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1. Introduction 
 
 
 

1.1. Diabetes mellitus-definition  

 

Diabetes mellitus is a group of metabolic diseases characterized by chronic 

hyperglycemia with disturbances of carbohydrate, fat and protein metabolism resulting 

from defects in insulin secretion, insulin action, or both. A person with diabetes has high 

blood glucose either because they are not producing enough insulin, or because the 

body does not respond properly to insulin (1). 

 

1.2. Classification of diabetes 

 

Classification of diabetes includes etiological types and different clinical stages of 

hyperglycemia as suggested by Kuzuya and Matsuda (2). 

Four main etiological categories have been identified as diabetes type 1, type 2, other 

specific types, and gestational diabetes, as detailed in the WHO document (3). 

 

Type 1 diabetes is characterized by the processes of beta-cell destruction that may 

ultimately lead to a virtually complete lack of endogenous pancreatic insulin production. 

Exogenous insulin is required for survival. Type 1 diabetes is typical for young people, 

however it may occur at any age (4). People who have antibodies to pancreatic b-cells 

are likely to develop either typical acute onset or slow-progressive insulin-dependent 

diabetes (5,6). Today antibodies to pancreatic ß-cells are considered as a marker of 

type 1 diabetes, although such antibodies are not detectable in all patients.  

 

Type 2 diabetes is characterized by the disorders of insulin action and /or insulin 

secretion due to combination of genetic predisposition, unhealthy diet, physical 

inactivity, and increasing weight with a central distribution, resulting in complex 

pathophysiological processes. Early stages of type 2 diabetes are characterized by 
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insulin resistance causing excessive post-prandial hyperglycemia. This is followed by a 

deteriorating first-phase insulin response to increased blood glucose concentrations (7). 

Type 2 diabetes, comprising over 90% of adults with diabetes, typically develops after 

middle age. 

"Other specific types of diabetes," is the third category of diabetes which is mainly 

caused by a specific and identified underlying defect, such as genetic defects that may 

lead to rare forms of diabetes, as for instance MODY, or diseases of the exocrine 

pancreas (as a result of pancreatitis, trauma, or surgery of pancreas), or drug - 

chemically induced diabetes.  

 

Gestational Diabetes is a type of diabetes that constitutes any glucose perturbation 

that develops during pregnancy and withdraws after the delivery. Long-term follow-up 

studies that have been conducted over a period of more than 10 years reveal that 

approximately 70% of females with gestational diabetes will develop diabetes over time. 

In some cases, type 1 diabetes may be detected during pregnancy (8). 

 

 

1.3. Diagnostic criteria 

 

The current diagnostic criteria for Diabetes Mellitus are:  

� Fasting plasma glucose (FPG) value is ≥ 7.0 mmol/L (126 mg/dl). Fasting is defined as 

no caloric intake for at least 8h, or if the 

� Plasma glucose value 2 hours after 75g oral load glucose ( OGTT) ≥ 11.1 mmol/L 

(200mg/dl), or  

� In patient with classic symptoms of hyperglycemia or hyperglycemic crisis, casual 

plasma glucose value ≥ 11.1 mmol/L (200 mg/dl) , or 

� A1c ≥ 6.5%. The test should be performed in a laboratory using a method that is NGSP 

certified and standardized to the DCCT assay (3,9-11). 
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Traditionally, diagnosis of diabetes was based on symptoms due to hyperglycaemia, but 

during the last decades much emphasis has been placed on the need to identify 

diabetes and other forms of glucose abnormalities in asymptomatic subjects. In 

asymptomatic subjects, 

performing the test on one occasion is not enough to establish the diagnosis (i.e. basis 

to treat diabetes).  For clinical diagnosis the ADA recommends confirmation of a 

diagnosis of diabetes with a repeated FPG test on a separate day, especially for 

patients with borderline FPG results and patients with normal FPG levels for whom 

suspicion of diabetes is high (12). 

 

 

1.4. Burden 

 

The number of people with type 2 diabetes is increasing rapidly (13). 

Diabetes is one of the largest health emergencies of the 21st century. The World Health 

Organization (WHO) estimates that globally, high blood glucose is the third highest risk 

factor for premature mortality, after high blood pressure and tobacco use (14). 

Type 2 diabetes is a more common condition. In most countries, type 2 diabetes has 

increased alongside rapid cultural and social changes: aging populations, increasing 

urbanization, reduced physical activity, increased sugar consumption and less healthy 

diets with low fruit and vegetable intake (15). 

In 2013, over 382 million people worldwide have had diabetes; by 2035 this will rise 

to 592 million. In Europe, the number of people with diabetes in 2013 was 56 million 

with an overall estimated prevalence of 8.5%, a further increase of nearly 10 million 

people with diabetes is projected for the Europe by 2035  (16). 

In 2015, over 415 million people worldwide, or 8.8% of adults aged 20-79, are estimated 

to have diabetes. About 75% live in low- and middle-income countries. If these trends 

continue, by 2040 over 642 million people, or one adult in ten, will have diabetes. It is 

estimated that one third to one half of patients with type 2 diabetes or, 193 million are 

unaware of their condition and therefore untreated (17). 
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1.5. Complications 

 

People with diabetes are at higher risk of developing a number of disabling and life 

threatening health problems than people without diabetes. Consistently high blood 

glucose levels can lead to serious diseases causing the cardiovascular, 

cerebrovascular, peripheral artery disease, blindness, kidney failure, Charcot  joints, 

lower-limb amputation and autonomic dysfunction such as sexual impairment. People 

with diabetes are also at increased risk of developing infections, depression, anxiety 

and dementia. 

The growth in prevalence of type 2 diabetes in low- and middle-income countries means 

that without effective strategies to support better management of diabetes, it is likely 

that there will be large increases in the rates of these complications. Diabetes 

complications can be prevented or delayed by maintaining blood glucose, blood 

pressure and cholesterol levels as close to normal as possible. Many complications can 

be identified in their early stages by screening programs that allow treatment to prevent 

them becoming more serious (18). 

 

 

1.6. Cost of treating diabetes and its complications 

 

Treating diabetes has a cost of  hundreds of billions of dollars being spend each year. 

World treatment costs are growing more quickly than world population. The costs 

associated with diabetes include increased use of health services, loss of productivity, 

disability and the long term support needed to overcome diabetes related complications. 

As a result, diabetes imposes a large economic burden on individuals and families, 

national health systems and countries; it therefore represents a significant obstacle to 

sustainable economic development. However, the larger costs of diabetes arise from 

disability and life loss caused by its preventable complications, including heart, kidney, 

eye and foot disease (19). 
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Estimations are that globaly more than 80% of expenditures for medical care for 

diabetes are made in the world’s economically richest countries.  Less than 20% of 

expenditures are made in the middle- and low-income countries where  80% of people 

with diabetes are living. One country, the United States of America, is home to about 

8% of the world’s population  living with diabetes and spends more than 50% of all 

global expenditures for diabetes care. Europe accounts for 25% of diabetes-care 

spending. The remaining industrialized countries, such as Australia and Japan, account 

for most of the rest. In the world’s poorest countries, not enough is spent to provide 

even the least expensive life-saving diabetes drugs (20). 

The CODE 2 Study (21) was designed to measure the total healthcare costs for patients 

with type 2 diabetes in eight European countries using the same methodological 

approach. Patients from Belgium, France, Germany, Italy, the Netherlands, Spain, 

Sweden, and UK were included.  

The total healthcare cost for patients with diabetes in the eight countries amounted to 29 

billion Euro. Per capita cost varied from 1305 Euro per patient in Spain to 3576 Euro in 

Germany.  

The results from the CODE-2 Study have shown that the main cost-driver in diabetes is 

not the disease itself or the treatment of diabetes, but rather the complications caused 

by diabetes. In the study, patients were divided into complication-free, having 

microvascular complications only, having macrovascular complications only, or having 

both macro and microvascular complications. In these three groups, the relative costs 

were 1.7, 2.0, and 3.5 times higher than the costs among patients without complications 

(22).  

 

 

1.7. The natural history of type 2 diabetes, IFG and IGT 

 

The natural history of type 2 diabetes includes an asymptomatic phase- dysglycemia or 

prediabetes and preclinical phase or latent diabetes. 
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Type 2 diabetes is usually preceded by the „prediabetes“  or non-diabetic 

hyperglycemia or high risk for diabetes which includes impaired fasting glucose (IFG) 

values of 6.1-6.9 mmol/l. 5-10% of people with prediabetes will progress to diabetes 

within a year. However, some proportion of these patients will convert back to 

normoglycemia if there is early identification and intervention (40-70% relative risk 

reduction) (23-24). 

The pathogenesis of type 2 diabetes is not fully understood but involves gene-

environment interactions, which increase susceptibility to developing three metabolic 

defects: insulin resistance, insulin secretory defects, and increased glucose production 

by the liver. The primary defects are believed to be insulin resistance and early 

pancreatic β-cell susceptibility linked to predisposing genes, which are worsened by 

several factors, including obesity and physical inactivity (25,26).  

As the disease progresses, more global pancreatic defects result in increased hepatic 

glucose production. Persistent and increasing hyperglycemia further diminish the β-

cells’ capacity to secrete enough insulin to compensate sufficiently for the level of 

insulin resistance (27,28). 

This state, where abnormalities in glucose metabolism are present but elevation in 

glucose is below the cutoff point for establishing the diagnosis of type 2 diabetes, is 

referred to as pre-diabetes (29). ‘Pre-diabetes’, is a term that has not been unanimously 

supported by the scientists since diabetes will not necessarily developed in those with 

IGT or IFG. Both IFG and IGT are asymptomatic, intermediate states of abnormal 

glucose regulation that precede overt type 2 diabetes.  

IFG includes subjects with high fasting plasma glucose (FPG) concentration and normal 

response to a glucose load and impaired glucose tolerance (IGT) includes subjects with 

abnormal postprandial glucose excursion but normal FPG concentration (30). The IFG 

and IGT states are pathways that are correlated but may also appear independently. An 

individual falling into the IFG category on the fasting result may also have IGT on the 2-

h value or, indeed, diabetes. If an individual falls into two different categories, the more 

severe one applies. (31). 
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Both IGT and IFG are insulin-resistant states, but they differ in site of insulin resistance. 

Subjects with IFG predominantly have hepatic insulin resistance and normal muscle 

insulin sensitivity (32), while individuals with IGT have normal to slightly reduced hepatic 

insulin sensitivity and moderate to severe muscle insulin resistance (33).  

Global estimates of the burden of IFG and IGT are not available, but the number of 

people with IGT is likely to be even greater than the number with diabetes (34).   

The prevalence of IFG also varies among ethnic groups, but its prevalence consistently 

is lower than IGT in all populations. IGT and IFG also differ by the age and sex 

distribution. The prevalence of both categories increases with age, but under the age of 

55 years IGT is more frequent in women, while prevalence of IFG is twice as much 

higher in men than women (35). 

In the Hoorn Study, prospective cohort study of a white population aged 50 to 75 years, 

investigators found that patients with IFG and normal glucose tolerance had a similar 

risk of developing DM to those with IGT and normal fasting glucose (33.0 vs 33.8%) but 

incidence of diabetes,( 64.5%),  was strongly related to both impaired fasting and 

impaired postload glucose levels at baseline, during the 6-year follow-up (36). 

On average, both IFG and IGT are associated with a 20% increase in cardiovascular 

disease risk compared with normoglycemia (37).  

It has also been clearly established that microvascular complications are associated 

with dysglycemia (38): around 7.9% of people with dysglycemia had signs of retinopathy 

in the Diabetes Prevention Program (39,40); the prevalence of neuropathy is higher 

among people with IFG compared with those with normoglycemia (11.9% vs. 10.5%) 

(41,42) and people with IGT and/or IFG have a higher prevalence of chronic kidney 

disease compared with those with normoglycemia (17.7% vs. 10.6%) (43). Provided 

these facts and data, it is ascertained that IGT and IFG, compared with normoglycemia, 

have also been shown to be associated with higher medical costs (44, 45). 

Several cohort studies have shown a gradient of increasing mortality risk from 

normoglycemia to IFG, to IGT, and finally to diabetes. The relative risks for mortality 

among men and women, respectively, are approximately 21% and 8% higher for IFG 

and 51% and 60% higher for IGT than for normoglycemia (46-48). 
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1.8. Latent phase of diabetes 

 

Similarly to IFG and IGT, the early stages of type 2 diabetes after biologic onset are 

frequently asymptomatic; they can live for several years without showing any 

symptoms, during which time high blood glucose is silently damaging the body.  

They remain unaware of their condition for a long time because the symptoms are 

usually less marked than in type 1diabetes and may take years to be recognized. 

However, during this time the body is already being damaged by excess blood glucose. 

As a consequence, many people already have evidence of complications when they are 

diagnosed with type 2 diabetes 

It has been estimated by IDF that globally as many as 193 million people, or close to 

half (46.5%) of all people with diabetes, are unaware of their disease. The earlier a 

person is diagnosed and management initiated, the better the chances of preventing 

harmful and costly complications. The complications associated with diabetes are so 

varied that even when symptoms do exist, diabetes may not be thought to be the cause 

unless accurate and appropriate testing is carried out. Those who are undiagnosed will 

not be taking steps to manage their blood glucose levels or lifestyle, so many of them 

with undiagnosed diabetes already has complications such as chronic kidney disease 

and heart failure, retinopathy and neuropathy (49-51). 

The length of this asymptomatic period is less clear. No study has compared a screened 

with a comparable unscreened sample to determine the difference in the time at which 

diabetes is diagnosed. One group used an indirect approach to calculate this interval. 

After making assumptions about the rate of development of diabetic retinopathy early in 

diabetes, Harris and colleagues (52) estimated that the preclinical period lasted between 

10 and 12 years. According to this calculation, screening a previously unscreened 

population would detect diabetes an average of 5 to 6 years before clinical diagnosis. 

Even if this estimate is correct, however, it represents a mean value. Some people will 

have a longer and some a shorter asymptomatic period. The true mean length of this 

period and the distribution of its duration are unknown. Using a nonlinear model, 

Thompson et al. (53) reported estimates of 7–8 years. However, these estimates 
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represent mean values only, and the asymptomatic period may vary widely for 

individuals (54). 

Studies of people with newly conventionally diagnosed or screen-detected type 2 

diabetes provide evidence of early diabetes-related tissue damage during the preclinical 

phase. 

Studies of people with newly conventionally diagnosed or screen-detected type 2 

diabetes provide evidence of early diabetes-related tissue damage during the preclinical 

phase. 

 In the United Kingdom Prospective Diabetes Study (UKPDS), 50% of newly diagnosed 

diabetes cases had evidence of diabetes-related complications (55-57).  In the Hoorn 

screening study (58,59), the prevalences of myocardial infarction (13.3% vs. 3.4%) and 

ischemic heart disease (39.5% vs. 24.1%) were higher in screen-detected patients than 

in newly conventionally diagnosed patients, although the proportions with peripheral 

arterial disease were similar in both groups (10.6% vs. 10.2%). 

With regard to microvascular sequelae of diabetes, the Hoorn study showed a higher 

prevalence of retinopathy in screen-detected patients than in newly conventionally 

diagnosed patients (7.6 % vs. 1.9%), while the prevalence of impaired foot sensitivity 

was similar in both groups (48.1% vs. 48.3%). 

In the Anglo Danish Dutch Study of Intensive Treatment In people with screen-detected 

diabetes in primary care (ADDITION), screen-detected people had high estimated 10-

year absolute risks of coronary disease events (11% in women and 21% in men) (60) 

and composite cardiovascular disease (38.6% in men and 24.6% in women) (61).  

In US population-based surveys, compared with people without diabetes, those with 

undiagnosed diabetes had a significantly higher prevalence of neuropathy (11.6% vs. 

10.5%) (41, 42) and chronic kidney disease (41.7% vs. 10.6%) (43). 
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1.9. Screening for type 2 diabetes 

 

Strong evidence exists for the effectiveness of interventions to prevent type 2 diabetes 

mellitus among people with impaired glucose tolerance (IGT) (62,63). This evidence has 

led to recommendations to identify people with “dysglycemia” (IGT and/or IFG) and to 

implement diabetes prevention interventions (64). IGT/IFG and type 2 diabetes are part 

of a continuum; hence, the issues concerning screening for each are inseparable. It is 

justifiable to talk of and evaluate screening for both conditions together. Indeed, 

evidence from a modeling study suggests that combining screening for type 2 diabetes 

with screening for IGT is more likely to be cost-effective than screening for undiagnosed 

diabetes alone (65). The topic of screening for type 2 diabetes has been debated for 

some time and various reviews have been written (66-73), although they have focused 

on individual aspects of screening. Gaps regarding the collective issues associated with 

screening across the spectrum of dysglycemia and type 2 diabetes have not been fully 

described, nor have the implications for primary and secondary prevention. 

 

 

1.9.1 Definition of screening 

 

What is screening? The definition of the term screening is based on the WHO 

"Principles of Screening" document (74): 

“Screening is the process of identifying those individuals who are at 

sufficiently high risk of a specific disorder to warrant further investigation or 

direct action.” 

The definition goes on to say: 

“Screening is systematically offered to a population of people who have 

not sought medical attention on account of symptoms of the disease for which 

screening is being offered and is normally initiated by medical authorities and not by a 

patient's request for help on account of a specific complaint. The purpose of screening 

is to benefit the individuals being screened.” Screening may be defined as the use of 
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rapidly applied tests or examinations to presumptively identify individuals with 

unrecognized disease in order to permit timely intervention (74). 

The term diagnosis refers to confirmation of diabetes in people who have symptoms, or 

who have had a positive screening test. In diabetes, the screening test may be the 

diagnostic test, e.g. a fasting plasma glucose in someone who has symptoms or the first 

part of the diagnostic test if a second test, usually the OGTT is used to confirm the 

diagnosis in asymptomatic individuals. 

 

Screening for type 2 diabetes –The main reasons for the current interest in screening 

for type 2 diabetes are: there is a long, latent, asymptomatic preclinical period of up to 

12 years in which the condition can be detected (52,53,75,76), a substantial proportion 

of people with type 2 diabetes, up to 50% in most studies, remain undiagnosed for 

many years and a substantial proportion of newly referred cases of type 2 diabetes 

already have evidence of the micro-vascular complications of diabetes by the time of 

diagnosis (77-80). Primary care clinicians are encouraged to be more proactive in 

detecting and treating both diabetes and prediabetes (81).  

 

The updated standards of medical care of the American Diabetes Association (ADA) 

recommend testing adults of any age who are overweight or obese and have additional 

diabetes risk factors. They also recommended the FPG test for screening because it is 

easier and faster to perform, more convenient and acceptable to patients, and less 

expensive than other screening tests (82). 

 

1.9.2. Screening practices  

 

There are several potential approaches to screening for diabetes: 

• Screening the entire population is not recommended 

 

• Selective or targeted screening is performed in a subgroup of subjects whom have 

already been identified as being at relatively high risk in relation to age, body weight, 
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ethnic origin etc. Targeting high-risk patients is recommended, as there is no evidence 

of a direct benefit of routine population-based screening for type 2 diabetes. (83,84).  

 

• Opportunistic screening carried out at a time when people are seen, by health care 

professionals, for a reason other than the disorder in question. As screening should also 

be a systematic and continuous process opportunistic targeted screening might be a 

valuable screening method in primary care. This method entails screening high-risk 

individuals during usual care (85). The pragmatic nature of opportunistic targeted 

screening enables initiation of further diagnostic testing and treatment of newly 

diagnosed type 2 diabetes. 

These approaches are used alone or in combination. 

Screening yields are highly variable and dependent on the tests and cutoffs used. They 

also depend on the level of quality control and presence of adequate diagnostic 

resources in programs, as shown in an audit reporting the challenges to implement type 

2 diabetes screening in United Kingdom primary care (86). Current evidence does not 

support universal screening; however, data from the United Kingdom indicate that any 

well-conducted targeted screening may come close to universal screening (87). Most 

professional organizations advocate a selective and opportunistic approach in high-risk 

populations (88-91). 

Selective or targeted screening and opportunistic screening are not mutually exclusive 

since screening may be limited to those at highest risk. In opportunistic screening, the 

decision to initiate the health care encounter is made by the individual, although, for 

reasons not related to the condition for which screening is offered. This needs to be 

distinguished from screening programs in which the invitation to come forward and be 

screened is part of the program. 

There is also haphazard screening, characterized by a lack of a coherent 

screening policy. In such cases individuals may be invited to be screened 

irrespective of their risk (people in a supermarket, for example) or there may be no 

adequate explanation of the reasons for screening or no formal system of support for 

those taking part, whatever the outcome of their test. 
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1.9.3. Screening intervals 

 

There is no specific data that can be used to decide the optimal frequency of screening 

for type 2 diabetes or dysglycemia. An optimal interval between screening rounds would 

be one at which the prevalence of undiagnosed cases reaches the prevalence of such 

cases at the previous screening, and the cost-effectiveness is the same for each 

screening (54). The annual rate of progression from IFG and IGT to diabetes is 5%–

10%, which might argue for a short screening interval for people with dysglycemia (92). 

The annual progression from normoglycemia to diabetes, however, is in the range of 

0.6%–1.2%, depending on the population and age group studied. In a simulation 

quantifying the proportion of false positives with screening by OGTT, the percentage 

was 47.5% for annual repeat screening and 33.9% for a screening interval of 3 years 

(93). The US-based simulation reported that targeted screening for type 2 diabetes 

could be most cost-effective if repeated every 3–5 years (94). 

 

 1.9.4. Screening tests evaluation 

The sensitivity of a screening test is the proportion of people with the disorder who test 

positive on the screening tests. A highly sensitive screening test is unlikely to miss a 

subject with diabetes. 

The specificity of a screening test is the proportion of people who do not have the 

disorder who test negative on the screening tests. A highly specific test is unlikely to 

misclassify someone who does not have diabetes as having diabetes. Although it is 

desirable to have a test that is both highly sensitive and highly specific, this is usually 

not possible. In choosing a cut-off point a trade-off needs to be made between 

sensitivity and specificity, since increasing one reduces the other. The receiver operator 

characteristic (ROC) curve expresses this relationship. 

Validity is the extent to which the test reflects the true status of the individual. 

Reliability is the degree to which the results obtained by any given procedure can be 

replicated. 
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Reproducibility refers to obtaining similar or identical results on repeated 

measurements on the same subject. Screening tests must be shown to be valid, reliable 

and reproducible in the population in which screening is to take place. Uniform 

procedures and methods, standardized techniques, properly functioning equipment, and 

quality assurance are all necessary to ensure reliability and reproducibility. 

Predictive value relates to the probability that a person has or does not have the 

disorder given the result of the test.  

Positive predictive value is the probability of the disorder in a person with a positive 

test result and negative predictive value is the probability of a person not having the 

disorder when the test result is negative. 

The predictive value of a test is determined not only by the sensitivity and the specificity 

of the test, but also by the prevalence of the disorder in the population being screened. 

Thus, a highly sensitive and specific test will have a high positive predictive value in a 

population with a high prevalence of the disorder. This is part of the rationale for 

promoting selective or targeted screening. When the prevalence is low, as may be the 

case when the entire population (or the entire adult population) is screened, then the 

positive predictive value of the same test will be considerably lower. In this case, a high 

specificity drives a high positive predictive value. To avoid false positives it may be 

necessary to increase specificity at the expense of sensitivity. Screening tests may be 

used in parallel (i.e. a person is deemed to be likely to have a disorder if they test 

positive to either test). In this case the sensitivity and the negative predictive value are 

generally increased and the specificity and positive predicted values decreased. On the 

other hand, screening tests may be used in series (i.e. a person needs to be positive to 

both tests in order to be deemed likely to have the disorder). In this case the specificity 

and positive predicted value are generally increased and the sensitivity and negative 

predicted value decreased. Tests in series have been advocated in type 2 diabetes 

when, for example, a questionnaire may precede a fasting blood sample or OGTT and 

be used to exclude some individuals deemed to be at low risk of having the disorder. 
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1.9.5. Screening tests or tools 

 

Limited information is available regarding the optimal methods for diabetes screening. 

Therefore, it is uncertain how we should screen for diabetes (95-97). Many screening 

programmes combine population-based and targeted (directed at high-risk individuals) 

strategies in order to increase the yield (98). 

Previous studies have reported on the advantages and limitations of a number of 

screening tests and tools. These have included questionnaires/risk scoring tools and the 

following biochemical tests: urine glucose, random blood glucose, fasting plasma 

glucose, glycated hemoglobin (HbA1c), and the 75-g oral glucose tolerance test (OGTT) 

(67).  

Mainly, a stepped approach is chosen starting with a simple risk score to identify high-

risk individuals. The use of a risk score is attractive because it minimizes the number of 

persons who will attend glucose measurement and therefore reduces costs (99). 

 

Questionnaires/risk scores-Various instruments have been developed to identify 

people at high risk of having or developing type 2 diabetes or dysglycemia.  

These tools are based on risk factors that would help identify the minority of the 

population that accounts for the majority of people with type 2 diabetes and dysglycemia 

(89).  

The risk appraisal tools involve use of self-reported questionnaires (100-105), health 

service data (106-107) or collected anthropometric, lifestyle, or biochemical data (108–

127).  

Questionnaires, whose performance depends on the response rate, may create undue 

anxiety or false reassurance, but they are likely to be more acceptable, less costly, and 

less time-consuming to administer than blood glucose testing or anthropometric 

measurements for risk prediction. 

Use of existing health service data can limit the proportion of those who need to 

undergo blood glucose measurements to 20%–25% of the entire population, but this 
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tool may be limited by the availability of data on key variables. In general, including at 

least one blood glucose measurement improves the performance of a risk tool.  

If the risk tools (100-123) developed and validated on the basis of prevalence studies 

were used as part of a repeated screening program, performance of the tools would 

likely change.  

The most widely validated and used risk assessment tool is the Finnish risk score (102). 

It uses weighted data for 8 risk characteristics to calculate an overall score that predicts 

10-year absolute risk of type 2 diabetes. 

In summary, the existing simple tools to identify high-risk people are pragmatic. 

However, compared with OGTT, none of these tools are optimal. The efficiency of the 

tools may vary over time within a population (changing prevalence of risk factors), 

between populations and geographic areas, and they typically perform well in 

populations in which they were developed (128-129). 

 

 

Urine glucose-The sensitivity of urine glucose testing is low (16%–64%), and the 

positive predictive value ranges from 11% to 37% (54). Thus, glycosuria appears to be 

a poor screening instrument for diabetes; large proportions of individuals with diabetes 

would be misclassified and remain undetected. 

 

Random blood glucose-The use of random blood glucose as a screening tool is 

somewhat limited by its low screening performance (67). A large study comparing 

random blood glucose with OGTT for screening recommended a cost-effective random 

blood glucose cutoff of ≥6.9 mmol/L. At this level, random blood glucose exhibited 93% 

specificity and 41% sensitivity. In terms of identifying dysglycemia, the specificity was 

still high, at 94%, but sensitivity was only 23% (130).  

A recent expert panel recommended a random blood glucose cutoff of ≥7.2 mmol/L, 

which has a sensitivity of 63% and specificity of 87%, based on validation against OGTT 

(131). 
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Fasting plasma glucose-The fasting plasma glucose screening test for hyperglycemia 

may have modest sensitivity (67). A Korean study found that a fasting plasma glucose 

threshold of ≥7 mmol/L detected only 55.7% of people with diabetes based on diagnosis 

by OGTT, with 100% specificity (132). An optimal cutoff for fasting plasma glucose was 

>6.1 mmol/L with a sensitivity of 85.2%, but specificity was decreased to 88.5%. 

 A study of young African American patients with dysglycemia found fasting plasma 

glucose not sensitive for the diagnosis of IGT compared with OGTT (133). A fasting 

plasma glucose threshold of >5.6 mmol/L detected only 28.9% of IGT cases, whereas 

OGTT identified 87.4% of cases. 

 

Glycated hemoglobin- Even despite that fact that there is a need for approval in a 

wide range, the American Diabetes Association recently adopted HbA1c as a diagnostic 

test for diabetes at a threshold of ≥6.5% (134). This adoption was justified by the 

alignment of the associations between HbA1c and fasting plasma glucose with diabetes 

complications (particularly retinopathy) and the stronger correlation of HbA1c with risks 

of cardiovascular disease and all-cause mortality compared with fasting plasma glucose 

(135). 

However, the new American Diabetes Association criteria using HbA1c do not 

specifically define IFG and IGT categories but rather a “high-risk” category 

corresponding to an HbA1c between 5.7% and 6.4%. 

The performance of HbA1c ≥6.5% for type 2 diabetes diagnosis is variable in studies.  

In combination with either random blood glucose or fasting plasma glucose, HbA1c may 

add value in identifying the subgroups of individuals who need to undergo an OGTT 

(132). 

An effective international standardization of HbA1c is well under way (136–138). 

However, the costs and lack of availability of the test in low-resource settings remain 

high level concern (131). 

 

The 50-g oral glucose challenge test-An evaluation of the 50-g oral glucose challenge 

test as a screening tool for adults found areas under the receiver operating 
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characteristic curves of 0.90, 0.82, and 0.79 for detection of undiagnosed diabetes, 

undiagnosed diabetes or dysglycemia, and dysglycemia, respectively, by plasma 

glucose challenge test (139). This performance was unaffected by time of day or 

proximity to meal times and is superior to that of capillary glucose challenge test, 

plasma random blood glucose, capillary random blood glucose, and HbA1c. However, 

this study was limited by self-selection of participants (only black and white racial 

groups were included), lack of measures of intraparticipant variability, and validation in 

separate populations. 

 

Capillary blood testing: finger-prick point-of-care testing-The utility of capillary 

blood testing for diabetes screening is unclear. An Australian study found that point-of-

care capillary glucose testing underestimated blood glucose values compared with 

fasting plasma glucose. The areas under the receiver operating characteristic curves for 

prediction of dysglycemia and diabetes were 0.76 and 0.71 for point-of-care and 0.87 

and 0.81 for fasting plasma glucose, respectively (140). However, among Asian Indians 

(141), capillary random blood glucose cutpoints >6.0 mmol/L have reasonably good 

sensitivity (66.5%–70.5%) and specificity (65.5%–69.5%) for type 2 diabetes, IGT, and 

IFG screening. 

 

Combinations of tests-Screening tests, as mentioned above, may be combined to 

improve performance. In relation to type 2 diabetes this can be done using a series of  

tests (e.g. assessing risk by questionnaire followed by blood glucose measurement if a 

certain risk score is reached) or simultaneously (e.g. measurement of blood glucose 

and HbA1c at the same time). Combining the tests is more resource intensive, 

especially if applied sequentially. 

Tests performed in parallel using FPG and HbA1c or fructosamine have been reported 

to have sensitivity ranging from 40% to 83% and specificity of 83%-99%, depending on 

the cut off values chosen (54). Combining the modified ADA questionnaire and RCBG ³ 

6.7 mmol l-1 achieved a sensitivity of 58% and specificity of 94% (142). 
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An illustration of the effects of serial combination testing for a screening protocol which 

initially assessed risk factors, performed FPG in those at risk, then measured HbA1c in 

those with an FPG between 5.5 and 6.9 mmol l-1, and then tested with an OGTT those 

who had an HbA1c ³ 5.3%. This example illustrates that series of testing results in 

decreasing sensitivity, increasing specificity and PPV and reduces the number of people 

requiring definitive testing. 

Multivariate logistic regression modelling with derivation of a probability value is another 

approach to combining demographic, clinical and biochemical tests in screening for 

undiagnosed diabetes. Tabaei and Herman(143) combined age, sex, BMI, postprandial 

time and random capillary plasma glucose to calculate the probability of undiagnosed 

diabetes and therefore the need for an OGTT. The calculation can be performed on a 

hand held programmable calculator and had a sensitivity of 65%, specificity of 96% and 

PPV of 63%. 

 

 

1.9.6. Effects of screening in individuals, health systems and society 

 

 

Policies and practices for screening for type 2 diabetes have profound implications for 

individuals, health systems and the entire society. 

Implications for individuals include the time and other resources necessary to undergo 

the screening tests and any subsequent diagnostic tests, the psychological and social 

effects of the results whether the screening test proves ‘positive’ or ‘negative’ and 

whether or not the diagnosis of type 2 diabetes is subsequently made(144–156),  and 

the adverse effects and costs of earlier treatment of type 2 diabetes or of any preventive 

measures instituted as a result of the individual being found to have diabetes. These 

may include occupational discrimination and/or increased costs or difficulty in obtaining 

insurance. 

The effects on the health system and the entire society are the costs and other 

implications, especially in primary care and support services such as clinical 
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biochemistry of carrying out the screening tests and the necessary confirmatory tests, 

the additional costs of the earlier treatment of those found to have diabetes or to be at 

high risk of developing diabetes or cardiovascular disease in the future and the 

implications of false negative and false positive results which are inevitable given that 

any initial test will be a screening test and not a full diagnostic test and any loss of 

production as a result of the earlier diagnosis of the condition (from absence from work 

or reduced job opportunities, for example) (85). 

 

 

1.9.7. The potential benefits of early detection of type 2 diabetes  

 

 

Improvement in the quality of life and its duration which might result from a reduction in 

the severity and frequency of the immediate effects of diabetes or the prevention or 

delay of its long-term complications and any saving or redistribution of health care 

resources which might be possible as a result of reduced levels of care required for 

diabetes complications (reduced hospital admissions and lengths of stay...) (157-161). 

 

 

 

1.10. Issues in Kosovo 

 

Kosovo as a new country in the Balkans and in a period of transition. As a post-war 

country, Kosovo is facing a number of social, economic, political and especially health 

care related problems.   Health services provided to the population require professional 

and technical expertise and have much room for improvement. 

Health services are organised into three levels: Primary, Secondary and Tertiary level, 

while the Ministry of Health is the highest health authority of the Republic of Kosova. 

Primary health care in Kosovo is considered to be the foundation of the delivery of 

health services and is carried forward mainly by family doctors. Kosovo has about 600 
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family doctors working in family health centres and state health institutions. Whilst in 

post-war Kosovo an emphasis was put on development of Family Medicine, family 

health centres are in many instances poorly equiped.  

The delay in the population Census (the last Census in 2011 was not completed) and 

lack of health insurance system are two of the key obstacles to implementation and 

further development of family medicine in Kosovo. Patients lists have not yet been fully 

compiled for each Family Medicine Centre. The visits are not set in advance and 

electronic medical records have not been implemented as yet. Medical files avaliable in 

some cases are incomplete and/or not maintained properly. Under such conditions, an 

opportunistic screening for diabetes is still difficult to achieve in Kosovo. 

Based on the American Diabetes Association’s (ADA), new diabetes cases can be 

identified by screening patients in at risk groups, the first at risk group are those aged 

above 45 years who should be screened every 3 years (88). Therefore, it is considered 

that this level of screening is possible to do in Kosovo. In this regard, it should be 

emphasized that a situational assessment of diabetes diagnosis in Kosovo has 

previously suggested that 44.8% of cases are diagnosed from clinical symptoms, 29.6% 

from routine visits to medical facilities and 24.6% of diabetes cases in Kosovo are 

diagnosed by chance. Therefore, a pragmatic approach to screening for type 2 diabetes 

could improve  these figures and lead to earlier detection and better prognosis of type 2 

diabetes (162). 
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2. Hypothesis 

 

 

Tools utilized during the screening process are convenient to use in family practice 

setting and the screening methods used in this study are suitable to Kosovo conditions 

and health care situation. 

 

 

 

3. Aims and purpose of the research 

 

 

To determine the prevalence of new cases of diabetes, and impaired fasting glucose 

(IFG) in general practices of Kosovo and to examine the potential relationships of 

diabetes with physical risk factors in Kosovo, where risk factors are more prominent, 

probably because of social and economic reasons.  

Our aim was to investigate the feasibility and performance of very pragmatic system for 

identification of patients with type 2 diabetes and with impaired fasting glycaemia (IFG) 

in the primary health care. This identification system defers from those performed today 

in Western Europe and it was adjusted to the conditions offered by a health system of 

Kosovo.  

 

 

 

 

 

 

 



29 

 

4. Materials and methodology  

 

4.1. Design and settings  

 

In the absence of the lists of patients and also in the absence of electronic medical 

records, we had no opportunity to identify patients with a present risk factor and then to 

call them for a blood glucose test. The only way was to wait for these patients to come 

to the clinics for any other reason. 

This prospective study was planned as a descriptive and cross-sectional study in 5 

family medicine centers in 5 major cities of Kosovo with 5 GP’s who were randomly 

selected to participate in this study during one meeting of Association of Family Doctors 

of Kosovo. GP’s were trained in protocol of study via post or e-mail. 

The project started in July 2012 and continued one year.  

 

 

4.2. Study sample  

 

The population of the study consisted of persons aged 45-70 years who required health 

services for any reason to any of these five ordinances, previously assigned. The 

process of opportunistic screening has been divided in double stratification; first-

evaluation and second-physical and biomedical examination, both during consultation 

phase. 

 

 

4.3. Study protocol 

 

During the first step-evaluation, patients aged 45-70 with known diabetes mellitus were 

detected and excluded from the study. The group of remaining patients aged 45-70 

were first evaluated whether any of them belonged to the persons at risk for type 2 

diabetes. It was considered that at risk for type 2 diabetes were patients who showed at 
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least one of six risk factors for type 2 diabetes, taken from the recommendations of the 

American Diabetes Association (ADA) (88): 

  

1. Positive family history for diabetes (presence of diabetes in the immediate family : 

parents, brothers, sisters) 

2. Arterial Hypertension  (>130/80) 

3. High body mass index (BMI) (>25) 

4. High levels of lipids in blood (LDL>1.8mmol/l ; TG>1.8mmol/l ; HDL<1.3) 

5. Gestational Diabetes (in pregnant women) or the birth of a child with a weight greater 

than 4000gr. 

6. Glycemia measured in the last 3 years with the levels between 6.1- 7.0 mmol/l. 

 

Evaluation was done from patients self reports during the consultation, for: treated 

hypertension and treated lipid metabolism disorders which were defined as receiving 

antyhypertensive and hipolipemic medication, family history of diabetes in parents and 

siblings, delivering a baby with birth weight >4000gr, glycemia measured in the last 3 

years with the levels between 6.1- 7.0 mmol/l and data for overweight. 

Patients with at least one of six risk factors for diabetes mellitus were included in the 

further physical and biomedical examinations.  

 

The capillary blood samples were collected from these patients after an overnight 

fasting (8-12 h) using a plasma calibrated glucometer. To reduce false-negative results 

and to have as convincing results as possible, we repeated the test for each patient also 

in the next day.   

A physical examinations including anthropometric measurements of height, weight, 

waist and hips circumference and blood pressure were taken by the regular practice 

assistants. 

During this time the patients were lightly dressed (the shoes were removed). Weight 

was measured using a calibre scales at 0.1kg and height was measured in the 
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stadiometer with a head in Frankfort’s plan. The measurements of waist and hips were 

performed by thin hand meter.  

 

1. Body weight (in kg) 

2. Body height  (in cm) 

3. Body mass index  (no decimals) 

4. Waist circumference  (the level of umbilicus) (in cm) 

5. Hips circumference (10 cm. Under the umbilicus) (in cm)  

 

4.4. Assessment of glucose values 

 

Diagnosis of type 2 diabetes and Impaired Fasting Glucose were settled on the basis of 

measured levels of fasting blood glucose screening for two consecutive days based on 

the diagnostic criteria of WHO (5). Patients with only one value in category of IFG or 

undiagnosed type 2 diabetes or those that didn’t responded to the second testing was 

removed from the further statistical analysis. 

Subjects with fasting plasma glucose (FPG)   7 mmol/l were classified as diabetes 

mellitus. An Impaired fasting glucose (IFG) was defined: FPG 6.1 but <7 mmol/l.  

Normoglycemia was considered: FPG <6.1 mmol/l. 

 

 

4.5. The interpretation of fasting blood glucose screening levels 

 

1. If the levels of fasting blood glucose screening were between 6.1 mmol/l and 6.9 

mm/l than this was Impaired Fasting Glucose or prediabetes. The patient was given 

advice about eating habits, physical activity and also an examination was assigned for 

the next year. 

 

2. If the levels of blood glucose screening were 7.0 mmol/l and above the patient was 

diagnosed as Diabetes Mellitus. The patient was given advice about eating habits and 
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physical activity, and oral anti-diabetic medications or insulin was prescribed, besides 

that examinations were assigned as necessary. 

 

 

4.6. Definition of obesity 

 

BMI was calculated as weight (in kilograms) divided by the square of height (in meters). 

Subjects with a BMI 25 kg/m2 but <30 kg/m2 were classified as overweight, and those 

with a BMI 30 kg/m2 were classified as obese.  

Waist circumference was measured with a soft tape on standing subjects midway 

between the lowest rib and the iliac crest and hip circumference was measured with a 

soft tape on standing subject 10 cm below umbilicus. Visceral obesity was defined as a 

waist circumference >80 cm in women and >94 cm in men.  

 

4.7. Definition of hypertension 

 

Systolic blood pressure (sBP) and diastolic blood pressure (dBP) were measured twice 

in the sitting position after a 5-min rest, and the mean was taken in all cases. 

Hypertension was defined as sBP 140 mmHg, dBP 90 mmHg, or the use of 

antihypertensive agents.  

 

Patients were given oral and written information letters explaining the study. Informed 

consent was obtained from each patient prior to their  antropometric measurements. 
 

 

Ethics approval for this study was obtained from the Ethics Committee of the University 

of Zagreb, Faculty of Medicine; Approval number: 04-76/2008-971 and from Ethics 

Committee of the Main Family Medicine Center-Gjilan, Kosovo; Approval number: 04-

1523 
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4.8. Statistical methods 

Data collected were analyzed using the SPSS software. Frequency distributions were 

analyzed and presented as percentage values in case of categorical variables. 

Associations between variables were analysed using the 2 test or Fisher’s exact test 

where appropriate. Stepwise logistic regression analysis was performed to determine 

the association of independent risk factors with type 2 diabetes. Age, sex and family 

history of diabetes, BMI, waist and hip circumference, and hypertension were included 

as covariates.  A P value <0.05 was considered statistically significant.  
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5. Results  

The research conducted in five municipalities within one year period indicated that 

18809 patients underwent a medical check-up, of whom 5334 or 28.4% belonged to the 

age-group of 45-70 years.(Tab.1) 

Tab.1. Structure of patients age group 45-70 years in the total number of patients 

by municipality 

Municipality 
Total number 

of patients 

From them age 
group 45-70 yr 

N % 

FERIZAJ 5977 1544 25.8 

PRIZREN 2336 411 17.6 

PEJA 3927 1380 35.1 

GJILAN 3680 1193 32.4 

MITROVICA 2889 806 27.9 

Total 18809 5334 28.4 

 

From overall number of patients of the age-group of 45-70 years (n=5334) 815 or 15.3% 

were patients who had previously determined diagnosis of Diabetes Mellitus. (Tab.2) 

Tab.2. Structure of patients with Diabetes Mellitus in the total number of patients 

age group 45-70 years by municipality 

Municipality 

Patient of 
age group 
45-70 yr 

From them with 
diabetes mellitus 

N % 

FERIZAJ 1544 113 7.3 

PRIZREN 411 139 33.8 

PEJA 1380 279 20.2 

GJILAN 1193 148 12.4 

MITROVICA 806 136 16.9 

Total 5334 815 15.3 
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From overall number of patients of the age-group of 45-70 years (n=5334) 1346 or 

25.2% were patients with one or more risk factors for Diabetes Mellitus. (Tab.3 and 

Chart.1) 

Tab. 3.  Structure of patients with risk factors for Diabetes Mellitus in the total 

number of patients age group 45-70 years by municipality 

Municipality 

Patient of 
age group 
45-70 yr 

From them with 
risk factors 

N % 

FERIZAJ 1544 329 21.3 

PRIZREN 411 234 56.9 

PEJA 1380 276 20.0 

GJILAN 1193 293 24.6 

MITROVICA 806 214 26.6 

Total 5334 1346 25.2 

 

Chart 1.  Structure of patients in the 5 QMF by the age group, the percentage of cases 

with diabetes mellitus and risk factors 
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Patients who have had one or more risk factors for Diabetes Mellitus were included in 

this research.  Out of 1346 patients with one or more risk factors- 138 or 10.3% of 

whom have carried out only one glycaemia test on empty stomach and they did not 

come for the second test on the next day and therefore since the rules of research 

required to be carried out two tests on empty stomach, they were excluded from the 

research. The other part of patients- a number of 1208 or 89.7% were included in the 

research and they have carried out two glycaemia tests on empty stomach. Out of 1208 

patients included in the research- 447 or 37.0% were men and 761 or 63.0% women, 

i.e. proportion between men and women was 1.7: 1. It happened because women have 

a tendency to ask more often for medical services.  

As per age-groups, we have had patients more of the age-group of 65 and over. They 

also ask more often for medical services. (Tab.4) 

 

Tab. 4.  Patients by age group and gender 

Age group 

Gender 

Total Male Female 

N % N % N % 

45-49 84 18.8 141 18.5 225 18.6 

50-54 80 17.9 187 24.6 267 22.1 

55-59 72 16.1 136 17.9 208 17.2 

60-64 70 15.7 143 18.8 213 17.6 

65+ 141 31.5 154 20.2 295 24.4 

Total N 447 100.0 761 100.0 1208 100.0 

% 37.0 - 63.0 - 100.0 - 
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Chart 2. Structure of patients by gender 
 
 

Patients were asked for six risk factors:  

1. Positive family anamnesis for Diabetes, (presence of Diabetes in the first family 

circle: parents, brothers, sisters) 

2. Treating Hypertension Arterials: TAS≥140 mmHg, TAD≥90 mmHg 

3. High Body Mass Index (BMI) >25 

4. Treating high level of lipids (LDL>1.8mmol/l ; TG>1.8mmol/l ; HDL<1.3) 

5. Gestational Diabetes (during pregnancy) or delivery of the baby with weight over 

4000gr. 

6. Glycaemia measured in the last 3 years with levels ranging between 6.1mmol/- 7.0 

mmol/l. 

 

 

F

63.0%

M

37.0%
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Family anamnesis for diabetes was positive in 358 cases or 29.6% of patients of 

similar gender structure (men 30.6% vs. women 29.0%) and without significant 

difference (P>0.05). (Tab.5) 

Tab. 5.  Patients by positive family anamnesis for Diabetes Mellitus and gender 

   Family history 

Gender 

Total Male Female 

N % N % N % 

Yes 137 30.6 221 29.0 358 29.6 

No 308 68.9 537 70.6 845 70.0 

Don't know 2 0.4 3 0.4 5 0.4 

Total 447 100.0 761 100.0 1208 100.0 

X2-test 
Yes/No 

P=0.575 
  

 

 

At the moment of inclusion in the research, High body weight appeared in 937 cases 

or 77.6% of patients of similar gender structure who were included in this research (men 

75.4% vs. women 78.8%) and without significant difference (P>0.05). (Tab.6) 

 

Tab. 6.  Patients according to the presence of large body weight and gender 

Overweight 

Gender 

Total Male Female 

N % N % N % 

Yes 337 75.4 600 78.8 937 77.6 

No 110 24.6 160 21.0 270 22.4 

Don't know - - 1 0.1 1 0.1 

Total 447 100.0 761 100.0 1208 100.0 

X2-test 
Yes/No 

P=0.174 
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At the moment of inclusion in the research, Hypertension arterial appeared in 823 

cases or 68.1% of patients of similar gender structure who were included in this 

research (men 66.4% vs. women 69.1%) and without significant difference (P>0.05). 

(Tab.7) 

Tab. 7.  Patients according to the presence of arterial hypertension and gender 

Elevated blood 
pressure  

Gender 

Total Male Female 

N % N % N % 

Yes 297 66.4 526 69.1 823 68.1 

No 150 33.6 234 30.7 384 31.8 

Don't know - - 1 0.1 1 0.1 

Total 447 100.0 761 100.0 1208 100.0 

X2-test 
Yes/No 

P=0.350 
  

 

At the moment of inclusion in the research, high level of lipids appeared in 465 cases 

or 38.5% of patients included in the research, but men were in the higher structure than 

women (men 42.5% vs. women 36.1%) but without significant difference (P>0.05). 

(Tab.8) 

Tab. 8.  Patients according to the presence of elevated lipids and gender 

Increased lipids 

Gender 

Total Male Female 

N % N % N % 

Yes 190 42.5 275 36.1 465 38.5 

No 203 45.4 380 49.9 583 48.3 

Don't know 54 12.1 106 13.9 160 13.2 

Total 447 100.0 761 100.0 1208 100.0 

X2-test 
Yes/No 

P=0.052 
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In the last three years glycaemia on empty stomach 6.1-7.0 mmol/L appeared in 

15.1% of participants in the research, 70.3% declared that they did not have it in such 

limit and 14.7% did not know because they did not measure it. Based on the gender, we 

did not get a difference of important statistical significance (P>0.05), (men 15.7 vs. 

women 14.7). (Tab.9) 

Tab. 9.  Patients who in the past three years have had blood glucose 6.1 - 7.0, by 

gender 

In the last three 
years glucose was 

6.1-7.0 

Gender 

Total Male Female 

N % N % N % 

Yes 70 15.7 112 14.7 182 15.1 

No 299 66.9 550 72.3 849 70.3 

Don't know 78 17.4 99 13.0 177 14.7 

Total 447 100.0 761 100.0 1208 100.0 

X2-test 
Yes/No 

P=0.457 
  

 

Out of 761 women included in the research 120 or 15.8% declared that they have 

delivered babies with large birth weight. (Tab.10) 

 

    Tab. 10.  The structure of women who had children with greater weight 

 Large 
children 

Female 

N % 

Yes 120 15.8 

No 632 83.0 

Don't know 9 1.2 

Total 761 100.0 
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All of the persons included in the research were of age 45-70, with average age 57.5 

(SD ± 7.8 years). Average age of men was 58.4 (SD ±8.1 years) whilst average age of 

women was 57.0 (SD ± 7.6 years). Among everage age, by gender, we have got a 

difference of important statistical significance (P<0.01).  Average body weight of the 

participants in the research was 80.0 kg (SD ± 11.5 kg). Average body weight of men 

was 83.6 kg (SD ± 10.9 kg) whilst average body weight of women was 77.9 kg (SD ± 

11.3 kg). In between average body weight, as per the gender, we have got a difference 

of important statistical significance (P<0.0001). Average body height of the participants 

in the research was 166.7 cm (SD ± 7.1 cm). ). Average body height of men was 172.6 

cm (SD ± 5.1 cm) whilst average body height of women was 163.2 cm (SD ± 5.6 cm). 

Among average body height, by gender, we have got a difference of important statistical 

significance (P<0.0001).   

Based on the body mass index women were more obese in comparison with men, 

which is a difference of important statistical significance (P<0.0001). Average value of 

BMI in women was 29.1 (SD ±4.0), range 16-43. Average value of BMI in men was 27.8 

(SD ± 3.1), range of 19 - 40.  

Average value of fasting glycaemia, during the first measuring was 6.0 mmol/L (SD ± 

1.9 mmol/L), range of 3.1 – 23 mmol/L without significant difference between genders, 

(P>0.05). Average value of fasting glycaemia during the second measuring was 5.7 

mmol/L (SD ± 1.6 mmol/L), range of 3.0 – 23.9 mmol/L without significant difference, 

between genders (P>0.05).  

Average value of arterial systolic pressure was 145.0 mmHg (SD ± 23.5 mmHg), 

range 80 – 240 mmHg without significant difference, between genders (P>0.05). 

Average value of arterial diastolic pressure was 89.6 mmHg (SD ± 12.1 mmHg), range 

of 55 – 140 mmHg without significant difference, between genders (P>0.05). (Tab.11) 
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Tab. 11.  General characteristics of patients by gender 

  Male Female Total 

P-value   N 447 761 1208 

Age 

Mean ± 
SD 58.4 ± 8.1 57.0 ± 7.6 57.5 ± 7.8 P=0.004 

Rank 45 - 70 45 - 70 45 - 70 

  

Body Weight 
in kg. 

Mean ± 
SD 83.6 ± 10.9 77.9 ± 11.3 80.0 ± 11.5 P<0.0001 

Rank 53 - 123 45 - 113 45 - 123 

  

Body height 
in cm. 

Mean ± 
SD 172.6 ± 5.1 163.2 ± 5.6 166.7 ± 7.1 P<0.0001 

Rank 140  - 187 143 - 180 140  - 187 

  

BMI 

Mean ± 
SD 27.8 ± 3.1 29.1 ± 4.0 28.7 ± 3.7 P<0.0001 

Rank 19  - 40 16 - 43 16 - 43 

  

Waist 
circumference 

in cm. 

Mean ± 
SD 96.0 ± 11.5 94.6 ±13.7 95.2 ± 12.9 P=0.032 

Rank 63 - 132 50 - 131 50 - 132 

  

 Hips in cm. 

Mean ± 
SD 

104.9 ± 
12.1 

107.2 ± 
14.7 

106.4 ± 
13.8 P=0.0029 

Rank 67 - 143 58 - 160 58 - 160 

  

Fasting 
glucose I 

Mean ± 
SD 6.0 ± 1.9 6.0 ± 1.9 6.0 ± 1.9 P=0.732 

Rank 3.3 - 19 3.1 - 23 3.1 - 23 

  

Fasting 
glucose II 

Mean ± 
SD 5.8 ± 1.7 5.6 ± 1.6 5.7 ± 1.6 P=0.492 

Rank 3.2 - 15.4 3.0 - 23.9 3.0 - 23.9 

  

Systolic blood 
pressure in 

mmHg 

Mean ± 
SD 

144.4 ± 
22.6 

145.3 ± 
24.0 

145.0 ± 
23.5 P=0.718 

Rank 85 - 230 80 - 240 80 - 240 

  
Diastolic 

blood 
pressure in 

mmHg 

Mean ± 
SD 89.0 ± 11.9 89.9 ± 12.2 89.6 ± 12.1 

P=0.473 

Rank 55 - 120 55 - 140 55 - 140 
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Overall number of persons who underwent through screening (n=1208) after two tets of 

glycaemia was 152 or 12.6% (CI:10.8-14.6) of whom were diagnosed with Diabetes 

Mellitus (fasting glycaemia >7.0 mmol/l), 185 or 15.3% (CI:13.4-17.5) with Pre-diabetes 

(fasting glycaemia 6.1 – 6.9 mmol/l). After correction for age, crude prevalence rate of 

patients with diabetes in the total Kosovo population aged 45 to 70 years was 17.2%. 

The yield of opportunistic screening prevalence of type 2 diabetes was 1.9 %. 

 

 In 92 cases or 7.6% value of glycaemia in one measuring was pathological whilst in the 

other was normal and in 779 cases or 64.5% values of glycaemia were normal in two 

tests. In the final results, after two tests in men and women we did not get a difference 

of important statistical significance (P>0.05), occurrence of DM in men was 13.6% whilst 

in women 12.0%. Pre-diabetes occurrence in men was 14.1% whilst in women 16.0%. 

(Tab.12) 

 

 

Tab. 12.  The final result of glycemia by gender 

The final result 
of blood glucose  

Gender 

Total Male Female 

N % N % N % 

Normal 291 65.1 488 64.1 779 64.5 
With one 

abnormal value 32 7.2 60 7.9 92 7.6 

Prediabetes 63 14.1 122 16.0 185 15.3 

Diabetes Mellitus 61 13.6 91 12.0 152 12.6 

Total 447 100.0 761 100.0 1208 100.0 

X2-test P=0.667   
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Pre-diabetes was discovered in 168 cases or 17.3% of persons with overweight and in 

17 cases or 7.1% of persons with normal weight. Diabetes mellitus was discovered in 

133 cases or 13.7% of persons with overweight and in 19 cases or 7.9% of persons with 

normal weight. By X2 test we have got a difference of important statistical significance 

(P<0.0001). Pre-diabetes occurrence and Diabetes Mellitus was much higher in the 

group of persons with overweight. (Tab.13) 

 

Tab. 13. The final result of blood glucose in people with normal weight and those 

with overweight  

The final 
result of 

blood glucose  

Overweight 

Yes No 

N % N % 

Normal 589 60.8 190 79.5 
With one 
abnormal 

value 79 8.2 13 5.4 

Prediabetes 168 17.3 17 7.1 
Diabetes 
Mellitus 133 13.7 19 7.9 

Total 969 100.0 239 100.0 

X2-test P<0.0001 
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Pre-diabetes was discovered in 155 cases or 18.1% of persons with visceral obesity, 

namely in 30 cases or 8.5% of persons without visceral obesity. Diabetes mellitus was 

discovered in 116 cases or 13.6% of persons with visceral obesity, namely in cases 36 

or 10.2% of persons without visceral obesity.  By X2 test we have got a difference of 

important statistical significance (P<0.0001) Pre-diabetes occurrence and Diabetes 

Mellitus was much higher in the group of persons with visceral obesity. (Tab.14) 

 

Tab. 14.  The final result of blood glucose in people with visceral obesity 

The final 
result of 

blood glucose  

Visceral obesity 

Yes No 

N % N % 

Normal 527 61.6 252 71.4 
With one 
abnormal 

value 57 6.7 35 9.9 

Prediabetes 155 18.1 30 8.5 
Diabetes 
Mellitus 116 13.6 36 10.2 

Total 855 100.0 353 100.0 

X2-test P<0.0001 
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358 persons declared that they have positive family anamnesis. Pre-diabetes was 

discovered in 83 cases or 23.2% of persons with positive family anamnesis and in 102 

cases or 12.1% of persons with negative family anamnesis. Diabetes mellitus was 

discovered in 42 cases or 11.7% of persons with positive family anamnesis, namely in 

109 cases or 12.9% of persons with negative family anamnesis. By X2 test we have got 

a difference of important statistical significance (P<0.0001) Pre-diabetes occurrence 

and DM was much higher in the group of persons with positive family anamnesis. 

(Tab.15) 

 

 

Tab. 15.  The final result of blood glucose in people with a positive family history 

The final 
result of 

blood glucose 

Family history 

Yes No 

N % N % 

Normal 207 57.8 568 67.2 
With one 
abnormal 

value 26 7.3 66 7.8 

Prediabetes 83 23.2 102 12.1 
Diabetes 
Mellitus 42 11.7 109 12.9 

Total 358 100.0 845 100.0 

X2-test P<0.0001 
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465 persons have had increased value of lipids. Pre-diabetes was discovered in 83 

cases or 17.8% of persons with increased lipids, namely in 75 cases or 12.9% of 

persons with normal value of lipids.  Diabetes mellitus was discovered in 69 cases or 

14.8% of persons with increased lipids, namely in 58 cases or 9.9% of persons with 

normal value of lipids. By X2 test we have got a difference of important statistical 

significance. (P=0.0049). Pre-diabetes occurrence and DM was much higher in the 

group of persons with increased lipids. (Tab.16) 

 

 

 

 Tab. 16. The final result of blood glucose in people with elevated lipids 

The final 
result of 

blood glucose  

An increased lipids 

Yes No 

N % N % 

Normal 282 60.6 403 69.1 
With one 
abnormal 

value 31 6.7 47 8.1 

Prediabetes 83 17.8 75 12.9 
Diabetes 
Mellitus 69 14.8 58 9.9 

Total 465 100.0 583 100.0 

X2-test P=0.0049 
 

 

 



48 

 

 

 

There were 823 persons in the group included in screening with arterial hypertension. 

Pre-diabetes was discovered in 121 cases or 14.7% of persons with arterial 

hypertension and in 64 cases or 16.7% of persons had normal arteria tension. 

Diabetes mellitus was discovered in 124 cases or 15.1% of persons with arterial 

hypertension and in 28 cases or 7.3% of persons had normal arterial tension. By X2 

test we have got a difference of important statistical significance (P=0.0021). Pre-

diabetes occurrence and DM was much higher in the group of persons with arterial 

hypertension. (Tab.17) 

 

 

 

Tab. 17. The final result of blood glucose in people with arterial hypertension 

The final 
result of 

blood glucose  

Elevated blood pressure 

Yes No 

N % N % 

Normal 519 63.1 259 67.4 
With one 
abnormal 

value 59 7.2 33 8.6 

Prediabetes 121 14.7 64 16.7 
Diabetes 
Mellitus 124 15.1 28 7.3 

Total 823 100.0 384 100.0 

 
X2-test P=0.0021 
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182 persons included in screening during the last three years had glycaemia 6.1 – 7.0. 

Pre-diabetes was discovered in 57 cases or 31.3% of persons with glycaemia 6.1 – 7.0 

in the last three years and in 101 cases or 11.9% of persons who did not have 

glycaemia 6.1-7.0 mmol/l in the last three years. Diabetes mellitus was discovered in 28 

cases or 15.4% of persons with glycaemia 6.1 – 7.0 in the last three years and in 99 

cases or 11.7% of persons who did not have glycaemia 6.1-7.0 mmol/l in the last three 

years. DM was much higher in the group of persons who did not have glycaemia 6.1-7.0 

mmol/l in the last three years. (Tab.18) 

 

Tab. 18. The final result of blood glucose in people with glycaemia in the last 

three years 6.1 - 7 mmol / L 

The final 
result of 

blood glucose  

In the last three years glucose 
was 6.1-7.0 mmol/L 

Yes No 

N % N % 

Normal 85 46.7 592 69.7 
With one 
abnormal 

value 12 6.6 57 6.7 

Prediabetes 57 31.3 101 11.9 
Diabetes 
Mellitus 28 15.4 99 11.7 

Total 182 100.0 849 100.0 

X2-test P<0.0001 
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Recurrence rate of cases with DM was higher in women who have delivered babies with 

large birth weight (14.2% vs. 11.7%), whereas in cases with pre-diabetes it was higher 

in women who did not deliver babies with large weight (12.5% vs. 16.6%) but without 

significant difference (P>0.05). (Tab.19) 

 

 

Tab. 19. Glycemia final outcome of women who gave birth of large babies 

The final 
result of 

blood glucose  

Large children 

Yes No 

N % N % 

Normal 84 70.0 398 63.0 
With one 
abnormal 

value 4 3.3 55 8.7 

Prediabetes 15 12.5 105 16.6 
Diabetes 
Mellitus 17 14.2 74 11.7 

Total 120 100.0 632 100.0 

X2-test P=0.109 
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All of the cases included in the research have had one or more risk factors for Diabetes 

Mellitus, namely 23.8% of them had one risk factor, 40.2% had two risk factors, 24.7% 

had three risk factors, 9.4% had four risk factors, 1.9% had five risk factors and 0.1% 

had six risks factors for Diabetes Mellitus with similar structure, as per the gender 

(Table 20a and Chart 3). Thus, 36.0% of participants in the research have had three or 

more risk factors (men 38.3% vs. women 34.7%) without significant difference, between 

genders (P>0.05).(Table 20b and Chart 4) 

 

Tab. 20a. Patients based on the number of risk factors and gender 

Risk factors 

Gender 

Total Male Female 

N % N % N % 

1 110 24.6 177 23.3 287 23.8 

2 166 37.1 320 42.0 486 40.2 

3 124 27.7 174 22.9 298 24.7 

4 40 8.9 73 9.6 113 9.4 

5 7 1.6 16 2.1 23 1.9 

6 - - 1 0.1 1 0.1 

Total 447 100.0 761 100.0 1208 100.0 
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Chart 3. Structure of patients according to the number of risk factors 

Tab. 20b. Patients based on the number of risk factors and gender 

Risk factors 

Gender 

Total Male Female 

N % N % N % 

1 110 24.6 177 23.3 287 23.8 

2 166 37.1 320 42.0 486 40.2 

3+ 171 38.3 264 34.7 435 36.0 

Total 447 100.0 761 100.0 1208 100.0 

X2-test P=0.235   
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Chart 4. Structure of the patients by number of risk factors 
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In the cases where final result of glycaemia was normal 30.6% there were 3+ risk 

factors for Diabetes Mellitus, in 34.8% of cases of glycaemia with one normal measuring 

and the other pathological there were 3+ risk factors for Diabetes Mellitus, in 55.1% 

cases of Pre-diabetes there were 3+ risk factors for Diabetes Mellitus and in 41.4% of 

cases of Diabetes Mellitus there were 3+ risk factors for Diabetes Mellitus. (Tab.21) 

 

 

Tab. 21. Glycemia final results according to the number of risk factors 

The final result of 
blood glucose 

Nr. of risk factors 

Total 1 2 3+ 

Normal 

N 222 319 238 779 

% 28.5 40.9 30.6 100.0 

With one 
abnormal value 

N 19 41 32 92 

% 20.7 44.6 34.8 100.0 

Prediabetes 

N 23 60 102 185 

% 12.4 32.4 55.1 100.0 

Diabetes mellitus 

N 23 66 63 152 

% 15.1 43.4 41.4 100.0 

Total 

N 287 486 435 1208 

% 23.8 40.2 36.0 100.0 

X2-test P<0.0001   
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Cases diagnosed with Pre-diabetes and Diabetes mellitus of higher structure had three 

or more risk factors in comparison with cases of normal values of glycaemia which is a 

difference of important statistical significance (P<0.0001). (Chart 5) 

 

 

 

Chart 5. Structure of cases with normal hypoglycaemia, prediabetes and diabetes 

mellitus according to the number of risk factors 
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As seen (Table 22) patients with Pre-diabetes and Diabetes Mellitus of higher structure 

were those of age 65 and over. 

 

 

Tab. 22. Glycemia final results by age group 

Age group 
(year) 

The final result of blood glucose  

Normal 

With one 
abnormal 

value Prediabetes 
Diabetes 
Mellitus 

N % N % N % N % 

45-49 163 20.9 13 14.1 24 13.0 25 16.4 

50-54 185 23.7 20 21.7 35 18.9 27 17.8 

55-59 134 17.2 18 19.6 28 15.1 28 18.4 

60-64 130 16.7 20 21.7 40 21.6 23 15.1 

65+ 167 21.4 21 22.8 58 31.4 49 32.2 

Total 779 100.0 92 100.0 185 100.0 152 100.0 

 

 

56.8 (SD± 7.7 years) was average age of patients whose final results of glycaemia, after 

two tests, was normal, whereas of those who were diagnosed with Pre-diabetes was 

59.3 (SD± 7.8 years) and of those diagnosed with Diabetes Mellitus was 58.9 (SD ± 8.2 

years). By Kruskal Wallis test we have got a difference of important statistical 

significance within average age based on final results of glycaemia (Normal vs. Pre-

diabetes P<0.001; Normal vs. Diabetes Mellitus P<0.05). (Tab.23) 
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Tab. 23. Age parameters of patients according to the final results of glycemia 

Age 
(Year) 

The final result of blood glucose  

Normal 

With one 
abnormal 

value Prediabetes 
Diabetes 
Mellitus 

N 779 92 185 152 

Mean 56.8 58.1 59.3 58.9 

SD 7.7 7.2 7.8 8.2 

Min 45 45 45 45 

Max 70 70 70 70 

Kruskal Wallis 
test P<0.0001 

Dunn's Multiple Comparasion test 
Normal vs. Prediabet P<0.001 
Normal vs. Diabet Mellitus P<0.05 

 

 

 

Average age of participants  was 57.5(SD 7.8 ). By Kruskal Wallis test a significant 

variation in the prevalence of type 2 diabetes, IFG, and normal glicemia  was observed 

within average age: 58.9(SD 8.2), vs 59.3(SD 7.8), vs 56.8(SD 7.8);  P=0.0001. 
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Tab.24.  Multivariate stepwise logistic regression analysis for predictors of type 2 

diabetes. Cumulative risks as prediction for type 2 diabetes . 

Risks OR estimates 

(95%CI) 

P value 

Single overweight  1.88 (1.39- 2.55) <0.0001 

Single family history 1.61 (1.23- 2.10) =0.0006 

Single hypertension  2.01 (1.43- 2.82) <0.0001 

Single hyperlipidemia 1.46 (1.13-1.89) =0.0037 

Hypertension + 

Overweight 

 

1.90 (1.41-2.57) 

<0.0001 

Overweight  + 

 Family history 

 

1.99 (1.49-2.66) 

<0.0001 

Hypertension + 

Overweight + 

Family history 

 

 

2.10 (1.53-2.81) 

 

 

<0.0001 

 

OR:Odds Ratio.95% CI:Confidence interval 

 

Multivariate logistic regression analysis showed that hypertension was the best 

predictor of undiagnosed type 2 diabetes: OR 2.01(CI; 1.43- 2.82), P<0.0001. 

Overweight had significant prediction for undiagnosed type 2 diabetes: OR 1.88(CI;  

1.39- 2.55), P<0.0001. Family history of diabetes had also significant prediction for 

undiagnosed type 2 diabetes: OR 1.61(CI; 1.23- 2.10), P<0.0006. Dyslipidemia was 

poorer predictor of undiagnosed type 2 diabetes: OR 1.46(CI; 1.13-1.89), P<0.0037 

 Antihypertensive treatment was associated with a two fold increased risk of diabetes.  

After adjustment all significant risks the multivariate stepwise logistic regression shows, 

the strongest prediction for type 2 diabetes was risks in fold: hypertension, overweight 

and family history of diabetes. Those, patients  were 2.1 more  likely to have diabetes.  
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6. Discussion 

To our knowledge this study is the first one to report screening of patients for type 2 

diabetes in Kosovo.  

The research conducted in five municipalities within one year period indicated that 

18809 patients underwent a medical check-up, of which 5334 or 28.4% belonged to the 

age-group of 45-70 years.  

From overall number of patients of the age-group of 45-70 years, 815 or 15.3% were 

patients who had previously determined diagnosis of type 2 diabetes. 1208 patients 

were patients with one or more risk factors for type 2 diabetes and they were screened 

for type 2 diabetes in this study.  

The prevalence of diabetes mellitus in the population included in the study was 12.6% 

with 95% CI prevalence in the entire population was 10.8% to 14.6% and IFG 

prevalence of the population involved in the study was 15.3% with 95% CI prevalence in 

the entire population was 13.4% to 17.5%. After correction for age, crude prevalence 

rate of patients with diabetes in the total Kosovo population aged 45 to 70 years was 

17.2%. The yield of opportunistic screening prevalence of T2D was 1.9 %. In 7.6% 

value of glycaemia in one measuring was pathological whilst in the other was normal.  

Average age of participants  was 57.5(SD 7.8 ). By Kruskal Wallis test a significant 

variation in the prevalence of type 2 diabetes, IFG, and normal glicemia  was observed 

within average age: 58.9(SD 8.2), vs 59.3(SD 7.8), vs 56.8(SD 7.8);  P=0.0001. 

No significant variation in the prevalence of type 2 diabetes was observed between 

men’s and women’s (P>0.05), prevalence of type 2 diabetes in men was 13.6% vs 

12.0% in women and the prevalence of IFG in men was 14.1% vs 16.0% in women. 

Women had a lower age (57.0 ± 7.6 vs 58.4 ± 8.1 years; P < 0.004) and a lower body 

weight in kg.(77.9 ± 11.3 vs 83.6 ± 10.9 kg; P = 0.0001), as well as a smaller waist 

circumference (94.6 ± 13.7 vs 96.0 ± 11.5 cm; P < 0.032) than men. Abnormal waist 

circumference was more often found in women than men (50.4 vs 20.3%; P < 0.001) 

and the prevalence rate of overweight (body mass index >25 kg/m2) was higher in 

women than men (54.0 vs 31.2%; P = 0.0001). 
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In this regard, two thirds of screened patients had at least two risk factors for  type 2 

diabetes. Arterial hypertension was diagnosed in majority of screened patients as 

opposed to one third of screened patients who also had abnormal lipid levels.  

Presence of arterial hypertension, abnormal lipid profile and being overweight were olso 

common amongst those found to have pre-diabetes or type 2 diabetes. 

It is interesting to note that patients with prediabetes had a higher number risk factors 

compared to patients who already had developed type 2 diabetes. Therefore, 

suggesting that an early screening process could potentially allow more room for 

clinicians to address type 2 diabetes risk factors. 

Multivariate logistic regression analysis showed that hypertension was the best 

predictor of undiagnosed type 2 diabetes: OR 2.01(CI; 1.43- 2.82), P<0.0001. 

Overweight had significant prediction for undiagnosed type 2 diabetes: OR 1.88(CI;  

1.39- 2.55), P<0.0001. Family history of diabetes had also significant prediction for 

undiagnosed type 2 diabetes: OR 1.61(CI; 1.23- 2.10), P<0.0006. Dyslipidemia was 

poorer predictor of undiagnosed type 2 diabetes: OR 1.46(CI; 1.13-1.89), P<0.0037 

Hypertension commonly co-exists with diabetes as part of metabolic syndrome and it 

commonly begins in the preclinical period of diabetes. Antihypertensive treatment was 

associated with a two to three – fold increased risk of diabetes  

It is known that obesity  and overweight  increases the development of  type 2 diabetes 

and that three quarters overweight adult people are metabolically and  phenotype 

unhealthy obesity  (beta-cell dysfunction, insulin resistance, hyperglycemia) and carry 

risk  for  type 2 diabetes. Also, it is important to note that metabolically healthy obese 

adults show a substantially increased risk of developing type 2 diabetes compared with 

metabolically healthy normal-weight adults. There was a non-significant positive 

association with hiperlipidemia. We can contemplate that prescription of hypolipemic 

drugs or dietary and physical activity are important protective factors against type 2 

diabetes development (182, 184, 185).  
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After adjustment all significant risks the multivariate stepwise logistic regression shows, 

the strongest prediction for type 2 diabetes was risks in fold: hypertension, overweight 

and family history of diabetes. Those, patients  were 2.1 more  likely to have diabetes.  

 

Type 2 diabetes certainly meets many of the screening criteria (163). There is evidence 

that screening for diabetes has an overall benefit with no harm to patients (147).  Many 

international organizations (164,165) have produced guidelines on screening for type 2 

diabetes with information on screening tests and populations, yet none have made 

major recommendations regarding the strategies to approach screening and the method 

of invitation. 

In this regard, due to undetected glucose abnormalities, at time of diagnosis there can 

be a significant percentage of diabetes complications already present. Evidence 

suggest up to 30% of patients have complications at time of diagnosis (172-175). This 

leads to a significant burden not only for patients but also the health care system in 

general. Clinicians could more adequately utilize other therapies such as 

antihypertensives, antihyperlipidaemics and antiplatelet therapies. The ADDITION study 

demonstrated that when compared to routine care, an intervention to promote target-

driven, intensive management of patients with type 2 diabetes detected by screening 

was associated with modest but significant differences in prescribed treatment and 

levels of cardiovascular risk factors at five years (176). 

Screening for a condition is justified only if there is a net benefit in early detection and 

treatment of the condition as compared to its natural clinical presentation. The 

ADDITION study showed declined risks for  cardiovascular disease  in 5 and 10- years 

following diagnosis,  in the group of patients with diabetes detected by screening (177).  

The results reported in this study suggest that a significant number of patients can be 

detected at prediabetes stage by utilizing a ‘pragmatic’ approach of screening.  

This would potentially result in prevention of diabetes development in many of the 

patients screened, prevention of diabetes complications, improved quality of life and 

reduction of health related costs (54). Therefore, results of this study indicate that such 

an approach of screening should be a systematic and continuous process in countries 
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like Kosovo where there may be a lack of means to apply standard type 2 diabetes 

opportunistic screening processes to the general population. Tools utilized during the 

screening process are convenient to use in family practice setting and the screening 

methods used in this study were adopted to Kosovo conditions and health care 

situation.  As such, it has considerable differences compared to Western European 

standards and those of other developed countries around the world.  

Family medicine centers, where the ‘pragmatic’ opportunistic screening for type 2 

diabetes was conducted in this project, represent a suitable primary care setting for type 

2 diabetes screening to take place. However, key challenges reported especially in the 

developing countries should be considered. Countries in transition such as Kosovo, are 

often faced with overbooking and frequent visits by patients which in turn have the 

potential to reduce the available time for performing opportunistic screening for type 2 

diabetes (178). Furthermore, deficiencies in patient documentation and database 

management are also obstacles to implementing opportunistic type 2 diabetes 

screening in transition countries. GPs  need a simple  process of case finding that 

should be performed easily, systematically and continuously, without overprevention 

procedures. It should be performed in country –specific context, using existing health 

resources, without consuming too much time and  additionally burden of consultaton 

(167-170). 

Oportunistic, stepwise approach of screening a patient, using a non-invasive risk 

stratification tool followed by a definite blood test seems the most cost-effective method 

of screening for type 2 diabetes  and those at high risk (171).  

The main strength of the study was the setting. High-risk patients were identified during 

a regular consultation, in the daily routine practice in the local family practice by their 

own family practitioner. Capillary blood samples were taken by the family practitioner, 

without any further support (e.g., from trial nurses). Although patients had to return in a 

fasting state for the capillary glucose measurements, they were highly willing to do so. 

Several diabetes screening studies have been described in the literature. Smith et al. 

(187) undertook an opportunistic diabetes screening study performed in family practice 

using a questionnaire presented to patients who were waiting to see their doctor. Their 



63 

 

participation rate was also high (93%), and 43% of patients had at least 2 risk factors. If 

performed continuously or repeated regularly, such an approach might provide more 

complete and up-to-date information on a patient’s risk status in the EMR, improving the 

identification of high-risk patients for screening purposes. 

Greaves et al. (188) showed that identifying patients with type 2 diabetes and IFG using 

data stored in family practice databases was feasible but instead of using an 

opportunistic approach, they invited high-risk patients (those aged >50 years and with a 

body mass index ≥27 kg/m2) to screening clinics run by trained practice nurses. The 

response rate was 61%. Nevertheless, the simple screening system they describe 

would promote efficient use of scarce primary health care resources, especially when 

set up as part of a broader screening program to reduce cardiovascular disease. 

In a cross sectional study in a local family practice, Lawrence et al. (98) showed that 

screening of invited patients whose sole risk factor for diabetes is age older than 45 

years has a low yield. In this group, they found a diabetes prevalence of just 0.2%. 

Among individuals with 1 or more other risk factors, the figure increased to 2.8%.  

In 2007, a population-based screening program for type 2 diabetes was performed in 

the Netherlands. (84)  Although the increase in diabetes prevalence achieved with the 

program (from 6.1% to 7.0% among people aged 50 to 70 years) was good, the 

response to an invitation to glucose testing was 31% and the yield only 1%. The authors 

concluded that opportunistic screening might be more appropriate. 

Other studies concerning screening for type 2 diabetes mainly used questionnaires or 

risk scores to identify at-risk patients, instead of data already present in the EMR. (103, 

189, 190) 

We compare the results of our study with other studies performed recently in Central 

Europe, despite some differences in the structure of the population and the screening 

method used. Detection rate of diabetes and pre-diabetes was higher than reported by 

previous studies. Namely, the prevalence rate of diabetes in Hungarian was 7.47% and 

the prevalence of IFG was 4.39% (179), in Slovakia was 7.0% and the prevalence rate 

of type 2 diabetes in Croatia was 6.1% (180,181). The prevalence rate of IFG in our 

study was much higher (4.39%) than that (11.3%) reported in Croatia (181). 
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In EUROASPIRE IV, a cross-sectional survey of patients aged 18–80 years with 

coronary artery disease in 24 European countries, 29% had undetected diabetes (182). 

This study has a number of limitations. These includes limited number of patients who 

went through the screening, as opposed to the total number of population at risk who 

could benefit from such a screening. 

A limiting factor was that the visits were not set in advance and electronic medical 

records have not been implemented as yet. Medical files avaliable, in some cases were 

incomplete and not maintained properly so not all risk factors were included at that time. 

We had to ask patients about their risk factors to confirm their status, therefore some of 

the information obtained from patients could have been subjected to recall bias hence 

suggesting a more cautious interpretation of the results.  

A possible limitation was that we used the capillary glucose test rather than the oral 

glucose tolerance test. Although oral glucose tolerance test with fasting and 2-hour 

glucose values has been widely used in the clinical practice for detecting glucose 

intolerance in asymptomatic subjects, an epidemiological survey for screening in 

primary care should be based on fasting blood glucose values only, as it is easier and 

faster to perform, more convenient and acceptable to patients, and less expensive. (82, 

186) 

Nevertheless, given that this is the first study of this kind conducted in Kosovo, we hope 

that it will raise the awaraness of health policymakers, health professionals and patients 

in regards to screening for type 2 diabetes and identifying suitable methods that would 

suit conditions in Kosovo. Further, this study may also provide more insight to countries 

around the world going through similar transition periods and facing financial and 

infrastrucural challenges to implementing standard oppurtunistic type 2 diabetes 

screening. 

 

 

 

 

 



65 

 

7.Conclusion 

 

1. This study is the first one to report screening of patients for type 2 diabetes in 

Kosovo.   

2. The ‘pragmatic’ opportunistic screening process was suitable for implementation and 

could improve early detection of diabetes in developing countries like Kosovo. 

815 or 15.3% were patients who had previously determined diagnosis of type 2 

diabetes. 

3. This opportunistic screening method for type 2 diabetes in patients of the age-group 

45-70 years, resulted in detection of prevalence of previously known type 2 diabetes 

15.3% 

4. The main findings in this research is detection of unknown number of patients with 

type 2 diabetes and IFG. The prevalence of diabetes mellitus in the study was 12.6% 

(CI:10.8-14.6) and IFG prevalence of the population involved in the study was 15.3% 

(CI:13.4- 17.5).  

5. After correction for age, crude prevalence rate of patients with diabetes in the total 

Kosovo population aged 45 to 70 years was 17.2%. The yield of opportunistic screening 

prevalence of type 2 diabetes was 1.9 %. 

6. Detection rate of diabetes and pre-diabetes was higher than reported by previous 

studies. 

7. Among various risks in univariate analysis hypertension was the best single predictor 

for unknown diabetes type 2 

8. After an adjustment of all significant risks in the multivariate stepwise logistic 

regression, the strongest prediction for undetected diabetes type 2 was risks in fold: 

hypertension, overweight and family history of diabetes mellitus. Those patients were 

2.1 times more likely to have diabetes. 

9. Data’s on the number of previously known diabetes and  the data’s on undiagnosed 

type 2 diabetes have been lacking until our research in Kosovo. We hope that this 

research will raise awareness of the decision-making instances so; in a near future we 

can undertake a survey at a much larger scale, at the national level.  
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8. Sazetak na hrvatskom jeziku 

 

Uvod: Probir za secernu bolest tipa 2 u obiteljskoj medicini u zemljama u razvoju ostaje 

i dalje izazov. Zbog toga se istrazuje najprakticnija metoda u svakodnevnom radu. 

 

Ciljevi: Istraziti prevalenciju neotkrivene secerne bolesti i ostecene glukoze nataste u 

ambulantama obiteljske medicine na Kosovu i testirati najoptimalniji model 

oportunistickog probira za otkrivanje ovih pacijenata 

 

Mjesto: Pet ordinacija obiteljske medicine na Kosovu 

 

Metode: Istrazivali smo metodu oportunistickog probira secerne bolesti u ordinaciji 

obiteljske medicine. Probirom su obuhvaceni svi pacijenti u dobi 45-70 godina sa 

najmanje jednim poznatim cimbenikom rizika koji su iz bilo kojeg razloga posjetili svog 

lijecnika. 

 

Rezultati: Probirom je obuhvaceno 1208 pacijenata. Otkrivena su 152(12.6%) pacijenta 

sa secernom bolesti te 185(15.3%) sa predijabetesom 

Statisticki znacajni rizicni faktori su (p<0.05); prekomjerna tjelesna tezina (77.6%), 

hipertenzija (68.1%) I hiperlipidemija. Vecina pacijenata (76.2%) je imala dva faktora 

rizika, dok je 36% imalo tri faktora rizika.     

 

Zakljucak: Ova studija je pokazala da je metoda oportunistickog probira prikladna za 

implementaciju u ordinacije obiteljske medicine u zemljama u razvoju, poput Kosova. 

Otkriven je znacajan broj pacijenata sa secernom bolescu i predijabetesom koji su 

takoder imali prekomjernu tjelesnu tezinu, hipertenziju i hiperlipidemiju.  
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9. Abstract  

 

 

Background. Screening for type 2 diabetes mellitus in primary care in developing 

contries remains a challenge, therefore pragmatic models of opportunistic screening 

should be explored. 

 

Objective: To determine the prevalence of new cases of diabetes and impaired fasting 

glucose in general practices of Kosovo and investigate the feasibility and performance 

of a pragmatic system for identifying patients with these two conditions. 

 

Settings: Five general practices in Kosovo.   

 

Methods: The study utilized an opportunistic screening programme for type 2 diabetes 

detectection in primary care.  All patients with at least one risk for undiagnosed type 2 

diabetes, aged  45-70, who  attended to general practices for any reason were 

screened.  Fasting capillary blood glucose was measured on two independent days. 

Additionally, anthropometric measurements were also performed  

 

Results: A total of 1208 patients were screened for type 2 diabetes. There were 152 

(12.6%) undiagnosed type 2 diabetes and 185 (15.3%) prediabetes patients  

Significant prediction factors (p<0.05) were; overweight (77.6%), hypertension (68.1%) 

and hyperlipidemia (38.5%). The majority of patients (76.2%) had two risk factors and 

36% had three risk factors  

 

Conclusions: The ‘pragmatic’ opportunistic screening process in this study was 

suitable for implementation in transition countries like Kosovo and resulted in detection 

of significant number of patients with pre-diabetes and type 2 diabetes who were also 

overweight, had hypertension and hyperlipidaemia 



68 

 

10. References 

 

1. DeFronzo RA. International Textbook of Diabetes Mellitus. 3rd ed. Chichester, West 

Sussex; Hoboken, NJ: John Wiley; 2004. 

 

2. National Diabetes Data Group. Classification and diagnosis of diabetes mellitus and 

other categories of glucose intolerance. Diabetes. 1979; 28:1039-57.  

 

3.World Health Organisation Expert Committee on Diabetes Mellitus. Second report. 

WHO Tech Rep Ser. 1980;646:1-80.  

 

4.Expert Committee on the diagnosis and classification of diabetes mellitus. Report. 

Diabetes Care. 1997;20:1183-97  

 

5. World Health Organization. Definition, Diagnosis and Classification of Diabetes 

Mellitus and its Complications. Report of a WHO Consultation. Geneva, Switzerland: 

World Health Organization, 1999. 

 

6. Screening for diabetes. American Diabetes Association. Diabetes Care. 

2002;25Suppl 1:21-4.  

 

7. Kuzuya T, Matsuda A. Classification of diabetes on the basis of etiologies versus 

degree of insulin deficiency. Diabetes Care. 1997;20:219–20. 

 

8. Laakso M, Pyorala K. Age of onset and type of diabetes. Diabetes Care. 1985;8:114-

7. 

 

9. Gottsater A, Landin-Olsson M, Fernlund P, Lernmark A, Sundkvist G. Beta-cell 

function in relation to islet cell antibodies during the first 3 yr after clinical diagnosis of 

diabetes in type II diabetic patients. Diabetes Care. 1993;16:902–10. 



69 

 

 

10. Tuomilehto J, Zimmet P, Mackay IR, Koskela P, Vidgren G, Toivanen L et al. 

Antibodies to glutamic acid decarboxylase as predictors of insulin dependent diabetes 

mellitus before clinical onset of disease. Lancet. 1994;343:1383–5. 

 

11. Bruce DG, Chisholm DJ, Storlien LH, Kraegen EW. Physiological importance of 

deficiency in early prandial insulin secretion in non-insulin dependent diabetes. 

Diabetes. 1988;37:736–44. 

 

12. Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of type 2 

diabetes. Diabetes Care. 2002;25:1862–68. 

 

13. Tamayo T, Rosenbauer J, Wild SH, Spijekerman AMW, Baan C, Forouhi NG,  et al. 

Diabetes in Europe: an update. Diabetes Res Clin Pract. 2014;103:206-17. 

 

14. World Health Organization. Global health risks: mortality and burden of disease 

attributable to selected major risks. Geneva, Switzerland: World Health Organization; 

2009. 

 

15. World Health Organization.  Food and Agriculture Organization UN. Diet, nutrition 

and the prevention of chronic diseases: report of a joint WHO/FAO expert consultation. 

Geneva, Switzerland: World Health Organization; 2002. 

 

16. Guariguata L, Whiting DR, Beagley J, Linnenkamp U, Hambleton I, Cho NH, et al. 

Global estimates of diabetes prevalence in adults for 2013 and projections for 2035. 

Diabetes Res Clin Pract. 2014;103(2):137-49 

 

17. IDF Diabetes Atlas, 7th ed. Brussels, Belgium: International Diabetes Federation; 

2015 

 



70 

 

18. World Health Organization. Global Health Observatory Data Repository. Geneva, 

Switzerland;  2013. 

 

19. American Diabetes Association. Economic Costs of Diabetes in the U.S. in 2012. 

Diabetes Care. 2013;36:1033–46.  

 

20. IDF Diabetes Atlas, third edition, Brussels, Belgium: International Diabetes 

Federation; 2006 

 

21. Jonsson B. Revealing the cost of Type II diabetes in Europe. Diabetologia.  2002; 

45(7):5–12.  

 

22. Williams R, Van Gaal L, Lucioni C. Assessing the impact of complications on the 

costs of Type II diabetes. Diabetologia. 2002;45(7):13–7.  

 

23. Gagliardino JJ: Physiological endocrine control of energy homeostasis and 

postprandial blood glucose levels. Eur Rev Med Pharmacol Sci. 2005;9:75 –92. 

  

24. Gautier JF, Wilson C, Weyer C, Mott D, Knowler WC, Cavaghan M, Polonsky KS, 

Bogardus C, Pratley RE: Low acute insulin secretory responses in adult offspring of 

people with early onset type 2 diabetes. Diabetes.  2001;50:1828 –33. 

 

25. Abdul-Ghani MA, DeFronzo RA. Pathophysiology of prediabetes. Curr Diab Rep. 

2009;9(3):193-9. 

 

26. DeFronzo RA. Pathogenesis of type 2 diabetes mellitus. Med Clin North Am. 

2004;88(4):787-835.  

 

27. Kahn SE, Hull RL, Utzschneider KM. Mechanisms linking obesity to insulin 

resistance and type 2 diabetes. Nature. 2006;444(7121):840-6. 



71 

 

 

28. Bergman RN, Finegood DT, Kahn SE. The evolution of beta-cell dysfunction and 

insulin resistance in type 2 diabetes. Eur J Clin Invest. 2002;32:35–45. 

  

29. Vendrame F, Gottlieb PA. Prediabetes: prediction and prevention trials. Endocrinol 

Metab Clin North Am. 2004;33:75–92. 

 

30. Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R, Kahn R et al. The Expert 

Committee on the Diagnosis and Classification of Diabetes Mellitus: Follow-up report on 

the diagnosis of diabetes mellitus. Diabetes Care. 2003;26:3160–67. 

 

31. Festa A, D’Agostino R Jr, Hanley AJ, Karter AJ, Saad MF, Haffner SM. Differences 

in insulin resistance in nondiabetic subjects with isolated impaired glucose tolerance or 

isolated impaired fasting glucose. Diabetes. 2004;53:1549-55. 

 

32. van Haeften TW, Pimenta W, Mitrakou A, Korytkowski M, Jenssen T, Yki-Jarvinen 

et al. Disturbances in β-cell function in impaired fasting glycemia. Diabetes.   

 2002;51:265–270.  

  

33. Davies MJ, Raymond NT, Day JL, Hales CN, Burden AC. Impaired glucose 

tolerance and fasting hyperglycaemia have different characteristics. Diabetes Med. 

2000;17:433-40. 

 

34. King H, Rewers M. Global estimates for prevalence of diabetes mellitus and 

impaired glucose tolerance in adults. Diabetes Care. 1993;16:157-77.   

 

35. Qiau Q, Hu G, Tuomilehto J, Balkau B, Bord-Johnsen K, for the DECODE Study 

Group. Age and sex specific prevalence of diabetes and impaired glucose regulation in 

13 European cohorts. In Proceedings of the 37th Annual Meeting of the European 



72 

 

Diabetes Epidemiology Group, 2002. Oxford, U.K., European Diabetes Epidemiology 

Group, 2002, p. A37 

  

36. de Vegt F, Dekker JM, Jager A et al. Relation of impaired fasting and postload 

glucose with incident type 2 diabetes in a Dutch population: The Hoorn study. JAMA. 

2001;285:2109-13 

 

37. Ford ES, Zhao G, Li C. Pre-diabetes and the risk for cardiovascular disease: a 

systematic review of the evidence. J Am Coll Cardiol. 2010;55(13):1310-17. 

 

38. Singleton JR, Smith AG, Russell JW, Feldman EL. Microvascular complications of 

impaired glucose tolerance. Diabetes. 2003;52(12):2867-73. 

 

39. Nguyen TT, Wang JJ, Wong TY. Retinal vascular changes in pre-diabetes and 

prehypertension: new findings and their research and clinical implications. Diabetes 

Care. 2007;30(10):2708-15. 

 

40. Diabetes Prevention Program Research Group. The prevalence of retinopathy in 

impaired glucose tolerance and recent-onset diabetes in the Diabetes Prevention 

Program. Diabet Med. 2007;24(2):137-144. 

 

41. Gregg EW, Gu Q, Williams D, de Rekeneire N, Cheng YJ, Geiss L, et al. Prevalence 

of lower extremity diseases associated with normal glucose levels, impaired fasting 

glucose, and diabetes among U.S. adults aged 40 or older. Diabetes Res Clin Pract. 

2007;77(3):485-8. 

 

42. Sumner CJ, Sheth S, Griffin JW, Cornblath DR, Polydefkis M. The spectrum of 

neuropathy in diabetes and impaired glucose tolerance. Neurology. 2003;60(1):108-

111. 

 



73 

 

43. Plantinga LC, Crews DC, Coresh J, Millesr ER 3rd, Saran R, Yee J, et al. Prevalence 

of chronic kidney disease in US adults with undiagnosed diabetes or prediabetes. Clin J 

Am Soc Nephrol. 2010;5(4):673-682. 

 

44. Nichols GA, Brown JB. Higher medical care costs accompany impaired fasting 

glucose. Diabetes Care. 2005;28(9):2223-29. 

  

45. Zhang Y, Dall TM, Chen Y, Baldwin A, Yang W, Mann S, et al. Medical cost 

associated with prediabetes. Popul Health Manag. 2009;12(3):157-163. 

 

46. Glucose tolerance and mortality: comparison of WHO and American Diabetes 

Association diagnostic criteria. The DECODE study group. European Diabetes 

Epidemiology Group. Diabetes Epidemiology: Collaborative analysis of diagnostic 

criteria in Europe. Lancet. 1999;354(9179):617-21.  

 

47. Barr EL, Boyko EJ, Zimmet PZ, Wolfe R, Tonkin AM, Shaw JE, et al. Continuous 

relationships between non-diabetic hyperglycaemia and both cardiovascular disease 

and all-cause mortality: the Australian Diabetes, Obesity, and Lifestyle (AusDiab) study. 

Diabetolodia. 2009;52(3):415-24. 

 

48. Barr EL, Zimmet PZ, Welborn TA, Jolley D, Maqliano DJ, Dunstan DW, et al. Risk of 

cardiovascular and all-cause mortality in individuals with diabetes mellitus, impaired 

fasting glucose, and impaired glucose tolerance: the Australian Diabetes, Obesity, and 

Lifestyle Study (AusDiab). Circulation.  2007;116(2):151-7. 

 

49. Spijkerman AMW, Dekker JM, Nijpels G, Adriaanse MC, Kostense PJ, Ruwaard D, 

et al. Microvascular Complications at Time of Diagnosis of type 2 Diabetes Are Similar 

Among Diabetic Patients Detected by Targeted Screening and Patients Newly 

Diagnosed in General Practice: The Hoorn Screening Study. Diabetes Care. 

2003;26:2604–8.  



74 

 

 

50. Flores-Le Roux JA, Comin J, Pedro-Botet J, Benaiges D, Puig-de Dou J, Chillarón 

JJ, et al. Seven-year mortality in heart failure patients with undiagnosed diabetes: an 

observational study. Cardiovasc Diabetol. 2011;10:39 

 

51. Sabanayagam C., Lim S.C., Wong T.Y., Lee J., Shankar A., Tai E.S. Ethnic 

disparities in prevalence and impact of risk factors of chronic kidney disease. Nephrol 

Dial Transplant. 2010;25:2564–70. 

 

52. Harris MI, Klein R, Welborn TA, Knuiman MW. Onset of NIDDM occurs at least 4-7 

yr before clinical diagnosis. Diabetes Care. 1992;15:815-9.  

 

53. Thompson TJ, Engelgau MM, Hegazy M, Ali MA, Sous ES, Badran A, et al. The 

onset of NIDDM and its relationship to clinical diagnosis in Egyptian adults. Diabet 

Med. 1996;13(4):337-40. 

 

54. Engelgau MM, Narayan KM, Herman WH. Screening for type 2 diabetes. Diabetes 

Care. 2000;23(10):1563-80. 

 

55. UK Prospective Diabetes Study 6. Complications in newly diagnosed type 2 diabetic 

patients and their association with different clinical and biochemical risk factors. 

Diabetes Res. 1990;13(1):1-11. 

 

56. Hypertension in Diabetes Study (HDS). I. Prevalence of hypertension in newly 

presenting type 2 diabetic patients and the association with risk factors for 

cardiovascular and diabetic complications. J Hypertens. 1993;11(3):309-17. 

 

57. UK Prospective Diabetes Study (UKPDS) VIII. Study design, progress and 

performance. Diabetologia. 1991;34(12):877-90. 

 



75 

 

58. Spijkerman AM, Adriaanse MC, Dekker JM, Nipels G, Stehouwer CD, Bouter LM, et 

al. Diabetic patients detected by population-based stepwise screening already have a 

diabetic cardiovascular risk profile. Diabetes Care. 2002;25(10):1784-9. 

 

59 Spijkerman AM, Henry RM, Dekker JM, Nipels G, Kostense PJ, Kors JA, et 

al. Prevalence of macrovascular disease amongst type 2 diabetic patients detected by 

targeted screening and patients newly diagnosed in general practice: the Hoorn 

Screening Study. J Intern Med. 2004;256(5):429-36. 

 

60. Sandbaek A, Griffin SJ, Rutten G,  Davies M, Stolk R, Khunti K, et al. Stepwise 

screening for diabetes identifies people with high but modifiable coronary heart disease 

risk. The ADDITION study. Diabetologia. 2008;51(7):1127-34. 

 

61. Echouffo-Tcheugui JB, Sargeant LA, Prevost AT, Williams KM, Barling RS, Butler R, 

et al. How much might cardiovascular disease risk be reduced by intensive therapy in 

people with screen-detected diabetes? Diabet Med. 2008;25(12):1433-39. 

 

62. Crandall JP, Knowler WC, Kahn SE,  Marrero D, Florez JC, Bray GA, et al. The 

prevention of type 2 diabetes. Nat Clin Pract Endocrinol Metab. 2008;4(7):382-93. 

 

63. Gillies CL, Abrams KR, Lambert PC,  Cooper NJ, Sutton AJ, Hsu RT, et 

al. Pharmacological and lifestyle interventions to prevent or delay type 2 diabetes in 

people with impaired glucose tolerance: systematic review and meta-analysis. 

BMJ. 2007;334(7588):299.  

  

64. American Diabetes Association. Standards of medical care in diabetes-2007. 

Diabetes Care. 2007;30Suppl 1:4-41. 

 



76 

 

65.Gillies CL, Lambert PC, Abrams KR, Sutton AJ, Cooper NJ, Hsu RT,  et al. Different 

strategies for screening and prevention of type 2 diabetes in adults: cost effectiveness 

analysis. BMJ. 2008;336(7654):1180-85. 

 

66. Engelgau MM, Aubert RE, Thompson TJ, Herman WH. Screening for NIDDM in 

nonpregnant adults. A review of principles, screening tests, and recommendations. 

Diabetes Care. 1995;18(12):175-81. 

 

67. Borch-Johnsen K, Lauritzen T, Glümer C, Sandbaek A. Screening for type 2 

diabetes—should it be now? Diabet Med. 2003;20(3):175-81. 

 

68. Norris SL, Kansagara D, Bougatsos C, Fu R. Screening adults for type 2 diabetes: a 

review of the evidence for the U.S. Preventive Services Task Force. Ann Intern Med. 

2008;148(11):855-68. 

 

69. Waugh N, Scotland G, McNamee P, Gillett M, Brennan  A, Goyder E, et 

al. Screening for type 2 diabetes: literature review and economic modelling. Health 

Technol Assess. 2007;11(17):1–125 

 

70. Harris R, Donahue K, Rathore SS, Frame P, Woolf SH, Lohr KN. Screening adults 

for type 2 diabetes: a review of the evidence for the U.S. Preventive Services Task 

Force. Ann Intern Med. 2003;138(3):215-29. 

 

71. Harris MI, Eastman RC. Early detection of undiagnosed diabetes mellitus: a US 

perspective. Diabetes Metab Res Rev. 2000;16(4):230-6. 

 

72. Colagiuri S, Davies D. The value of early detection of type 2 diabetes. Curr Opin 

Endocrinol Diabetes Obes. 2009;16(2):95-9. 

 



77 

 

73. Alberti KG. Screening and diagnosis of prediabetes: where are we headed? 

Diabetes Obes Metab. 2007;9Suppl 1:12-16. 

 

74. World Health Organization. Principles of Screening. Geneva: World Health 

Organization, 2001. 

 

75. DECODE Study Group on behalf of the European Diabetes Epidemiology Study 

Group: Will new diagnostic criteria for mellitus change phenotype of patients with 

diabetes? Reanalysis of European epidemiological data. BMJ. 1998;317:371–5  

 

76. Rathmann W, Haastert B, Icks A, Lowel H, Meisinger C, Holle R, Giani G. High 

prevalence of undiagnosed diabetes mellitus in Southern Germany: target populations 

for efficient screening—The Kora survey 2000. Diabetolgia. 2003;46:182–9.  

 

77. UK Prospective Diabetes Study (UKPDS) Group. The UK Prospective Diabetes 

Study 30. Diabetic retinopathy at diagnosis of non-insulin-dependent diabetes mellitus 

and associated risk factors. Archives of Ophthalmology. 1998;116:670-7. 

 

78. Rajala U, Laakso M, Qiao Q, Keinanen-Kiukaanniemi S. Prevalence of retinopathy 

in people with diabetes, impaired glucose tolerance and normal glucose tolerance. 

Diabetes Care. 1998;21:1664–9. 

 

79. Colagiuri S, Cull CA, Holman RR. Are lower fasting plasma glucose levels at 

diagnosis of type 2 diabetes associated with improved outcomes (UKPDS 61)? 

Diabetes Care. 2002;25:1410–7 . 

 

80. Cowie CC, Harris MI, Eberhardt MS. Frequency and determinants of screening for 

diabetes in the U.S. Diabetes Care. 1994;17(10):1158–63.  

 



78 

 

81. Kenealy T, Elley CR, Arroll B. Screening for diabetes and prediabetes. Lancet. 

2007;370(9603):1888–9.  

 

82. American Diabetes Association. Standards of medical care in diabetes—2008. 

Diabetes Care. 2008;31(Suppl 1):S12–S54.  

 

83. Bouma M, Rutten GE, de Grauw WJ, Wiersma T, Goudswaard AN. Summary of the 

practice guideline ‘Diabetes mellitus type 2’ (second revision) from the Dutch College of 

General Practitioners. Ned Tijdschr Geneeskd. 2006;150(41):2251–6.  

 

84. Janssen PG, Gorter KJ, Stolk RP, Rutten GE. Low yield of population-based 

screening for type 2 diabetes in The Netherlands: the ADDITION Netherlands study. 

Fam Pract. 2007;24(6):555–61.  

 

85. World Health Organization. Screening for Type 2 Diabetes. Report of a World 

Health Organization and International Diabetes Federation meeting. Geneva, 

Switzerland: World Health Organization, 2003. 

 http://www.who.int/diabetes/publications/en/. Accessed 7 Dec 2008. 

 

86. Goyder E, Wild S, Fischbacher C, Carlisle J, Peters J. Evaluating the impact of a 

national pilot screening programme for type 2 diabetes in deprived areas of 

England. Fam Pract. 2008;25(5):370-5. 

 

87. Wareham NJ, Griffin SJ. Should we screen for type 2 diabetes? Evaluation against 

National Screening Committee criteria BMJ. 2001;322:986-8.  

 

88. American Diabetes Association. Screening for type 2 diabetes. Diabetes Care. 

2003;26Suppl 1:21-24. 

 



79 

 

89. U.S. Preventive Services Task Forc. Screening for type 2 diabetes mellitus in adults: 

U.S. Preventive Services Task Force recommendation statement. Ann Intern Med. 

2008;148(11):846-54. 

 

90. Diabetes UK. Position statement; 2006. Early identification of people with type 2 

diabetes, United Kingdom: Diabetes UK; p. 110. 

(http://www.diabetes.org.uk/About_us/Our_Views/Position_statements/Early_identificati

on_of_people_with_Type_2_diabetes/). (Accessed May 7, 2010). 

 

91. Feig DS, Palda VA, Lipscombe L. Screening for type 2 diabetes mellitus to prevent 

vascular complications: updated recommendations from the Canadian Task Force on 

preventive health care. CMAJ. 2005;172(2):177-80. 

 

92. Gerstein HC, Santaguida P, Raina P,  Morrison KM, Balion C, Hunt D,  et al. Annual 

incidence and relative risk of diabetes in people with various categories of dysglycemia: 

a systematic overview and meta-analysis of prospective studies. Diabetes Res Clin 

Pract. 2007;78(3):305-12. 

 

93. Park PJ, Griffin SJ, Duffy SW,  Wareham NJ. The effect of varying the screening 

interval on false positives and duration of undiagnosed disease in a screening 

programme for type 2 diabetes. J Med Screen. 2000;7(2):91-6. 

 

94. Kahn R, Alperin P, Eddy D, Borch-Johnsen K, Buse J, Feigelman J, et al. Age at 

initiation and frequency of screening to detect type 2 diabetes: a cost-effectiveness 

analysis. Lancet.  2010;375(9723):1365-74.  

 

95. Simmons D, Thompson CF, Engelgau MM. Controlling the diabetes epidemic: how 

should we screen for undiagnosed diabetes and dysglycaemia? Diabet Med. 

2005;22:207–12.  

 



80 

 

96. Ealovega MW, Tabaei BP, Brandle M, Burke R, Herman WH. Opportunistic 

screening for diabetes in routine clinical practice. Diabetes Care. 2004 27:9–12.  

 

97. Christensen JO, Sandbaek A, Lauritzen T, Borch-Johnsen K. Population-based 

stepwise screening for unrecognised type 2 diabetes is ineffective in general practice 

despite reliable algorithms. Diabetologia. 2004;45:1566–73.  

 

98. Lawrence JM, Bennett P, Young A, Robinson AM. Screening for diabetes in general 

practice: cross sectional population study. Br Med J. 2001;323:548–51. 

 

99. Glümer C, Jorgensen T, Borch-Johnsen K. Targeted screening for undiagnosed 

diabetes reduces the number of diagnostic tests. Inter 99. Diabet Med. 2004;21:874–80.  

 

100. Herman WH, Smith PJ, Thompson TJ,  Engelgau MM, Aubert RE. A new and 

simple questionnaire to identify people at increased risk for undiagnosed diabetes. 

Diabetes Care. 1995;18(3):382-7 

 

101. Ruige JB, de Neeling JN, Kostense PJ,  Bouter LM, Heine RJ. Performance of an 

NIDDM screening questionnaire based on symptoms and risk factors. Diabetes Care. 

1997;20(4):491-6. 

 

102. Lindström J, Tuomilehto J. The diabetes risk score: a practical tool to predict type 2 

diabetes risk. Diabetes Care. 2003;26(3):725-31. 

 

103. Glümer C, Carstensen B, Sandbaek A,  Lauritzen T, Jørgensen T, Borch-Johnsen 

K.  A Danish diabetes risk score for targeted screening: the Inter99 study. Diabetes 

Care. 2004;27(3):727-33. 

 



81 

 

104. Bang H, Edwards AM, Bomback AS, Ballantyne CM, Brillon D, Callahan MA, et 

al. Development and validation of a patient self-assessment score for diabetes risk. Ann 

Intern Med. 2009; 151(11):775-83. 

 

105. Simmons RK, Harding AH, Wareham NJ, Griffin SJ. Do simple questions about 

diet and physical activity help to identify those at risk of type 2 diabetes? Diabet Med. 

2007;24(8):830-5. 

 

106. Hippisley-Cox J, Coupland C, Robson J, Sheikh A, Brindle P. Predicting risk of 

type 2 diabetes in England and Wales: prospective derivation and validation of 

QDScore. BMJ. 2009;338:b880 

 

107. Baan CA, Ruige JB, Stolk RP,  Witteman JC, Dekker JM, Heine RJ, et al.   

Performance of a predictive model to identify undiagnosed diabetes in a health care 

setting. Diabetes Care. 1999;22(2):213-9. 

 

108. Stern MP, Williams K, Haffner SM. Identification of persons at high risk for type 2 

diabetes mellitus: do we need the oral glucose tolerance test? Ann Intern Med. 

2002;136(8):575-81. 

 

109. McNeely MJ, Boyko EJ, Leonetti DL, Kahn SE, Fujimoto WY. Comparison of a 

clinical  model,  the oral glucose tolerance test, and fasting glucose for prediction of type 

2 diabetes risk in Japanese Americans. Diabetes Care. 2003;26(3):758-63. 

 

110. Chien K, Cai T, Hsu H,  Su T, Chang W, Chen M, et al. A prediction model for type 

2 diabetes risk among Chinese people. Diabetologia 2009;52(3):443-50. 

 

111. Schmidt MI, Duncan BB, Bang H,  Pankow JS, Ballantyne CM, Golden SH, et 

al. Identifying individuals at high risk for diabetes: the Atherosclerosis Risk in 

Communities study. Diabetes Care. 2005;28(8):2013-18. 



82 

 

 

112. Colagiuri S, Hussain Z, Zimmet P,  Cameron A, Shaw J. Screening for type 2 

diabetes and impaired glucose metabolism: the Australian experience. Diabetes Care. 

2004;27(2):367-71. 

 

113. Tabaei BP, Burke R, Constance A, Hare J, May-Aldrich G, Parker SA, et 

al. Community-based screening for diabetes in Michigan. Diabetes 

Care 2003;26(3):668-70. 

 

114. Ramachandran A, Snehalatha C, Vijay V,  Wareham NJ, Colagiuri S. Derivation 

and validation of diabetes risk score for urban Asian Indians. Diabetes Res Clin 

Pract. 2005;70(1):63-70. 

 

115. Mohan V, Deepa R, Deepa M,  Somannavar S, Datta M. A simplified Indian 

Diabetes Risk Score for screening for undiagnosed diabetic subjects. J Assoc 

Physicians India. 2005;53:759-63. 

 

116. Kanaya AM, Wassel Fyr CL, de Rekeneire N,  Shorr RI, Schwartz AV, Goodpaster 

BH, et al. Predicting the development of diabetes in older adults: the derivation and 

validation of a prediction rule. Diabetes Care. 2005;28(2):404-8. 

 

117. Aekplakorn W, Bunnag P, Woodward M,  Sritara P, Cheepudomwit S, Yamwong 

S, et al. A risk score for predicting incident diabetes in the Thai population. Diabetes 

Care. 2006;29(8):1872-77. 

 

118. Wilson PW, Meigs JB, Sullivan L, Fox CS, Nathan DM, D'Agostino RB 

Sr. Prediction of incident diabetes mellitus in middle-aged adults: the Framingham 

Offspring Study. Arch Intern Med. 2007;167(10):1068-74. 

 



83 

 

119. Schulze MB, Hoffmann K, Boeing H,  Linseisen J, Rohrmann S, Möhlig M, et al. An 

accurate risk score based on anthropometric, dietary, and lifestyle factors to predict the 

development of type 2 diabetes. Diabetes Care. 2007;30(3):510-5. 

 

120. Al-Lawati JA, Tuomilehto J. Diabetes risk score in Oman: a tool to identify 

prevalent type 2 diabetes among Arabs of the Middle East. Diabetes Res Clin Pract. 

2007;77(3):438-44. 

 

121. Heikes KE, Eddy DM, Arondekar B, Schlessinger L. Diabetes risk calculator: a 

simple tool for detecting undiagnosed diabetes and pre-diabetes. Diabetes Care. 

2008;31(5):1040-45. 

 

122. Kahn HS, Cheng YJ, Thompson TJ,  Imperatore G, Gregg EW. Two risk-scoring 

systems for predicting incident diabetes mellitus in U.S. adults age 45 to 64 years. Ann 

Intern Med. 2009;150(11):741-51. 

 

123. Nelson KM, Boyko EJ. Predicting impaired glucose tolerance using common 

clinical information: data from the Third National Health and Nutrition Examination 

Survey. Diabetes Care. 2003;26(7):2058-62. 

 

124. Tuomilehto J, Lindström J, Hellmich M,  Lehmacher W, Westermeier T, Evers T, et 

al. Development and validation of a risk-score model for subjects with impaired glucose 

tolerance for the assessment of the risk of type 2 diabetes mellitus—The STOP-NIDDM 

risk-score. Diabetes Res Clin Pract. 2010;87(2):267-74. 

 

125. Cabrera de León A, Coello SD, Rodríguez Pérez Mdel C,  Medina MB, Almeida 

González D, Díaz BB, et al. A simple clinical score for type 2 diabetes mellitus 

screening in the Canary Islands. Diabetes Res Clin Pract. 2008;80(1):128-33. 

 



84 

 

126. Sun F, Tao Q, Zhan S. An accurate risk score for estimation 5-year risk of type 2 

diabetes based on a health screening population in Taiwan. Diabetes Res Clin Pract. 

2009;85(2):228-34. 

 

127. Bindraban NR, van Valkengoed IG, Mairuhu G,  Holleman F, Hoekstra JB, Michels 

BP, et al. Prevalence of diabetes mellitus and the performance of a risk score among 

Hindustani Surinamese, African Surinamese and ethnic Dutch: a cross-sectional 

population-based study. BMC Public Health. 2008;8:271. 

 

128. Rathmann W, Martin S, Haastert B,  Icks A, Holle R, Löwel H, et al. Performance of 

screening questionnaires and risk scores for undiagnosed diabetes: the KORA Survey 

2000. Arch Intern Med. 2005;165(4):436-41. 

 

129. Glümer C, Vistisen D, Borch-Johnsen K,  Colagiuri S. Risk scores for type 2 

diabetes can be applied in some populations but not all. Diabetes Care. 2006;29(2):410-

4. 

 

130. Ziemer DC, Kolm P, Foster JK,  Weintraub WS, Vaccarino V, Rhee MK, et 

al. Random plasma glucose in serendipitous screening for glucose intolerance: 

screening for impaired glucose tolerance study 2. J Gen Intern Med. 2008;23(5):528-35. 

 

131. Saudek CD, Herman WH, Sacks DB, Bergenstal RM, Edelman D, Davidson MB. A 

new look at screening and diagnosing diabetes mellitus. J Clin Endocrinol 

Metab. 2008;93(7):2447-53. 

 

132. Kim KS, Kim SK, Lee YK, Park SW, Cho YW. Diagnostic value of glycated 

haemoglobin HbA(1c) for the early detection of diabetes in high-risk subjects. Diabet 

Med. 2008;25(8):997-1000. 

 



85 

 

133. Cheng C, Kushner H, Falkner BE. The utility of fasting glucose for detection of 

prediabetes. Metabolism. 2006;55(4):434-8. 

 

134. American Diabetes Association. Standards of medical care in diabetes—

2010.Diabetes Care. 2010;33Suppl 1:11-61. 

  

135. Selvin E, Steffes MW, Zhu H,  Matsushita K, Wagenknecht L, Pankow J, et 

al. Glycated hemoglobin, diabetes, and cardiovascular risk in nondiabetic adults. N Engl 

J Med. 2010;362(9):800-11. 

 

136. Mosca A, Goodall I, Hoshino T, Jeppsson JO, John WG,Little RR,  et al. Global 

standardization of glycated hemoglobin measurement: the position of the IFCC Working 

Group. International Federation of Clinical Chemistry and Laboratory Medicine, IFCC 

Scientific Division. Clin Chem Lab Med. 2007;45(8):1077-80. 

 

137. Jeppsson JO, Kobold U, Barr J, Finke A, Hoelzel W, Hoshino T, et al. Approved 

IFCC reference method for the measurement of HbA1c in human blood. Clin Chem Lab 

Med. 2002;40(1):78-89. 

 

138. Sacks DB. Global harmonization of hemoglobin A1c. ADA/EASD/IDF Working 

Group of the HbA1c Assay. Clin Chem. 2005;51(4):681-3 

 

139. Phillips LS, Ziemer DC, Kolm P, Weintraub WS, Vaccarino V, Rhee MK, et 

al. Glucose challenge test screening for prediabetes and undiagnosed 

diabetes.  Diabetologia. 2009;52(9):1798-1807. 

 

140. Rush E, Crook N, Simmons D. Point-of-care testing as a tool for screening for 

diabetes and pre-diabetes. Diabet Med. 2008;25(9):1070-75. 

 



86 

 

141. Somannavar S, Ganesan A, Deepa M,  Datta M, Mohan V. Random capillary blood 

glucose cut points for diabetes and pre-diabetes derived from community-based 

opportunistic screening in India. Diabetes Care. 2009;32(4):641-3. 

 

142. Rolka DB, Narayan KM, Thompson TJ, Goldman D, Lindenmayer J, Alich K, et al. 

Performance of recommended screening tests for undiagnosed diabetes and 

dysglycemia. Diabetes Care. 2001;24:1899-903. 

 

143. Tabaei B, Herman W . A multivariate logistic regression equation to screen for 

diabetes. Diabetes Care. 2002;25:1999– 2003 

 

144. Edelman D, Olsen MK, Dudley TK, Harris AC, Oddone EZ. Impact of diabetes 

screening on quality of life. Diabetes Care. 2002;25(6):1022-26. 

 

145. Adriaanse MC, Snoek FJ, Dekker JM, van der Ploeg H, Heine R. Screening for 

type 2 diabetes: an exploration of subjects’ perceptions regarding diagnosis and 

procedure. Diabet Med. 2002;19(5):406-11. 

 

146. Farmer AJ, Doll H, Levy JC, Salkovskis PM. The impact of screening for type 2 

diabetes in siblings of patients with established diabetes. Diabet Med. 2003;20(12):996-

1004. 

 

147. Skinner TC, Davies MJ, Farooqi AM,  Jarvis J, Tringham JR, Khunti K. Diabetes 

screening anxiety and beliefs. Diabet Med. 2005;22(11):1497-502. 

 

148. Adriaanse MC, Dekker JM, Spijkerman AM,  Twisk JW, Nijpels G, van der Ploeg 

HM, et al. Diabetes-related symptoms and negative mood in participants of a targeted 

population-screening program for type 2 diabetes: the Hoorn Screening Study. Qual Life 

Res. 2005;14(6):1501-9. 

 



87 

 

149. Thoolen BJ, de Ridder DT, Bensing JM,  Gorter KJ, Rutten GE. Psychological 

outcomes of patients with screen-detected type 2 diabetes: the influence of time since 

diagnosis and treatment intensity. Diabetes Care. 2006;29(10):2257-62. 

 

150. Adriaanse MC, Snoek FJ, Dekker JM,  Spijkerman AM, Nijpels G, Twisk JW, et 

al. No substantial psychological impact of the diagnosis of type 2 diabetes following 

targeted population screening: the Hoorn Screening Study. Diabet 

Med. 2004;21(9):992-8. 

 

151. Adriaanse MC, Dekker JM, Spijkerman AM,  Twisk JW, Nijpels G, van der Ploeg 

HM, et al. Health-related quality of life in the first year following diagnosis of type 2 

diabetes: newly diagnosed patients in general practice compared with screening-

detected patients. The Hoorn Screening Study. Diabet Med. 2004;21(10):1075-81. 

 

152. Park P, Simmons RK, Prevost AT,  Griffin SJ. Screening for type 2 diabetes is 

feasible, acceptable, but associated with increased short-term anxiety: a randomised 

controlled trial in British general practice. BMC Public Health. 2008;8(1):350. 

  

153. Eborall HC, Griffin SJ, Prevost AT,  Kinmonth AL, French DP, Sutton 

S. Psychological impact of screening for type 2 diabetes: controlled trial and 

comparative study embedded in the ADDITION (Cambridge) randomised controlled 

trial. BMJ. 2007;335(7618):486. 

 

154. Paddison CA, Eborall HC, Sutton S,  French DP, Vasconcelos J, Prevost AT, et 

al. Are people with negative diabetes screening tests falsely reassured? Parallel group 

cohort study embedded in the ADDITION (Cambridge) randomised controlled 

trial. BMJ. 2009;339:b4535.  

 



88 

 

155. Mai KS, Sandbaek A, Borch-Johnsen K, Lauritzen T. Are lifestyle changes 

achieved after participation in a screening programme for type 2 diabetes? The 

ADDITION Study, Denmark. Diabet Med. 2007;24(10):1121-8. 

  

156. Giel KE, Enck P, Zipfel S,  Schrauth M, Bury A, Graf M, et al. Psychological effects 

of prevention: do participants of a type 2 diabetes prevention program experience 

increased mental distress? Diabetes Metab Res Rev. 2009;25(1):83-8. 

 

157. Bertram MY, Lim SS, Barendregt JJ, Vos T. Assessing the cost-effectiveness of 

drug and lifestyle intervention following opportunistic screening for pre-diabetes in 

primary care. Diabetologia. 2010;53(5):875-81. 

 

158. Colagiuri S, Walker AE. Using an economic model of diabetes to evaluate 

prevention and care strategies in Australia. Health Aff (Millwood). 2008;27(1):256-68. 

 

159. Hoerger TJ, Hicks KA, Sorensen SW,  Herman WH, Ratner RE, Ackermann RT, et 

al. Cost-effectiveness of screening for pre-diabetes among overweight and obese U.S. 

adults. Diabetes Care. 2007;30(11):2874-9. 

 

160. Howard K, White S, Salkeld G, McDonald S, Craig JC, Chadban S, et al. Cost-

effectiveness of screening and optimal management for diabetes, hypertension, and 

chronic kidney disease: a modeled analysis. Value Health. 2010;13(2):196-208. 

 

161. Chatterjee R, Narayan KM, Lipscomb J, Phillips LS. Screening adults for pre-

diabetes and diabetes may be cost-saving. Diabetes Care. 2010;33(7):1484-90. 

 
163. Wilson JM, Jungner YG. Principles and practice of mass screening for disease. Bol 

Oficina Sanit Panam. 1968;65:281–393.  

  



89 

 

164. Nice P. Preventing type 2 diabetes: risk identification and interventions for 

individuals at high risk. 2012. 

 

165. World Health Organization. Definition and diagnosis of diabetes mellitus and 

intermediate hyperglycemia. Report of a WHO consultation. Geneva, Switzerland: 

WHO; 2006. 

 

166. International Diabetes Federation Guideline Development Group. Global guideline 

for type 2 diabetes. Diabetes Res Clin Pract. 2014;104:1-52. 

 

167. Khunti K, Mani H, Achana F, Cooper N, Gray LJ, Davies MJ. Systematic review 

and meta-analysis  of response rates and diagnostic yield of screening for type diabetes 

and those at high risk of diabetes. Plos ONE. 2015;10(9):e0135702.  

 

168. Chamnan PC, Simmons RK, Khaw KT, Wareham NJ, Griffin SJ. Estimating the 

population impact of screening strategies for identifying and treating people at high risk 

of cardiovascular disease: modelling study. BMJ. 2010;340:c1693.  

 

169. Grech M, Chaney D. Screening for type 2 diabetes and pre-diabetes in general 

practice: a descriptive study of Maltese practices. Prim Care Diabetes. 2014;(8).224-30. 

 

170. Engelgau MM, Gregg EW. Tackling the global diabetes burden:will screening help? 

Lancet. 2012;380(9855):1716-8.  

 

171. Khunti K, Gillies CL, Taub NA, Mostafa SA, Hiles SL, Abrams KR, et al. A 

comparison of cost per case detected of screening strategies for Type 2 diabetes and 

impaired glucose regulation: Modelling study.Diabetes Res Clin Pract. 2012;97:505–13.  

 



90 

 

172. Wild S, Roglić G, Green A, Sicree R, King H. Global prevalence of 

diabetes:estimates for the year 2000 and projections for 2030. Diabetes Care. 

2004;27:1047-53. 

 

173. Janssen PGH,  Gorter KJ, Stolk RP, Rutten G. Screen detected subjects with type 

2 diabetes and impaired glucose tolerance have more adverse cardiovascular risk than 

subjects with impaired fasting glucose especially when they are obese: The ADDITION 

Netherlands study. Primary Care Diabetes. 2007;1:69-74.  

 

174. Van Eygen L, Sunaert P, Feyen L, Borgermans L, De Maeseneer J. Priorities for 

diabetes primary care in Europe. Primary Care Diabetes. 2008;2:3-8. 

 

175. Ray KK, Seshasai SR, Wijesuriya S. Effect of intensive control of glucose on 

cardiovascular outcome and death in patients with diabetes melitus: a meta-analysis of 

randomised controlled trials. Lancet.  2009;373:1765-72. 

 

176. Simmons RK, Echouffo-Tcheugui JB, Sharp SJ, Sargeant LA, Williams KM, 

Prevost AT, et al.Screening for type 2 diabetes and population mortality over 10 years 

(ADDITION-Cambridge): a cluster-randomised controlled trial. Lancet. 

2012;380(9855):1741-8. 

 

177. Black JA, Sharp SJ, Wareham NJ, Sandbaeck A, Rutten GEHM, Lauritzen T. Does 

early intensive multifactorial therapy reduce modelled cardiovascular risk in individuals 

with screen - detected diabetes? Results from the ADDITION-Europe cluster 

randomized trial. Diabet Med. 2014;31:647-56.  

 

178. Vrca Botica M, Kovačić L, Kujundžić Tiljak M, Katić M, Botica I, Rapić M, 

Novaković D, Lovasić S. Frequent attenders in family practice in Croatia: Retrospective 

study. Croat Med J. 2004;45(5):620-4. 

 



91 

 

179. Jermendy G, Nádas J,  Szigethy E ,  Széles G,  Nagy A,  Hídvégi T  , Paragh G, 

and  Ádány R. Prevalence Rate of Diabetes Mellitus and Impaired Fasting Glycemia in 

Hungary: Cross-Sectional Study on Nationally Representative Sample of People Aged 

20-69 Years. Croat Med J. 2010;51(2):151–6.  

 

180. Mokan M, Galajda P, Pridavkova D, Tomaskova V, Sutarik L, Krucinska L, et al. 

Prevalence of diabetes mellitus and metabolic syndrome in Slovakia. Diabetes Res Clin 

Pract. 2008;81:238–42.  

 

181. Metelko Z, Pavlic-Renar I, Poljicanin T, Szirovitza L, Turek S. Prevalence of 

diabetes mellitus in Croatia.Diabetes Res Clin Pract. 2008;81:263–7.  

 

182. Gyberg V, De Bacquer DD, Kotseva K, De Bacquer G, Schnell O, Sundvall J et all.  

Screening for dysglycaemia in patients with coronary artery disease as reflected by 

fasting glucose, oral glucose tolerance test, and HbA1c: a report from EUROASPIRE 

IV-a survey from the European Society of Cardiology. European Heart Journal. 

2015;36(19):1171-7  

 

183. Lee CM, Colagiuri S. Population Approaches for Detecting Glucose Disordes. 

Current Diabetes Reviews. 2016;12:42-50 

 

184.Bell JA, Kivimaki M, Hamer M. Metabolically healthy obesity and risk of incident 

type 2 diabetes: a meta –analysis of prospective cohort studies. Obesity Reviews. 

2014;15:504-15.  

 

185. Wildman RP, Muntner P, Reynolds K,  McGinn AP, Rajpathak S, Wylie-Rosett J, et 

al. The obese without cardiometabolic risk factor clustering and the normal weight with 

cardiometabolic risk factor clustering – prevalence and correlates of 2 phenotypes 

among the US population (NHANES 1999-2004). Arch Intern Med. 2008;168:1617-24. 

 



92 

 

186. The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. 

Follow-up report on the diagnosis of diabetes mellitus. Diabetes Care. 2003;26:3160-7. 

 

187. Smith SM, Holohan J, McAuliffe A, Firth RG. Irish diabetes detection programme in 

general practice. Diabet Med. 2003;20:717-22. 

 

188. Greaves CJ, Stead JW, Hattersley AT, Ewings P, Brown P, Evans PH. A simple 

pragmatic system for detecting new cases of type 2 diabetes and impaired fasting 

glycaemia in primary care. Fam Pract. 2004;21:57-62 

 

 189  Ruige JB, de Neeling JN, Kostense PJ, Bouter LM, Heine RJ. Performance of an 

NIDDM screening questionnaire based on symptoms and risk factors. Diabetes Care. 

1997;20:491-6. 

 

190.  Park PJ, Griffin SJ, Sargeant L, Wareham NJ. The performance of a risk score in 

predicting undiagnosed hyperglycemia. Diabetes Care. 2002;25:984-8. 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 



93 

 

11. Curriculum vitae 

 

Name and surname:  Linda Carkaxhiu-Huseyin 

Address: St”Isuf Kiki” nr;13, Gjilan, Republic of Kosovo 

Telephone: +377 44 212 380 

E-mail: linda.carkaxhiu@gmail.com  

Nationality: Albanian 

Date of birth: 20.10.1970 

Gender: female 

Family status: married, two children  

 

Education (starting from the most recent):  

• At the conclusion of the PhD thesis, started in 2008 University of Zagreb, Faculty 

of Medicine 

• Completed the Postgraduate Course of the 1st category in Diabetology and 

Management in Diabetology, Vuk Vrhovac- University Clinic for Diabetes, 

Endocrinology and Metabolic Diseases, University of Zagreb, Faculty of Medicine, 

held in Academic year 2006/2007 

• Master of Medical Sciences, School of Medicine, University of Prishtina 

September 2007 

• Specialization of Family Medicine, School of Medicine, University of Prishtina, 

November 2002 

• Doctor of Medicine, School of Medicine, University of Prishtina, July 1998 

 

Work experience (starting from the most recent): 

• Chef in Primary Care Diabetic Centre, Gjilan from May 2010 

• Academic year 2010/2011-Assistant in Family Medicine Subject, School of 

Medicine, University of Prishtina 

• Trainer in Family Medicine Specialization Program in Centre for Developing of 

Family Medicine, School of Medicine, University of Prishtina 



94 

 

• Family Medicine Specialist in Main Family Medicine Centre, Gjilan from 

November 2002 

• Doctor of Medicine in Main Family Medicine Centre, Gjilan from July 1999 

 

Lists of scientific papers: 

 

• Carkaxhiu L, Huseyin K, Berisha M, Botica MV. Problem of misuse and lack of 

national strategy in Kosovo. Cent Eur J Public Health 2011; 19 (2): 63-66 

 

• Vrca Botica M, Ožvačić Adžić Z, Zelic Baričević I, Katić Milošević I, Diminić Lisica 

I, Carkaxhiu L.  What When and how to measure the assesment of quality of 

care for chronic disease in family practice. Applying indicators of quality for 

diabetes mellitus. Med Jad. 2013;43:97-101.  

 

• Zelić Baričević I, Vrca Botica M, Carkaxhiu L. New requirments of medical 

documentation in the area of chronic patients care in family medicine. Med Jad. 

2014; 44:39-43.  

 

• Vrca Botica M,  Carcaxhiu L, Kern J,  Khulien Th, I Botica, Gavran L,  Zelić I,  D 

Iliev,  Haralović D. A Vrca.  Missing risks in opportunistic screening for type 2 

diabetes. CroDiabGP study. Med Glas (Zenica) 2017; 14(1):55-60   

 

• Vrca Botica M, Carkaxhiu L, Kern J, Pavli Renar I, Botica I, Zelic I, Iliev D, Vrca 

A. How to improve opportunistic screening by using EMRs and other data. The 

prevalence of undetected diabetes mellitus in target population in Croatia. Public 

Health. 2017;145:30-38. 

 

 

 



95 

 

Active participations at congresses: 

 

• Linda Carkaxhiu-Huseyin.  “Social correlates of drug misusing among Kosovar 

adolescents: A population-based cross-sectional study” poster, author in Wonca, 

Vienna 2012 

• Linda Carkaxhiu-Huseyin.  “Social correlates of alcohol consuming among 

Kosovar adolescents: A population-based cross-sectional study” poster, author in 

Wonca, Warsaw 2011 

• Linda Carkaxhiu-Huseyin.  “The Knowledge, Attitudes and Practices of 

Students from Secondary Schools in Gjilan regarding Smoking” poster, author in 

Wonca, Istambul 2008 

• Vrca Botica M, Carkaxhiu L, Iliev D. Identifyng risk paitients for blood testing to 

diabetes mellitus in family practice via opportunistic  screening. CroDiabGP 

study.Who are we and what is our future? WONCA Europe. 3th Conference of 

the Association of General Practice/ Family Medicine  of  South East Europe. U: 

Association of Family Physicians of FBiH. Sarajevo, Septembar 2014.  

 

 


