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ABSTRACT 
 

The aim of this review is to increase awareness for prediabetes and help diagnose maximum number of prediabetic patients 

with minimum number of tests for physicians and health care workers. Prediabetes is a significant health problem because it 

can cause microvascular and macrovascular complications, accompany metabolic syndrome and predict the development of 

diabetes. It is common worldwide; however, most patients cannot be diagnosed because single tests used for scanning it have 

low diagnostic value alone. In addition; different definitions released by different organizations increase the clinicians’ concept 

of confusion. As a result; developing complications in initially undiagnosed patients call for greater efforts and costs. Therefore: 

an early and correct diagnosis of prediabetes is important. It is not rational to increase the number of tests for every case 

considering increased costs. According to this; classification of cases depending on risk status would be correct to assess the 

tests for scanning. The risk stratification is also discussed. Primary care physicians need to have a good understanding of 

screening for prediabetes as a core competency and to serve proactively. 
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ÖZET 

 

Bu derlemenin amacı hekimlerin prediyabet farkındalığını artırmak ve en az sayıda test ile en fazla sayıda prediyabetik hastanın 

teşhis edilmesine yardımcı olmaktır. Prediyabet mikrovasküler ve makrovasküler komplikasyonlar oluşturması, metabolik 

sendroma eşlik etmesi ve diyabet gelişimini öngürdürmesi açısından önemli bir sağlık sorunudur. Dünyada oldukça yaygın 

olup tek bir testle tanısal değeri düşük olduğu için hastaların çoğu teşhis alamamaktadır. Ek olarak değişik çalışma gruplarının 

ortaya koyduğu değişik yaklaşımlar klinisyenlerin konsept karmaşasını artırmaktadır. Sonuç olarak erken dönemde teşhis 

edilememiş hastalarda gelişen komplikasyonlar daha fazla çaba ve maliyete sebep olur. Bu yüzden prediyabetin erken ve doğru 

teşhisi gereklidir. Maliyetler gözönüne alındığında prediyabet teşhisine yönelik her hasta için çok sayıda test istenmesi de akla 

yakın gözükmemektedir. Buna göre; tanı için gerekli testlerin belirlenmesinde vakaların sahip olduları risk durumuna göre 

sınıflandırılması doğru olacaktır. Risk belirlenmesi konu içinde tartışılmıştır. Birinci basamak hekimlerinin prediyabete yönelik 

yeterliliklerinin sağlanması koruyucu hekimlik hizmeti sunmalarının da önünü açacaktır.  
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Definition and Importance of Prediabetes  

 

Conditions, where blood glucose levels are higher 

than normal yet without reaching diabetes diagnostic 

limits, are called prediabetes. They are significant 

because blood glucose levels in prediabetes limits 

are associated with increased cardiovascular risk and 

total mortality. (1-2) 

 

Results of population-based screening 

studies display that 1/3 of diabetic patients are still 

undiagnosed. The mean delay on the diagnosis of 

diabetes is seven years and therefore most patients 

carry microvascular complications like retinopathy 

or nephropathy at the time of diagnosis. Besides 

prediabetes itself causes an increase in the risk of 

cardiovascular diseases. Possible complications in 

patients without timely diagnosis increase the costs 

for follow up and treatment; therefore the diagnosis 

of prediabetes is important as early diagnosis can 

mostly prevent these. (3) 

 

Prediabetes Epidemiology:  According to 

the National Diabetes Statistics Report published in 

2014; 37% of the population in the USA is 

prediabetic. (4) NHANES 2005-2006 data shows that 

34,6% of the population is prediabetic, with 19,6% 

impaired fasting glucose (IFG), 5,4% impaired 

glucose tolerance (IGT) and 9,8% combination of 

both. (5) In 2015 IDF diabetes atlas; impaired glucose 

tolerance worldwide is 6,7% and 318 million people 

are estimated to be prediabetic which is predicted to 

reach 481 million by 2040. Prediabetes frequency 

increases with age.(6)According to 2002 data of 

TURDEP study which is one of the most 

comprehensive epidemiologic researches held in 

Turkey, prediabetes prevalence was 6,7%, and in 

TURDEP2 repeated ten years later was 30,4%.(7-8) 

Raise of prediabetes frequency in the World is 

associated with urbanization, increased vegetable oil 

consumption, sedentary lifestyle, changing nutrition 

habits towards high glycemic index and related 

obesity. Increased stress sources and ethnic effects 

may also be playing roles.(9) 

 

The History of Prediabetes: Jackson has 

first used the term prediabetes in 1952 to emphasize 

the risk after pregnancy for women with gestational 

diabetes in British Medical Journal. The same 

researcher has defined prediabetes in 1952. In Sixties 

cases under risk for prediabetes have been defined. 

In 1979 National Diabetes Data Group (NDDG) has 

defined impaired glucose tolerance (IGT) and in 

1997.  American Diabetes Association (ADA) has 

defined impaired fasting glucose (IFG) and impaired 

glucose tolerance (IGT).ADA has used the term 

prediabetes for IFG and IGT since 2005. 

 

Term prediabetes has not been fully 

accepted by all communities working on diabetes. 

WHO is using the term mild hyperglycemia and 

National Specialist Committee (Uzman Komitesi) is 

using the term high risk for development of diabetes. 
(11-12) 

 

Prediabetes categories: 

• Classification of prediabetes and historical 

development process are summarized in 

table 1. 

 

 

Table 1. Prediabet categories according to Diabetes Guidelines and changes in historical definition process 

 ADA 1997 ADA 2003 WHO 2006 ADA 2014 TEMD 

2014 

Impaired fasting glucose 

(mg/dl) 

110-125 100-125 110-125 100-125 100-125 

Impaired glucose tolerance 

(2hr. after OGTT-mg/dl) 

140-199 140-199 140-199 140-199 140-199 

High risk group 

HbA1C* % 

- - - 5.7-6.4 5.7-6.4 

*Needs to be certified by National glycated hemoglobin standardization programs and be calibrated by HPLC (high-pressure liquid 

chromatography) used in DCCT (diabetes control and complications trial) OGTT: Oral glucose tolerance test, ADA: American Diabetes 
Association, WHO: World Health Organization, TEMD: Turkish Association of Endocrinology and Metabolism. 

 

Striking differences in these definitions are; 

world health organization accepts cut off point for 

IFG as 110 mg/dl and for ADA and TEMD it is 100 

mg/dl. Also according to World health organization 

measures of HbA1C are not included in criteria for 

diagnosis but ADA and TEMD accept the limit 

values of HbA1C as the high-risk group. 

 

Major differences for IFG and IGT: IGT is 

rather associated with peripheral (skeletal muscle) 

insulin resistance whereas IFG is associated with 

increased gluconeogenesis. In combination form, 

there is extrahepatic and hepatic insulin resistance 

and increased gluconeogenesis. In IFG there is an 

isolated defect in first phase insulin secretion(early 

phase), and IGT is associated with both early phase 

and second phase insulin secretion defect. (13) IGT 

is closely connected with future diabetes 

progression. Association of IFG and IGT doubles the 

risk. IGT is more associated with an increase in 

cardiovascular risk and microvascular complications 

like retinopathy and neuropathy (14) 
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Clinical significance of Prediabetes: Its 

association with given complications displays the 

clinical significance of diabetes.(15) 

 

Table 2. Clinical significance of prediabetes 

Progression to diabetes 

Cardiovascular disease risk increase 

Periodontal impairments 

Cognitive dysfunction 

Microvascular disease 

Hypertension 

Obstructive sleep apnea syndrome 

Erectile dysfunction 

Metabolic syndrome 

Nonalcoholic fatty liver disease and steatohepatitis 

Cancer 

 

Therefore appropriate diagnosis of 

prediabetes is important for prevention and 

management of these complications. 70% of 

prediabetics end up with diabetes. It has been 

reported that annual progression to diabetes in the 

prediabetic population is 6-9% for IFG, 4-6% for 

IGF and 15-19% for an association of both. For 

HbA1C; values between 5.5-6 have 9-25% and 6-6.5 

have 25-50% risk for progression to diabetes for 5 

years.(16-17) 

 

In the Whitehall study released in 2009; 

duration between the start of metabolic disorders and 

overt diabetes was shown to be 13 years and that no 

glycemic abnormalities were detected in blood 2-6 

years before the onset of diabetes and also this 

duration is associated with increasing insulin 

resistance and prediabetes takes place towards the 

final period.(18) 

 

Prediabetes and Metabolic Syndrome: The 

association of prediabetes with metabolic syndrome 

is well known. A study has shown that only 19% of 

metabolic syndrome cases have normal fasting 

glucose, 42% are IFG, 34% are IGT and 74% are the 

combination of both.(19) Although the definitions of 

prediabetes and metabolic syndrome are closely 

associated they are accepted to be different entities 

superposing each other. Metabolic syndrome was 

defined as a lethal endocrinopathy which starts with 

insulin resistance, abdominal obesity, glucose 

intolerance and systemic disorders like diabetes 

mellitus, dyslipidemia, hypertension or coronary 

artery disease all linked which each other by TEMD 

in a metabolic syndrome guideline released in 2009 

and also named it as insulin resistance 

syndrome.Various metabolic syndrome criteria 

developed by different groups are still commonly 

used NCEP-ATP III criteria. 

 

 

Table 3. NCEP ATP III metabolic syndrome diagnostic criteria 

NCEP ATP III metabolic syndrome definition ( Presence of at least 3 criteria out of 5 is diagnostic) 

Risk Factor Limit Value 

Waist circumference for men >102 cm 

Waist circumference for women >88 cm 

Plasma Tryglicerid levels >150 mg/dl 

HDL cholesterol for men <40 mg/dl 

HDL cholesterol for women <50 mg/dl  

Blood Pressure >130/85 mmHg 

Fasting Plasma Glucose >110 mg/dl 

 

 

WHO defines the presence of insülin resistance as the major finding for metabolic syndrome diagnosis 

 

Table 4. Metabolic Syndrome Criteria for WHO 

Insulin resistance defined with one of the below: 

Type 2 Diabetes Mellitus 

Impaired fasting glucose 

Impaired glucose tolerance 

In hyperinsulinemic euglycemic clamp study;  uptake of insülin being less than the last quarter of the population  

At least two of the below with the previous condition: 

Use of antihypertensive drugs or presence of hypertension (≥140/90 mmHg) 

Blood triglycerides ≥150 mg/dl 

HDL cholesterol ≤ 35 mg/dl in men and ≤40 mg/dl in women 

Body Mass Index> 30 kg/m2 and/or  waist/hip ratio>0.9 for men and > 0.85 for women 

Urinary  albumin excretion rate < 20 mcg/min. or urinary albumin/ creatinine ratio ≥ 30 mg/g 

Despite this IDF accepts the presence of central obesity for diagnosis of metabolic syndrome in the first hand. 
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Table 5. Metabolic syndrome diagnostic criteraia of the International Diabetes Federation (IDF) 

Central Obesity(waist circumference values over ethnic-specific limits or body mass index> 30 kg/m2 

+ at least two of the below 

Elevated tryglicerid levels ≥150 mg/dl 

Or specific medication for his lipid anomaly 

Low HDL cholesterol <40 mg/dl for men 

<50 mg/dl for women 

Or specific medication for his lipid anomaly 

High blood pressure Systolic BP ≥150or diastolicBP ≥85 mmHg or 

antihypertensive medication 

High fastening blood glucose FBG ≥100 mg/dl or diagnosed type 2 diabetes 

 

American Association of Clinical Endocrinologists prefers the term insulin resistance syndrome over metabolic 

syndrome and defines the disease is somehow a more detailed fashion.  

 

Table 6. Metabolic syndrome diagnostic  criteria for American Association of Clinical Endocrinologists 

Risk Factor Defining value 

Overweight / obese BMI≥ 25 kg/m2 

Plasma Triglyceride ≥150 mg/dl 

HDL cholesterol for men 

 

HDL cholesterol for women 

<40 mg/dl 

< 50 mg/dl 

Blood pressure 

 

≥130/85 mm/Hg 

2. hour plasma glucose 

 

Fasting plasma glucose 

 

Other risk factors 

>140 mg/dl 

110-126 mg/dl 

History of type 2 DM, hypertension or cardiovascular disease in the family 

Policystic over syndrome 

Sedantary life style 

Advanced age 

Ethnicity with high risk of diabetes or cardiovascular disease 

 

Different definitions and various diagnostic 

criteria for metabolic syndrome by different groups 

not only have been confusing the clinicians but also 

don’t carry similarities for defining the 

cardiovascular risk. For example; a survival analysis 

has shown that NCEP diagnostic criteria are more 

parallel to coronary heart disease than IDF 

diagnostic criteria.(20) Another study has shown that 

predicting future diabetes with IDF criteria is more 

sensitive consecutively from ATP III, WHO 

diagnostic criteria, impaired glucose tolerance, 

impaired fasting glucose, and that increased 

sensitivity is associated with increased false positive 

results.(21)Diabetes prevention program showed that 

metformin therapy in metabolic syndrome patients 

has little effect compared to lifestyle changes to 

regulate metabolic syndrome; which indirectly is a 

proof for prediabetes and metabolic syndrome be 

different.(22) It can be concluded that insulin 

resistance is a starting point both for prediabetes and 

metabolic syndrome, that prediabetics have 75% 

metabolic syndrome accompanying insülin 

resistance, that prediabetes, and metabolic syndrome 

are each associated with increased cardiovascular 

risk and prediabetes predicts future 

diabetes.(23)According to this prediabetes and 

metabolic syndrome are. According to this 

prediabetes and metabolic syndrome are close but 

different entities. Some sources use insulin 

resistance syndrome and metabolic syndrome as 

equivalent definitions. 

 

Prediabetes and vascular complications: 

Many studies have shown that prediabetes is 
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associated with cardiovascular disease development. 

In GAMI study 35% of patients with acute 

myocardial infarction were prediabetic and in Euro 

ve China study the frequency of prediabetes in 

coronary events was 37%.(24) Another important 

epidemiologic study has shown that there is a close 

association between prediabetes and heart failure 

and related morbidity.(25) 

 

Clinical studies have shown the association 

of prediabetes with microvascular complications 

besides cardiovascular risk. In IFG cases micro and 

macroalbuminuria is frequent when compared to 

normoglycemics, and according to 1999-2006 

NHANES data 17,7% of chronic renal failure 

patients are prediabetic and 10,6% are 

normoglycemic. (26-27) 

 

The incidence of diabetic retinopathy in the 

prediabetic group was found to be 7.9% in DPP 

study. (28) Another study reported an increased 

incidence for retinopathy which is correlated to the 

fasting blood glucose even at prediabetes levels.(29) 

There are a few studies showing the association of 

increased polyneuropathy risk and development of 

dementia with prediabetes.(30-31) 

 

Which test is more valuable for 

diagnosing prediabetes? 

 

It has been shown that elevated fasting 

blood glucose levels even if they are still in normal 

limits may predict future diabetes.(32) A meta-

analysis released in 2010 which included 102 

clinical studies showed a clear association between 

fasting blood glucose levels and cardiovascular 

events. (33) Besides, the association between impaired 

fasting blood glucose levels and raising mortality in 

coronary heart failure patients has been revealed. (34) 

Apart from future diabetes risk and increased 

cardiovascular risk, impaired fasting glucose has 

possible links with microvascular events. In a similar 

study undertaken in three different nations, similar 

levels of impaired fasting glucose is closely 

associated with retinopathy risk. (35)ADA has 

dropped the value of fastening blood glucose levels 

from 110 mg/dl to 100 mg/dl and this was accepted 

by many organizations but was not accepted by 

WHO because it caused a serious increase in the 

population at risk to screen and that low HbA1C and 

normal postprandial glucose levels did not reflect the 

cardiovascular risk.(36) 

 

Although HbA1C levels have lately been 

added to diagnostic criteria of prediabetes, its 

diagnostic value is assumed to be high because 

individual variability is so small, and displaying 

different results in the same people at different times 

and differences reaching as high as 12-17% for 

fasting blood glucose and OGTT assessments.(37) 

The disadvantages of this test are that it is affected 

by many clinical conditions (Table 6) and it has low 

sensitivity to diagnose prediabetes compared to 

fasting blood glucose and. OGTT. When 1988-2006 

NHANES studies are adopted to HbA1Ccriteria, 1/3 

of prediabetics could not be diagnosed. (38) Various 

clinical studies have shown that when HbA1C is 

compared to gold standard OGTT; the sensitivity for 

diagnosing prediabetes is between 16,7% and 59% 

specificity 92%. When HbA1C cut off value was 

taken lower to increase sensitivity, the ratio of false 

positivity was observed to increase similarly. (39) 

TURDEP2 study accomplished in Turkey has shown 

that FPG and 2nd-hour plasma glucose during 

OGTT together had 30.4% prevalence for 

prediabetes but HbA1C alone had a prevalence of 

26.4% which is another proof for low sensitivity. 

Studies have shown that postprandial glucose levels 

predict the cardiovascular events and cardiovascular 

mortality better than fastening blood glucose and 

HbA1C.(40-41) 

Second-hour postprandial glucose 

measurements are shown to identify prediabetes 

better than those combined with fasting blood 

glucose. TURDEP study was released in Turkey in 

2002, and on basis of OGTT prediabetes prevalence 

was 7,2% whereas in a local study in which OGTT 

and fastening blood glucose measurements were 

considered together it was 11,6%.(7-8-42) 

Advantages and disadvantages of fastening 

blood glucose used in diagnosis, venous blood 

glucose levels after 2 hours of 75 gr oral glucose load 

and levels of HbA1C are given in table 7. 

Today 2-hour venous plasma glucose levels 

after 75 mg. oral glucose load is widely used as a 

diagnostic test however late studies show that first-

hour plasma glucose levels can more effectively 

predict future diabetes.(14)A study released in 2009 

displayed that if cases who had glucose levels > 

155mg/dl after one hour OGTT had accompanying 

metabolic syndrome; they had a greater chance of 

developing diabetes in 8 years follow up.(43) Still 

there is no clear evidence to include glucose levels 

after 1 hour OGTT into a routine screening.  

 

A meta-analysis of Stephan N et. al has 

specified that the presence of insülin secretion 

deficiency, insülin resistance, visceral obesity, and 

nonalcoholic fatty liver disease accelerates the 

development of prediabetes to diabetes.(44) Ethnicity, 

previous gestational diabetes, history of polycystic 

over syndrome were also included in this risk group 

by another researcher.(45) Such individuals display 

more progression to diabetes when they lose similar 

amounts of weight compared to risk-free individuals. 

Screening methods of today show a 50% accuracy of 

diagnosing prediabetes.(46)Combined tests to 

improve the diagnostic value for prediabetes are 

considered and from lowest prognostic value to 

highest are OGTT-APG, OGTT-HbA1C, APG-
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HbA1C and APG-OGTT-HbA1C.(47) AACE and 

American College of Endocrinology have 

underlined that HbA1c be used for prediabetes 

screening only and for those who have prediabetic 

values.(48)TEMD has used APG and OGTT for 

diagnosis of İsolated IFG, IFG; Isolated IGT, or 

combination of both.(49) 

Rational Approach for Prediabetes Diagnosis 

 

The first priority for prediabetes screening is to catch 

the greatest number of patients and managing the 

best risk prediction with the lowest screening costs 

Therefore an effective prediabetes screening calls for 

an assessment of patients belonging to high-risk 

group. 

 

It is acceptable to accept patients over 40 

years or patients with BMI ≥25 kg/m2 as under high 

risk if they belong to one of the risk groups listed 

below.

 

Table 7. Disadvantages of HbA1C for prognosing prediabetes 

Necessity of a Standardized Screening High Cost 

Unavailability for some institutions 

Variability upon ethnicity 

Medical interactions Hemoglobinopathies ↓ 

Short erythrocyte lifespan ↓ 

Acute blood loss/transfusion ↓ 

Pregnancy ↓ 

Iron deficiency anemia ↑ 

uremia ↑ 

hyper-triglyceridemia ↑ 

alcohol addiction ↑ 

Having low sensitivity compared to fastening blood glucose and OGTT 

 

Table 8. The comparison of advantages and disadvantages of tests used for prediabetes diagnosis. 

Test Advantage Dysadvantage 

Fasting blood 

glucose 

Low cost 

Improves diagnostic value when added to 

other tests 

Low diagnostic value and risk prediction alone 

OGTT.2.hr 

blood glucose 

High-risk prediction value Hard to accomplish 

Low sensitivity 

HbA1C No fastening needed 

Low individual variability 

High spesifity 

Expensive 

Testability is high 

Not standardized 

Low sensitivity     

 

Table 9. Risk factors (Adapted from TEMD 2016 diabetes screening and treatment guide)(49) 

1. Those who have a first or second-degree relative with diabetes 

2. Those who belong to a high-risk diabetes ethnicity  

3. Women with previous history of gestational diabetes 

4. Hypertensive individuals (blood pressure: BP≥140/90 mmHg) 

5. Dyslipidemic (HDL-cholesterol ≤35 mg/dl or  triglyceride ≥250 mg/dl) 

6. Polycystic over syndrome (PCOS) olan  

7. Those who have clinical disease or findings related to insülin resistance (acanthosis nigricans)  

8. Those who have coronary, peripheric or cerebrovascular disease 

9. Those with low birth weight 

10. Those with a sedentary lifestyle or with low physical activity 

11. Those who consume saturated or low fiber 

12. Schizophrenic patients and those who take atypic antipsychotics 

13.Those with solid organ transplantation (especially renal) 
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Management through different approaches for high risk or non-high risk individuals is suitable. Firstly 

cases must be differentiated as high-risk or non high risk. For high-risk cases, FPG and simultaneous OGTT with 

2 hour glucose monitorization are advised.  

 

 

 

 
 

Figure 1. Diagnostic approach for non high risk patients is advised according to the following algorithm 

 

 

 

Standardized methods are needed for 

HbA1C levels. They need to be certificated by the 

National glycated hemoglobin standardization 

program and be calibrated according to high-

pressure liquid chromatography technique used in 

DCCT. Besides medical conditions given in table 6 

that may affect level must not be present. It may lead 

to screening purposes using HbA1C alone may cause 

skipping patients due to low sensitivity. High 

specificity and cost of this test make  it a valuable 

confirmative tool. It can be used when high values 

are present at low-risk patients or low values are 

present at high-risk patients. Values between %5.7-

6.4 present higher risk. 

 

CONCLUSION  

 

Prediabetes is important due to clinical problems it 

causes and its ability to predict type 2 diabetes 

development. Although it is common worldwide half 

of the patients are left undiagnosed. We believe this 

is because the tests used for screening don’t carry 

diagnostic power alone. It is also not rational to add 

many tests for screening which increases costs. 
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Therefore an aggressive approach after identifying 

high-risk individuals would be appropriate. It is not 

yet clear which tests are needed to be combined for 

this group of patients. In this article, we suggest a 

diagnostic algorithm after discussing the advantages 

and disadvantages of present tests. We believe in the 

long run greater number of patients can be diagnosed 

with acceptable costs after confusion on this issue is 

revealed by way of new studies. 
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