisay E, et al. 

Comparisons of the outcomes on control, type of management and complications status in early 

onset and late onset type 2 diabetes in Asia. Diabetes research and clinical practice. 

2006;71(2):146-55. 

9. Bakst A, Wisner C, Kirsch J, Hood S, Mera R, editors. The cost of diabetes in Europe-Type 2 

Study: micro-and macrovascular complications and disease progression are primary 

independent drivers of increased costs in diabetes. Diabetologia; 2000: SPRINGER-VERLAG 

175 FIFTH AVE, NEW YORK, NY 10010 USA. 



 
 

Page | 148 
 

10. Schmitt-Koopmann I, Schwenkglenks M, Spinas GA, Szucs TD. Direct medical costs of type 

2 diabetes and its complications in Switzerland. The European Journal of Public Health. 

2004;14(1):3-9. 

11. Williams R, Van Gaal L, Lucioni C. Assessing the impact of complications on the costs of Type 

II diabetes. Diabetologia. 2002;45(1):S13-S7. 

12. Chatterjee S, Riewpaiboon A, Piyauthakit P, Riewpaiboon W, Boupaijit K, Panpuwong N, et 

al. Cost of diabetes and its complications in Thailand: a complete picture of economic burden. 

Health & social care in the community. 2011;19(3):289-98. 

13. Riewpaiboon A, Pornlertwadee P, Pongsawat K. Diabetes cost model of a hospital in Thailand. 

Value in health. 2007;10(4):223-30. 

14. Bhattacharyya SK. Predicting hospitalisation of patients with diabetes mellitus. 

Pharmacoeconomics. 1998;13(5):519-29. 

15. Rahman MM, Gilmour S, Saito E, Sultana P, Shibuya K. Self-reported illness and household 

strategies for coping with health-care payments in Bangladesh. Bulletin of the World Health 

Organization. 2013;91(6):449-58. 

16. Selim S, Pathan F, Saifuddin M, Latif Z, Karim N. The challenge of proper glycaemic control 

among patients with type 2 diabetes in Bangladesh. Sri Lanka Journal of Diabetes 

Endocrinology and Metabolism. 2016;6(2). 

17. Latif Z, Jain A, Rahman M. Evaluation of management, control, complications and 

psychosocial aspects of diabetics in Bangladesh: DiabCare Bangladesh 2008. Bangladesh 

Medical Research Council Bulletin. 2011;37(1):11-6. 

18. Mendes ABV, Fittipaldi JAS, Neves RCS, Chacra AR, Moreira ED. Prevalence and correlates 

of inadequate glycaemic control: results from a nationwide survey in 6,671 adults with diabetes 

in Brazil. Acta diabetologica. 2010;47(2):137-45. 

19. Sanal T, Nair N, Adhikari P. Factors associated with poor control of type 2 diabetes mellitus: a 

systematic review and meta-analysis. Journal of diabetology. 2011;3(1):1-10. 

20. Al-Akour N, Khader Y, Alaoui A. Glycemic control and its determinants among patients with 

type 2 diabetes mellitus attending a teaching hospital. J Diabetes Metab. 2011;2:129. 

21. Yin J, Yeung R, Luk A, Tutino G, Zhang Y, Kong A, et al. Gender, diabetes education, and 

psychosocial factors are associated with persistent poor glycemic control in patients with type 



 
 

Page | 149 
 

2 diabetes in the Joint Asia Diabetes Evaluation (JADE) program. Journal of diabetes. 

2016;8(1):109-19. 

22. Cukierman-Yaffe T, Gerstein HC, Williamson JD, Lazar RM, Lovato L, Miller ME, et al. 

Relationship between baseline glycemic control and cognitive function in individuals with type 

2 diabetes and other cardiovascular risk factors: the action to control cardiovascular risk in 

diabetes-memory in diabetes (ACCORD-MIND) trial. Diabetes care. 2009;32(2):221-6. 

23. Abbatecola A, Rizzo M, Barbieri M, Grella R, Arciello A, Laieta M, et al. Postprandial plasma 

glucose excursions and cognitive functioning in aged type 2 diabetics. Neurology. 

2006;67(2):235-40. 

24. Manschot SM, Brands AM, van der Grond J, Kessels RP, Algra A, Kappelle LJ, et al. Brain 

magnetic resonance imaging correlates of impaired cognition in patients with type 2 diabetes. 

Diabetes. 2006;55(4):1106-13. 

25. Steyerberg EW. Clinical prediction models: a practical approach to development, validation, 

and updating: Springer Science & Business Media; 2008. 

26. Billah B, Huq MM, Smith JA, Sufi F, Tran L, Shardey GC, et al. AusSCORE II in predicting 

30-day mortality after isolated coronary artery bypass grafting in Australia and New Zealand. 

The Journal of thoracic and cardiovascular surgery. 2014;148(5):1850-5. e2. 

27. Karim MN, Reid CM, Tran L, Cochrane A, Billah B. Variable selection methods for multiple 

regressions influence the parsimony of risk prediction models for cardiac surgery. The Journal 

of thoracic and cardiovascular surgery. 2017;153(5):1128-35. e3. 

28. Harrell Jr FE, Lee KL, Califf RM, Pryor DB, Rosati RA. Regression modelling strategies for 

improved prognostic prediction. Statistics in medicine. 1984;3(2):143-52. 

29. Billah B, Huq MM, Shardey GC, Smith JA, Newcomb A, Sufi F, et al. AusSCORE II in 

Predicting 30-Day Mortality Following Isolated CABG in Australia. Heart, Lung and 

Circulation. 2014;23(1):e48-e9. 

30. Islam A, Ahsan G, Biswas T. Health system financing in Bangladesh: a situation analysis. 

American Journal of Economics, Finance and Management. 2015;1(5):494-502. 

31. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 2010 and 

2030. Diabetes research and clinical practice. 2010;87(1):4-14. 

  



 
 

Page | 150 
 

 

 

 

 

appendices 



 
 

Page | 151 
 

Appendix 1 Ethics Approval Certificate 

 



 
 

Page | 152 
 

Appendix 2 Consent From

 



 
 

Page | 153 
 

Appendix 3 Explanatory Statement

 
  



 
 

Page | 154 
 

 

  



 
 

Page | 155 
 

 

  



 
 

Page | 156 
 

Appendix 4 Questionnaire

 
  



 
 

Page | 157 
 

 

  



 
 

Page | 158 
 

 

  



 
 

Page | 159 
 

 

  



 
 

Page | 160 
 

 

  



 
 

Page | 161 
 

 

  



 
 

Page | 162 
 

 

  



 
 

Page | 163 
 

 

  



 
 

Page | 164 
 

 

  



 
 

Page | 165 
 

 

  



 
 

Page | 166 
 

 

  



 
 

Page | 167 
 

 

  



 
 

Page | 168 
 

 

  



 
 

Page | 169 
 

 

  



 
 

Page | 170 
 

Appendix 5 Screenshot of the online risk calculator 

 

 


