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ABSTRACT 

 

Diabetes mellitus in Sudan is a growing health problem in all socio-economic classes. The natural 

history of the disease is associated with poor of glycaemic control, a high prevalence of complications 

and a low quality of life. 

Objectives: The studies aimed to evaluate the social and economic burden and impact of diabetes. 

The direct costs and intermediate benefits of attaining good glycaemic control were estimated, and 

specifically the contribution by adult patients with type 2 diabetes to manage their disease without 

reported chronic complications, and further to describe and analyse health-related quality of life,  

compared to a matched control group of people without diabetes. 

Design and methods: Four cross-sectional studies using structured questionnaires were conducted in 

Sudan among parents of 147 children with type 1 diabetes and 822 adult patients with type 2 diabetes. 

Data on family and patient incomes, cost of diabetes care and metabolic control of the patients, was 

also obtained, with glycosylated haemoglobin A1c (HbA1c) as determining parameter. Subsequently, 

another 375 people with diabetes were compared with 375 controls using data on out-of-pocket 

medical expenses and social impact. The Health Utility Index was used to assess health-related quality 

of life. 

Results: The median annual expenditure of diabetes care during childhood was USD 283, of which 

36% was spent on insulin. The direct median cost of diabetes care for type 2 adult diabetes patients 

was USD 175 per year. These costs represent 23% and 9% of incomes of the families of the children 

with diabetes and of adult patients, respectively. More than half of the income of adult patients was 

contributed by the spouse or siblings. The median total annual medical expenditure was fourfold 

higher among people with diabetes, compared to those without diabetes (USD579 vs USD148, 

respectively). Moreover, those with diabetes were significantly more likely to suffer from serious 

comorbidities, and reported a higher proportion of personal adverse social effects, such as being 

prevented from doing paid work or participation in education, both for themselves and their families.  

Recall of levels of blood glucose monitoring indicated poor glycaemic control in 86% of children 

with diabetes. HbA1c was at unsatisfactory levels in 77% of adult patients. Patients attending private 

clinics had both higher income and higher costs than those attending public clinics. However, both 

groups had poor glycaemic control, which may reflect the low direct costs and the minimal care given 

to all patients with diabetes. Both self-rated health and the Health Utilities Index were lower in people 

with diabetes, compared with those without diabetes, and were associated principally with pain, visual 

impairment and negative emotions. 

Conclusions and recommendations: These studies have emphasized the intensity of the economic 

burden on Sudanese patients with diabetes. This economic burden has generally not been translated 

into optimum diabetes care, and can be considered as a depletion of family resources and the 

consequences of an inefficient healthcare system. Patients with diabetes and their families pay a 

considerable part of their income to maintain health, and in return they receive insufficient care. The 

implications for health policy are that primary care services should be supported so that patients attain 

better diabetes control, and that the economic burden on patients with diabetes must be alleviated. 

Evidence-based programs for diabetes management and prevention in low-resource communities 

should be developed. Future research is needed to gain a greater understanding both of how families 

cope, and of efficient mechanisms to improve services in a cost-effective way. 

 

 

Keywords: Diabetes mellitus, direct costs, out-of-pocket expenditure metabolic control, low-

income countries, and health related quality of life, Sudan. 
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1. INTRODUCTION 

1.1 Definition of diabetes and classification       

Diabetes mellitus (DM) is a chronic disease that impacts upon the quality of life of an individual 

by hindering the body’s capacity to effectively use energy derived from food. Food is broken 

down into glucose in the process of digestion, and this glucose fuels the body’s metabolic 

activities. For this process of metabolism to occur, glucose is taken up by the cells with the aid 

of insulin that is produced in the beta cells that are found in the islets of Langerhans of 

the pancreas. Diabetes occurs as an inability to produce sufficient insulin that the body requires, 

or as an inability to effectively use the available insulin, and a combination of these two defects 

is common1-3.   

Since insulin is a hormone that regulates blood glucose concentration, alterations in the 

production and utilization of insulin affects blood glucose concentrations. Failure to utilize 

glucose leads to hyperglycemia, or raised blood glucose levels in the body. This condition, if 

untreated can in turn lead to both short-term consequences and also long-term micro- and 

macro-vascular complications. These complications can be experienced by all body systems 

including nerves, eyes, kidneys and blood vessels. There are primarily two clinical classes of 

diabetes, namely type 1 diabetes mellitus (previously called “juvenile diabetes”) and type 2 

diabetes mellitus (previously “maturity-onset diabetes”) 1-3.  

Diabetes mellitus is a growing public health concern that is affecting people globally in all 

countries, and poses a major socio-economic challenge 4,5.  The complications of diabetes that 

arise from poor glycemic control involve the cardiovascular system the kidney, and the eye, 

and chronic diabetic ulcers may additionally lead to amputations of the extremities. These 

effects of diabetes that occur throughout the body systems pose strong challenges to quality of 

life, and may restrain the daily activity of patients 6.  With this state of affairs, patients are 

compelled to suffer from diabetes complications especially in low-and middle-countries, where 

the treatment and management of diabetes is not fully developed 7. These and other reasons 

make diabetes a global epidemic that requires special and immediate attention, both clinically 

and in the public health arena 8-10. 

1.2 Rising burden of non-communicable diseases in low-and middle-

income countries 

Non-communicable diseases (NCDs) contribute to two thirds of all global deaths. They also 

contribute to 40% of all deaths of patients below 70 years of age. Most of these premature 

deaths due to NCDs (82%) are from low-and middle-income countries (LMICs) 11.  This 

implies that these NCDs, in particular stroke, diabetes, ischemic heart diseases and respiratory 

conditions have started to dominate the continuum of causes of mortality in low-and middle-

income societies 12. The increase in prevalence of these diseases is thought to be due to adoption 

of Western lifestyles and urbanization 13. This current trend of events has led to a double burden 

of disease in low-income countries, with both communicable and non-communicable diseases 

being highly prevalent 14. This makes all efforts to prevent this rising trend of NCDs very 

timely, especially in regard to raising awareness of their potential complications and possible 
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modes of prevention. Preventing and treating NCDs has received global attention, and NCDs 

are now referred to as the world’s biggest killers, according to the World Health Organization 

(WHO) 15.  In the case of diabetes, this entails a keen emphasis on timely and early diagnosis 

that would facilitate monitoring and proper glucose control, allied with health education both 

for the patients and health care providers 14.  

NCDs have hampered progress and economic development in low-and middle-income 

countries through their direct impact on the social-economic construction of societies. They 

have become a part of human suffering, and have overwhelmed the capacity and resources of 

health systems in these countries 16. Hypertension alone causes about 9.4 million deaths 

globally every year 17.  It is because of these factors that global targets have been set to halt the 

escalating prevalence of NCDs. One of the global targets for NCDs is to “halt by 2025, the rise 

in the age-standardised adult prevalence of diabetes at its 2010 levels”13page 1513 (line 9-10). The 

prevalence of type 2 diabetes varies greatly between different parts and populations of the 

world, with an average of approximately 3-4% in Sub-Saharan Africa 14. Unlike the situation 

in Africa and Asia, the trend has been mostly constant especially in North-Western Europe. 

Explanations for this could include the rising trend of obesity in these regions, which represents 

one of the major risk factors for diabetes 18.  

A Global Action Plan (GAP) that was designed for the prevention of NCDs to control 

escalating NCD prevalence between 2013 and 2020 has been published by the WHO, and was 

eventually adopted by the United Nations (UN) General Assembly in 2013 15,19,20. One of the 

six objectives of this declaration was to prioritise disease prevention through international 

cooperation, strengthened national capacity for prevention and control, reduced risk factors via 

health promotion, greater people-centred primary health care, promotion and support of quality 

research, and the monitoring of trends and determinants of NCDs. With regards to diabetes, 

resolutions and work plans like this are critical in the face of a rising pandemic, particularly in 

low- and middle-income countries 15,21. The International Diabetes Federation (IDF) estimates 

that 415 million individuals are currently living with diabetes, although half of these individuals 

may not be aware of their diabetes status, and this number continues to increase annually 21.   

1.3 Diabetes is a challenge for health systems  

It was estimated that 5.1 million people died of diabetes and related causes in 2013 alone 22. It 

is currently one of the largest emergencies in terms of global health, and shows an increasing 

prevalence in LMICs. Global figures show an estimate of 415 million adults with diabetes, and 

more worryingly, an additional 318 million adults have impaired glucose tolerance and are 

therefore highly likely to develop diabetes 21. Unlike previous decades, in which infectious 

diseases have dominated the disease burden of Africa, diabetes has become a living reality in 

this context with an estimate of 14 million people having the disease. Projections have shown 

that with a constant trend, this number could double to 28 million by 2030 21. Studies have 

illustrated that this increase will be more pronounced in urban areas 23.  

The major and leading attributes of diabetes, including diet and lifestyle, have been observed 

to change in Africa, with an increasing middle class characterized by minimal physical activity 

and high calorie diets 24. This has led to a rising trend in obesity and subsequently diabetes 25. 

Like other parts of the world, overweight and obesity due to lifestyle change have been 
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identified as the main drivers of the increasing diabetes statistics in Africa 26. A systematic 

review that was conducted in 2011 on studies performed in Sub-Saharan Africa showed that 

diabetes is highly prevalent, especially in the Northern part of Africa 27,28. 

1.4 The state of diabetes in Sudan 

Diabetes was previously considered a rare condition in Sudan, but this situation has changed 

dramatically in the last four decades, when the trends in prevalence have started to rise. As in 

many other LMICs, the prevalence is estimated to be 8%, but could be even higher in some 

Northern states of the country, reaching figures of about 19% 29 30,31. Although in some cases, 

genetics has a bearing on the illness, a staggering 40% of the cases have been attributed to 

obesity 3. Research has revealed that there is poor glycaemic control in this population, with a 

poor quality of life that is often due to the acute and eventually chronic complications of 

diabetes 32-34. The reasons behind poor glycaemic control in patients may be that treatment has 

been consistent, since most people cannot afford the medicine and treatment is not readily 

available. There were lower attendance rates at in clinics (55%) and non-compliance to dietary 

requirements (79%), since most of the patients never receive diabetes education and care 7. The 

sedentary lifestyle and unhealthy diet that characterize the Sudanese community has made it 

complex environment for preventive measures, but in addition, those with diabetes require 

lifelong treatment that is hard to adhere to in a state where out-of-pocket payments are the 

reality of the day. This therefore affects the daily quality of life of these patients, and hinders 

further progress in these societies 35. 

1.5 Economic burden and impact of diabetes 

The health care system globally has been compelled to bear a heavy toll due to diabetes, and 

this could be due to the associated direct costs required for the medical management, but also 

because of indirect costs with regards to loss of productivity, early and premature mortality, 

and at the same time the loss to a nations’ gross domestic product (GDP) 36 37.  The direct 

medical costs can be very high, depending on the stage and state of diabetes, and entail both 

inpatient and outpatient care, as well as resources for medication and medical supplies 

including all of the consumables required for short term and long term care  37. The major 

bearers of the costs are hospitals and outpatient care systems  37, but these can vary widely 

depending on who bears the cost of payment, i.e., private vs. public modes of payment. 

The multidisciplinary costs associated with diabetes management make it extremely expensive 

to sustain, especially in countries like Sudan, where the finances for health are already 

overwhelmed by communicable diseases. Previous scholars have categorized the economic 

cost of diabetes into direct costs on health care, indirect health care costs, and intangible costs 
38. The costs incurred to buy medicines, supplies like glucometers, hospitalization and 

financing of health care staff are all recognized as direct costs to health care 38. All care that 

may be offered by relatives, friends, as well as nursing homes and productive hours lost that 

could have been spent on work, are referred to as indirect costs 39. The losses in welfare due to 

psychological and physical pain, stigma attached to diabetes and the social costs that burden 

the affected families make up for the intangible costs 40. 
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Because of long distances to health care facilities and waiting times there, patients with 

diabetes in low-income environments have been compelled to lose resources in order to take 

care of their diabetes. It is not surprising that some patients have given up on treatment to 

concentrate on earning a living 40. This financial loss on the individuals subsequently reflects 

in the countries’ economies due to losses in productivity 41. Data concerning this total loss due 

to diabetes in Sudan is limited 41. In 2007, the International Diabetes Federation (IDF) 

estimated the direct costs of diabetes to the healthcare sector in various countries. The study, 

which was based on a model that assumed that the prevalence of diabetes in each country would 

be 6%, concluded that the cost of health care for a person with diabetes is 2.5 times greater than 

that of a person without diabetes 42. 

Several studies have shown that the health care costs related to diabetes are a substantial burden 

on society 43-45. The 2015 version of the IDF Diabetes Atlas estimated global health expenditure 

due to diabetes to be USD 673 billion or INT$795 billion (2011 purchasing power parity) 21. 

Furthermore, a study from the NCD Risk Factor Collaboration calculated global direct costs of 

INT$825 billion (2011 purchasing power parity) for 2014, almost 60% of which arose in 

LMICs, where substantial parts of treatment costs were paid out-of-pocket 13,39.  Boomer and 

colleagues reported estimates of the global direct and indirect economic burden of diabetes, but 

they did not provide a detailed breakdown of costs by country or world region, and did not 

consider all relevant productivity losses for calculation of indirect costs 46. 

1.6 Health-related quality of life  

Diabetes as a chronic disease has both short-and long-term consequences 23. The worry that 

comes with the awareness of hyperglycaemia, coupled with micro- and macro-vascular 

complications, causes a change in lifestyle that may result in a reduction in the health-related 

quality of life (HRQoL). Studies have revealed a reduced HRQoL among individuals with 

diabetes, as compared to their counterparts in similar age brackets without diabetes 47,48.  These 

studies revealed that the quality of life was subsequently reduced with worsening of diabetes 

symptoms and complications 49-52.  In order to compare the differences between individuals 

with varying diabetes duration, and the differences between individuals with diabetes and in 

the general population, a generic instrument is the most appropriate choice. The literature 

supports the use of generic HRQoL instruments for measuring health status in individuals with 

diabetes 53-56. HRQoL can be measured with an ordinary scale or by such instruments as the 

Short Form 36 (SF-36), the Health Utility Index (HUI), and the EQ5D, although many other 

instruments are available 56-60.  There is a lack of evidence concerning the burden of diabetes 

on quality of life among Sudanese populations. To the best of our knowledge, this study is the 

first to analyze the association between diabetes and HRQL in Sudan using the HUI 

instruments.  
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2 BACKGROUND 

2.1 Country context 

Sudan is one of the most geographically diverse and complex countries in Africa. With a land 

area of 1.8 million square kilometres, traversed by the Nile and its tributaries, Sudan shares 

its borders with South Sudan, Central African Republic, Chad, Libya, Egypt, Eritrea and 

Ethiopia. It has access to the Red Sea with an 853 kilometre-long coastline. Its terrain is 

generally a flat, featureless plain, with mountains in the northeast and west, while desert 

dominates the north 61. Its population is highly divided along lines of ethnicity, tribe, religion 

and economic activity. The people in the northern region are Arab-speaking Muslims with a 

diversity of many other indigenous languages 62.  Although fifty-seven years have passed since 

independence, the country appears poorer, hungrier and more divided than ever before, with 

pronounced disparities in the level of development between regions, such that an estimated 

50% of the country’s national income is concentrated in the capital city of Khartoum. The UN 

categorizes Sudan as a low-income, poor and highly indebted country that ranks number 165 

out of 188 countries and territories on the 2016 Human Development Index1. By comparison, 

the country ranked 154 out of 169 countries in 2010 and 150 out of 182 countries in 2009, 

reflecting a progressive trend towards deepening poverty 63. Sudan’s total population is 35 

million, which is growing annually by 2.5%, and is expected to double in 30 years 61. In terms 

of the percentage of the population living below poverty line, Sudan ranks at the bottom, with 

about 47% of the population earning less than 1 US$ a day 63. 

 

Figure 1 Map of  Republic of Sudan 

Source: http://www.mapsopensource.com. 

http://www.mapsopensource.com/
http://www.mapsopensource.com/images/sudan-map.gif
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2.2 Political landscape  

Sudan is a federally-organized democratic republic with a multi-party system, in which the 

President is head of state, head of government and commander-in-chief of the Sudan People's 

Armed Forces. Both the government and the bicameral parliament - the National Legislature, 

with its National Assembly (lower chamber) and the Council of States (upper chamber) – 

possess legislative power. The judiciary is independent and operates through the 

Constitutional Court 64.  
 

The country comprises 18 states each divided into localities, which in total are 184, but which 

vary with time due to redrawing the boundaries of the existing ones. Sudan has devolved 

certain powers to the states under the Local Government Act (2003), often referred to as the 

Decentralisation Act. However, precise legislative and organisational arrangements may vary 

from state to state. The President, elected through a popular vote, is both the chief of state 

and head of the government. A Council of Ministers appointed by the President runs state 

business, and is responsible to the elected National Assembly. Each state is headed by a 

Governor, elected through a popular vote. The Governor appoints the state cabinet, which is 

responsible to the directly elected state legislature. Likewise, each locality has an elected 

local council. 

2.3 Economy 

Sudan possesses many natural resources, including oil and agriculture. Increased oil production 

in 1999 lead to a boom in the Sudanese economy, and subsequently higher oil prices and a 

significant degree of foreign investment. Despite the presence of sanctions and safeguard 

measures imposed by western countries, Sudan possessed one of the fastest growing economies 

in the world until 2008, with an average annual growth of 5-7% until 2010. However, this 

economic growth was mainly felt in the major cities, leading to increased economic disparity 

between urban and rural areas, and also between the country’s constituent states and 

geographical regions. When southern Sudan gained independence to form the state of South 

Sudan in July 2011, 75% of oil production was removed by the new nation. This resulted in a 

significant impact on government revenues, since oil production corresponded to about 30% 

of the original country’s budget. Furthermore, the independence of South Sudan also impacted 

upon the economic forecasts and the fiscal resources for social services such as health care 65.  

2.4 Health care system  

The health system is divided into three levels of management: the federal level, the state level 

and the locality level (Fig. 2). The federal level includes the planning, coordination, policy-

making and supervising organs, and is exclusively responsible for making partnerships and 

international relations. The state level is concerned with the daily running and implementation 

of policies and service delivery at the hospitals and health facilities. In each of the 18 states of 

the country, the governor (Wali) works as the state administrator, with a cabinet of 5-7 

ministries and 5-12 localities. For every locality, there is a commissioner responsible for its 

administration 65. This top to bottom approach facilitates adequate service delivery to the 

people, although poor resource allocation and uneven distribution of resources among regions 

have rendered the system ineffective. 

https://en.wikipedia.org/wiki/Politics_of_Sudan
https://en.wikipedia.org/wiki/Federal_republic
https://en.wikipedia.org/wiki/Representative_democracy
https://en.wikipedia.org/wiki/Republic
https://en.wikipedia.org/wiki/Multi-party_system
https://en.wikipedia.org/wiki/Head_of_state
https://en.wikipedia.org/wiki/Head_of_government
https://en.wikipedia.org/wiki/Commander-in-chief
https://en.wikipedia.org/wiki/Sudan_People%27s_Armed_Forces
https://en.wikipedia.org/wiki/Sudan_People%27s_Armed_Forces
https://en.wikipedia.org/wiki/Bicameralism
https://en.wikipedia.org/wiki/Parliament
https://en.wikipedia.org/wiki/National_Legislature_of_Sudan
https://en.wikipedia.org/wiki/National_Assembly_of_Sudan
https://en.wikipedia.org/wiki/Council_of_States_of_Sudan
https://en.wikipedia.org/wiki/Judiciary
https://en.wikipedia.org/wiki/Constitutional_Court
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The system also has several partners involved in provision of health care, and especially 

Primary Health Care (PHC). Recently, the Federal Ministry of Health (FMOH) has stipulated 

that the minimum package for PHC services should include: vaccinations of children, the 

Integrated Management of Child Illnesses, as recommended by WHO, reproductive health, 

essential drugs, nutrition, health education, and treatment of common illnesses65. 

 

 

 
Figure 2 Heath care system of Sudan (Source 66). 

 

A number of health challenges put the increasingly ageing population of the Sudan at risk. 

These include rising rates of both communicable and Non-Communicable Diseases (NCDs). 

For example, in the Sudan Household Survey 2011, 26.8% of children of 5 to 59 months of 

age had diarrhea, and 18.7% suffered from suspected pneumonia in the two weeks before the 

survey. In children under 5, protein energy malnutrition and micronutrient deficiencies are a 

major problem, with severe underweight and stunting observed in 12.6% and 15.7% of 

infants, respectively. The most common micronutrient deficiencies are iodine, iron and 

vitamin A 66. Main health status indicators are shown in Table 1. 
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Table 1 Sudan health indicators  

Indicator   

Crude birth rate (%) 33.4  

Crude death rate (%) 17.5  

Total fertility rate (per woman) 4.42  

Life expectancy at birth (years) 63  

Infant mortality rate (per 1000 live births) 51  

Under-five mortality rate (per 1000 live births) 76  

Maternal mortality ratio (per 100 000 live births) 360  

Dependency ratio 96.1  

Source: http://rho.emro.who.int/rhodata 2013 

2.4.1 Healthcare infrastructure 

For the provision of service, health care delivery, as in most countries, is organized at three 

levels: primary, secondary and tertiary care. Health services are provided by the public and 

private sectors (for profit and not for profit). In addition to the federal and state ministries of 

health, the public sector finances the army, the police, the ministries of the interior, higher 

education, and insurance schemes providing health services. 

 

The private sector is growing but is concentrated in major cities, and focuses on curative care. 

Primary care is provided through urban and rural family health centres and units, 

respectively. The public sector operates 3,726 family health centres/units, 141 locality 

hospitals and 55 hospitals 67.  

2.4.2  Human resources for health 

Sudan has a good tradition in the education of health professionals. It has seats of learning, 

such as the University of Khartoum and the University of Gezira, to mention a few. However, 

both a brain drain and migration have impacted on the availability, quality and skill mix of 

the health workforce. The number of health workers has expanded in recent years, although 

it remains below needs-based targets (for example, it is below the 2.3 health worker per 1000 

population target), particularly in the marginalized states/locations 68 . The distribution of the 

workforce is also uneven, i.e., almost 70% of the health personnel work in urban areas, 

serving 30% of the population, with a third of these being in Khartoum. The overall ratio of 

doctors per 100,000 population is 35, with the highest concentration in Khartoum, which has 

55 doctors, while South Darfur has only 3 doctors.  
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2.4.3 Out of pocket payments 

In many health care systems, so-called out-of-pocket payments (OOP; payments by patients to 

public and/or private health care providers at the point of receipt of health care services) 

comprise a substantial part of total health care spending 69. Households use 79% of health 

expenses on curative care, while preventive and dental care receives about 1% each (Fig 3).  

That is, awareness of the importance of these health care activities is low amongst the 

Sudanese population. Nineteen percent of household out-of-pocket expenses are used on 

drugs and medical consumables. This is far below that in 2008, which may be due to better 

data for 2011 health accounts 65.  Direct payments by patients accounted for 70% of total 

health expenditure in 2011, which in effect causes a high financial burden on families 70 .  

 

The high share of out-of-pocket payments in total health expenditure has implications on the 

affordability, equity, and utilization of health care services. For 47% of households, health 

care expenditure had an impact on household income; 14% had faced catastrophic 

expenditures, and had to sell some of their assets. Almost half of the expenditure is made by 

people of the highest quintile (46%), whereas those of the lowest quintile spend only 7% of 

the total  71.  
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Figure 3 Out-of-pocket expenses to Sudanese households by type of service 
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2.5 Health financing system 

The public sector funds 22.3% of total health care resources, while the private sector share is 

73.1%. The rest of the world and/or international assistance contribute 4.5% of financing 

sources for the health care (Fig 4).  According to the national health accounts (2011), 73% of 

funding for health came from private sources, out of which about 70% was out-of-pocket 

health expenditure by households. The public sector funding in 2011 was 15% higher 

compared to 2008. The major financing schemes, in addition to the private insurance market, 

include: the ministries of health, a national health insurance fund, the armed forces employees 

health insurance schemes, and other parastatal institutions.  

 

Table 2 Levels of health funding 

Indicators Value (USD) 

2008 

Value (USD) 

2011 

Per capita total health expenditure. 111 120 

Per capita general government health 

expenditure (GGHE) 

32 27 

Total health expenditure as % of gross domestic 

product (THE / GDP) 

6% 6.4% 

General government health expenditure as % of 

total health expenditure (GGHE / THE) 

28.9% 22.3% 

General government expenditure (GGE) as % of 

GDP (GGE / GDP - fiscal space) 

18.6% 19.0% 

GGHE as % of GGE (GGHE / GGE - fiscal 

space for health) 

8.7% 8.2% 

External funding for health as % of total health 

Expenditure (donor dependency) 

4.0% 4.5% 

 Source: National Health Account, 2008 and 2011 65. 
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2.6 Diabetes health delivery system in Sudan  

Diabetes management is part of the health care system and is integrated at the three levels of 

the health care system. Diabetes is managed in the localities at primary health centres (PHCs), 

which are usually where most of people with diabetes are diagnosed. There are no specialised 

units at the PHCs, and referral of patients is made based on the extent of disease and the 

presence of complications, to the secondary and tertiary units. At the PHCs, initial management 

is performed by medical practitioners who are most often nurses, and these may be assisted by 

locally-trained personnel. Due to scarcity and a lack of readily available equipment and 

personnel, diagnosis is often made using a urine dip-stick, and any complex biochemical 

analyses, including access to HBA1c machines, are only performed in urban centres. Patients 

with glucose in urine are referred to secondary centres that are free of charge, but those that 

can afford the choice are given the option of private clinical care at a cost. Most patients with 

diabetes are attended to by either the primary health care centres or by the private clinics. 

Sudan has ten specialists in diabetology, who are located at the tertiary centres, eight of whom 

are found in Khartoum state. These individuals are also part of the teaching hospitals, and each 

outpatient clinic at the tertiary institutions is headed by a diabetologist, although resident 

doctors and medical officers are also involved in outpatient management at the tertiary centres. 

This highlights the fact that there are endless shortages of attending health workers, due to the 

different roles that they play at the hospital, in addition to the fact that more and more emigrate 

to other countries for better wages and opportunities. 

At outpatient clinics, patients are usually stabilised and monitored for complications. Despite 

this organisation, there is no follow-up system for patients, neither are there any formal home 

visits for follow-up. In addition, there are also three stand-alone ‘public’ diabetes care centres. 

These are supervised by the Ministry of health, but the mode of payment is a user fee system. 

There are also three private diabetes care centres, which are also supervised by the Ministry of 

health, but the mode of payment is out-of-pocket. This system of referral applies for both 

children and adults, and the tertiary institutions are usually equipped with the laboratories for 

easy monitoring of control and possible complications. Systemic complications that require 

either medical or surgical interventions are managed through the referral systems at the tertiary 

institutions.
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3 AIMS OF THE STUDY 

3.1 Aims and objectives 

The aims of this study were to evaluate the social and economic burden and impact of diabetes 

mellitus on patients and their families in Sudan, and further to describe and analyse health-related 

quality of life, compared to a matched control group of people without diabetes. 

The specific objectives were: 

1. To estimate direct costs of care for children with type 1 diabetes, and to assess their 

glycaemic control (I).  

 

2. To estimate the direct costs of care in patients with type 2 diabetes, and to estimate those 

costs in relation to the patient’s income and to the level of diabetes control (II).  

 

3. To examine the economic and social impact attributed to diabetes in Sudan by calculating 

out-of-pocket medical expenditure and the health and social impact of the disease for 

persons with diabetes and their families (III). 

 

4. To describe and analyse HRQoL in patients with diabetes, compared to control 

individuals matched for sex, age and region (IV). 
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4 METHODS     

The provision of high-quality, affordable health care services is an increasingly difficult 

challenge. This thesis focuses on investigating and interpreting healthcare utilization, the cost of 

medical care, HRQoL and the social impact for individuals and populations. It is a cross-sectional 

examination of four diabetes studies with elements of case-control analyses in two studies.   

4.1 Study context 

Descriptive studies I and II were performed in the state of Khartoum in Sudan. Khartoum State 

serves as the capital city and the commercial centre of Sudan. The confluence of the White Nile 

and the Blue Nile forms the natural separation of the three towns: Khartoum, Khartoum North 

and Omdurman. With 20% of the country’s population, Khartoum has 6 million inhabitants. The 

state has a relatively higher level of healthcare compared to elsewhere in the country. Most 

healthcare services have relatively adequate numbers of practitioners and specialists.  Study I was 

conducted among the parents of children with type 1 diabetes. The second study (II) was 

performed among patients that had type 2 diabetes.  

Studies III and IV were performed at outpatient diabetes clinics, and compared patients with 

diabetes to those without in a case-control study. These individuals were from the same area of 

residence and were matched based on age and sex. These last two studies (III and IV) were 

conducted in four states in different parts of Sudan: Al Jazirah, Darfur, Khartoum and Sennar. Al 

Jazirah is located between the Blue Nile and the White Nile in the eastern–central region of the 

Sudan. Darfur is found in the western part of Sudan, whereas Sennar is located in the south-

eastern part of Sudan. Each of the selected states has a diabetes centre, and these four centres 

deliver services to more than 70% of all patients receiving diabetes care in the study area. 

4.2 Study population  

Information regarding the study was given to all parents of children with diabetes and to those 

adults that had diabetes. This invitation to participate in the study was made once every week at 

each of the facilities. In study I, 147 (90%) of the identified 164 children agreed to participate and 

attended the scheduled appointments for the interviews.  

In study II, patients above 30 years of age, who had had type 2 diabetes for a duration of between 

one year and five years, were invited to participate, and 822 of such patients who were attending 

public or private diabetes clinics agreed to participate and were interviewed. The patients, who 

agreed to participate, represented 92% of the total attendees for the clinics on those particular 

days. This gave a representative sample for Khartoum state, and could equally be comparable to 

other urban areas in the country. In all, 52 and 71 adults were randomly selected from public and 

private clinics, respectively, which made a total number of 123 adults with diabetes. From these, 

venous whole blood samples were drawn in EDTA-containing tubes for the HbA1c test. The data 

for statistical power calculations for an economic study in sub-Saharan Africa are not available. 

For study III and IV, 375 cases and controls were recruited, and these were representative of the 

population and helped to minimize the variations due to the outliers. This sample size gave a 
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statistical power of greater than 90% to detect a difference in proportions of 10 percentage points 

or larger at an alpha of 0.05. For the purpose of the present study, this understanding was applied 

to gain access to the health quotient of the population.   

4.3 Data collection  

4.3.1 Procedure 

Study I and II were conducted in two main hospitals in Khartoum State, i.e., Khartoum and 

Omdurman Teaching Hospitals plus Jabir Abu Eliz (the only public diabetes centre in Khartoum 

State), Mulazmin Diabetes Center (a private centre) and at private diabetes specialist clinics. 

These deliver care to patients with diabetes in Khartoum State. The first two sub-studies presented 

in this thesis consist of interviews with children’s parents and adult patients with diabetes who 

were these attending public and private diabetes clinics. Glycosylated haemoglobin (HbA1c) was 

used as a measure of glycaemic control, and was determined in samples randomly collected from 

the adult patient cohort.  

For studies III and IV, patients that attended the diabetes clinics were asked for informed consent 

and those that agreed were subsequently scheduled for individual interviews. The controls for 

these studies were concurrently recruited and were matched by age (within 5 years) and sex (male 

or female). These controls were individuals who had no self-reported history of diabetes or 

diagnosis of diabetes by a physician. These were either individuals accompanying those that were 

attending the diabetes clinic, or those that resided in the same geographical area, and this process 

of recruitment took place within 48 hours of recruiting the index cases. These controls were 

subjected to a questionnaire identical to that of the cases, and there was one control for each 

completed case interview.  

During the process of recruiting the cases with diabetes, the patients with diabetes were requested 

to suggest five persons living closest to them who were of the same age (±5 years) and sex. This 

provided potential clues and information about controls that were later contacted. The names of 

the controls that were suggested were randomly ordered on the list of five and each of these 

individual’s households were approached in that order, either through phone calls or direct 

household visits. Those that were found at home and were willing to be interviewed were 

recruited immediately, otherwise a meeting at a later date was scheduled. In case the intended 

individual was not reached, another control who was next in line was chosen according to the 

order they appeared. The interviewers never left the locality until they found a potential control, 

and in the case that all the five possible controls were not forthcoming, other possible controls 

were sought from the same area. 

4.3.2 Questionnaires 

A semi-structured questionnaire was used for studies I and II to interview both the parents of 

children with diabetes and the adults with diabetes. Information was gathered regarding 

metabolic control and frequency of episodes of hypoglycaemia and hyperglycaemia. The 

interviews also included collection of data on socio-demographic characteristics, and school 

performance of the children with diabetes before and after the diabetes diagnosis. Family income 
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both for the children with diabetes and adult patients in the previous month and year were also 

obtained.  For the adult patients, income contribution for the spouses and siblings was also 

obtained.  

The respondents were asked to state their income by stating all the income that they had received 

in a given period. The noted sum was converted to US dollars, and rounded off to the nearest 

whole dollar. The family’s health expenditure on diabetes for both children and adults was 

obtained for a 24 hours, and for periods of 3 months and one year. All information on the costs 

of insulin, syringes, drugs, urine and blood tests, as well as the number of visits to doctors, and 

the number and length of hospital stays during these periods, was obtained.  When a case or a 

control subject was unable to speak, or had insufficient recall to complete the interview alone, 

the involvement of surrogate respondents was permitted. In such cases, the interviewer 

requested the surrogate family member to respond to the survey questions on the subject’s 

behalf.  

A predefined questionnaire (the research tools developed by the International Diabetes Federation 

(IDF)) (appendix I) was used for studies III and IV. This questionnaire gathered information about 

the use of medical services, payments made for medical care services, cost of medicines and 

acquisition of these medicines. The costs also included costs of medicines and medical care for 

hyperglycaemia, dyslipidaemia, hypertension, and in-patient and out-patient hospital expenses.  

The interview asked about expenses in the previous 90 days in order to reduce recall bias i.e. 

patients were asked to name and associate a well-remembered event that had occurred 

approximately 90 days previously.  

4.3.3 Responders and non-responders  

If it proved impossible to complete an interview once it had begun, and it could not be completed 

on another day, this case or control were removed from the study sample and replaced with 

another person per protocol. The interviewer terminated the interviews of all control subjects who 

said that they had been diagnosed with diabetes, or whenever in the interviewer’s judgment the 

subject was not responding truthfully or accurately, or no longer wished to participate in the study.  

4.4 Outcome measures 

4.4.1 Costs 

The participants were asked about the medicines they had bought in the last 90 days in order to 

estimate their expenditure on medicines. For the patients that were admitted overnight to hospital, 

they were asked to recall their total point-of-service payment. This included charges for medicines 

and tests that were done and in case there was any out-of-pocket payment. The fees paid at the 

hospital entail all charges on medication and these were eventually used to determine length of 

stay and means of payment during each admission. The visits that were made by participants to 

the other providers like the specialist doctor or surgeon, primary care doctor, nurse, traditional 

healer (including herbalists and fortune tellers, magicians, and oracles), pharmacist, dispensary, 

visit to a clinic to collect medication, health educator such as a diabetes educator, or community 
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health worker, were calculated separately. This method was also used to calculate the expenses 

at the emergency room and the impatient stay in the hospital.  

The average daily price was calculated using data on the most recently purchased item i.e. the 

number of pills or units of insulin purchased at that time, and the number of pills or units 

prescribed per day. We then multiplied this result by an adjuster for self-reported adherence, the 

average number of days per week that the participant indicated that he or she adhered to the 

prescribed regimen for a given medicine, divided by seven. This gave us a payment per day as 

used. Mean daily payments were multiplied by 365 to obtain an annual mean expenditure. All the 

currencies reported here are in USD, and the conversion rate applied was the one that was used 

at the time of the data collection by the central bank of the Sudan (1USD = 4.30 SDG). 

4.4.2 Health-related quality of life 

HUI3 is a multi-attribute utility measure that defines health states according to eight attributes 

(vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain), with five or six 

levels of functioning for each 72. Overall scores on the HUI3 range from -0.36 (the worst possible 

HUI3 health state) through 0.0 (dead) to 1.0 (perfect health) 72. Single-attribute utility scores range 

from 0.0 (lowest level of functioning) to 1.0 (full functional capacity). Differences of 0.03 or 

more in overall HUI3 scores and 0.05 or more in single-attribute utility scores are considered to 

be clinically important 60. The construct validity of HUI3 in large, representative samples lends 

support for the use of HUI in studying HRQoL among people with diabetes 73,74.  

4.4.3 Laboratory analysis 

Glycosylated haemoglobin analysis was conducted using high performance Liquid 

chromatography. The level for acceptable glycaemic control was <6.5%, which concords with 

the recommendation from the European Diabetes policy group. 
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4.5 Data analysis 

 

Table 3 Overview of statistical tests performed in the four studies 

Study 
Variables1 Chi-square / 

Fisher’s text* 

Independent samples t-

test 

Mann-Witney U 

test 

Regression McNemar two-

sided change test 

I Cost of health care 

utilization, visit to 

different types of health 

care facilities, income 

 Compare mean income 

and cost between parents 

attending private & public 

clinic 

  Test metabolic 

control with 

school 

performance and 

parents education 

II Cost of health care 

utilization, and 

monitoring and treatment 

of diabetes 

 Glycaemic control 

between males and 

females 

Testing the 

difference of 

Income and cost 

between groups 

  

III Cost of health care 

utilization, case/control, 

sex, age, marital status, 

level of education 

Socio-economic 

characteristics 

Comparison of 

health conditions and 

social impact  

of patients and their 

families  between cases 

and controls 

Comparison of 

mean expenditure 

between different 

groups among 

cases and controls 

  

IV HRQoL, index 

case/control, sex, age, 

marital status, level of 

education 

Socio-economic 

characteristics 

Mean difference in HUI3 

index between  cases and 

controls 

 Associations of 

HUI3 Index with  

diabetes diagnoses 

and demographic 

characteristics 

 

1DV=dependent variables, IV=independent variables * 
2For all the studies, data was analysed using SPSS 75 

 

In studies I, II, and III, results are presented as mean  SD, or as median and interquartile range. 

Pearson’s chi-square test, Fisher’s exact test, Student’s t-test and the McNamara two-sided 

change test were used for evaluation of statistical significance. In study IV, differences between 

pairs of groups were tested by Student’s test and Mann-Whitney’s U-test. The independent 

samples t-test was used to verify whether there were differences in the mean HUI3 index between 

individuals with diabetes and control individuals. In all tests, P0.05 was defined as being 

significant. The confidence intervals (CI) were calculated for percentage of unsatisfactory results 

in blood glucose level, compared between public and private patients.   

 

In study III and IV, data were analysed using SPSS 75 a descriptive analysis was performed for 

all variables and unadjusted comparisons between case and control were made using a T-test (for 

continuous variables) or a chi-square test (for discrete variables). When appropriate, longitudinal 

models were created for outcome variables. All data were presented before and after adjustment 

for confounders and interactions. Basic presentations of data included number and percentages of 

cases with diabetes by age, sex, location of residence, and in relation to different known risk 
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factors. The Chi-square test was used to assess the association between diabetes and different risk 

factors.  All statistical tests were carried out at the 5% significance level. 

 

In study IV the main outcome measures were the self-reported health quotient as expressed in the 

HUI, the HUI mark three index and the global self-rated health (SRH) parameter. The HUI index 

was calculated by averaging the preferences of the community. The preference scores were 

measured as per the utility function. To test whether there was a difference in socio-demographic 

characteristics between individuals with diabetes and control individuals, as well as the 

percentage of reported problems in the HUI3 attributes, multivariable regression analysis was 

performed to identify the independent variables (sex, age, diabetes diagnosis, the level of 

education, employment status, and region) that could explain the variation in the dependent 

variable HUI3 index. 

4.6 Ethical consideration 

For all the four studies, ethical approval was sought and obtained from the Ministry of Health in 

Sudan, and from the Ahfad University for women. Study I and II were also assessed by the Ethics 

Committee of Karolinska Institutet, Stockholm, and there was no objection. Through the use of 

consent forms, participants were informed about the purposes and objectives of the study and 

those that verbally expressed willingness to participate were recruited. Participants received both 

written and verbal information about the study. Confidentiality was assured to the participants, 

and they were informed that their participation in the project would not change their treatment at 

the clinic. The participants were given assurances that they could leave the study at any time for 

any reason, and they would not be asked to disclose a reason for this. No incentives were provided 

to any of the participants, and they agreed to participate for scientific reasons. The interviewers 

that were involved were trained by the primary investigator following instructions by the IDF.  
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5 RESULTS  

5.1 Patient characteristics and family income 

In Study I, the estimated mean annual income of the households of children with diabetes was 

USD 1810; nevertheless, due to the skewed distribution, the median household income was 

estimated as low as 1222.  In the quartile of families with lowest income, the annual income 

was less than USD 600. In this study, we considered income as permanent revenue like salaries, 

but also temporary sources of income, generally donations from relatives and friends, were 

included.  These temporary sources accounted for 16% of the mean total family income. From 

those families of children with diabetes, those who attended private clinics had significantly 

higher mean salaries than those who attended public clinics (USD 56, p<0.03), although there 

was no significant difference in total income between the two groups.  

In study II, besides personal income, we included contributions from other sources, which 

mostly were from the spouse and siblings. The median annual income was estimated as being 

USD 1923.  Patients over 60 years of age had an average annual median income of USD 1923, 

which was more than in those below this age (USD 1846, p<0.05).  The proportion of income 

received by the older age group of patients from their siblings or relatives was significantly higher 

(USD 1265) than that received by the younger age group (USD 1135, p<0.01). However, the 

nuptial economic input received by the females was significantly higher than the one received 

by the males from their partner (p<0.01). The same was true for sibling contributions, thus 

making the total average income of females not significantly lower than that of males. Those 

patients who attended private clinics had a higher median income than those who attended 

public clinics. 

Income seemed to have a clear impact on the behaviour of seeking medical treatment for 

patients and their families in patients with type 1 and type 2 diabetes. This is reflected by our 

finding that the mean income of patients attending private clinics was significantly higher than 

of those attending public clinics. This gives an indication of the patients’ ability to pay, as we 

expect the cost of treatment to be higher in private clinics, relative to public ones.  

For study III & IV, interviews were completed by 375 persons with diabetes (75% response 

rate), who were included in the final dataset together with their 375 controls. The mean age was 

50 years; 61% were women and 44% lived in Khartoum state. Case participants had a lower 

education level, but the same employment status as controls (Table 4). There were no 

differences between people with diabetes and individuals without diabetes except for marital 

status. Case participants were significantly less likely to be married or cohabitating compared 

to control participants (67% vs. 75%). (Table 4).  The majority of diabetes patients had had 

diabetes for five years or more. It is important that people have an early diagnosis of diabetes 

for several reasons, for example, knowledge of the presence of glucose intolerance makes it 

possible to stop the progression of the disease and its consequences. 
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Table 4 Demographic characteristics people with diabetes (n=375) and control individuals 

(n=375) 

 Diabetes patients  Control individuals 

 n=375 (%)  n=375 % 

Sex Male 147 (39)   147 (39) 

Female 228 (61)   228 (61) 

              

Age group (years) 20-39 61 (17)   70 (19) 

40-59 197 (53)   216 (58) 

60 and above 114 (30)   89 (24) 

              

Marital status Single 56 (15)   41 (11) 

  Married 248 (66)   279 (74) 

Widowed 56 (15)   40 (11) 

Separated or Divorced 13 (3.5)   14 (3.7) 

Cohabiting 2 (0.5)   1 (0.3) 

            

Education level Unfinished primary school 166 (44)   130 (35) 

  Finished primary school 85 (23)   102 (27) 

Finished secondary school 71 (19)   82 (22) 

University students 15 (4)   17 (4.5) 

Finished university 38 (10)   44 (12) 

            

Employment status Employed 118 (32)   132 (35) 

  Unemployed/Not working1 104 (28)   91 (24) 

Retired or pensioner 31 (8)   43 (12) 

Housewife 111 (30)   96 (26) 

Student 11 (2.9)   13 (3.5) 

            

Region Khartoum 166 (44)   166 (44) 

  Other states 209 (56)   209 (56) 

            

Duration of diabetes 1-4 years 124 (33)   NA NA 

5 years or more 251 (67)   NA NA 
                1Not working due to health problems. 
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5.2 Expenditure on health  

In Study I the family expenditure on health for the previous years showed that 65% of the 

resources was spent on the child with diabetes, where the older took 16% and the younger 

sibling 5% of the total health expenditure.  

The total median direct cost of diabetes care was USD 283, from which more than 1/3 was used 

for insulin. Families of children with diabetes who attended private facilities showed a 

significantly higher total expenditure on health services and glucose tests than the families who 

attended public health facilities (Table 5). During the previous six months, children with 

diabetes had attended a practitioner’s consultation six times on average. The recall showed that 

the mean frequency of visits of patients to doctors in public health centres (6.4+5.0) (mean + 

S.D) was significantly higher than that to doctors in private centres (4.9+4.4, p<0.05).  

 

Table 5 Cost of diabetes care for parents of children with diabetes attending public and private 

health centers 

Expenditure Public health 

 centres* 

Private health 

centres* 

P-value 

 

Insulin  109 74 

 

123 73 

 

N.S.** 

Urine test    40  36 

  

  34  25 

 

N.S. 

Blood test for 

glucose 
  43  69 

 

121  214 

 

0.01 

Hospital admission  102  160 

 

  75  57 

 

N.S. 

Doctor fees   87  108 

 

  80  101 

 

N.S. 

Total cost 378  162 

 

435  267 0.01 

         *Data (mean  SD) are expressed in USD. ** N.S. Not significant 

 

 

 

In study II, 73% of the total number of patients had received ambulatory care in private clinics. 

During the last six months, 85% of patients visited their doctor more than twice. The annual 

median direct cost of diabetes control, including ambulatory care and drugs, was USD 175. 

Patients with diabetes who used private clinics had a significantly higher average expenditure 

on diabetes control than those who used public clinics. The cost of ambulatory care (doctor’s 

fees and cost of investigations) was specifically higher for private facility users (USD 147) than 

for public facility users (USD 79) (p<0.01). Those patients with diabetes who were 60+ years 

old had significantly higher expenditure on ambulatory care items than the younger patients, 

excluding drugs  (USD 159 vs. USD 135; p<0.01).  
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Males older than 60 years spent significantly more than those younger than 60 years on total 

diabetes care, while older females spent significantly more on ambulatory care (doctor’s fees 

and investigations) than younger females (Table 6). The results showed that in patients 

attending public clinics, there was no significant difference in the cost of diabetes care between 

different age groups. However, for patients older than 60 years of age and attending private 

clinics, the cost of diabetes care was higher than for those of less than 60 years of age. 

 

Table 6  Median (interquartile range) annual cost of diabetes care in USD for age groups and 

divided by sex 

Categories 

 

Item   

Age Group 

yrs  

Males  

N = 331 

P- value  Age Group 

yrs  

Females  

N = 491 

P- value 

Diabetes 

drugs 

30 - 60 

 

97 (55 -162) 

ns 

30 - 60 

 

92 (55 -208) 

ns 
>60 

 

115 (69 -335) >60 

 

92 (56 -139) 

Ambulatory 

care 

(Out-

patient) 

 

30 - 60 

 

119 (69 -199) 

ns 

30 - 60 

 

144 (89 – 197) 

0.05 >60 154 (83 -211) >60 159 (105 - 203) 

Total cost of 

Diabetes 

control 

30 – 60 

 

139 (73 - 211) 

0.001 

30-60 

 

175 (107 – 262 ) 

ns 
> 60 

 

192 (116 - 308) > 60 

 

192 (149 - 264) 

 

 

 

Table 7 Median (interquartile range) annual cost of diabetes care in USD for age groups and in 

relation to private and public clinics 

Categories 

 

Item   

Age Group 

yrs  

Attending 

public clinics 

N = 69 

P- value  Age Group 

yrs  

Attending 

private clinics 

N = 753  

P- value 

Diabetes 

drugs 

30 - 60 125 (51- 314) ns 30 - 60 92 (55- 190) ns 

>60 92   (62- 505)  >60 92 (55- 185)  

Ambulatory 

care 

(Out-

patient) 

 

30 - 60    92  (41- 140) 

 

ns 30 - 60 142 (82- 200) 0.006 

>60    159  (49- 88) 

 

 >60  147 (106- 212)  

Total cost of 

Diabetes 

control 

30 - 60    98   (42- 213) 

 

ns 30 - 60 169  (97- 242) 0.001 

> 60 192 (73- 316)  > 60 177 (138- 287)  
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The median and quartiles in study III were reported together with the mean, since the data on 

cost was skewed. The median annual medical expenditure for the case participants was four 

times higher than for the control participants. This medical expenditure included costs for in- 

and out-patient services plus the cost of medicines used. The participants with diabetes had a 

mean expenditure that was 85% higher than that of participants without the disease (USD 1004 

vs. USD 544). The expenditure on out-patient services for case participants was almost nine 

times higher (USD 345 vs. USD 40) and almost ten times higher for medication (Table 7). This 

difference in expenditure was similar for women and men. The case participants spent 

significantly more on medical costs across all the three age groups (20-39 years; 40-59 years; 

60-79 years), in comparison to the control participants. For the age group 20-39 years, the case 

participants had a higher cost for out-patient services and medicines, in comparison to the 

respective control group. More than half (59%) of the case participants with diabetes reported 

the lack of economic resources required to cover the cost of care as a reason for not receiving 

regular medical services, and 48% of the case participants that were on insulin therapy reported 

inability to afford the treatment.
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Table 8 Comparison of annual mean expenditures on in-patient hospital services, out-patient clinics, medicines, and total costs between 

persons with diabetes (cases) and individuals without diabetes (controls) 

  Inpatient expenditure (US$) Outpatient expenditure (US$) Medication expenditure 

(US$) 

Total expenditure (US$) 

  Cases Controls P-

value 

Cases Controls P-

value 

Cases Controls P-value Cases Controls P-

value 

Total     <0.001     <0.001     <0.001     <0.001 

Mean ± SEM 247 ± 54 143 ±37   657 ± 47 345 ± 35   101± 9 56 ± 8    1004 ± 72 544 ± 64   

Median (IQR) 0 (89) 0 (0)   345 (771) 40 (396)   59 (131) 6 (65)   579 (973) 148(597)   

Male     <0.001     <0.001     <0.001     <0.001 

Mean ± SEM 253 ±73 167 ±75   670 ± 75 320 ± 56   107 ± 16 60 ± 18   1030 ± 

102 

546 ± 98   

Median (IQR) 0 (42) 0 (0)   119 (774) 25 (316)   58 (131) 0 (65)   536 (1009) 132(596)   

Female     0.001     <0.001     <0.001     <0.001 

Mean ± SEM 243 ±50 128 ±38   649 ± 

590 

361 ± 47   97 ± 10 53 ± 7   989 ± 98 542 ± 83   

Median (IQR) 0 (95) 0 (0)   407(774) 45 (453)   62 (130) 7 (66)   635 (908) 163(617)   

Age 

groups(years) 

  

20–39     0.005     <0.001     <0.001     <0.001 

Mean ± SEM 309±111 165 ±72   781 ±150 259 ± 66   101 ± 15 45 ± 11   1192 ± 

173 

469 ±110   

Median (IQR) 0 (236) 0 (0)   429 (843) 0 (178)   70 (106) 0 ( 49)   844 (999) 77 (419)   

 40–59     0.001     <0.001     <0.001     <0.001 

Mean ± SEM 229 ±84 132 ±71   623 ± 55 358 ± 53   97 ± 11 60 ± 13   950 ± 103 551 ± 93   

Median (IQR) 0 (86) 0 (0)   352 (753) 32 (326)   58 (108) 7 (65)   563 (858) 135 (561)   

 60–79     0.021     <0.001     0.010     <0.001 

Mean ± SEM 243 ±83 152 ±90   645 ± 83 381 ± 63   106 ± 19 55 ± 9   994 ± 117 589 ±109   

Median (IQR) 0 (23) 0 (0)   287 (698) 109(572)   58 (152) 15 (73)   477(1123) 206(662)   

1.         P-values were calculated using the Mann–Whitney U-test because the variables were not normally distributed and are given for comparisons between 

case and control participants. 

2.         IQR, interquartile range= difference between median values for quartile 3+4 versus quartile 1+2 
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5.3 Diabetes control and acute complications  

Responses from the parents of children with diabetes (Study I) showed that the most frequent 

pre-meal or fasting blood glucose levels during the last 6 months were unsatisfactory in 86% 

of the cases. Their most frequent pre-meal blood glucose level was 9 mmol/l or higher. 

However, it was noted that 26% of the study group had not tested their blood glucose during 

the last six months. There was a negative correlation between the mother’s educational level 

and the fasting blood glucose level of children with diabetes (p<0.02), but the father’s 

educational level was not of significance. There was no correlation between the parents’ income 

and glycaemic control, nor was there a difference in diabetes control between children attending 

private and public clinics. Acute complications of diabetes, as evidenced by ketone bodies in 

urine, were reported in 46% of the children. Hypoglycaemia that needed special attention had 

occurred in 37% of the patients, and 57% had been admitted at least once to the hospital within 

the last year, the main causes of admission being diabetic ketosis (72%), hypoglycaemia (6%), 

malaria (11%) or other medical disorders or surgical interventions (9%). 

Adults with type 2 diabetes (Study II) did not show better outcomes, in comparison with 

children with diabetes. Glycosylated haemoglobin or HbA1C was determined to be 

unsatisfactory (HbA1c more than 6.5%) in 77% of patients (Mean + SEM: 8.2 + 0.12). On 

recall of the most frequent blood glucose levels in the last 3 months, fasting blood glucose levels 

of 4.4-6.7 mmol/L were reported by 15% of patients. However, almost two thirds reported 

fasting blood sugar levels of more than 8.9 mmol/L. There was no significant difference in the 

reported levels of fasting blood glucose during the last three months between males and 

females. 

Of the patients studied, 81% performed their blood and urine tests in private laboratories, 7.5% 

visited public laboratories and 2.3% conducted their tests using both facilities. Home Blood 

Glucose Monitoring (HBGM) was carried out by only 9% of the patients, with no gender 

difference. Only 11% of patients who were conducting HBGM had tested their blood for 

glucose more than three times during the previous months. Patients who needed special 

attention to control hypoglycaemia accounted for 16% of the study population. Regarding 

complications, 25% of the patients had had hospital admissions during the previous year. Of 

these, 37% had acute infection and ketosis, 8% had hypoglycaemia, 13% had malaria, 35% had 

surgical causes and 7% had other complications and causes for in-patient treatment. In Study 

III, a higher prevalence of co-morbidities was reported among the case participants, and these 

included erectile dysfunction or loss of libido, hypertension cardiac diseases, kidney disease, 

foot or leg ulcers, peripheral neuropathy and depression (Table 9).  
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Table 9 Comparison of reported health conditions as told to a doctor, for persons with diabetes 

(cases) and those without diabetes (controls) 

1Pearson’s chi-square comparison test between cases and controls 

 

 

 

 

 

 

 

 

 

 

 

 

Cases 

n =375 

Controls 

n =375 

 

n % n % P-value1 

Heart attack, heart failure or 

 other heart disease 

36 9.6 14 3.7 0.001 

Stroke 13 3.5 10 2.7 0.51 

High blood pressure 124 33 98 26 0.03 

Asthma or other lung disease 56 15 48 13 0.40 

Erectile dysfunction or loss of libido 36 8.5 14 2.8 0.001 

Kidney disease 37 9.9 18 4.8 0.01 

Peripheral neuropathy 156 42 33 8.8 <0.001 

Foot or leg ulcer 34 9.1 4 1.1 <0.001 

Amputation of toe, foot or leg 30 8.0 5 1.3 <0.001 

Eye surgery 38 10 24 6.4 0.063 

Laser treatment for eyes 31 8.3 11 2.9 0.001 

Depression 68 18 28 7.5 <0.001 

Other permanent problem  53 14 58 16 0.61 
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5.4 Social impact 

In study I, school performance reported by parents showed a significant deterioration among 

children with diabetes from the onset of diabetes to the current date (p < 0.001).  For Study III, 

case participants were significantly more likely to report a negative impact on all social 

indicators (Table 9). As a result of their diabetes, 21% of the individuals reported being 

prevented from doing any work, or as much paid work as they would like (controls: 6.1%). 

There was a similar impact on family members of the case participants (Table 9). There was a 

significantly higher likelihood of limited ability to grow food, do farming and housework for 

case participants and their families, compared to controls, and these case participants were five 

times more likely to report being prevented from enrolling in training or school due to their 

diabetes (8.5% vs. 1.6%), and hence limiting their future income. About one third (32%) of the 

case participants reported not getting enough to eat compared to the controls (8.5%). For the 

family members of the case participants, 20% reported lack of enough food to eat (controls: 

6.9%) (Table 10). 

 

Table 10 Proportion of persons with diabetes (cases) reporting that their health problems were 

affecting their or their family members' lives compared with control participants 

 Cases 

n=375 

Control 

n=375 

 

n % n % p-value1 

Prevented or kept from doing any paid work or doing as much paid work as 

wanted 

77 21 23 6.1 <0.001 

Having done more paid work than would do otherwise 32 8.5 8 2.1 <0.001 

Family member prevented from doing work or kept from doing as much paid 

work as wanted 

67 18 40 11 0.005 

Family member having to do more paid work than wanted 84 22 57 15 0.012 

Prevented from growing any food or doing any work in the house or kept 

from doing as much farming or housework as wanted 

86 23 26 6.9 <0.001 

Family member prevented from: growing any food; doing any work in the 

house; or doing as much farming or housework as wanted 

55 15 37 10 0.045 

Prevented from enrolling in school or training 32 8.5 6 1.6 <0.001 

Family member prevented from enrolling in school or training 62 17 36 10 0.005 

Kept from getting enough to eat 120 32 25 8.5 <0.001 

Family member kept from getting enough to eat 74 20 34 6.9 <0.001 

1 Pearson’s chi-square comparison test between cases and controls 
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5.5 Impact on health and health-related quality of life  

5.5.1 Reported problems in HRQoL  

Twenty-six percent of the case participants reported less than good self-rated health (SRH), in 

comparison to 12% of control individuals (p<0.001). People with diabetes had a multi-attribute 

index HUI of 0.61 (SD 0.31), compared to 0.79 (SD 0.20) for control individuals (p<0.001). 

People with diabetes reported more problems, and increased levels of severity, in the different 

HUI3 attributes, compared with control individuals (Table 10). These included pain, visual 

impairments, and emotional problems. Problems related to hearing, mobility and hand functions 

were significantly different among the two groups. For the participants with diabetes, the lowest 

single attribute HUI index was found in the attribute pain (0.90) followed by emotion (0.91), 

while the same figures for control individuals were 0.95 and 0.94, respectively.  

5.5.2 Influence on HRQoL 

The HUI score was used as the main outcome measure in the multivariable regression analysis 

(Table 11).  Sex, being 40 years of age or older, and being diagnosed with diabetes, had a 

negative significant impact on the HUI3 index in the full regression model, while being a 

housewife or widowed had a significant positive impact on the HUI3 index. There were no 

significant differences regarding level of education or area of residence (whether the individuals 

lived in Khartoum or other regions). Regression was done for two separate groups to determine 

whether there was a difference in HRQoL for people with diabetes and control individuals 

(Table 12). For the participants with diabetes, being 40 years of age or older negatively 

impacted on the HUI3 index, while being a housewife had a positive impact. Being 60 years of 

age or older, as well as being retired, had a negative impact on the HUI3 index for the control 

participants. According to sex, regression revealed that men with diabetes who were 40 years 

of age and older had their HUI3 negatively impacted, while this happened later in women at 

age 60 years and older (data not shown). 
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Table 11 Frequency distribution (percentages) of HUI3 attribute levels and single level attributes, comparing people with diabetes (D) and people 

without diabetes (C) 

 

Attribute 

levels 

Attribute (HUI3) 

Vision*  Hearing*  Speech  Mobility*  Hands*  Emotion*  Cognition  Pain* 

D C  D C  D C  D C  D C  D C  D C  D C 

1 42 60  90 94  99 99  87 92  88 95  28 44  59 62  39 54 

2 40 38  6.7 5.1  0.8 0.8  10 7.7  3.5 2.7  38 40  7.7 8.0  14 19 

3 4.0 1.1  0.5 0.5  - -  1.6 -  0.5 -  22 10  19 20  27 22 

4 9.3 1.6  1.1 0.3  0.3 -  0.3 -  4.5 1.6  12 5.6  12 8.8  9.6 3.2 

5 2.1 -  - -  - -  1.1 -  3.2 0.5  - -  - 0.3  10 2.1 

6 2.7 0.3  2.4 -  NA NA  - 0.3  - -  NA NA  2.1 0.8  NA NA 

Index (SD) 0.96 

(0.08) 

0.99 

(0.03) 

 0.98 

(0.06) 

1.00 

(0.02) 

 1.00 

(0.01) 

1.00 

(0.005) 

 0.99 

(0.04) 

0.99 

(0.02) 

 0.98 

(0.08) 

0.99 

(0.04) 

 0.91 

(0.11) 

0.94 

(0.09) 

 0.95 

(0.10) 

0.96 

(0.07) 

 0.90 

(0.14) 

0.95 

(0.08) 

*Pearson chi-square – significant differences between people with diabetes compared to people without diabetes. 

NA, not applicable (i.e., level not defined for HUI3 attribute) 
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Table 12  Multiple regression analyses on the HUI3 multi-attribute index for people with and 

without diabetes 

 All individuals  People with diabetes  Control 

individuals 

Dependent variable: Full model  Full model  Full model 

  ß p   ß p   ß p 

Intercept 0.86 <0.001   0.70 <0.001   0.90 <0.001 

                  
Sex                 

Men ref.     ref.     ref.   

Women -0.05 0.02  -0.07 0.06  -0.05 0.06 

                  
Age groups                 

20-39 years ref.     ref.     ref.   

40-60 years -0.09 0.001  -0.17 <0.001  -0.01 0.63 

60 years and above -0.22 <0.001  -0.34 <0.001  -0.10 0.002 

                  
Diabetes diagnosis                 

Control individuals ref.     NA     NA   

Patients with diabetes -0.16  <0.001    NA   NA  

                  
Level of education                 

Unfinished primary school ref.     ref.     ref.   

Finished primary school 0.01  0.70     0.04  0.27   -0.04 0.13 

Finished secondary school 0.00  0.99     0.005  0.91   -0.03 0.38 

University students 0.09  0.08     0.14  0.09   0.05 0.38 

Finished university -0.01  0.88     0.02  0.80   -0.03 0.40 

                
Marital status               

Single ref.     ref.     ref.  

Married 0.05  0.08     0.07  0.13   0.03 0.39 

Widowed 0.08  0.02     0.06  0.30   0.08 0.09 

Separated or divorced  0.05  0.36     0.03  0.76   0.04 0.50 

Cohabiting 0.09  0.53     0.02  0.91   0.09 0.67 

               
Employment status               

Unemployed/Not working1 ref.     ref.    ref.  

Employed 0.00  0.97     0.05  0.20   -0.06 0.05 

Retired or pensioner -0.04  0.23     0.04  0.48   -1.14 <0.001 

Housewife 0.07  0.02     0.17  <0.001   -0.04 0.24 

Student 0.07  0.18     0.18  0.06   -0.01 0.87 

                  
Region                 

Khartoum ref.     ref.     ref.   

Other states -0.02  0.20    -0.01  0.92    -0.03  0.13  

                  
R-Square 0.08     0.17     0.11   

Adjusted R-Square 0.08     0.14     0.07   

                  

Number of observations 750     375     375   
1Not working due to health problems 
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6 DISCUSSION   

The current climate of diminished health spending and increased demand for health services 

is forcing policy makers to either further cut back already inadequate health services, or to 

identify additional funding sources. This study has mainly focused on the economic and 

social burden of disease encountered by Sudanese patients with diabetes and their families. 

Several studies conducted in Sudan have investigated the clinical and epidemiological 

aspects of diabetes mellitus, but none of them has addressed the economic and social burden 

of the disease 28,76-79.  Unlike cost estimates derived from the data of individuals with diabetes 

identified from the general population or diabetes registers, this study design has the 

advantage of interviewing individuals face-to-face, thus obtaining relatively precise 

estimates of the cost of diabetes. This means that information about individuals’ costs and 

utilization patterns is collected directly, rather than estimated from aggregated data 24,80.  In 

this research, the burden of diabetes was explored in terms of the resources used by patients 

with diabetes, while the benefit was reflected by the degree of diabetes control, compared 

with healthcare costs of individuals without diabetes, and in relation to their health related-

quality of life. A low benefit in terms of poor metabolic control would be anticipated to 

associate with a high burden of diabetes in terms of years, and with a lower quality of life. 

6.1 Expenditure on patients and their families 

Our study assessing the healthcare costs associated with diabetes treatment and management 

showed that a four-fold increase in the cost of controlling diabetes occurred between 2005 

and 2013. This is probably due to increased utilization of health services and the use of newer 

expensive medications and interventions, while standards of living have also increased due 

to slight improvements in the economy. Paying for healthcare can be unfair in two different 

ways. It can expose families to large unexpected expenses which could not be foreseen and 

which have to be paid out-of-pocket at the moment of utilization of services, rather than being 

covered by some kind of prepayment. Additionally, healthcare payment imposes a regression 

phenomenon in which those least able to contribute pay proportionately more than those that 

are better off.  

The findings in our report demonstrate that the direct cost of diabetes care required 65% of 

the health expenditure of the whole family. Insulin constituted about one third of total 

diabetes care expenditure. Under such circumstances, people buy care even if it costs them 

their long-term livelihood, because medical expenses are often forced payments. In 

traditional economic analyses, poorer groups´ payment for healthcare is typically used as 

evidence of a willingness to pay, and this was proved in a previous study in a Sudanese 

household, such that they were willing to pay a reasonable fee for public health services with 

the assumption that the public health service provides good quality care 81. However, this 

considerable contribution by the family was not reciprocated with optimal healthcare of the 

patients, as reflected by sub-optimal glycaemic control in patients in both public and private 

practices. More detailed cost-benefit analyses need to be addressed. Few studies have been 

performed to assess the costs of diabetes in LIC countries82. A common experience for 

individuals with diabetes in low-income countries is the challenge of catastrophic medical 



 

32 

costs and a frequent lack of appropriate medications, despite possessing medical insurance. 

Similar to results reported elsewhere, out-of-pocket expenses of medications was found 

unaffordable for most households 83. In other low-and middle-income countries, individuals 

with diabetes are more likely to experience catastrophic medical spending and often do not 

possess appropriate medications to treat diabetes 83,84. 

Our analyses showed that health care costs were four times higher in people with diabetes, 

compared with those without diabetes.  These findings are consistent with results from other 

studies, in which similar data have been reported for cohorts of individuals with diabetes in 

Italy 85, the US 86, China 87, and Saudi Arabia, where this parameter was found to be up to 

ten times higher 88.   Other investigators have found that the presence of household members 

with chronic illnesses (such as diabetes) leads to increased health care expenditure and even 

impoverishment; for example, in Uganda, such households were found to be three times more 

likely to incur health care costs than other households. People living in LICs pay a larger 

share of total health expenditure, because they often lack access to health insurance and 

publicly-available medical services 21. The study indicates that the human and economic 

impact of diabetes may be far greater in low-income countries than in the industrialized 

world, where a diagnosis of diabetes is made much earlier, and where effective treatments 

are readily prescribed. For a low-income country such as Sudan, the economic costs of 

diabetes are huge, and the increasing prevalence of this disease poses a substantial threat to 

the country’s health care system and economy. 

Furthermore, a financial report from the Federal Ministry of Health in Sudan also supports 

our results by showing that the source of finance of health care expenditure for 84% of people 

is normal household expenditure, while, health insurance is the source for 6% of people; 

friends and relatives the source for 3% of people; the sale of belongings and assets the source 

for another 3% of people; and loans are the funding source for 3% of people. Almost 50% of 

respondents said that healthcare expenditure had had an impact on household income. To 

finance healthcare, 28% of respondents opted not to receive full treatment, 21% reduced their 

non-health expenditure in favour of healthcare, and 16% borrowed money 89. These data 

should be considered from the viewpoint that Sudan, as a low income country, spends almost 

6.5% of its GDP on health care, with an out-of-pocket share to cover health costs of about 

70%, or 84 USD per capita, and 22% through GGHE, translating to 27 USD per capita, or 

8.2% of general government expenditure (GGE).  

6.2 Impact on patients and their families 

Various socioeconomic and educational characteristics influence the prognosis of individuals 

with diabetes. Economic variables include direct non-healthcare costs, such as a family’s 

expenditure on special food, physical activities undertaken because of the child’s diabetes, 

and informal care provided by the primary and other caregivers. The latter has been defined 

as the performance of tasks that help maintain or enhance the patient’s health, and which are 

carried out by non-professional caregivers 90. A high rate of illiteracy amongst mothers may 

contribute to impaired care of a child with diabetes. In addition, the illiteracy of fathers could 

hamper good financial support to a child with diabetes and may keep patients away from 

hospitals until their condition is much more severe. Another study conducted in Egypt 

highlights the fact that low levels of educational attainment can limit the extent to which 
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patients can manage their problems associated with diabetes 91.  The poor metabolic control 

exhibited in this study was associated with a negative impact on educational attainment and 

school performance of the child with diabetes. Because of inadequate and intermittent 

treatment, most children with diabetes were in poor health, and frequent hospital admissions 

prevented them from attending school. Another study has reported a negative correlation 

between education and level of metabolic control of type 1 diabetes 92. Of the newly 

diagnosed children with diabetes in Sudan, 81% presented to hospitals with diabetic 

ketoacidosis 93.  

A crucial observation from our study was that diabetes had a profound effect on the social 

and economic circumstances of both patients and their families. Compared to families that 

had no members with diabetes, the presence of diabetes in families had effects on schooling, 

training, and employment. These findings are consistent with observations of the effects of 

diabetes in a cohort in the United States 94, and are in agreement with studies demonstrating 

the negative effects of hypoglycaemic episodes on economic productivity 95. Other recent 

studies have reported similar findings 96-98. Results from a systematic review reported that 

diabetes had a significant negative impact on the ability-to-work outcomes considered 36. Since 

our results show the impact of diabetes on economically important activities such as farming, 

this is potentially of great importance to Sudan, firstly because a significant proportion of the 

population relies on subsistence farming, and secondly because agriculture contributes a 

significant amount to the country’s total exports. Clearly improvements in the clinical 

management of diabetes at the local level will not only lead to improved quality of life for  

individuals with diabetes and their families, but will also lead to socioeconomic 

improvements at both the community and local levels. 

6.3 Quality of diabetes care   

The results from this study, and also those of others 33,99,100, indicate that a good quality of 

diabetes care has yet to be achieved in Sudan. In our studies of both type 1 diabetes in children, 

and of adults with type 2 diabetes, we found that more than two thirds of the patients were not 

optimally controlled, regardless of whether they were attending private or public health clinics. 

This economic burden has generally not translated into optimum diabetes care in either private 

or public practices, and can be considered as a depletion of family resources and an inefficient 

healthcare delivery system.   

To maintain a healthy quality of life, patients with diabetes must have access to appropriate 

medication, quality care and good medical advice. A study by Gilmer et al. reported a 

relationship between improved glycaemic control and decreasing healthcare costs 101. The 

American Diabetes Association (ADA), for example, recommends achieving HbA1c levels of 

<7.0% 102, whereas the American Association of Clinical Endocrinologists (AACE) 

recommends  levels of <6.5%.  Maintenance of such glycaemic levels will significantly reduce 

complications in both type 1 and type 2 diabetes. Results from the United Kingdom prospective 

diabetes study (UKPDS) demonstrated that there is no HbA1c threshold at which further 

lowering does not reduce the risk of complications until the normal range (<6.0%) is reached 
103.  Glycaemic control can be viewed as an intermediary outcome indicator of effectiveness of 

treatment, as it is known to be related to the long-term prognosis of the disease. Additionally, 

it is likely that poor glycaemic control is a consequence of failure to address other risk factors, 
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such as insufficient awareness of lifestyle risks. A low benefit in terms of poor metabolic 

control would be anticipated to associate with a high burden of diabetes in terms of years, and 

with a lower quality of life, expressed as Disability-Adjusted Life Years (DALYs) 104. 

Improved glycaemic control is also associated with substantial quality-of-life and health 

economic benefits 105. Favourable health economic outcomes include higher retained 

employment rates, greater productive capacity, less absenteeism and fewer restricted activity 

days 106.   

While intensive diabetes therapy is more expensive, the cost of treating diabetes-related 

complications is substantially reduced, and the amount of time free from complications is 

increased. For example, using outcome data from the UKPDS trial, it has been shown for 1997 

that intensive therapy costs rose by USD 1 138 per patient, while complication costs were 

diminished by USD 1597 107.  

As indicated previously, more than 75% of patients with either type 1 or type 2 diabetes never 

self-monitor their blood glucose levels 99. In diabetes care, the regularity of blood glucose 

control may indicate the quality of the process of care. In our study, Home Blood Glucose 

Monitoring (HBGM) was only performed by one out of ten adult patients.  HbA1c is the ideal 

way to monitor blood glucose when the facilities and resources are available, one practical 

consideration in Africa being maintaining the correct ambient air temperature 108. However, for 

most people with diabetes in Africa, this option is infeasible.  Even when available, HbA1c is 

measured in less than 5% of patients 109-112.  Fasting blood glucose is probably the most 

affordable means of monitoring people with diabetes, although even this might not be available 
110. Random blood glucose is the most common means of monitoring 110,111, which can be 

helpful in people with type 2 diabetes if the time of the last meal is also recorded. Urine glucose 

measurements can be useful in identifying people with blood glucose levels that require 

immediate attention. The current poor availability and lack of use of methods for monitoring 

blood glucose means that very few people with diabetes in Africa are likely to achieve normal 

levels of glycosylated haemoglobin. 

One of the main factors that encouraged the private provision of health services was the 

perceived deterioration of the quality of services provided by public healthcare facilities 81.  In 

addition, the introduction of user fees in the public domain providing health services made the 

ratio of quality/cost more favourable for the private sector, as the higher user charges in the 

private sector were accompanied by its higher quality.  No studies of the negative impacts of 

the user charge policy on equity have been performed in Sudan, despite long- standing concerns 

and renewed debate about its effects.  

6.4 Impact on health–related quality of life  

A variety of developments in the Sudanese society, including economic, political and 

ideological changes, have profoundly influenced health care in Sudan. Furthermore, social 

phenomena such as immigration of refugee populations, and altering dietary habits in various 

parts of the population, have also impacted upon the prevalence and treatment of diabetes, a 

disease which is directly related to nutrition. Our study confirmed the negative impact of 

diabetes on HRQoL in people with diabetes. Other findings from a case control study are in 

line with our results showing that Bangladeshi patients with diabetes were more likely to report 
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problems in all dimensions than controls, with the largest effect observed in the dimensions 

‘self-care’ and ‘mobility’ 113. Our study is in line with results from population-based studies 

from Korea and Germany 114,115. 

In our report, pain was the most affected attribute, since people with diabetes reported having 

moderate to severe pain which affected performance significantly more often than control 

individuals. This is consistent with results showing that diabetic neuropathy in adults with type 

1 or type 2 diabetes is both associated with a significantly reduced quality of life, and also a 

substantial economic burden both for society and for health insurance 115,116.  Pain has profound 

consequences for the quality of life of patients, their families, and their social and professional 

environment. Only a holistic clinical approach will successfully improve the patient’s condition 
117.  

Additionally, diabetes leads to a range of impairments in vision, with blindness in a few patients 
118. While the prevalence and incidence of sight-threatening diabetic retinopathy and other sight 

defects in developed countries is well documented 119,116, there is little published data 

concerning this situation in sub-Saharan Africa 120. 

Emotions constituted another source of heterogeneity in respondents with diabetes, with 

significant levels of ‘unhappiness’ more common amongst people with diabetes. Depression is 

a well-documented feature in these patients 51,74,121, and it is of importance to assess emotional 

attributes when determining disease progression outcomes in people with diabetes. 

Our findings also showed differences amongst respondents for the attribute hands.  Although 

most respondents reported no problems in using their hands, some experienced limitations in 

the use of hands and fingers, and were unable to perform certain tasks without help. Several 

studies have shown that various musculoskeletal disorders and hand lesions occur more 

frequently among people with diabetes 122-124.  

In the age group 40 years of age or above, the HUI3 multi-attribute index was significantly 

different in people with diabetes. Such differences have been shown previously 125-128. It 

appears that rural populations show lower levels of HRQoL compared with urban areas. 

However, we found no difference in HRQOL between Khartoum and other regions. Estimates 

of rural differentiation have shown variable results, even in studies using HUI3 129. 

6.5 Methodological considerations 

Data were collected by a study team which was trained by the principle investigator (HE), one 

research assistant, and three data collectors. This team was hired from the Ministry of health 

and their selection was based on their experience with interview procedures. They underwent 

a four-week training, during which they were taught about the study protocol and research 

ethics, and trained to perform the interviews. The interviewers and interviewees were from the 

same socioeconomic category, which facilitated a common understanding of the questions. 

One limitation of this study is the possibility of under-reporting of family income which would 

have caused an overestimation of the percentage of income spent on healthcare. This was most 

likely to have occurred in the high-income group. Secondly, we did not have data from a 

comparable population to indicate general family healthcare expenses. The major objective of 
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the study was to assess the direct cost of treating a chronic disease without reporting 

complications, which would be higher than that of the cost of general healthcare. Data for 26 

percent of the children in study I were missing with regards to blood glucose monitoring at 

home, which makes the data less valid for the whole population of children in the study. In 

relation to our findings, it can be assumed that it is more likely that those not reporting any 

monitoring of blood glucose levels are those with diabetes that is not well-controlled. If such 

is the case, our findings would overestimate the already low level of diabetic control.  

There is a potential for recall bias about costs associated with diabetes care and 

hospitalization, as well as a possible underestimation of the costs of inpatient visits and 

medication in the study population, because subjects were recruited from those receiving 

ambulatory care. Patients with chronic complications of diabetes are usually seen in tertiary 

care. Moreover, some patients’ recall of cost for treatments may not be adequate because of 

illiteracy or because the medications were bought by others in their household. Because the 

recruitment of control subjects was based on recommendations by diabetes patients, there is 

a possibility that this sample is biased. A more careful selection strategy would have included 

participants either from the community or individuals without diabetes from the rolls of a 

hospital.   However, this was not done in the present study. A strength of the present study is 

that the protocol used for the selection of matched control subjects ensured that a suitable 

control group was selected based on demographic factors. Another strength of the study was 

the survey instrument used, which was developed by the IDF, and this strengthens the 

applicability of the findings to other settings. Furthermore, the guidelines from the IDF 

contain instructions for coding alongside each of the questions.  

The research protocol and sampling process employed in our study I and II were designed to 

avoid any bias in the results, although some limitations should be recognized. We included 

only households belonging to one metropolitan area, and so it may not be possible to apply 

the results to the whole country. However, due to the representative nature of the sample, the 

results may be applicable to other urban areas, and thus it is anticipated that the study reflects 

actual health service participation for a significant proportion of the Sudanese population. 

Since inpatient service use is infrequent, a much larger sample would be needed to explore 

hospitalization and its costs. A separate study in a high-income country employed data from 

a large retrospective, population-based cohort of Swedish patients with type 2 diabetes to 

assess the extent of medical resource usage, and reported that the greatest economic burden 

was the elevated rate of hospitalization (12–16%) in this patient population 130. For study III 

and IV samples were recruited from outpatient diabetes clinics in four separate states from 

different parts of Sudan. These studies demonstrated that no differences were observed 

between Khartoum and these other regions with respect to HRQoL. Since the attributes 

examined in studies III & IV appeared to be consistent between Khartoum and the other four 

states, this suggests that it may be possible to extend the results obtained for urban areas 

described in study I and II to these other non-urban regions of the country. 

In addition, economic assessment studies should be based on standard research methods and 

reliable data to ensure validity and comparability of results. Finally, areas of economic research 

should be broadened, such as studying issues related to the prevention of diabetes. Patients and 

their families need to be involved and made aware of the advantages of controlling the disease 

to avoid the consequences of its complications. 
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7 CONCLUSIONS AND RECOMMENDATIONS 

Diabetes is a costly disease in Sudan, with childhood diabetes consuming a major part of the 

total income of a family that has a child with diabetes. People with diabetes were found to have 

much higher total annual costs for medical services, and also described a higher proportion of 

adverse social effects on themselves and on other family members, and confirms the negative 

impact of diabetes on HRQoL compare to those without diabetes. 

The economic burden on Sudanese people with type 1 and type 2 diabetes, and on their families, 

is increasing. Sources of medical expenditure include the individual with the disease, which 

may be chronic, but also inpatient care and the reduced economic status and education level of 

the head of the household. Diabetes care involves long-term routine clinical visits to the clinic, 

regular testing and medications, while households have limited flexibility to respond to the cost 

of unexpected hospitalization or other illness episodes. Meanwhile, the Sudanese health care 

system is ill-equipped to meet this burden and its complications.  

We found that over two thirds of patients attending private or public health clinics were not 

optimally controlled. This indicates that high quality diabetes care has yet to be achieved, 

despite the fact that patient OOP health care expenditure is far higher than government 

expenditure, which provides only one fifth of total health expenditure. However, this amount 

is still too small to purchase adequate quality services.  

The prevalence of diabetes in Sudan is increasing, and this study has addressed the economic 

and social magnitude of this disease. It has revealed the ineffectiveness in the care and 

management of type 1 and type 2 diabetes that results in poor glycaemic control, and 

consequent increased morbidity and reduced quality of life. A number of measures therefore 

need to be urgently implemented, including making diabetes care available and accessible to 

those who need it, particularly in public healthcare facilities. In order to encourage vulnerable 

families in the control of diabetes and its complications, alternative funds should be created to 

finance quality diabetes care in public healthcare facilities. This would seem reasonable, since 

there are user charges for health services in public utilities, including those for diabetes. Those 

involved in diabetes care should be aware of what drives costs, and economic research is 

needed to assess both the impact of the growing number of available interventions, as well as 

how economic factors such as income level, education, lifestyle selection, and awareness of 

the importance of control are associated with diabetes and its complications.  

The proper treatment of diabetes is not costly, but not treating diabetes properly is very costly, 

and economic studies demonstrate that interventions used to prevent and control diabetes may 

differ greatly in terms of costs per health outcome gained. Health providers and policymakers 

should use this information in making clinical and policy decisions in order to use resources 

efficiently. Efforts are needed to improve the quality of economic studies and to expand 

economic research to new areas in the future.  

Our findings show that additional public resources need to be mobilized to deliver universal 

health and health insurance coverage. While the population’s enrolment into the National 

Health Insurance System (NHIS) is critical in this respect, an effective health delivery system 

is fundamental for the population to benefit from the promised entitlement. These two systems 

should go hand-in-hand to achieve better health outcomes. While the NHIS is in its early stages, 
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reforms are needed to improve coverage and the program’s effectiveness. Sudan has come a 

long way and has embarked on an ambitious goal that many larger countries have yet to 

establish. 

From the findings in this study, I propose some possible actions to curb the burden of diabetes 

in LMICs: 

 

 Initiate or strengthen a visible and viable operation policy and strategy for diabetes in 

the National NCDs plan. The strategic framework is to guide the funding, planning 

organization, provision, and monitoring and evaluation of services of people with or at 

risk of diabetes. 

 

 Integrate essential standards of managing diabetes into primary health care.  

 

 Provision of the necessary socio-economic, medical and social support for families with 

a child with diabetes, and for families of patients with diabetes with chronic 

complications. 

 

 Continuous educational diabetes programs for patients with diabetes and their families, 

to promote diabetes self-management education and support.  

 

 Provision of insulin and other anti-diabetic drugs, as well as blood glucose monitoring 

equipment, should be encouraged at a low cost. 

 

 Improve primary care services for people with diabetes to reduce the cost of diabetes 

care at higher levels, such as control of blood pressure and blood lipids. 

 

Implementation of inexpensive and easy to use interventions can reduce the huge economic 

burden of diabetes. Many of these interventions are cost-effective, and in some cases cost-

saving, in LICs. 

 

This thesis illustrates the fact that diabetes care in Sudan needs to be urgently improved. An 

important feature of this should be the way that various aspects of diabetes care are funded. In 

addition, any changes should also be supported by further research in the following areas: 

improvements in the quality of life of diabetes patients, both with and without complications, 

should be assessed by cost-analysis studies; improved mechanisms of service delivery should 

be identified by studies evaluating health care provision for diabetes in relation to cost; finally, 

coping behaviours exhibited by parents of children with diabetes, and by people with diabetes, 

should be studied, together with promoting the awareness of patients’ and families’ roles in 

controlling the disease and its complications, in order to gain a greater insight into how the 

impact of this disease might be reduced.



 

 39 

8 ACKNOWLEDGEMENTS 

This thesis owes its creation to several people. I am very much indebted to all who contributed 

to this work and gave me the possibility to reach my target. 
  

First I would like to thank my main supervisor Associate Professor Rolf Wahlström, for your 

years of investment, encouragement and support in this journey. Thank you for bringing a 

critical voice to my work and for challenging me to keep improving. Your diligent follow-up 

and strong commitment was of immeasurable value. 
 

Professor Claes-Göran Östenson, my supervisor, for tremendous support throughout the 

years, for sharing your extensive experience in the field of diabetes, and for giving me so much 

of your valuable time and advice. Thank you for always being available in times of need 
 

Professor Mohamed Eltom, my supervisor, for sharing your innovative ideas, distinctive skills 

in research planning and for sacrificing your valuable time for problem solving during field 

work. I cannot thank you enough for guiding me through my ups and downs of this process.  
 

Dr Pia Johansson. For helping to continue successfully in this project, and for participating in 

Study III. You have generously contributed with profound knowledge, and remarkable advice. 
 

I am grateful to the organizations that have helped to finance this journey: Ahfad University 

for Women, Sudan (AUW), the Diabetes Programs Promotion Organization and the Swedish 

Institute. The kind attention and concern of Professor Gasim Bedri, president of AUW, is 

highly appreciated. 
 

I also thank the Federal Ministry of Health Sudan, and Mulazmin Diabetes Center, Sudan, for 

providing information, assistance and logistics for field work.  
 

Thank you to all my co-authors, especially Kamal Yassin and Vibeke Sparring, for creating a 

wonderful environment and for excellent collaboration, invaluable help and assistance 
 

Thanks to Professor Mustafa Khogali, Dr. Manal Abdin, Dr. Khalid Habani and Professor 

Suad Musa for their forceful steering, long sessions of discussion and constructive comments. 
 

The colleagues and staff at Public Health Sciences, you have shared with me both the enjoyable 

and hard days of work, especially to Nada Hanna and Juliet Aweko, Alicia Nevriana, Lisa 

Blom, Dell Saulnier, Douglas Sematimba, and Dr. Anna Machowska for help and support 

and for creating the best international environment, for cheerful moments, for your kindness 

and for technical assistance. Special thanks to Vijay Prabhu for excellent secretary assistance 

and support. 

Special thanks to the head of the department, Professor Cecilia Stålsby Lundborg, for your 

support and encouragement  
 

Dr. Neil Portwood for excellent language revision. Agneta Hilding for excellent advice on 

statistics and invaluable discussions. Marita Larsson, for having assisted in the intricate KI 

administrative process. 

 
 



 

40 

Colleagues and friends in Sweden Dr. Hanan Abdalla, Dr. Najat Abbas and Dr. Nada Omer  

for being sisters before being friends, for the care and continuous support during the whole  

journey. Dr. Agricola Joachim and Dr. Mohamed Hamza for their help and support, Nafisa 

Osman and Najat Ballal for the cheerful times.  
 

The staff of Mulazmin Diabetes Center, Sudan,  specially Salwaa Fadul, Mustafa Mohamed 

Ahmed and Ihab Abdelwahab, for the wonderful time, cheerful moments and unlimited 

assistance. 
 

Without a good shelter to settle during my stay in Sweden, life would have been very 

challenging. Thus I would like to especially thank Gun Sandell and Tabutu Medhin for giving 

me a calm and comfortable home. 
 

The Sudanese community in Stockholm and Uppsala for sharing the gatherings and social 

events. Special thanks to Magda Mohamed and her husband Dr. Isam Suliman.  
 

I would like to extend my sincere appreciation to all the research assistants and volunteers who 

participated in this work, without you these studies would not have been accomplished.  
 

I would finally like to express my sincere appreciation, gratitude and love to my family, my 

Dad, Mum, brothers, Magdi, Yasir, my sister Amel and my brother-in-law Nadir Khir, for their 

love, care and unlimited support, and encouragement. You all made the road easy!    
 

I also would like to pay tribute to the late professor Hans Rosling, my former supervisor, a 

memorable person in my life for whom all words of appreciation and gratitude would not be 

enough to honour. He did not last enough to see the results of his initiative. He showed the 

maximum dedication, altruism, wholeheartedness and support for me to start my studies. 

 

 

 

 

 



 

 41 

9 REFERENCES 

 
1. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes mellitus 
and its complications. Part 1: diagnosis and classification of diabetes mellitus provisional report of 
a WHO consultation. Diabetic medicine : a journal of the British Diabetic Association 1998; 15(7): 
539-53. 
2. Diagnosis and classification of diabetes mellitus. Diabetes care 2005; 28 Suppl 1: 
S37-42. 
3.  Classification and Diagnosis of Diabetes. Diabetes care 2017; 40(Suppl 1): S11-s24. 
4. Dahiru T, Jibo A, Hassan AA, Mande AT. Prevalence of diabetes in a semi-urban 
community in Northern Nigeria. Niger J Med 2008; 17(4): 414-6. 
5. Mbanya JC, Motala AA, Sobngwi E, Assah FK, Enoru ST. Diabetes in sub-Saharan 
Africa. Lancet (London, England) 2010; 375(9733): 2254-66. 
6. Awotidebe TO, Adedoyin RA, Oke KI, et al. Relationship between functional capacity 
and health-related quality of life of patients with type-2 diabetes. Diabetes & metabolic syndrome 
2017; 11(1): 1-5. 
7. Balaji A. Quality of care among type 2 diabetes mellitus patients residing in an urban 
slum of Chennai Corporation -- a community-based cross-sectional study. Journal of the Indian 
Medical Association 2011; 109(7): 462-4. 
8. Zafar J, Bhatti F, Akhtar N, et al. Prevalence and risk factors for diabetes mellitus in a 
selected urban population of a city in Punjab. J Pak Med Assoc 2011; 61(1): 40-7. 
9. Grover S, Avasthi A, Bhansali A, Chakrabarti S, Kulhara P. Cost of ambulatory care of 
diabetes mellitus: a study from north India. Postgrad Med J 2005; 81(956): 391-5. 
10. Nyenwe EA, Odia OJ, Ihekwaba AE, Ojule A, Babatunde S. Type 2 diabetes in adult 
Nigerians: a study of its prevalence and risk factors in Port Harcourt, Nigeria. Diabetes research 
and clinical practice 2003; 62(3): 177-85. 
11. Organization; WH. Global status report on noncommunicable diseases 2014. 
Geneva, Switzerland: WHO, 2014. 
12. Rahim HF, Sibai A, Khader Y, et al. Non-communicable diseases in the Arab world. 
Lancet (London, England) 2014; 383(9914): 356-67. 
13. Worldwide trends in diabetes since 1980: a pooled analysis of 751 population-based 
studies with 4.4 million participants. Lancet (London, England) 2016; 387(10027): 1513-30. 
14. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of diabetes for 
2010 and 2030. Diabetes Res Clin Pract 2010; 87(1): 4-14. 
15. Mensah GA, Mayosi BM. The 2011 United Nations high-level meeting on non-
communicable diseases: the Africa agenda calls for a 5-by-5 approach. South African medical 
journal = Suid-Afrikaanse tydskrif vir geneeskunde 2012; 103(2): 77-9. 
16. WHO. Global status report on non-communicable diseases. Geneva, Switzerland. 
2014  
17. WHO. Q&A’s on hypertension. 2015. www.who.int/features/qa/82/en/ (accessed 
May 20 2017). 
18. Trends in adult body-mass index in 200 countries from 1975 to 2014: a pooled 
analysis of 1698 population-based measurement studies with 19.2 million participants. Lancet 
(London, England) 2016; 387(10026): 1377-96. 
19. Geneva: World Health Organization. Resolutions and decisions. May 2013; 
Resolution WHA 66.10. In: Sixty-sixth World Health Assembly, Geneva, 20–27 . Resolutions and 
decisions. 
20. World Health Organization.Geneva: World Health Organization. Global Action Plan 
for the Prevention and Control of Non communicable Diseases 2013–2020. . 2013. 
21. International Diabetes Federation. Diabetes Atlas 2015. May 25, 2015 2015. 
http://www.diabetesatlas.org/ (accessed 27 April 2016. 

www.who.int/features/qa/82/en/
http://www.diabetesatlas.org/


 

42 

22. Group IDFDA. Update of mortality attributable to diabetes for the IDF Diabetes 
Atlas: Estimates for the year 2013. Diabetes research and clinical practice 2015; 109(3): 461-5. 
23. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of diabetes: estimates 
for the year 2000 and projections for 2030. Diabetes care 2004; 27(5): 1047-53. 
24. van Dieren S, Beulens JW, van der Schouw YT, Grobbee DE, Neal B. The global 
burden of diabetes and its complications: an emerging pandemic. Eur J Cardiovasc Prev Rehabil 
2010; 17 Suppl 1: S3-8. 
25. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity 
in developing countries. Nutr Rev 2012; 70(1): 3-21. 
26. Kengne AP, Echouffo-Tcheugui JB, Sobngwi E, Mbanya JC. New insights on diabetes 
mellitus and obesity in Africa-part 1: prevalence, pathogenesis and comorbidities. Heart 2013; 
99(14): 979-83. 
27. Hall V, Thomsen RW, Henriksen O, Lohse N. Diabetes in Sub Saharan Africa 1999-
2011: epidemiology and public health implications. A systematic review. BMC public health 2011; 
11: 564. 
28. Bos M, Agyemang C. Prevalence and complications of diabetes mellitus in Northern 
Africa, a systematic review. BMC public health 2013; 13: 387. 
29. Elmadhoun WM, Noor SK, Ibrahim AA, Bushara SO, Ahmed MH. Prevalence of 
diabetes mellitus and its risk factors in urban communities of north Sudan: Population-based 
study. Journal of diabetes 2016; 8(6): 839-46. 
30. Elbagir MN, Eltom MA, Elmahadi EM, Kadam IM, Berne C. A population-based study 
of the prevalence of diabetes and impaired glucose tolerance in adults in northern Sudan. Diabetes 
care 1996; 19(10): 1126-8. 
31. Elbagir MN, Eltom MA, Elmahadi EM, Kadam IM, Berne C. A high prevalence of 
diabetes mellitus and impaired glucose tolerance in the Danagla community in northern Sudan. 
Diabetic medicine : a journal of the British Diabetic Association 1998; 15(2): 164-9. 
32. Elbagir MN, Etayeb NO, Eltom MA, Mahadi EO, Wikblad K, Berne C. Health-related 
quality of life in insulin-treated diabetic patients in the Sudan. Diabetes research and clinical 
practice 1999; 46(1): 65-73. 
33. Abdelgadir M, Elbagir M, Eltom A, Eltom M, Berne C. Factors affecting perinatal 
morbidity and mortality in pregnancies complicated by diabetes mellitus in Sudan. Diabetes 
research and clinical practice 2003; 60(1): 41-7. 
34. Abdelgadir M, Shebeika W, Eltom M, Berne C, Wikblad K. Health related quality of 
life and sense of coherence in Sudanese diabetic subjects with lower limb amputation. The Tohoku 
journal of experimental medicine 2009; 217(1): 45-50. 
35. Sarol JN, Jr., Nicodemus NA, Jr., Tan KM, Grava MB. Self-monitoring of blood glucose 
as part of a multi-component therapy among non-insulin requiring type 2 diabetes patients: a 
meta-analysis (1966-2004). Curr Med Res Opin 2005; 21(2): 173-84. 
36. Breton MC, Guenette L, Amiche MA, Kayibanda JF, Gregoire JP, Moisan J. Burden of 
diabetes on the ability to work: a systematic review. Diabetes care 2013; 36(3): 740-9. 
37. WHO. Global report on diabetes. 2016. 
http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf?ua=1 (accessed 
(May10-2017). 
38. Ng CS, Lee JY, Toh MP, Ko Y. Cost-of-illness studies of diabetes mellitus: a systematic 
review. Diabetes research and clinical practice 2014; 105(2): 151-63. 
39. Seuring T, Archangelidi O, Suhrcke M. The Economic Costs of Type 2 Diabetes: A 
Global Systematic Review. PharmacoEconomics 2015; 33(8): 811-31. 
40. Kirigia JM, Sambo HB, Sambo LG, Barry SP. Economic burden of diabetes mellitus in 
the WHO African region. BMC Int Health Hum Rights 2009; 9: 6. 
41. Sobngwi E, Mauvais-Jarvis F, Vexiau P, Mbanya JC, Gautier JF. Diabetes in Africans. 
Part 1: epidemiology and clinical specificities. Diabetes Metab 2001; 27(6): 628-34. 
42. Federation. ID. Human, social and economic impact of diabetes. 2009 [cited 2017 12 
May]. http://www.idf.org/humansocial-and-economic-impact-diabetes. 

http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf?ua=1
http://www.idf.org/humansocial-and-economic-impact-diabetes


 

 43 

43. Jonsson PM, Marke LA, Nystrom L, Wall S, Ostman J. Excess costs of medical care 1 
and 8 years after diagnosis of diabetes: estimates from young and middle-aged incidence cohorts 
in Sweden. Diabetes research and clinical practice 2000; 50(1): 35-47. 
44. Johnson JA, Pohar SL, Majumdar SR. Health care use and costs in the decade after 
identification of type 1 and type 2 diabetes: a population-based study. Diabetes care 2006; 29(11): 
2403-8. 
45. Sorensen M, Arneberg F, Line TM, Berg TJ. Cost of diabetes in Norway 2011. 
Diabetes research and clinical practice 2016; 122: 124-32. 
46. Bommer C, Heesemann E, Sagalova V, 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(6): 
423-30. 
47. Grandy S, Fox KM. EQ-5D visual analog scale and utility index values in individuals 
with diabetes and at risk for diabetes: Findings from the Study to Help Improve Early evaluation 
and management of risk factors Leading to Diabetes (SHIELD). Health and quality of life outcomes 
2008; 6: 18. 
48. Holmes J, McGill S, Kind P, Bottomley J, Gillam S, Murphy M. Health-related quality 
of life in type 2 diabetes (TARDIS-2). Value in health : the journal of the International Society for 
Pharmacoeconomics and Outcomes Research 2000; 3 Suppl 1: 47-51. 
49. Koopmanschap M. Coping with Type II diabetes: the patient's perspective. 
Diabetologia 2002; 45(7): S18-22. 
50. Nazir SU, Hassali MA, Saleem F, Bashir S, Aljadhey H. Does Treatment Adherence 
Correlates With Health-Related Quality of Life: Findings From A Cross Sectional Analysis of Type 2 
Diabetes Mellitus Patients In Pakistan. Value in health : the journal of the International Society for 
Pharmacoeconomics and Outcomes Research 2015; 18(7): A613. 
51. Rejeski WJ, Lang W, Neiberg RH, et al. Correlates of health-related quality of life in 
overweight and obese adults with type 2 diabetes. Obesity (Silver Spring, Md) 2006; 14(5): 870-83. 
52. Ababio GK, Bosomprah S, Olumide A, et al. Predictors of quality of life in patients 
with diabetes mellitus in two tertiary health institutions in Ghana and Nigeria. Niger Postgrad Med 
J 2017; 24(1): 48-55. 
53. Hirsch A, Bartholomae C, Volmer T. Dimensions of quality of life in people with non-
insulin-dependent diabetes. Qual Life Res 2000; 9(2): 207-18. 
54. Bradley C, Todd C, Gorton T, Symonds E, Martin A, Plowright R. The development of 
an individualized questionnaire measure of perceived impact of diabetes on quality of life: the 
ADDQoL. Qual Life Res 1999; 8(1-2): 79-91. 
55. Fitzgerald JT, Davis WK, Connell CM, Hess GE, Funnell MM, Hiss RG. Development 
and validation of the Diabetes Care Profile. Eval Health Prof 1996; 19(2): 208-30. 
56. Ware JE, Jr., Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I. 
Conceptual framework and item selection. Med Care 1992; 30(6): 473-83. 
57. EuroQol--a new facility for the measurement of health-related quality of life. Health 
policy (Amsterdam, Netherlands) 1990; 16(3): 199-208. 
58. Sintonen H. [Health-related quality of life measures]. Sairaanhoitaja 1993; (4): 17-9. 
59. Furlong WJ, Feeny DH, Torrance GW, Barr RD. The Health Utilities Index (HUI) 
system for assessing health-related quality of life in clinical studies. Ann Med 2001; 33(5): 375-84. 
60. Horsman J, Furlong W, Feeny D, Torrance G. The Health Utilities Index (HUI): 
concepts, measurement properties and applications. Health and quality of life outcomes 2003; 1: 
54. 
61. UNDP. Sudan: The Land and the People. 2016. 
http://www.sd.undp.org/content/sudan/en/home/countryinfo.html (accessed April 20 2017). 
62. Programme UNE. Sudan: Post-Conflict Environmental Assessment. Kenya, 2007. 
63. UNDP. Human Development  Report. New York, USA: UNDP, 2016. 
64. . http://www.whereig.com/sudan/ (accessed (last accessed on May 27-2017). 
65. Tarin E, Mustafa MH. Sudan National Health Accounts Round Two (2011). Sudan: 
Federal Ministry of health, 2011. 

http://www.sd.undp.org/content/sudan/en/home/countryinfo.html
http://www.whereig.com/sudan/


 

44 

66. Public Health I. Health Financing System Review Report. Sudan Federal Ministry of 
Health, April 2014. 
67. Federal Ministry of Health. Republic of Sudan 5-year Health Sector Strategy: 
Investing in Health and Achieving the MDGs 2007-2011. 2007. 
68. Bank W. The World Bank Country Survey FY 2012. Sudan, 2012. 
69. Richard Heijink KX, Priyanka Saksena, David Evans Validity and Comparability of Out-
of-pocket Health Expenditure from Household Surveys: A review of the literature and current 
survey instruments World health organization Geneva 2011. 
70. Xu K, Evans DB, Kawabata K, Zeramdini R, Klavus J, Murray CJ. Household 
catastrophic health expenditure: a multicountry analysis. Lancet (London, England) 2003; 
362(9378): 111-7. 
71. National Ministry of Health CBoS. Sudan Household Survey 2011. 
72. Feeny D, Furlong W, Torrance GW, et al. Multiattribute and single-attribute utility 
functions for the health utilities index mark 3 system. Medical care 2002; 40(2): 113-28. 
73. Maddigan SL, Feeny DH, Johnson JA. A comparison of the health utilities indices 
Mark 2 and Mark 3 in type 2 diabetes. Medical decision making : an international journal of the 
Society for Medical Decision Making 2003; 23(6): 489-501. 
74. Maddigan SL, Feeny DH, Majumdar SR, Farris KB, Johnson JA. Health Utilities Index 
mark 3 demonstrated construct validity in a population-based sample with type 2 diabetes. Journal 
of clinical epidemiology 2006; 59(5): 472-7. 
75. Corp ICI. IBM SPSS Statistics for Windows, Version. Released 2011; : 20.0. 
76. Mohamed HG, Mustafa K, Ibrahim SO, Astrom AN. Dietary habits, oral impact on 
daily performance and type 2 diabetes: a matched case-control study from Sudan. Health and 
quality of life outcomes 2017; 15(1): 111. 
77. Noor SK, Elmadhoun WM, Bushara SO, et al. Glycaemic control in Sudanese 
individuals with type 2 diabetes: Population based study. Diabetes & metabolic syndrome 2016. 
78. Yasir HE, Tahir OA, Leena BM, Imam SN. Metabolic syndrome and its association 
with obesity and lifestyle factors in Sudanese population. Diabetes & metabolic syndrome 2016; 
10(3): 128-31. 
79. Osman HA, Elsadek N, Abdullah MA. Type 2 diabetes in Sudanese children and 
adolescents. Sudanese journal of paediatrics 2013; 13(2): 17-23. 
80. Garattini L, Chiaffarino F, Cornago D, Coscelli C, Parazzini F. Direct medical costs 
unequivocally related to diabetes in Italian specialized centers. The European journal of health 
economics : HEPAC : health economics in prevention and care 2004; 5(1): 15-21. 
81. Habbani K, Groot W, Jelovac I. Household health-seeking behaviour in Khartoum, 
Sudan: the willingness to pay for public health services if these services are of good quality. Health 
policy (Amsterdam, Netherlands) 2006; 75(2): 140-58. 
82. Alouki K, Delisle H, Besancon S. [Analysis of direct medical costs of type 2 diabetes 
in Mali]. Revue d'epidemiologie et de sante publique 2017; 65(1): 41-51. 
83. Cameron A, Ewen M, Ross-Degnan D, Ball D, Laing R. Medicine prices, availability, 
and affordability in 36 developing and middle-income countries: a secondary analysis. Lancet 
(London, England) 2009; 373(9659): 240-9. 
84. Smith-Spangler CM, Bhattacharya J, Goldhaber-Fiebert JD. Diabetes, its treatment, 
and catastrophic medical spending in 35 developing countries. Diabetes care 2012; 35(2): 319-26. 
85. Bruno G, Picariello R, Petrelli A, et al. Direct costs in diabetic and non diabetic 
people: the population-based Turin study, Italy. Nutrition, metabolism, and cardiovascular diseases 
: NMCD 2012; 22(8): 684-90. 
86. American Diabetes Association. Economic costs of diabetes in the U.S. in 2012. 
Diabetes care 2013; 36(4): 1033-46. 
87. Yang W, Zhao W, Xiao J, et al. Medical care and payment for diabetes in China: 
enormous threat and great opportunity. PloS one 2012; 7(9): e39513. 
88. Alhowaish AK. Economic costs of diabetes in Saudi Arabia. Journal of family & 
community medicine 2013; 20(1): 1-7. 



 

 45 

89. Institute PH. Health Financing System Review Report. Sudan Federal Ministry of 
Health, 2014. 
90. Lopez-Bastida J, Lopez-Siguero JP, Oliva-Moreno J, et al. Social economic costs of 
type 1 diabetes mellitus in pediatric patients in Spain: CHRYSTAL observational study. Diabetes 
research and clinical practice 2017; 127: 59-69. 
91. Bassili A, Omar M, Tognoni G. The adequacy of diabetic care for children in a 
developing country. Diabetes Res Clin Pract 2001; 53(3): 187-99. 
92. Stefanowicz A, Birkholz D, Mysliwiec M, Niedzwiecki M, Owczuk R, Balcerska A. 
Analysis of the impact of environmental and social factors, with a particular emphasis on 
education, on the level of metabolic control in type 1 diabetes in children. Endokrynologia Polska 
2012; 63(1): 34-41. 
93. Elamin A, Altahir H, Ismail B, Tuvemo T. Clinical pattern of childhood type 1 (insulin-
dependent) diabetes mellitus in the Sudan. Diabetologia 1992; 35(7): 645-8. 
94. Katz ML, Laffel LM, Perrin JM, Kuhlthau K. Impact of type 1 diabetes mellitus on the 
family is reduced with the medical home, care coordination, and family-centered care. The Journal 
of pediatrics 2012; 160(5): 861-7. 
95. Brod M, Christensen T, Thomsen TL, Bushnell DM. The impact of non-severe 
hypoglycemic events on work productivity and diabetes management. Value in health : the journal 
of the International Society for Pharmacoeconomics and Outcomes Research 2011; 14(5): 665-71. 
96. Fu AZ, Qiu Y, Radican L, Wells BJ. Health care and productivity costs associated with 
diabetic patients with macrovascular comorbid conditions. Diabetes care 2009; 32(12): 2187-92. 
97. Tunceli K, Bradley CJ, Nerenz D, Williams LK, Pladevall M, Elston Lafata J. The impact 
of diabetes on employment and work productivity. Diabetes care 2005; 28(11): 2662-7. 
98. Stewart WF, Ricci JA, Chee E, Hirsch AG, Brandenburg NA. Lost productive time and 
costs due to diabetes and diabetic neuropathic pain in the US workforce. Journal of occupational 
and environmental medicine 2007; 49(6): 672-9. 
99. Abdelgadir M, Elbagir M, Eltom M, Berne C. The influence of glucose self-monitoring 
on glycaemic control in patients with diabetes mellitus in Sudan. Diabetes Res Clin Pract 2006; 
74(1): 90-4. 
100. Elbagir MN, Eltom MA, Rosling H, Berne C. Glycaemic control of insulin-dependent 
diabetes mellitus in Sudan: influence of insulin shortage. Diabetes research and clinical practice 
1995; 30(1): 43-52. 
101. Baxter M, Hudson R, Mahon J, et al. Estimating the impact of better management of 
glycaemic control in adults with Type 1 and Type 2 diabetes on the number of clinical 
complications and the associated financial benefit. Diabetic medicine : a journal of the British 
Diabetic Association 2016; 33(11): 1575-81. 
102. Standards of medical care in diabetes. Diabetes Care 2005; 28 Suppl 1: S4-S36. 
103. Stratton IM, Adler AI, Neil HA, et al. Association of glycaemia with macrovascular 
and microvascular complications of type 2 diabetes (UKPDS 35): prospective observational study. 
BMJ 2000; 321(7258): 405-12. 
104. Costa AF, Flor LS, Campos MR, et al. Burden of type 2 diabetes mellitus in Brazil. 
Cadernos de saude publica 2017; 33(2): e00197915. 
105. Avramopoulos I, Moulis A, Nikas N. Glycaemic control, treatment satisfaction and 
quality of life in type 2 diabetes patients in Greece: The PANORAMA study Greek results. World 
journal of diabetes 2015; 6(1): 208-16. 
106. Testa MA, Simonson DC. Health economic benefits and quality of life during 
improved glycemic control in patients with type 2 diabetes mellitus: a randomized, controlled, 
double-blind trial. JAMA 1998; 280(17): 1490-6. 
107. Gray A, Raikou M, McGuire A, et al. Cost effectiveness of an intensive blood glucose 
control policy in patients with type 2 diabetes: economic analysis alongside randomised controlled 
trial (UKPDS 41). United Kingdom Prospective Diabetes Study Group. BMJ 2000; 320(7246): 1373-
8. 



 

46 

108. Wikblad K, Smide B, Bergstrom A, Wahren L, Mugusi F, Jeppsson JO. Immediate 
assessment of HbA1c under field conditions in Tanzania. Diabetes Res Clin Pract 1998; 40(2): 123-
8. 
109. Levitt NS, Zwarenstein MF, Doepfmer S, Bawa AA, Katzenellenbogen J, Bradshaw D. 
Public sector primary care of diabetics--a record review of quality of care in Cape Town. S Afr Med 
J 1996; 86(8 Suppl): 1013-7. 
110. Amoah AG, Owusu SK, Saunders JT, et al. Facilities and resources for diabetes care 
at regional health facilities in southern Ghana. Diabetes Res Clin Pract 1998; 42(2): 123-30. 
111. El-Shazly M, Abdel-Fattah M, Zaki A, et al. Health care for diabetic patients in 
developing countries: a case from Egypt. Public Health 2000; 114(4): 276-81. 
112. Kalk WJ, Veriawa Y, Osler C. A survey of hospital outpatient services for chronic 
diseases in Gauteng. S Afr Med J 2000; 90(1): 57-61. 
113. Safita N, Islam SM, Chow CK, et al. The impact of type 2 diabetes on health related 
quality of life in Bangladesh: results from a matched study comparing treated cases with non-
diabetic controls. Health and quality of life outcomes 2016; 14(1): 129. 
114. Choi YJ, Lee MS, An SY, et al. The Relationship between Diabetes Mellitus and 
Health-Related Quality of Life in Korean Adults: The Fourth Korea National Health and Nutrition 
Examination Survey (2007-2009). Diabetes & metabolism journal 2011; 35(6): 587-94. 
115. Happich M, John J, Stamenitis S, Clouth J, Polnau D. The quality of life and economic 
burden of neuropathy in diabetic patients in Germany in 2002--results from the Diabetic 
Microvascular Complications (DIMICO) study. Diabetes research and clinical practice 2008; 81(2): 
223-30. 
116. Heintz E, Wirehn AB, Peebo BB, Rosenqvist U, Levin LA. QALY weights for diabetic 
retinopathy--a comparison of health state valuations with HUI-3, EQ-5D, EQ-VAS, and TTO. Value 
in health : the journal of the International Society for Pharmacoeconomics and Outcomes Research 
2012; 15(3): 475-84. 
117. Duenas M, Ojeda B, Salazar A, Mico JA, Failde I. A review of chronic pain impact on 
patients, their social environment and the health care system. Journal of pain research 2016; 9: 
457-67. 
118. Jotheeswaran AT, Lovakanth N, Nadiga S, Anchala R, Murthy GV, Gilbert CE. 
Estimating the proportion of persons with diabetes developing diabetic retinopathy in India: A 
systematic review and meta-analysis. Indian journal of endocrinology and metabolism 2016; 
20(Suppl 1): S51-8. 
119. Younis N, Broadbent DM, Vora JP, Harding SP. Incidence of sight-threatening 
retinopathy in patients with type 2 diabetes in the Liverpool Diabetic Eye Study: a cohort study. 
Lancet (London, England) 2003; 361(9353): 195-200. 
120. Glover SJ, Burgess PI, Cohen DB, et al. Prevalence of diabetic retinopathy, cataract 
and visual impairment in patients with diabetes in sub-Saharan Africa. The British journal of 
ophthalmology 2012; 96(2): 156-61. 
121. Vamos EP, Mucsi I, Keszei A, Kopp MS, Novak M. Comorbid depression is associated 
with increased healthcare utilization and lost productivity in persons with diabetes: a large 
nationally representative Hungarian population survey. Psychosomatic medicine 2009; 71(5): 501-
7. 
122. Gerrits EG, Landman GW, Nijenhuis-Rosien L, Bilo HJ. Limited joint mobility 
syndrome in diabetes mellitus: A minireview. World journal of diabetes 2015; 6(9): 1108-12. 
123. Papanas N, Maltezos E. The diabetic hand: a forgotten complication? Journal of 
diabetes and its complications 2010; 24(3): 154-62. 
124. Pandey A, Usman K, Reddy H, Gutch M, Jain N, Qidwai S. Prevalence of hand 
disorders in type 2 diabetes mellitus and its correlation with microvascular complications. Annals 
of medical and health sciences research 2013; 3(3): 349-54. 
125. Brown DW, Balluz LS, Giles WH, et al. Diabetes mellitus and health-related quality of 
life among older adults. Findings from the behavioral risk factor surveillance system (BRFSS). 
Diabetes research and clinical practice 2004; 65(2): 105-15. 



 

 47 

126. Mielck A, Vogelmann M, Leidl R. Health-related quality of life and socioeconomic 
status: inequalities among adults with a chronic disease. Health and quality of life outcomes 2014; 
12: 58. 
127. Mo F, Morrison H, Choi BC, Vardy L. Evaluation and measurement of health-related 
quality of life for individuals with diabetes mellitus by Health Utilities Index Mark 3 (HUI3) system. 
TheScientificWorldJournal 2006; 6: 1412-23. 
128. Hoi le V, Chuc NT, Lindholm L. Health-related quality of life, and its determinants, 
among older people in rural Vietnam. BMC public health 2010; 10: 549. 
129. Felicio JS, de Souza AC, Koury CC, et al. Health-related quality of life in patients with 
type 1 diabetes mellitus in the different geographical regions of Brazil: data from the Brazilian 
Type 1 Diabetes Study Group. Diabetology & metabolic syndrome 2015; 7: 87. 
130. Ringborg A, Martinell M, Stalhammar J, Yin DD, Lindgren P. Resource use and costs 
of type 2 diabetes in Sweden - estimates from population-based register data. International 
journal of clinical practice 2008; 62(5): 708-16. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 49 

 

 

 

 

 

 

 

Appendix: IDF Questionnaire (study III and IV) 

 


