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Abstract

It has been proposed that in addition to oral glucose tolerance test, detected by impaired fasting
glucose (IFG), impaired glucose tolerance (IGT), glycosylated hemoglobin (HbA1c 5.7–6.4%) can
be used for screening individuals at high risk of developing type 2 diabetes and CVD. 

The aim of the present study was to assess whether the use of ADA 2010 prediabetes definition,
especially the use of HbA1c 5.7–6.4% may detect different individuals with prediabetes as
compared to the use of IFG or IGT, and whether the traditional CVD-risk factors differed between
these definitions. Furthermore, the aim was to study if the inflammatory mediators associated with
cardiovascular disease are increased in prediabetes and to assess the power of HbA1c 5.7–6.4%,
2-h glucose, and fasting glucose predicting type 2 diabetes and CVD. 

The present study consisted of the Oulu 35 population. This prospective population-based
study was conducted in 1990–2008 to assess the prevalence of type 2 diabetes and glucose
abnormalities. All inhabitants of the City of Oulu, Finland, born in 1935 and living in Oulu on 1st
October 1990 (n=1,008), were invited to participate 1990–1992 (831 enrolled). At the baseline of
the present study 1996–1998, 815 were invited and 593 (73%) of them enrolled. Prediabetes was
classified as IFG (fasting blood glucose, FBG 5.6–6.0 mmol/L), IGT (2-hour BG ≥7.8 and <11.1
mmol/L) and/or HbA1c 5.7–6.4%. Inflammation was measured with IL-1Ra, IL-8 and RANTES. 

Prevalence of isolated prediabetes in this population was common with limited overlap
between the three different definitions. Differences in CVD risk factors were observed between
the three hyperglycemia groups. Isolated HbA1c was associated with overweight and more adverse
lipid profile. Low-grade inflammation (measured by IL-1Ra, IL-8 and RANTES) was associated
with prediabetes with levels comparable to those with diabetes. The association was independent
of visceral adiposity. Finally, HbA1c and 2-h glucose, but not fasting glucose, predicted CVD in
10 years follow-up in women, but not in men. 

In conclusion, this study demonstrates that HbA1c 5.7–6.4% detects partly different individuals
with prediabetes as compared to IFG and IGT. Using only fasting glucose and HbA1c for
screening, many subjects at high risk for diabetes and CVD would be missed. However, HbA1c
5.7-6.4% diagnose individuals with high traditional cardiovascular risk factors. Prediabetes is
associated with inflammation measured with IL-1Ra, IL-8 and RANTES. Finally, 2-h glucose
value is important in screening subjects in high risk for diabetes and CVD. 

Keywords: cardiovascular risk factors, diabetes, inflammation, metabolic syndrome,
obesity, prediabetes





Saukkonen, Tuula, Diabeteksen esiasteet ja niihin liittyvät sydän- ja
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Tiivistelmä

Vuonna 2010 Amerikan diabetesyhdistys (ADA) esitti sokerihemoglobiinin HbA1c 5.7-6.4 % -
arvoa diabeteksen esiasteeksi kohonneen paastosokerin (IFG) ja heikentyneen sokerinsiedon
(IGT) lisäksi. Tämän tutkimuksen tarkoituksena oli selvittää, miten ADA 2010 -määritelmä dia-
beteksen esiasteista löytää riskihenkilöitä ja mitkä ovat perinteiset sydän- ja verisuonisairauksien
riskitekijät eri ryhmillä (IFG, IGT ja HbA1c 5.7–6.4%). Tulehdusmarkkereita ja näiden eroja
määritettiin verrattuna diabeetikoihin ja terveisiin henkilöihin. Lisäksi selvitettiin, kuinka nämä
eri diabeteksen esiasteet ennustavat sydän- ja verisuonisairauksien syntyä. 

Tutkimusaineistona oli Oulu 35 aineisto, jota on tutkittu v. 1990–2008 tyypin 2 diabeteksen
ja sokerihäiriöiden esiintyvyyden selvittämiseksi. Ensimmäinen seurantatutkimus tässä ikäko-
hortissa, joka on nykyisen tutkimuksen alkuvaihe, tehtiin 1996–1998. Osallistujia oli tällöin 593.
Seuraava seurantatutkimus tehtiin 2007–2008. Diabeteksen esiasteeksi määritettiin IFG (kohon-
nut paastoverensokeri, FBG 5.6–6.0 mmol/L), IGT (2-tunnin verensokeri BG ≥7.8 ja <11.1
mmol/L) ja HbA1c 5.7–6.4%.

Diabeteksen esiasteiden esiintyvyys tässä aineistossa oli huomattava ja määritelmät löysivät
vain vähän samoja ihmisiä. Perinteisissä sydän- ja verisuonisairauksien riskitekijöissä oli selkei-
tä eroja: henkilöt, joilla oli HbA1c 5.7–6.4%, olivat selkeästi enemmän ylipainoisia ja vyötäröli-
havia, sekä heillä oli huonommat rasva-arvot (HDL ja triglyseridit). HbA1c ja IGT ennustivat
sydän- ja verisuonitautien ilmaantumista naisilla, mutta eivät miehillä. Kaikki nämä määritelmät
ennustivat diabeteksen syntyä, mutta ei-diabeetikoilla vain 2 tunnin sokeri ennusti sydän- ja
verisuonitautia. Sen sijaan matala-asteinen tulehdusreaktio mitattuna IL-1Ra, IL-8 and RAN-
TES- tulehdusmarkkereilla liittyi jo diabeteksen esiasteeseen (ADA 2010) yhtä paljon kuin dia-
beetikoilla, eikä tämä selittynyt vyötärölihavuudella. 

Tutkimus osoitti, että diabeteksen eri esiasteet diagnosoivat eri ihmisiä. Jos 2- tunnin sokeri-
rasitusta ei käytettäisi, jäisi runsaasti todellisessa sydän- ja verisuonisairauksien riskissä olevia
henkilöitä löytymättä. Toisaalta sokerihemoglobiini HbA1c 5.7–6.4% löytää eri ihmisiä, joilla
perinteiset riskitekijät sydän- verisuonisairauksille ovat yleisemmät, joten senkin käyttö voi dia-
beteksen seulonnassa olla parempi kuin paastosokerin, joka löysi selkeästi huonommin riskihen-
kilöitä. Sokerirasituskoe on edelleen tärkeä riskihenkilöiden seulonnassa. 

Asiasanat: diabeteksen esiaste, diabetes, metabolinen oireyhtymä, sydän- ja
verisuonisairauksien riskitekijät, tulehdusreaktio, ylipaino





Usko totuuteen alkaa epäilyksellä kaikkia siihen saakka 
uskottuja totuuksia kohtaan. (Friedrich Nietzsche)  

With Love to my family Risto, Anna-Maria, 
 Sampo and Juho 
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IL-8  Interleukin 8 
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1 Introduction 

Increasing rate of obesity, Metabolic Syndrome (MetS) and type 2 diabetes are 

huge health problems worldwide. Over 170 million people worldwide had 

diabetes in 2000 (Wild et al. 2004) and the number is expected to double by the 

year 2030 (Pradhan 2007). Diabetes mellitus is widely considered to be a major 

risk for cardiovascular disease (CVD) (Kannel & McGee 1979, Haffner 1996, 

International Expert Committee 2009). Earlier reported statistics showed that 

approximately 75–80% of diabetes subjects die of cardiovascular disease (Alberti 

2007). However, increasing mortality for cancer in diabetes subjects has been 

reported. The association between diabetes and cancer may become due the 

shared risk factors between these diseases: aging, obesity, unhealthy diet and 

physical inactivity etc. (Giovannucci et al. 2010) 

It has been noticed that the presence of CVD does not depend on the duration 

of diabetes mellitus (Haffner et al. 1990, Haffner 1996), and the risk of 

cardiovascular disease is increased already before glycemia reaches the levels of 

diabetes (Alberti & Zimmet 1998, Qiao et al. 2002). Early detection of high risk 

for type 2 diabetes is necessary for prevention of diabetes and associated 

cardiovascular complications and some of these metabolic abnormalities would 

be reversible if detected early. It has been shown in several studies that intensive 

lifestyle intervention is effective for preventing type 2 diabetes (Tuomilehto et al. 
2001, Lindstrom et al. 2003).  

Impaired fasting glucose (IFG) and impaired glucose tolerance (IGT) have 

been widely used for diagnosis of high glucose levels below the diabetic range 

(Alberti & Zimmet 1998). The International Expert Committee proposed 

Hemoglobin A1C ≥ 6.5% as a diagnostic tool for diabetes in 2009 (International 

Expert Committee 2009) and in January 2010 an intermediate range of HbA1C 

5.7–6.4% (39–46 mmol/mol) was proposed by the American Diabetes Association 

(ADA) in addition of IFG and IGT for detecting individuals at high risk of 

developing type 2 diabetes (American Diabetes Association 2010) and CVD. The 

use of HbA1C in the non-diabetic range may detect partly different subjects with 

prediabetes as compared to the use of IFG or IGT (Mann et al. 2010). However, 

the degree of overlap between these markers is not yet known. 

The definitions of MetS are also important tools for detecting high-risk 

patients. Several definitions exist, and not all of them are easy to use in clinical 

practice. The prevalence of MetS depends on the definition used (Ford et al. 
2010a). MetS and prediabetes are highly associated with obesity and insulin 
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resistance. Low-grade inflammation has been noticed to be present in all these 

metabolic disturbances (Bays 2009). 

In primary health care it is important to find the individuals at high risk of 

diabetes and cardiovascular disease. The definitions of MetS and diabetes 

screening and measuring of inflammatory markers are possible tools for that.  

The aim of the present study was to compare traditional cardiovascular risk 

markers and overlap in different prediabetic groups: IGT, IFG and HbA1C 5.7–

6.4%. Because diabetes and atherosclerosis share a common inflammatory 

pathophysiology the aim was to measure the levels of inflammatory chemokines 

in subjects with prediabetes compared to a control group of diabetic and 

normoglycemic subjects. Furthermore, the aim was also to compare HbA1C 5.7–

6.4%, 2-h glucose and fasting glucose as predictors of type 2 diabetes and CVD 

during a 10-year follow-up. Finally, the aim was to investigate how the 

prevalence of MetS and its individual components changes when measured with 

different definitions. 
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2 Review of the literature 

2.1 Definitions of prediabetes 

Prediabetes is a stage of intermediate hyperglycemia between normal glucose 

tolerance and type 2 diabetes (American Diabetes Association 2010). 

Epidemiological studies show that development of type 2 diabetes takes place 

over a long time before type 2 diabetes begins, when insulin resistance develops 

and in the end β-cell function deteriorates (Cheng 2005). It is well known that 

type 2 diabetes increases the risk for cardiovascular disease (Kannel & McGee 

1979). Cardiovascular disease is currently the leading cause of death in the world 

and is predicted to cause an enormous financial burden on the world`s health 

resources (Mathers & Loncar 2006). In addition to risk for diabetes and 

cardiovascular risk, prediabetes is associated with nephropatia, neuropatia and 

other vascular complications (Tabak et al. 2012). 

The term prediabetes was first used by Alberti who used it to refer to 

abnormalities of pregnancy or strong family history of type 2 diabetes (Alberti 

2007). The World Health Organization (WHO) proposed the term pre-diabetes in 

1980, but later discouraged using the term, because slightly increased levels do 

not always convert to diabetes and some patients would be unnecessarily alarmed 

(World Health Organization 1985). In 2005 American Diabetes Association (ADA) 

proposed again the use of the term prediabetes for impaired glucose tolerance 

(IGT) and impaired fasting glucose (IFG), but not other risk factors for diabetes 

(Nathan et al. 2009). WHO`s diabetes task force suggested in 2008 the use of the 

term intermediate hyperglycemia instead of prediabetes to cover IFG and IGT 

(World Health Organization 2006). However, ADA still continues to use 

prediabetes to define IFG, IGT and now HbA1C 5.7–6.4% (American Diabetes 

Association 2010). WHO does not recommend the use of elevated HbA1C as a 

marker of prediabetes, even they now accept the level of HbA1C ≥ 6.5% for the 

diagnosis of diabetes (World Health Organization 2011). According to ADA 

expert panel 70% of individuals with prediabetes will convert to diabetes and 

every year about 5–10% of prediabetes subjects will progress to diabetes (Tabak 
et al. 2012).  

An elevated fasting glucose level is one component of the consensus 

definition of the metabolic syndrome (MetS) (Alberti & Zimmet 1998). Other 

components of MetS are waist circumference, elevated blood pressure, 
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triglycerides or reduced HDL-cholesterol. Presence of any 3 of these 5 

components confers the diagnosis of MetS. Many subjects with prediabetes also 

have MetS (Meigs 2010, Bianchi et al. 2011), and therefore some researchers 

have called MetS as prediabetic stage. Figure 1 shows the prevalence of MetS 

(measured with consensus definition in different prediabetic groups and 

normoglycemia (Grundy 2012).  

Fig. 1. Prevalence of Metabolic Syndrome in different categories of prediabetes in 

European population based on data from Grundy 2012. 

For subjects having IFG or IGT the diabetes risk was even 5 to 7-fold compared 

to normoglycemic subjects. The risk was even higher in subjects having both 

MetS and prediabetes (IFG) (Lorenzo et al. 2007).  

2.1.1 IFG 

Impaired fasting glucose (IFG) has been defined by WHO 1998 as the fasting 

plasma glucose values of 6.1–6.9 mmol/L (Alberti & Zimmet 1998). Later 2003 

American Diabetes Association (ADA) has decreased these values to 5.6–6.9 

mmol/L, while 2-hour plasma glucose (PG) concentration, measured by a 75-g 

oral glucose tolerance test (OGTT) is in normal range (< 7.8 mmol/L) (Genuth et 
al. 2003). There has still been debate concerning the IFG cut-off point of the ADA 

(5.6) or WHO (6.1) -recommendation (Grundy 2012). ADA explained the use of 

lower fasting glucose levels by identifying IFG for to make the prevalence of IFG 

and IGT concordant, but it did not succeed. The prevalence increased even two-
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fold compared to IGT (World Health Organization 2006, Cowie et al. 2009). One 

reason was to avoid OGTT and therefore to find subjects (also IGT) at high risk 

for developing T2D with lower fasting glucose levels. However, several studies 

have found limited overlap between subjects having IFG and/or IGT (Bartoli et al. 
2011). 

The pathophysiology of IFG differs from IGT (Hanefeld et al. 2003, Abdul-

Ghani et al. 2006, Faerch et al. 2009) and IFG is more prevalent in men than in 

women (Hanefeld et al. 2003). The increase in fasting glucose is mainly caused 

by insulin resistance in the liver, whereas muscle-insulin sensitivity is normal or 

near normal (Meyer et al. 2006, Abdul-Ghani et al. 2006, Faerch et al. 2009). The 

basal- and glucose- stimulated first phase insulin secretion has shown to be 

impaired in IFG (Festa et al. 2004, Abdul-Ghani et al. 2006, Meyer et al. 2006). 

Second-phase insulin secretion has shown to be near normal (Meyer et al. 2006).  

2.1.2 IGT 

Impaired glucose tolerance (IGT) has been defined by WHO 1998 to be 

diagnosed when the plasma glucose level two hours after consuming 75 g glucose 

in oral glucose tolerance test (OGTT) is between 7.8–11.0 mmol/l. Fasting 

glucose levels might be normal (FPG < 6.1 mmol/l) or moderately elevated (FPG 

6.1–6.9 mmol/l) (Alberti & Zimmet 1998). The weakness of the OGTT is that the 

test is time consuming, lasting over two hours, and therefore it is also quite 

expensive compared to fasting glucose. The results of OGTT are not necessarily 

reproducible (Bartoli et al. 2011). Because of these reasons, ADA prefers the use 

of IFG and HbA1C as a marker of prediabetes (ADA 2010). However, OGTT is 

the only test for diagnosing IGT, and HbA1C cannot replace the OGTT test (World 

Health Organization 2006, Bartoli et al. 2011).  

The prevalence of IGT is higher among women than in men (Hanefeld et al. 
2003). The etiology and pathophysiology of the IGT differs from IFG mainly in 

terms of the muscle insulin resistance and the lack of adequate insulin secretion 

from the pancreas which causes postprandial hyperglycemia (Meyer et al. 2006). 

Most of the studies have shown the first and second phase of insulin secretion to 

be impaired (Festa et al. 2004, Meyer et al. 2006, Kanat et al. 2012). On the 

contrary, basal insulin secretion has been found to be near normal (Meyer et al. 
2006), and liver insulin sensitivity to be normal or near normal (Abdul-Ghani et 
al. 2006, Meyer et al. 2006). Progression to diabetes both in IFG and IGT comes 

through insulin resistance and decreasing insulin secretion (Faerch et al. 2009). 
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2.1.3 HbA1C 5.7–6.4% 

Hemoglobin A1C (HbA1C) is the product of nonenzymatic glycosylation of 

hemoglobin β-chains (Brownlee et al. 1984). HbA1C has been used to measure the 

average glucose levels over the past 2–3 months (Goldstein et al. 2004) and it has 

been widely adopted as the standard measure for glycemic control (Goldstein et al. 
2004). Because of that, HbA1C correlates better to complication risk of glycemia. 

The advantage of HbA1C as a diagnostic measurement is the reproducibility and 

convenience of the test. There is no need to fast and the measurement is not time-

consuming. However, it is more expensive measurement than OGTT and the 

availability in development countries is not good. There are situations where the 

test is unreliable like anemia, erythrocyte abnormalities, blood loss and iron 

deficiency. It also misses many individuals, who would have been diagnosed by 

plasma glucose tests (Malkani & DeSilva 2012). Earlier the limitation of the use 

of HbA1C measurement was the lack of standardization for the old DCCT assay 

methodology. Since the adoption of the IFCC standard for HbA1c (2008), many 

associations have made recommendations in favor of HbA1c. (Malkani 2011). 

HbA1C ≥ 6.5% has been included as one of the diagnostic tools for type 2 

diabetes (International Expert Committee 2009). WHO has also accepted HbA1C 

≥ 6.5% for the diagnosis of type 2 diabetes in 2011 (World Health Organization 

2011). HbA1C at a range of 5.7–6.4% has been proposed by ADA as an indicator 

of increased risk for type 2 diabetes (American Diabetes Association 2010), in 

addition to the previously used criteria of prediabetes: impaired fasting glucose 

(IFG) and impaired glucose tolerance (IGT). 

The use of HbA1C in the non-diabetic range may detect a different prevalence 

of prediabetes as compared to the use of IFG or IGT (Mann et al. 2010). However, 

the degree of overlap between these three markers is not yet well known in 

different populations. It has been found in several studies that the prevalence of 

prediabetes is lower when defined with HbA1C 5.7–6.4% than IFG or IGT 

(Heianza et al. 2011, Lorenzo et al. 2010, Suzuki et al. 2011). In the Japanese 

TOPICS 3-study only 6% of the subjects were diagnosed as prediabetic with 

HbA1C 5.7–6.4% compared to 20% with IFG (Heianza et al. 2011). 

2.2 Prevalence of diabetes and prediabetes 

The global estimate of the number of people having diabetes in 2006 was 180 

million worldwide (World Health Organization 2006). According to IDF the 
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number of people having diabetes in 2010 was 285 million (Shaw et al. 2010). 

This number is expected to increase up to 438 million by the year 2030 (WHO) 

(Shaw et al. 2010). In the United States diabetes affects 19.3 million people (9.3% 

of the population) (Cowie et al. 2006). Furthermore, it has recently been 

estimated that in 2020 the overall prevalence of prediabetes and diabetes in 

United States will be approximately 50% (Garber 2012). 

Based on NHANES III data (in 2000) among overweight adults aged 45–74 

years, an estimated 9,1 million had IGT, 5,8 million had IFG and altogether 11.9 

million had prediabetes (Benjamin et al. 2003). An estimated 15.8% (32 million) 

had impaired glucose tolerance (IGT) in 1994 (Harris 1999, Cowie et al. 2006), 

and an estimated 26% of the U.S. population (54 million) suffered from impaired 

fasting glucose (IFG) in 2003 (Cowie et al. 2006).  

The prevalence of prediabetes and diabetes increases with age and also with 

the definition used (Cowie et al. 2009). According to WHO the level of fasting 

plasma glucose 6.1–6.9 mmol/L is defined to be IFG. According to this definition 

the prevalence of IFG in United States was 6.9%. However, the prevalence of IFG 

as defined by the ADA 2010 criteria (2003) of fasting plasma glucose 5.6–6.9 

mmol/L increased to 25.7% (Cowie et al. 2009). The same increase has been 

found in other populations as well (Grundy 2012). 

According to NHANES ( National Health and Nutrition Examination Survey) 

data the prevalence of IGT in United States adults is 13.8% (Cowie et al. 2006, 

Cowie et al. 2009), increasing with the age. In the European DECODE (Diabetes 

Epidemiology: Collaborative Analysis of Diagnostic Criteria in Europe) study, the 

prevalence of IGT was 2.9% in 30- to 39- year old men and 15.1% in 70- to 79- 

year old men ( DECODE Study Group. 2003).  

In addition to IFG and IGT, ADA has proposed the use of HbA1C 5.7–6.4% as 

a marker of prediabetes in 2010 (Diagnosis and classification of diabetes mellitus 

2010). There are now three existing definitions of prediabetes shown in Table 1. 
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Table 1. Definitions of normoglycemia, prediabetes and diabetes according to WHO 

and ADA. 

 NGT IFG IGT Prediabetes Diabetes 

FPG (mmol/L) ≤ 6.0 (WHO) 

≤ 5.5 (ADA) 

6.1–6.9 (WHO) 

5.6–6.9 (ADA)  

 6.1–6.9 (WHO) 

5.6–6.9 (ADA) 

≥ 7.0 

2-h glucose (mmol/L) < 7.8  7.8–11.0 7.8–11.0 ≥ 11.1 

HbA1C (%) < 5.7%   5.7–6.4% (ADA) ≥ 6.5% 

FPG, fasting plasma glucose; 2-h gluc, 2-h glucose; DM, diabetes mellitus; IGT, impaired glucose 

tolerance; IFG, impaired fasting glucose. 

2.3 Insulin resistance and cardiovascular risk factors in 

prediabetes 

The comparability of HbA1C 5.7–6.4% with IFG and IGT as a marker of 

prediabetes, particularly regarding associated CVD risk factors has not been well 

studied (Lorenzo et al. 2010, Suzuki et al. 2011). Data from previous studies 

using HbA1C and OGTT for diagnosis of type 2 diabetes have been controversial 

regarding cardiovascular risk profile (Borg et al. 2010, Boronat et al. 2010).  

2.3.1 Insulin resistance in prediabetes 

Several previous studies have investigated metabolic differences of individuals 

with IFG and IGT. Individuals with IFG have been found to be at least similarly, 

if not more insulin resistant measured by HOMA-IR compared to the individuals 

with IGT (Meyer et al. 2006, Faerch et al. 2009). This is likely to be due to the 

HOMA-IR calculation, method which is based on fasting glucose and insulin 

concentrations and is more an index of the hepatic insulin resistance (Abdul-

Ghani et al. 2007, Faerch et al. 2009), while IGT is characterized by peripheral 

insulin resistance (Meyer et al. 2006, Faerch et al. 2009).  

Normal control of fasting glucose depends on adequate insulin secretion from 

the pancreas and insulin sensitivity in the liver to control the hepatic glucose 

output; abnormalities in these characterize IFG. In contrast, IGT is due to 

decreased insulin secretion and peripheral insulin resistance, especially in skeletal 

muscle (Meyer et al. 2006, Faerch et al. 2009). Insulin resistance associated with 

prediabetes is known to be an important risk factor for all-cause (Hedblad et al. 
2002, Ausk et al. 2010) and cardiovascular mortality (Hedblad et al. 2002) and 

CVD (Reddy et al. 2010). However, recent data from the Third National Health 
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and Nutrition Examination Survey reported that HOMA-IR is associated with all-

cause mortality among nondiabetic persons only with normal BMI (Ausk et al. 
2010). In the IRAS study Lorenzo and co-workers reported that HbA1C was a less 

precise correlate of insulin resistance and insulin secretion than FBG and 2-h 

glucose (Lorenzo et al. 2010). 

2.3.2 Traditional cardiovascular risk factors 

Subjects having prediabetes quite often have metabolic syndrome (Meigs 2010, 

Bianchi et al. 2011) and associated cardiovascular risk markers are common, but 

evidence concerning severity of obesity, presence of high blood pressure and 

dyslipidemia between the definitions of prediabetes is rare. In the Telde Study, 

Spanish subjects diagnosed having diabetes with HbA1C definition were 

characterized by higher BMI, waist circumference and lower HDL-cholesterol 

levels as compared to the OGTT group (Boronat et al. 2010). In accordance, also 

Heianza et al. noticed that diabetic subjects diagnosed by HbA1C had a more 

unfavorable lipid profile than those diagnosed by fasting glucose (Heianza et al. 
2012). 

In contrast, in the Danish Inter99 Study, individuals with HbA1C -defined 

diabetes were leaner, had lower blood pressure and a higher prevalence of lipid 

abnormalities (Borg et al. 2010). Of note, they were over 50% of older men, with 

high prevalence of smokers.  

In the nondiabetic population of IRAS-study Lorenzo and co-workers 

reported that fasting and 2-h glucose correlated with systolic blood pressure and 

fasting glucose also with BMI and waist circumference. Instead, HbA1C did not 

correlate significantly with any of these (Lorenzo et al. 2010). In a Japanese study 

HDL cholesterol and systolic blood pressure were lower in isolated HbA1C 5.7–

6.4% than in isolated IFG, but not any other significant differences were found in 

other cardiovascular risk markers (Suzuki et al. 2011). 

2.4 Prediabetes as a predictor of diabetes and cardiovascular 
disease 

Prediabetes is no doubt considered to constitute a high risk for type 2 diabetes, 

but whether it constitutes a high risk for atherosclerosis and clinical CVD is still 

under debate (Ford et al. 2010). Large epidemiological studies have shown that 

subjects with nondiabetic hyperglycemia such as impaired fasting glucose (IFG) 
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and impaired glucose tolerance (IGT) are at high risk for developing T2D and for 

cardiovascular disease (CVD) and mortality (DECODE Study Group. 1999, 2001, 

2003, Qiao et al. 2002, Levitan et al. 2004, Hyvarinen et al. 2009, Barr et al. 
2009, Ning et al. 2010, Heianza et al. 2011). Most (DECODE Study Group. 2001, 

Qiao et al. 2002, Ning et al. 2010), but not all (Barr et al. 2009) studies have 

found IGT to be stronger than IFG in predicting CVD. However, in the recent 

review Ford summarized only moderately increased risk for CVD in subjects with 

IFG and/or IGT (Ford et al. 2010). Table 2 shows the studies concerning 

prediabetes predicting cardiovascular outcomes.  

Importantly, many individuals diagnosed as having prediabetes on the basis 

of IFG or IGT are reclassified as not having prediabetes with new HbA1C  

5.7–6.4% criterion and screening by HbA1C alone might miss a large number of 

IFG subjects. There have been limited data to support the use of HbA1C in 

predicting type 2 diabetes (Ko et al. 2000, Edelman et al. 2004, Droumaguet et al. 
2006, Pradhan et al. 2007). Furthermore, previous data on the association 

between HbA1C and incident type 2 diabetes in an unselected populations have 

relied on self-reporting, fasting glucose measurements, and to the use of 

antidiabetic medication to determine the outcomes. However, some new studies 

have recently been published comparing the power of HbA1C and/or IFG and/or 

IGT in predicting diabetes (Abdul-Ghani et al. 2011, Heianza et al. 2011, Heianza 
et al. 2012, Kato et al. 2012), but none comparing HbA1C 5.7–6.4% to OGTT. 

Data directly comparing fasting glucose, 2-h glucose and HbA1C as long-term 

predictors of new onset cardiovascular disease are scarce with different study 

populations and results (de Vegt et al. 1999, Barr et al. 2009, Selvin et al. 2010, 

Reddigan et al. 2010). Previous studies have mainly focused on mortality. In the 

large Australian Diabetes, Obesity and Lifestyle (AusDiab) study (n = 10026), 2-h 

glucose, fasting glucose and HbA1C were all three significant predictors of CVD 

mortality in previously non-diabetic population (Barr et al. 2009). In the Hoorn 

study consisting of 2363 older subjects without known diabetes 2-h glucose and 

HbA1C predicted CVD-mortality, while fasting glucose did not (de Vegt et al. 
1999). In NHANES population of 5424 adults with undiagnosed diabetes, both 

prediabetic and diabetic level of HbA1C, but only diabetic level of 2-h glucose 

predicted CVD-mortality. Instead, fasting glucose was not predictor of CVD-

mortality (de Vegt et al. 1999, Barr et al. 2009, Reddigan et al. 2010). In a large 

study comparing fasting glucose to HbA1C, Selvin et al. concluded that HbA1C 

was a better predictor of CVD than fasting glucose (Selvin et al. 2010). 
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There is still lack of long epidemiological follow-up studies comparing 

HbA1C on the level of 5.7–6.4% to OGTT in predicting CVD. Only one cross-

sectional study exist estimating the association of elevated HbA1C 5.7–6.4% with 

diabetes and CVD, and that study used only risk score-estimations (Ackermann et 
al. 2011). Cross-sectional data from the 2005–2006 NHANES population were 

analyzed in 2009. The Framingham General CVD Risk Engine was used to 

estimate the 10 year probability of CVD for adults with different HbA1C levels. 

The probability of CVD increased with higher HbA1C levels and was 13.3% for 

HbA1C 5.7–6.4% (Ackermann et al. 2011).  

Table 2. Prediabetes and cardiovascular outcomes collected and modified from 

references Ford et al. 2010. 

Definition Relative risk (RR) for 

cardiovascular outcomes

RR (estimated 

summary) 

95% confidence 

interval 

18 reports IFG (6.1–6.9)* 0.65–2.50  1.20 1.12–1.28 

8 reports IFG (5.6–6.9)* 0.87–1.40 1.18 1.09–1.28 

8 reports IGT (WHO)* 0.83–1.34 1.20 1.07–1.34 

5 reports IFG+ IGT*  1.10 0.99–1.23 

1 cross-sectional report Hemoglobin 

HbA1c 5.7–6.4% using risk scores# 

no longitudinal studies 

#   

# 13.3% (SE = 0.8%) Framingham risk score estimation for CVD risk (Ackermann), * Ford et al. 2010 

2.5 Risk factors for diabetes 

Risk-factors for diabetes can be divided to modifiable and non-modifiable risk 

factors (Alberti et al. 2007). Non-modifiable risk factors are genetic factors, age, 

gender and previous gestational diabetes (Alberti et al. 2007). Modifiable risk 

factors are obesity, physical inactivity, nutritional factors, metabolic syndrome, 

inflammation, prediabetes and associated insulin resistance (Alberti 2007, 

Perreault et al. 2012, Tabak et al. 2012). 

2.5.1 Obesity 

Obesity, defined by a body mass index (BMI) ≥ 30 kg/m2 is a major health 

problem worldwide. Obesity affected an estimated 23% of UK adults in 2007 and 

it has a prognosis of a prevalence of 50% for 2050, if it still continues to increase 

(Zeyda & Stulnig 2009). Obesity is the most important single risk factor for type 
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2 diabetes. The WHO estimates that there were 1.1 billion people in the world 

who were overweight in 2006 (Drew et al. 2007) and this figure is expect to rise 

to over 1.5 billion by 2015 (Drew et al. 2007). The prevalence of obesity 

increases with age (Ogden et al. 2012). Obesity has been shown to be a powerful 

predictor of type 2 diabetes (Chan et al. 1994, Hu et al. 2001, Alberti et al. 2007). 

Visceral obesity is a better indicator and predictor of T2D than BMI (Alberti et al. 
2007). Of note, obesity has been associated with lower mortality risk in elderly 

diabetic patients, but not lower mortality in patients < 65 years old in an Italian 

study (Perotto et al. 2011, Heianza et al. 2011).  

Obesity causes adiposopathy which is defined as pathological adipose tissue 

function and associated metabolic disorders like hypertension, dyslipidemia and 

abnormal glucose metabolism (Bays et al. 2008). Of note, all people with these 

abnormalities are not obese and not all obese subjects have these metabolic 

diseases (Bays et al. 2008). Although obesity is a major determinant of insulin 

resistance, 10–25% of obese adults remain metabolically healthy and insulin- 

sensitive, and not all insulin-resistant persons are obese (Bluher 2010). The 

possible link between obesity and metabolic diseases is inflammation 

(Hotamisligil et al. 1993). In Finnish study the prevalence of obesity increased 

over a 20-year period (1978–1980 to 2000–2001) from 11.3% to 20.7% in men 

and from 17.9% to 24.1% in women (Lahti-Koski et al. 2010). In Finland 2007 in 

FINRISKI study population the prevalence of obesity among diabetic subjects 

was 90% (Pajunen et al. 2012). 

2.5.2 Insulin resistance 

Insulin resistance is a condition where a normal amount of insulin is not sufficient 

to produce the expected glucose response in tissues (muscle, liver, adipose tissue). 

Obesity is known risk factor for insulin resistance, especially central obesity and 

related visceral fat (Ausk et al. 2010). Since the introduction of MetS or 

Syndrome X (Reaven 1988, Reaven 1992) insulin resistance has been considered 

as an important factor of metabolic disorders and type 2 diabetes. Insulin 

resistance in skeletal muscle predisposes to glucose intolerance, which can be 

worsened by increased hepatic gluconeogenesis in an insulin-resistant liver and it 

can also promote fatty liver and atherogenic dyslipidemia (Grundy 2004).  

Insulin sensitivity and resistance can be measured by different methods. The 

euglycemic clamp is the gold standard of sensitivity measurements, but it is 

expensive and time-consuming, so it cannot be widely used in epidemiological 
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studies (Bergman et al. 1987). The intravenous glucose tolerance test (IVGTT) is 

also difficult to use and time-consuming, but it can estimate β-cell function and 

insulin sensitivity in small studies (Stumvoll et al. 2000). Matsuda index has been 

first proposed by Matsuda and DeFronzo (Matsuda & DeFronzo 1999). It is also 

quite demanding, because it is calculated from the results of standard 75-g OGTT, 

but plasma insulin and glucose samples are needed at 0, 30, 60, 90, 120 and 180 

min after glucose load. Insulin sensitivity (ISI) is calculated with mathematical 

formula, three different of those exist (Kanauchi 2002). Homeostasis model 

assessment (HOMA-IR) and quantitative insulin sensitivity check index (QUICKI) 

can be calculated from a mathematical model from the fasting glucose and insulin 

levels. Oral glucose tolerance test (OGTT) and fasting blood glucose are easy to 

use and are widely used in epidemiological studies and clinical practice (Stumvoll 
et al. 2000, Stumvoll et al. 2001, Bartoli et al. 2011).  

Insulin resistance is also associated with inflammation (Haffner 2003). In 

addition to risk of type 2 diabetes, insulin resistance is a risk factor for developing 

cardiovascular disease (Haffner 2003). In the recent review Reddy et al. 
concluded that insulin resistance assessed by HOMA-IR has in several studies 

been shown to be independently predictive for CVD (Reddy et al. 2010). Figure 2 

represents the progression of insulin resistance modified from a reference in 

Reddy et al. 2010. 
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Fig. 2. Stage to stage increasing insulin resistance and cardiovascular risk and 

progression of type 2 diabetes and atherosclerosis modified from Reddy et al. 2010. 

2.5.3 Physical inactivity and nutritional factors 

Physical inactivity together with high caloric intake causes obesity and insulin 

resistance, increasing the risk of type 2 diabetes. Lakka et al. in their prospective 

study reported that higher levels of physical activity protected against the 

development of diabetes and cardiovascular disease (Lakka et al. 2001). Similar 

results have also been shown in other studies (Berlin & Colditz 1990, Lynch et al. 
1996, Laaksonen et al. 2005). Lifestyle interventions, including regular physical 

activity, have been shown to decrease the incidence of type 2 diabetes by as much 

as 58% in patients with IGT (Tuomilehto et al. 2001, Knowler et al. 2002). The 

first randomized controlled trial examining the effects of lifestyle intervention in 

preventing type 2 diabetes was the Finnish Diabetes Prevention Study (DPS) 
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(Tuomilehto et al. 2001, Lindstrom et al. 2003). Already at 2-year follow-up, the 

incidence of type 2 diabetes in the intervention group was less than half of that 

observed in the control group (Lindstrom et al. 2006).  

Blair et al 1989 reported that improving physical fitness decreased all-cause 

mortality by lowering the rates of CVD and cancer. This same result was found 

among men in 1995: physical fitness decreased CVD and CV mortality (Blair et 
al. 1989, Blair et al. 1995). 

Concerning nutritional factors, there is still much uncertainty about the 

effects involved in development of diabetes. There is evidence that high total 

caloric intake, low fiber intake, high glycemic load, and a low 

polyunsaturated/saturated fat ratio intake may predispose to type 2 diabetes (Hu et 
al. 2001).  

2.5.4 Metabolic syndrome, smoking and other risk factors 

Although MetS has been defined more as a marker of increased risk for CVD, it is 

widely used as a marker of high risk for diabetes. Several studies show that 

people with the clustering of metabolic risk factors (MetS) are at high risk for 

type 2 diabetes (Lorenzo et al. 2003, Maggi et al. 2006). Insulin resistance and 

associated low-grade inflammation are common in subjects with MetS and can 

explain the increased risk for type 2 diabetes and CVD. 

Several studies have shown that smoking increases insulin resistance. The 

incidence of glucose intolerance has been found to be higher among smokers 

compared with non-smokers in a 15-year follow-up (Houston et al. 2006). 

Depression has also been associated with increased risk to diabetes, but the 

pathophysiological mechanisms for this association remains unclear (Knol et al. 
2006). 

Both low and high birth weight has been associated with the incidence of diabetes. 

Harder and co-workers demonstrated a U-shaped correlation between birth weight 

and later risk for type 2 diabetes (Harder et al. 2007).  

2.6 Risk factors for CVD  

CVD-risk factors can also be divided to modifiable or non-modifiable risk factors. 

Table 3 shows the most usual risk markers (Bays 2009). 
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Table 3. Major risk factors for atherosclerotic heart disease events modified from Bays 

et al. 2009. 

No Situation 

1. History of atherosclerosis 

earlier coronary heart disease 

carotid artery disease 

peripheral artery disease 

aortic aneurysm 

2. Metabolic disease 

type 2 diabetes 

high blood pressure 

dyslipidemia 

prediabetes 

3. Other modifiable risk factors 

smoking 

obesity 

sedentary lifestyle, lack of exercise 

unhealthy diet  

4. Other unmodifiable risk factors 

age (men ≥ 45 yr; women ≥ 55 yr) 

family history of CHD (male first-degree relative < 55 yrs old or female < 65 yrs old) 

birth weight 

2.7 Low-grade inflammation 

Already 1876 Ebstain reported that high doses of salicylate improved glucosuria 

in diabetic patients (Ebstein W. 1876). This might have been the first sign of the 

connection between diabetes and low-grade inflammation. Later in 2006 it was 

reported that ASA improves insulin resistance in healthy men (Möhling et al. 
2006). In 1985 and 1986 Jonasson and co-workers considered atherosclerosis to 

be a chronic inflammatory disease (Jonasson et al. 1986). Further, it was 

suggested that type 2 diabetes is an inflammatory condition and elevated levels of 

acute phase inflammatory reactants could be measured in the plasma (Crook et al. 
1993, Pickup et al. 1997). The `common soil`–hypothesis was published in 1995, 

suggesting that diabetes and atherosclerosis have a common pathogenesis (Stern 

1995). The mechanistic evidence in the support of the immune hypothesis in the 

pathogenesis of atherosclerosis was provided by Hansson and Ross (Hansson et al. 
1989, Ross 1999). It is now widely accepted that both diabetes and atherosclerosis 

are inflammatory diseases (Sjoholm & Nystrom 2006, Ward et al. 2009).  
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2.7.1 Pathophysiology of low-grade inflammation 

Inflammation is a biological response to harmful stimuli. Four cardinal signs of 

inflammation were already described during the times of Hippocrates: swelling, 

rubor, heat and pain, with loss of function added later (Gonzalez-Chavez et al. 
2011). Inflammatory mediators for example cytokines and chemokines are 

produced with defective regulation. Chronic inflammation develops if the 

inflammatory response continues and acute inflammation is unable to destroy the 

harmful stimulus (Gonzalez-Chavez et al. 2011). 

Low-grade chronic inflammation is a consequence of the activation of innate 

immunity. The innate immune system is a non-specific primary defense 

mechanism against environmental threats such as microbial infection and physical 

or chemical injury. It does not exhibit a memory response, and it reacts similarly 

to a variety of organisms and threats (Parkin & Cohen 2001). Innate immune 

system is responsible for the acute phase response, caused by many cells e.g. 

macrophages, adipocytes, endothelial cells secreting cytokines like IL-1, IL-6, 

TNF-α. To date more than 200 cytokines have already been found (Banerjee & 

Saxena 2012). Cytokines are divided into subgroups of interleukins, growth 

factors, chemokines, interferons, hematopoietins etc. (Banerjee & Saxena 2012). 

Acute-phase proteins like fibrinogen, CRP, serum amyloid-A and others are 

mainly synthesized in the liver, and their production is stimulated by the 

cytokines of the innate immunity process and response (Pickup 2004). 

Furthermore cytokines are divided into pro-inflammatory and anti-inflammatory 

cytokines (IL-1 vs. IL-1Ra) (Banerjee & Saxena 2012). Inflammatory mediators 

take part in many metabolic and inflammation processes and these are shown in 

Figure 3 
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Fig. 3. Inflammatory mediators secreted from adipose tissue and participating in 

metabolic and inflammation process, based on Juge-Aubry et al. 2005. 

2.7.2 Chemokines 

Chemokines are small heparin-binding single polypeptides (70–100 amino acids 

in length), which are mainly produced by adipose tissue (Sheikine & Hansson 

2004). The main function is to attract cells in to the areas with developing 

inflammation. Chemokines were first found 14 years ago and after that they are 

considered to be important regulator of leukocyte trafficking (Sheikine & 

Hansson 2004). Since the characterization of IL-8, chemokines were first 

recognized as chemotactic molecules (Yoshimura et al. 1987, Walz et al. 1987). 

After that, already 40–50 chemokines has been found in humans (Rollins 1997). 

In the future, circulating levels of some chemokines might become useful clinical 

biomarkers of predicting diabetes and atherosclerosis. Chemokines such as IL-8 

may cause insulin resistance by attracting macrophages in to adipose tissue and 

once infiltrated there, macrophages become the major source of inflammatory 

mediators (Arkan et al. 2005, Zeyda & Stulnig 2009, Kalupahana et al. 2011).  
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2.7.3 IL-8 

Interleukin-8 (IL-8) was the first chemokine to be recognized as chemotactic 

molecule (Walz et al. 1987). Interleukin-8 (IL-8) is a chemokine produced by 

adipose tissue and associated macrophages (Gustafson et al. 2007). TNF-α has 

been shown to stimulate the production of other cytokines and chemokines like 

IL-8 (Bruun et al. 2001). It has been reported IL-8 levels to be increased and 

correlated with increasing insulin resistance in abdominal obese subjects (Bruun 
et al. 2003). IL-8 implicates vascular inflammation and it has been shown to be 

associated with the pathogenesis of atherosclerosis (Wozniak et al. 2009). Some 

other studies have shown higher levels of IL-8 in central obesity (Straczkowski et 
al. 2002), prediabetes (Straczkowski et al. 2003) and type 2 diabetes (Zozulinska 
et al. 1999). In the study of Bruun and co-workers plasma IL-8 levels were found 

to be increased and correlated with insulin resistance in abdominal obese subjects 

(Bruun et al. 2003, Bruun et al. 2004). 

2.7.4 RANTES 

Regulated on activation, normal T-cell expressed and secreted (RANTES), known 

also as CCL5 is a chemokine produced by adipose tissue and associated 

macrophages (Gustafson et al. 2007). RANTES belongs to the CC chemokine 

family, recruiting and activating different types of leukocytes such as T-cells, 

monocytes, basophils, eosinophils, and mast cells (Appay et al. 2000, Appay & 

Rowland-Jones 2001). There is only little epidemiological evidence about 

RANTES in prediabetes and diabetes. In a German study RANTES was 

associated with IGT and type 2 diabetes independently of classic metabolic risk 

factors (Herder et al. 2005). Later in 2008 they concluded in their study that 

neither CCL5 genotypes nor elevated RANTES levels were associated with 

incident type 2 diabetes and elevated RANTES concentrations in IGT and type 2 

diabetes might be consequence of hyperglycemia (Herder et al. 2008).  

Several studies in mice show evidence that RANTES plays a role in the 

pathogenesis of atherosclerosis (Veillard et al. 2004, Braunersreuther et al. 2008), 

but less is known about its role in humans. Canoui-Poitrine and co-workers 

noticed high systemic levels of RANTES in men predicting stroke but not CHD-

events (Canoui-Poitrine et al. 2011).  
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2.7.5 Anti-inflammatory cytokine IL-1Ra 

IL-1Ra is a natural antagonist to the proinflammatory cytokine IL-1α and IL-1ß 

and reflects the inflammatory response (Seckinger et al. 1987). IL-1Ra inhibits 

IL-1 action by competing with IL-1 for binding to the IL-1 receptor (IL-1R) 

(McIntyre et al. 1991). IL-1Ra has been found to be the most sensitive cytokine-

like marker in prediabetes (Ruotsalainen et al. 2006), and precede the onset of 

type 2 diabetes (Han et al. 2002).  

Interleukin-1Ra is secreted mainly from white adipose tissue (WAT) and 

these levels are increased in visceral obesity (Cartier et al. 2009) and associated 

with decreased insulin sensitivity (Saltevo et al. 2008). In some studies decreased 

IL-1Ra levels have been detected when diabetes develops (Maedler et al. 2004) 

(Marculescu et al. 2002, Spranger et al. 2003). Maedler and co-workers 2004 

reported leptin to be involved in the pathogenesis of insulin resistance, apoptosis 

of β-cells and impairing β-cell function via IL-1β signaling in human islets 

(Maedler et al. 2004). Leptin decreases β-cell production of IL-1Ra and induces 

IL-1β release. Furthermore, IL-1Ra levels are also increased in subjects with 

rheumatoid arthritis and cancer, sepsis and auto-immune diseases (Hansson et al. 
1989, Suzuki et al. 1995, Perrier et al. 1998). IL-1Ra has been linked to vascular 

inflammation and it was considered to be a key molecule involved in 

atherosclerosis (Ward et al. 2009).  

Because IL-1Ra has shown to protect the β-cells reduction, which are effects 

of high glucose and leptin, the treatment of IL-1Ra has been developed. It has 

been reported that anakinra (IL-1Ra treatment) improves β-cell function and 

reduces glucose levels and also inflammation markers (Larsen et al. 2009). 

2.8 Diabetes and cardiovascular disease – an inflammatory 
disease 

There is increasing evidence about plasma markers of low-grade inflammation 

predicting the development of diabetes (Schmidt et al. 1999, Pradhan et al. 2001, 

Festa et al. 2002, Hu et al. 2004, Meigs et al. 2004) and atherogenesis (Sjoholm 

& Nystrom 2006, Ward et al. 2009). Inflammation seems to play a role also in 

other obesity-related metabolic disorders, like MetS. Nowadays it is widely 

accepted that both diabetes and atherosclerosis are inflammatory diseases 

(Sjoholm & Nystrom 2006, Ward et al. 2009). Figure 4 shows a model 
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concerning the pathogenesis of low-grade inflammation in the etiology of type 2 

diabetes and endothelial dysfunction (Dandona et al. 2003). 

 

Fig. 4. Pathophysiology of the role of low-grade inflammation in the etiology of 

atherosclerosis and type 2 diabetes. Modified from Dandona et al. 2003. 

2.9 Metabolic Syndrome (MetS) 

The Metabolic Syndrome (Mets) is a major public health problem worldwide and 

it is highly prevalent in the adult population (Lakka et al. 2002, Ford 2005, 

Athyros et al. 2007, Phelan et al. 2007). MetS is a cluster of cardiovascular risk 

factors including hypertension, disturbed glucose metabolism, obesity 

(particularly central obesity), insulin resistance, increased triglyceride serum 

levels and decreased high-density lipoprotein (HDL) cholesterol levels. MetS is 

associated with a significantly elevated risk of developing type 2 diabetes and 

cardiovascular disease (Lakka et al. 2002, Ford 2005, Athyros et al. 2007, Phelan 
et al. 2007, Salminen et al. 2012).  

WHO first defined Metabolic Syndrome in 1998 (Alberti & Zimmet 1998), 

which has since been followed by several different criteria of MetS. After this 

other definitions for MetS have been drawn by the European Group for the Study 

of Insulin Resistance (EGIR) (Balkau & Charles 1999), the National Cholesterol 

Education Panel (NCEP) (Expert Panel on Detection, Evaluation, and Treatment 

of High Blood Cholesterol in Adults 2002), American College of Endocrinology 
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(ACE) (Bloomgarden 2004), American Heart Association (AHA) (Grundy 2005) 

and the International Diabetes Federation (IDF) (Alberti et al. 2005, Alberti et al. 
2006). The latest consensus definition (2009) has been drawn up by the 

International Atherosclerosis Society, the World Heart Federation and the 

International Association for the Study of Obesity (Alberti et al. 2009). The 

definitions of MetS in clinical practice and their components are presented in 

Table 4. 



  

41

T
a

b
le

 4
. 
D

e
fi

n
it

io
n

s
 o

f 
M

e
ta

b
o

li
c
 S

y
n

d
ro

m
e

. 

D
e
fin

iti
o

n
 

W
H

O
 1

9
9

8
 

E
G

IR
 1

9
9

9
 

N
C

E
P

 A
T

P
 I

II
 

A
A

C
E

/A
C

E
 

ID
F

2
0

0
5

 
A

H
A

 
C

o
n
se

n
su

s 
cr

ite
ri
a

 

R
e
fe

re
n
ce

 
(A

lb
e

rt
i &

 Z
im

m
e

t 
1

9
9

8
) 

(B
a

lk
a

u
 &

 C
h

a
rl

e
s 

1
9

9
9

)
2

0
0

1
* 

2
0

0
3

 

(E
in

h
o

rn
 e

t a
l. 

2
0

0
3

) 

(A
b

e
rt

i e
t a

l. 
2

0
0

3
) 

(G
ru

n
d

y 
et

 a
l. 

2
0

0
5

) 

(A
lb

e
rt

i e
t a

l. 
2

0
0

9
) 

P
re

fe
rr

e
d

 n
a

m
e

 
M

e
ta

b
o

lic
 S

yn
d

ro
m

e
 

In
su

lin
 r

e
si

st
a

n
ce

 

sy
n

d
ro

m
e

 

M
e

tS
 

In
su

lin
 r

e
si

st
. 

S
yn

d
ro

m
e

 

M
e

tS
 

M
e

tS
 

M
e

tS
 

D
e
fin

iti
o

n
 f
u

llf
ill

e
d

 
IG

T
, 

IF
G

, 
T

2
D

 o
r 

d
e
cr

e
a

se
d
 in

su
lin

 

se
n

si
tiv

ity
+

2
 o

th
e
r 

co
m

p
o

n
e

n
ts

 

In
su

lin
 c

o
m

p
o

n
e

n
t+

2
 

o
th

e
r 

co
m

p
o

n
e

n
ts

 

a
n

y 
3

 o
f 

th
e

 5
 

co
m

p
o

n
e
n
ts

  

R
e

q
u
ir

e
d
 h

ig
h

 r
is

k 

p
re

se
n

ce
 +

 2
 o

th
e

r 

co
m

p
o

n
e

n
ts

 

W
a

is
t 

ci
rc

u
m

fe
re

n
ce

 

co
m

p
o

n
e

n
ts

+
 a

n
y 

2
 

o
th

e
r 

co
m

p
o

n
e

n
ts

 

A
n

y 
3

 o
f 

th
e

 5
 

co
m

p
o

n
e

n
ts

 

A
n

y 
o

f 
th

e
 5

 

co
m

p
o

n
e

n
ts

 

O
b
e

si
ty

 
W

H
R

 >
 0

.9
0
/M

 

>
 0

.8
0

/F
 a

n
d

/o
r 

B
M

I 
>

 3
0

 k
g

m
-2

 

W
C

 ≥
 9

4
 c

m
/M

 

≥
 8

0
 c

m
/F

 

W
C

 ≥
 1

0
2

 c
m

/M
, 

 

≥
 8

8
 c

m
/F

 

N
o
t 

n
e

ce
ss

a
ri
ly

(*
*)

 
W

C
 ≥

 9
4

 c
m

/M
 

≥
 8

0
 c

m
/F

 (
e

th
n

ic
-

sp
e

ci
fic

 v
a
lu

e
s)

 

W
C

 ≥
 1

0
2

 c
m

/M
, 

 

≥
 8

8
 c

m
/F

 

W
C

 ≥
 9

4
 c

m
/M

 

≥
 8

0
 c

m
/F

 p
o

p
u

la
tio

n
 

a
n
d
 c

o
u
n
tr

y-
sp

e
c 

va
lu

e
s 

(E
u

ro
p

e
) 

B
lo

o
d

 p
re

ss
u

re
 

(m
m

H
g

) 

≥
 1

4
0
/9

0
 

≥
 1

4
0
/9

0
 

≥
 1

3
0
/8

5
 

≥
 1

3
0
/8

5
 

≥
 1

3
0

/8
5

 o
r 

m
e
d

ic
a

tio
n

 

sB
P

 ≥
 1

3
0

 a
n

d
/o

r 

d
B

P
 ≥

 8
5

 o
r 

m
e
d

ic
a

tio
n

 

sB
P

 ≥
 1

3
0

 a
n

d
/o

r 
d

B
P

 

≥
 8

5
 

D
ys

lip
id

e
m

ia
, 

lip
o

p
ro

te
in

s 

(m
m

o
l/l

)  

T
G

 ≥
 1

.7
 a

n
d

/o
r 

H
D

L
 <

 0
.9

/M
, 

<
 1

.0
/F

 

T
G

 ≥
 2

.0
 a

n
d

/o
r 

H
D

L
 <

 1
.0

 o
r 

m
e

d
ic

a
tio

n
 

T
G

 ≥
 1

.7
 a

n
d

/o
r 

H
D

L
 <

 1
.0

4
/M

, 

<
 1

.2
9

/F
 

T
G

 ≥
 1

.7
 a

n
d

/o
r 

H
D

L
 <

 1
.0

/M
, 

<
 1

.0
3

/F
 

T
G

 ≥
 1

.7
 a

n
d

/o
r 

 

H
D

L
 <

 1
.0

4
/M

, 

<
 1

.2
9

/F
 

T
G

 >
 1

.7
  

T
G

 ≥
 1

.7
 a

n
d

/o
r 

H
D

L
 <

 1
.0

/M
, 

<
 1

.0
3

/F
 

G
lu

co
se

 
* 

N
o

n
 d

ia
b

e
tic

, 
b

u
t 

fa
st

in
g

 ≥
 6

.1
/2

h
 p

la
sm

a
 

g
lu

co
se

 ≥
 7

.8
 m

m
o

l/l
 

fa
st

in
g

 p
la

sm
a

 

g
lu

co
se

 ≥
 6

.1
 m

m
o

l/l
 

fa
st

in
g

 p
la

sm
a

 

g
lu

co
se

 ≥
 6

.1
 m

m
o

l/l
 

o
r 

IG
T 

fa
st

in
g

 p
la

sm
a

 

g
lu

co
se

 ≥
 5

.6
 m

m
o

l/l
 

o
r 

a
n

ti-
d

ia
b

e
tic

 

m
e
d

ic
a

tio
n
  

fa
st

in
g

 p
la

sm
a

 

g
lu

co
se

 ≥
 5

.6
 

m
m

o
l/l

 

fa
st

in
g

 p
la

sm
a

 g
lu

co
se

 

≥
 5

.6
 m

m
o

l/l
 o

r 
a

n
ti-

d
ia

b
e

tic
 m

e
d

ic
a

tio
n

 

In
su

lin
 r

e
si

st
a

n
ce

 
IF

G
, 

IG
T

, 
T

2
D

 
h

ig
h

e
st

 q
u

a
rt

ile
 o

f 

fa
st

in
g
 in

su
lin

 v
a

lu
e

s 

(n
o

t 
d

ia
b

e
tic

) 

- 
- 

- 
- 

- 

o
th

e
r 

m
ic

ro
a

lb
u

m
in

u
ri

a
 

- 
- 

**
h

ig
h

 r
is

k 
h

ig
h
 r

is
k 

- 
- 

d
B

P
 =

 d
ia

st
o

lic
 b

lo
o

d
 p

re
ss

u
re

, 
F

 =
 f

e
m

a
le

, 
M

 =
 m

a
le

, 
IG

T
 =

 im
p

a
ir

e
d

 g
lu

co
se

 t
o

le
ra

n
ce

, 
IF

G
 =

 im
p

a
ir

e
d

 F
a

st
in

g
 g

lu
co

se
, 

W
H

R
 =

 w
a

is
t-

h
ip

-r
a

tio
,T

2
D

 =
 t

yp
e

 2
 d

ia
b

e
te

s,
 B

M
I 

=
 b

o
d

y 

m
a

ss
 in

d
e

x,
 W

C
 =

 w
a

is
t 

ci
rc

u
m

fe
re

n
ce

, 
T

G
 =

 t
ri
g

ly
ce

ri
d

e
s,

 H
D

L
 =

 h
ig

h
 d

e
n

si
ty

 li
p

o
p

ro
te

in
, 

*E
xp

e
rt

 P
a

n
e

l o
n

 D
e

te
ct

io
n

, 
E

va
lu

a
tio

n
, 

a
n

d
 T

re
a

tm
e

n
t 

o
f 

H
ig

h
 B

lo
o

d
 C

h
o

le
st

e
ro

l i
n

 A
d

u
lts

 

2
0

0
1

, 
**

h
ig

h
 r

is
k:

 B
M

I 
>

2
5

 k
g

/m
2

, 
W

C
 ≥

 9
4

 c
m

/M
, 

W
C

 ≥
8

8
 c

m
/F

, 
d

ia
g

n
o

si
s 

o
r 

fa
m

ily
 h

is
to

ry
 o

f 
h

yp
e

rt
e

n
si

o
n

/C
V

D
, 

g
e

st
a

tio
n

a
l d

ia
b

e
te

s,
 I

F
G

/I
G

T
, 

se
d

e
n

ta
ry

 li
fe

st
yl

e
, 

a
g

e
 >

4
0

, 
ce

rt
a

in
 

e
th

n
ic

ity
 

 



 

42 

2.9.1 Definitions of MetS 

NCEP, NCEP modified The definition of MetS by the National Cholesterol 

Education Panel (NCEP) was published in 2001 and the final report in 2002 

(Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol 

in Adults 2002). The NCEP definition was later modified with lower waist 

circumference cut-points (NCEPm), same as in the IDF definition. It differs from 

the IDF-definition because the waist circumference is not an obligatory criterion 

for MetS (Grundy et al. 2005). 

IDF In 2005 the International Diabetes Federation (IDF) has defined the 

newest definition for MetS with central obesity (waist circumference with 

ethnicity-specific values) as an obligatory item, plus any two of the following: 

raised triglycerides, reduced HDL cholesterol, raised blood pressure or raised 

fasting plasma glucose (Alberti et al. 2005, Alberti et al. 2006). Because the risk 

of type 2 diabetes is already high at much lower levels of central adiposity in 

Asian countries than in Caucasian population, a need for ethnic-specific cut-off 

points was suggested (Tan et al. 2004, Alberti et al. 2005). The difference 

between these definitions, is mainly the lower and obligatory central obesity cut-

points with ethnic-specific values. 

Consensus definition There have been huge differences in the prevalence of 

MetS measured with different definitions (Alberti et al. 2009) which is why there 

has been a need to harmonize the definitions. The international expert committee 

pronounced a consensus definition in 2009. An elevated glucose level is one 

component of the consensus definition of the Metabolic Syndrome (MetS) 

(Alberti et al. 2009). Other components of MetS are waist circumference, 

elevated blood pressure, triglycerides or reduced HDL-cholesterol. Presence of 

any 3 of these 5 components confer the diagnosis of MetS (Alberti et al. 2009). 

2.9.2 Prevalence of MetS 

The prevalence of MetS increases worldwide and in all age-groups as obesity 

increases (World Health Organization 2011). The prevalence of MetS depends on 

age (Ford et al. 2010a), sex (Mattsson et al. 2007), the definition used (Ford et al. 
2010e) and ethnicity (Ford et al. 2010a). Also environmental and behavioral 

factors (sedentarily lifestyle, low physical activity, smoking, high-fat diet, sleep 
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deprivation etc.) contribute to the development of MetS (Isomaa et al. 2001, Ford 
et al. 2002, Park et al. 2003).  

Isomaa and co-workers noticed that the prevalence of MetS as defined by 

WHO 1998 was 6% in middle-aged women with normal glucose tolerance (NGT), 

but 80% in patients with type 2 diabetes (Isomaa et al. 2001). In subjects with 

NGT, the prevalence of MetS increased with age and was higher in men than 

women. The prevalence of MetS has been found to increase with age also in 

several other studies and populations (Ford et al. 2002, Hildrum et al. 2007, Ford 
et al. 2010a). In 2006 Maggi et al found out that the prevalence of MetS defined 

by NCEP ATP III criteria in an elderly Italian population (65–84 years) was 

higher in non-diabetic women vs. non-diabetic men (55.2% vs. 25.9%) and also 

higher in diabetic women vs. diabetic men (87.1%, vs. 64.9%) (Maggi et al. 
2006). It was discussed that this could be due to selective mortality of men with 

MetS at younger ages (Maggi et al. 2006). 

The increase in the prevalence of MetS has been quick. In the U.S. the 

prevalence of MetS in males aged 20–70 years has increased from 24% in 2002 to 

34.3% in 2010 (Ford et al. 2002, Ford et al. 2010a). In Finland the overall 

prevalence of MetS in 30-year-old subjects in northern Finland birth cohort was 

(defined with NCEP) 9.6% in 2001, compared to 15% in 2007 (Raiko et al. 2010). 

2.9.3 The prevalence of MetS and individual components in the 

elderly population 

Limited data are available on the Metabolic Syndrome (MetS) and its individual 

components in elderly people (aged 70 years and over) at population level in 

Northern Europe. It has been noticed that in Swedish elderly population, the 

prevalence of MetS ( measured by NCEP) was 68% in men and 58% in women 

aged 70 years (Gause-Nilsson et al. 2006).  

It has been observed that glucose levels increase with age (Cowie et al. 2010). 

In the Swedish elderly population the prevalences of glucose abnormalities were 

29% in men and 19% in women (Gause-Nilsson et al. 2006). Abdominal obesity 

has been found to be more common in women than in men (Gause-Nilsson et al. 
2006). The key difference between the NCEP and IDF definitions is the lower 

waist-circumference cut-off point in the IDF definition (Expert Panel on 

Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults 2002, 

Alberti et al. 2005). This leads to a higher prevalence of MetS with the IDF-

definition, especially among women. The IDF-definition requires waist 
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circumference as an obligatory measurement and the waist circumference is 

adjusted for ethnicity (Alberti et al. 2005, Alberti et al. 2006).  

In a Swedish elderly population the prevalence of MetS as defined by NCEP 

was 26.2% in men and 19.2% in women (Gause-Nilsson et al. 2006). In the 

Norwegian HUNT-study the prevalence of MetS in men and women (aged 70 to 

79 years) measured with the IDF criteria was 44.8 and 60.4%, respectively 

(Hildrum et al. 2007). 

2.10 MetS- definitions as a tool to detect CVD and diabetes risk 

MetS individual components of the most widely used definitions (NCEP, IDF) are 

considered to be traditional independent risk components of cardiovascular 

disease (CVD): increased waist circumference as a sign of insulin resistance, high 

blood pressure, dyslipidemia and hyperglycemia. Several prospective studies have 

shown that MetS predicts development of CVD (Isomaa et al. 2001, Ford 2005, 

Maggi et al. 2006) and diabetes (Lorenzo et al. 2003, Maggi et al. 2006, 

Salminen et al. 2012). The definitions of MetS are possible tools for identifying 

people at high risk for diabetes and cardiovascular disease, but it has been noticed 

in some studies that there is variation between the performances of different 

criteria in different populations (Qiao 2006, Eddy et al. 2008). Some studies have 

proved that it does not predict CVD any better than the individuals components or 

their sum (Koskinen et al. 2009, Eckel et al. 2010). 

Data on MetS, by the IDF criteria as a predictor of cardiovascular disease in 

elderly population are controversial. Wang and co-workers have shown that all 

the three definitions under investigation predicted stroke in elderly Finnish 

subjects during 14-year follow-up (Wang et al. 2008), and cardiovascular 

mortality during 13-year follow-up (Wang et al. 2007). In an Italian study of 

elderly population (5632 persons aged 65–84 years), MetS defined by NCEP was 

associated with stroke or diabetes during a 4-year follow-up (Maggi et al. 2006). 

On the contrary in an Italian study of an elderly population (3038 persons aged 65 

to 84 years) the IDF-definition of MetS was not associated with a myocardial 

infarct or stroke at baseline, and nor did it predict a myocardial infarct or stroke 

during a 3-year follow-up (Motta et al. 2009).  

MetS has been meant to be a tool for physicians, mainly general practitioners 

to assess the risk for development of cardiovascular disease. In the decision 

making process of the general practitioner, it is important to know the risk factors 

of CVD on population level. The difficulty is that MetS has too many definitions 
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and it has not yet been established into use in clinical practice (Eckel et al. 2010), 

even though it has become a familiar term in clinical practice and even among 

patients. There is indeed a need for harmonizing the current criteria (Alberti et al. 
2009). There has been plenty of discussion, whether we should reject the use of 

MetS (Sattar et al. 2008). In the elderly population Sattar and co-workers showed 

only weak or no association between MetS and vascular risk (Sattar et al. 2008).  
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3 Purpose of the present study 

The overall aim of the present study was to assess 

I  do the HbA1C-criteria detect a different prevalence of prediabetes as 

compared to the use of IFG or IGT, and do these definitions overlap. Also the 

aim was to find out if the traditional cardiovascular risk factors differ between 

these definitions. 

II  IL-1Ra, IL-8 and RANTES levels in prediabetic subjects compared with 

control group of type 2 diabetic and normoglycemic subjects, associated with 

traditional cardiovascular risk markers. 

III  HbA1C, 2-h glucose and fasting glucose as predictors of type 2 diabetes, CVD 

and CVD mortality during a prospective population-based study with a 10-

year follow-up. 

IV  the prevalence of the individual components of MetS in an aging population, 

and compare the prevalence of MetS measured by NCEP, modified NCEP, 

and IDF-criteria. 
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4 Subjects and methods 

4.1 Study population 

The present study consisted of the Oulu 35 population. This prospective 

population-based study conducted in 1990–2008 assessing the prevalence of type 

2 diabetes and glucose abnormalities. All inhabitants of the city of Oulu, Finland, 

born in 1935 and living in Oulu on 1th October 1990 (N = 1008), were invited to 

participate at baseline 1990–1992 and in two follow-up phases 1996–1998 and 

2007–2008. In 1990–1992 1008 (245 men and 552 women) were invited to 

participate the study of whom 831 (82%) enrolled.  

The first Oulu 35 follow-up study was the baseline of the present study and 

was conducted between 1996 and 1998. In this phase 815 were invited, of whom 

593 (73%) (245 men) enrolled. The next follow-up was collected between 2007 

and 2008. All living subjects who were invited 1996–1998 and living in Oulu in 

January 2007 (n = 715) were invited to the study, 539 (75%) of the subjects (320 

women and 219 men) attended. Mean age of participants 2007–2008 was 71.9 

years (SD ± 0.5).  

Two of these original articles were based on the data of cross-sectional study 

of 1996–1998 data, one on the data of 2007–2008 follow-up study and one on the 

10 years follow-up from 1996–98 to 2007–2008. Measurements used in 1996–

1998 and 2007–2008 are described later. Formation of the study population and 

CVD-analysis in the follow-up study (paper III) is shown in Fig.4. 

Inflammatory analysis consisted of 368 subjects. These subjects participated 

all three phases of the Oulu 35 study and inflammatory mediators were assessed 

in all three phases. 
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Fig. 5. Formation of the study population for diabetes and CVD analysis (paper III). 
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4.2 Study protocol 

Mailed questionnaires, interviews, clinical examinations, and laboratory 

investigations were used in collecting the data at baseline and also 2007–2008. 

The socioeconomic status (marital status and employment) was asked. Self-

reported data regarding presence of diseases and medication were recorded. 

Exercise behavior was also asked and classified. Participants completed 

questionnaires to answer questions on smoking, alcohol consumption and exercise. 

Smoking was quantified as number of cigarettes and years smoked, and smoking 

status was classified into current or non-smokers. Alcohol consumption was 

quantified as units per week and alcohol status of participants classified as 

teetotalers or users. Exercise behavior was determined by asking the participants 

about the frequency and duration of exercise, and participants classified as active 

or inactive.  

4.3 Measurements 

4.3.1 Anthropometrical measurements 

The study protocol included measurements of blood pressure, weight, and height 

in light clothing. Body mass index (BMI, kg/ m2) was calculated by dividing 

weight in kg by height in m2, and subjects were classified as normal (BMI < 25.0), 

overweight (BMI 25.0–29.9), or obese (BMI ≥ 30.0). Waist was measured by the 

research nurse from midway between the lowest rib and the iliac crest to the 

nearest cm. 

4.3.2 Blood pressure 

Blood pressure was measured twice with a validated and calibrated digital 

automatic device (Omron IC and from the year 2003 TM Intelli model HEM-757, 

Omron® Healthcare, Japan) by a trained research nurse after a 5–10 minutes rest 

in a sitting position. The mean value was used. 

4.3.3 Biochemical measurements 

Venous blood samples were drawn after an overnight fast for plasma glucose and 

lipids. All plasma samples were analyzed in the laboratory of the University 
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Hospital of Oulu according to standardized protocol. Type 2 diabetes was 

confirmed by two diabetic 2-h and/or fasting values.  

A standardized 75-g oral glucose tolerance test (OGTT) was performed 

according to WHO 1985 guidelines in 1996–98. After a 12h overnight fast, 

venous blood samples were drawn at 08:00–10:00am for fasting glucose and also 

for HbA1C. The fasting value was determined from whole blood and 2-h glucose 

was determined from a capillary sample in accordance with contemporary 

guidelines (Alberti & Zimmet 1998). The capillary blood samples were analyzed 

immediately after collection. HbA1C was analyzed with the Bayer DCA2000 

Analyzer, calibrated to the Diabetes Control and Complications Trial standard 

(DCTT) (the American Diabetes Assosication for the Study of Diabetes & 

European Association for the Study of Diabetes 2007). 

Serum immunoreactive insulin concentration was measured by 

radioimmunoassay (RIA) using the Phadeseph Insulin RIA100 kit (Pharmacia 

Diagnostics AB, Uppsala, Sweden). 

Insulin resistance was calculated using homeostasis model assessment of 

insulin resistance (HOMA-IR) (Matthews et al. 1985, Levy et al. 1998).  

4.3.4 Analysis of inflammatory markers 

The inflammatory markers were analyzed in the Institute of Biomedicine, 

Department of Physiology & Biocenter of Oulu University. The inflammatory 

markers analysis was done with the Bio-Plex 200 system based on Luminex 

xMAP technology (Bio-Rad Laboratories Inc., CA, USA) with Milliplex human 

chemokine/cytokine and CVD/cytokine kits (Cat# HCYTOMAG-60K-12 and 

Cat# SPR349, Millipore, St Charles, MO, USA). Before the analysis the plasma 

samples were centrifuged for 10 min 13300 G in 4°C and diluted 1:100 with 

assay buffer for CVD/cytokine assay. The assays were controlled and the assay 

conditions were standardized and pre-optimized to ensure optimal reproducibility 

of the assays. The samples were measured singly. The analyses were performed 

according to manufacturer’s instructions and the results were automatically 

calculated with Bio-Plex Manager Software version 4.3 with five-parameter 

logistic equations, as previously described (Myhrstad et al. 2011). The intra-assay 

CV% for IL-1RA, IL-8 and RANTES were 2.4, 1.9 and 1.9, and the inter-assay 

CV% 10.7, 3.5 and 5.0, respectively. 
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4.3.5 Glucose tolerance status and insulin resistance 

Glucose tolerance status was classified according to the WHO 1999 criteria 

(Alberti & Zimmet 1998). Due to the low number of combined IFG&IGT, this 

group was included in the IGT group in the analysis of the third article. For 

diabetes analysis, participants with HbA1C ≥ 6.5% or diabetes on OGTT at 

baseline were excluded. Participants were classified as having diabetes, or free of 

diabetes, based on their OGTT status at follow-up. For cardiovascular analysis, 

participants with self-reported cardiovascular disease at baseline were excluded. 

Insulin resistance was calculated using HOMA-IR (Matthews et al. 1985, 

Levy et al. 1998). Concentrations of whole blood glucose were converted to 

equivalent plasma glucose concentrations, using a previously described formula 

(Carstensen et al. 2008). The highest quartile of HOMA-IR was considered as 

insulin resistance.  

4.4 Definitions of prediabetes 

Prediabetes was classified as IFG (fasting blood glucose, FBG 5.6–6.0 mmol/L, 

IGT (2-hour BG ≥ 7.8 and < 11.1 mmol/L, elevated HbA1C (HbA1C 5.7–6.4%). 

Isolated forms of prediabetes were referred to as i-IGT, i-IFG and i-HbA1C 5.7–

6.4%. 

4.5 Metabolic Syndrome definitions 

MetS was defined according to NCEP (Expert Panel on Detection, Evaluation, 

and Treatment of High Blood Cholesterol in Adults 2002), modified NCEP 

(Grundy 2005) and IDF definition (Alberti et al. 2005, Alberti et al. 2006) criteria. 

4.6 Cardiovascular and mortality outcomes 

Incidence of CVD and CVD mortality was evaluated from date of the baseline 

OGTT in 1996–1998 to 1 May 2009. Cardiovascular diagnoses (coded according 

to ICD- 10: I00 –I99) were obtained from the Oulu University Hospital discharge 

register for inpatient and outpatient visits. The prevalence of CVD was self-

reported by participants at baseline. For cardiovascular analysis, participants with 

self-reported cardiovascular disease at baseline were excluded. 
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All participants lived in the catchment area of the same tertiary care center, 

and any cardiovascular symptoms requiring hospital care were thus treated in the 

same center. Information on deaths was obtained from official death certificates 

(obtained from Statistics, Finland), coded according to ICD-10. 

4.7 Statistical analysis 

Differences in continuous variables were analyzed with two-way ANOVA and 

Kruskal-Wallis, as appropriate, and P values were adjusted for sex. Values of 

P < 0.05 were considered statistically significant. SAS software (SAS Institute, 

Cary, NC) was used for statistical analysis (I-IV). 

Continuous variables are presented as mean (standard deviation) and for 

categorical variables as proportions. T-test was used to compare means between 

two groups, and for categorical variables Chi-Square test. The following 

measurements; triglycerides, fasting and 2-hour glucose, HbA1C , fasting insulin 

and HOMA-IR and inflammation markers, IL-1Ra, IL-8 and RANTES were log-

transformed to normalized their distributions for analyses. ANCOVA was used to 

compare levels of inflammation markers between subjects with normoglycemia, 

prediabetes and type 2 diabetes, and adjusted for waist circumference. Association 

between inflammation markers and anthropometric and metabolic variables were 

assessed by partial Spearman correlations coefficients, adjusted for gender. 

P < 0.05 was considered statistically significant. Statistical analysis was 

performed using SAS 9.2 TS. for Windows (SAS Institute Inc., Gary NC, USA) 

(II). 

Glucose tolerance status was classified according to the WHO 1999 criteria 

(Alberti & Zimmet 1998). Because of the low number of individuals with 

combined IFG and IGT, this group was included in the IGT group for analysis. 

Baseline characteristics of groups were compared with t tests and the Mann- 

Whitney U test, where appropriate. Categorical variables, presented as 

percentages, were compared with a x2 test. Associations between fasting and 2-h 

glucose, HbA1C and incident type 2 diabetes, and CVD were analyzed with log-

binomial regression. Crude and adjusted relative risks with 95% CI are presented. 

Predictive properties of fasting and 2-h glucose and HbA1C for incident type 2 

diabetes were evaluated with receiver operating characteristic curves. Areas under 

the receiver operating characteristic curves (AUCs) were calculated and 

compared with a nonparametric method. All data were analyzed with Stata 

(version 11MP) (III.). 
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4.8 Ethical consideration 

The study protocol was approved by the Ethics Committee of the Faculty of 

Medicine, University of Oulu, Finland. The purpose of the study was explained to 

the participants and a written consent was obtained from all subjects. The data 

and questionnaires are stored and protection of them is guaranteed in the Institute 

of Health Sciencies at the University of Oulu. 
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5 Results 

5.1 Characteristics of the study subjects (papers I, III–IV) 

Table 5 represents the characteristics of the study population in 1996–1998 

(baseline of the study) and on the follow-up in 2007–2008. Gender differences 

were observed in incidence of cardiovascular disease and glucose status at follow-

up. Participants who developed type 2 diabetes had a higher fasting glucose, 2h 

glucose and HbA1C at baseline (p < 0.0001), and also had higher BMI at baseline 

(p < 0.0005) as compared to those who remained non-diabetic.  

Table 5. Characteristics of the cohort on baseline 1996–1998 and follow-up 2007–2008. 

Variable Male 

N = 223 

Female 

N = 330 

p-value 

Baseline 1996–98    

Novel type 2 diabetes 10.3%  08.5% 0.466 

BMI (kg/m2) 27.6 (3.5) 27.9 (4.5) 0.450 

Current smokers (%) 18.4% 14.9% 0.277 

Alcohol use (%) 84.3% 70.0% < 0.001 

Physically inactive (%) 28.2% 23.7% 0.243 

Diastolic blood pressure (mmgH) 79.5 (7.6) 78.8 (7.6) 0.388 

Systolic blood pressure (mmgH) 141.8 (17.7) 141.5 (16.7) 0.859 

Total cholesterol (mmol/L) 5.6 (0.9) 6.0 (0.9) < 0.001 

HDL cholesterol (mmol/L) 1.3 (0.3) 1.6 (0.4) < 0.001 

LDL cholesterol (mmol/L) 3.7 (0.8) 3.8 (0.8) 0.090 

Fasting glucose (mmol/L) 5.0 (0.6) 5.0 (0.6) 0.188 

2h glucose (mmol/L) 6.8 (2.1) 7.0 (1.7) 0.017 

HbA1c (%) 5.4 (0.4) 5.4 (0.4) 0.672 

Self reported previous CVD 8.5% 5.5% 0.157 

Follow-up 2007–2008    

CVD-diagnosis 45.3% 35.8% 0.025  

Mortality 

CVD 

10.8% 

04.3% 

07.6% 

01.9% 

0.196 

0.110 

Glucose-status N = 168 N = 258 < 0.001 

Type 2 Diabetes 26.2% 19.0%  

IGT 20.8% 19.4%  

IFG 16.1% 07.0%  

NGT 36.9% 54.6%  
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Table 6. Characteristics of the subgroup of study cohort, which participated in the 

analysis of the inflammatory markers. 

 Variable Men 

(N = 145) 

Women 

(N = 222) 

p-value 

BMI (kg/m2) 28.0 (3.4) 27.7 (4.3) 0.424 

Waist circumference (cm) 96.6 (9.7) 83.7 (11.4) < 0.001 

Systolic BP (mmHg) 142 (16.8) 142 (17.1) 0.988 

Diastolic BP (mmHg) 79.3 (7.4) 78.5 (8.2) 0.355 

HDL Cholesterol (mmol/l) 1.3 (0.3) 1.6 (0.4) < 0.001 

Triglycerides (mmol/l)* 1.4 (0.7) 1.3 (0.6) 0.817 

fB-glucose (mmol/l) 5.2 (0.8) 5.0 (0.7) 0.572 

2h glucose*( mmol/l) 6.9 (2.2) 7.1 (1.7) 0.046 

HbA1c*(%) 5.5 (0.6) 5.4 (0.5) 0.074 

Fasting-insulin*(pmol/l) 11.9 (6.7) 10.3 (4.8) 0.184 

HOMA-IR* 1.6 (0.9) 1.4 (0.7) 0.004 

Interleukin-1Ra*(pg/ml) 40.7 (148) 20.1 (69.2) 0.005 

Interleukin-8* (pg/ml) 21.2 (37.0) 14.2 (16.3) 0.068 

RANTES (ng/ml) 34.74 (21.83) 38.46 (32.48) 0.078 

Prediabetes (%) 40 (28.0%) 62 (28.4%) 0.923 

Type 2 diabetes (%) 26 (18.2%) 23 (10.6%) 0.039 

Data are means (sd), *) analyses based on log-transformed values. Abbreviations: BMI indicates body 

mass index, BP, blood pressure; HbA1c, Hemoglobin A1c; HOMA-IR, homeostasis model assessment of 

insulin resistance; RANTES, Regulated and activation, normal T-cell and expressed and secreted; 

prediabetes by the ADA 2010 definition. 

Table 6 shows the characteristics of the cohort participating the inflammatory 

sub-study, which included 222 women and 145 men. Men had higher waist 

circumference (96.6 cm vs. 83.7 cm, p < 0.001), HOMA-IR (1.6 vs.1.4, p = 0.004) 

and lower HDL-cholesterol-levels (1.3 vs.1.6 p < 0.001) than women. The 

prevalence of type 2 diabetes was higher in men than in women (18.2% vs. 10.6%, 

p = 0.026). With regard to inflammatory markers, IL-1Ra levels were higher in 

men than women (40.7 pg/ml vs. 20.1 pg/ml p = 0.005). In addition, IL-8 (21.2 

pg/ml vs.14.2 pg/ml, p = 0.068) and RANTES (34.74 ng/ml vs.38.46 ng/ml, 

p = 0.078) also showed a non-significant trend for higher levels in men than in 

women. 
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5.2 Prevalence and overlap of prediabetes defined by isolated 
HbA1c 5.7–6.4%, IFG and IGT (I) 

Prevalence of prediabetes (either IFG, IGT or HbA1c 5.7–6.4% or a combination 

of these) in this population was 33.8% (n = 165) (Figure 6.). Prevalences of 

isolated HbA1c 5.7–6.4%, IGT, and IFG were 8.0%, 13.2%, 4.5%, respectively. 

Overlap between these three markers was uncommon. Only 5 (1%) individuals 

fulfilled all three criteria (IFG, IGT, HbA1c 5.7–6.4%). Nine (2%), 8 (2%) and 17 

(4%) subjects were included in the combination of IFG/IGT, IFG/ HbA1c 5.7–

6.4%, IGT/ HbA1c 5.7–6.4%, respectively.  

Fig. 6. Venn diagram representing the percentage of isolated HbA1c 5.7–6.4%, IFG and 

IGT (n = 165) among study participants (n = 486). The area outside the circles 

indicates those with no elevated markers (n = 321, 66.3%). Surface area of region is 

proportional to the percentage. 
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5.3 Correlations of glycemic measures with cardiovascular risk 
factors in non-diabetic subjects (I)  

HbA1c had strongest correlations with waist circumference (r = 0.24), BMI 

(r = 0.21) and 2h insulin (r = 0.24), HOMA-IR (r = 0.21), and a negative 

correlation with HDL (r = −0.21). Other significant correlations were found with 

fasting insulin (r = 0.20), triglycerides (r = 0.20) and LDL (r = 0.10) (Table 7.). 

Fasting glucose correlated with same variables as HbA1c, except for LDL-

cholesterol. Strong correlation was found between fasting glucose and HOMA-IR 

(r = 0.38).  

2h-glucose correlated strongly with 2h-insulin (r = 0.64), fasting insulin, 

HOMA-IR, triglycerides, BMI and negative correlation with HDL. No significant 

correlation was observed between 2h glucose with waist circumference. 

Table 7. Spearman correlation coefficients (95% CI) between glycemic measures, 

anthropometric and metabolic variables in non-diabetic participants. 

Variable HBA1C Fasting glucose 2h glucose 

BMI (kg/m²) 0.21 (0.12 to 0.29) 0.21 (0.12 to 0.29) 0.09 (0.001 to 0.18) 

Total cholesterol (mmol/L) -0.05(-0.15to 0.06) -0.05(-0.15 to 0.05) -0.06 (-0.16 to 0.04) 

LDL-cholesterol (mmol/L) 0.10 (0.01 to 0.19) -0.02(-0.11 to 0.07) 0.06 (-0.03 to 0.15) 

HDL-cholesterol (mmol/L) -0.21 (-0.30 to -0.13) -0.14(-0.22 to -0.05) -0.10(-0.18 to -0.01) 

Triglycerides (mmol/L) 0.20 (0.11 to 0.29) 0.09 (0 to 0.18) 0.11 (0.03 to 0.20) 

HbA1c (%)  - 0.23 (0.14 to 0.31) 0.19 (0.11 to 0.28) 

Fasting glucose (mmol/L) 0.23 (0.14 to 0.31) - 0.13 (0.04 to 0.22) 

2-h glucose (mmol/L) 0.19(0.11 to 0.28) 0.13 (0.04 to 0.22) - 

Fasting insulin (IU/L) 0.20 (0.11 to 0.28) 0.30 (0.22 to 0.38) 0.17 (0.08 to 0.26) 

2h-insulin (IU/L) 0.24 (0.15 to 0.33) 0.15 (0.06 to 0.24) 0.64 (0.58 to 0.69) 

HOMA-IR 0.21 (0.12 to 0.30) 0.38 (0.30 to 0.45) 0.18 (0.09 to 0.26) 

Indices: BMI, body mass index; HOMA-IR, homeostasis model assessment for insulin resistance 

5.4 Differences in cardiovascular risk factors between isolated 
HbA1c 5.7–6.4%, IFG and IGT (I) 

Mean BMI was higher in subjects with i-HbA1c 5.7–6.4% (29.7 kg/m²) compared 

to i-IFG (27.5 kg/m², p = 0.032) and i-IGT (27.9kg/m², p = 0.022) (Table 8). Also 

waist circumference tended to be higher in i- HbA1c 5.7–6.4% group, compared to 

i-IGT (94.6 cm vs. 89.6 cm, p = 0.059). Systolic blood pressure tended to be 

lower in i- HbA1c 5.7–6.4% group than in i-IFG-group (136 mmHg vs. 145 

mmHg, p = 0.070) and was lower compared to i-IGT-group (136 mmHg vs. 145 
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mmHg, p = 0.019). Diastolic blood pressure tended to be lower in isolated HbA1c 

5.7–6.4% -group than in IGT group. Only 30.8% of subjects in i- HbA1c 5.7–6.4% 

-group had antihypertensive medication, while corresponding prevalences were 

48.4% and 31.8% in isolated IGT and IFG- groups, respectively. HDL-level was 

lower in i- HbA1c 5.7–6.4% and triglycerides were higher compared to i-IFG 

(HDL 1.33 mmol/L vs. 1.54mmol/L, p = 0.033), triglycerides (1.38 mmol/L vs. 

1.17 mmol/L, p = 0.018, respectively).  

There were no significant differences in fasting insulin between the isolated 

glycemic groups, but 2h insulin was higher in i-IGT (71.0 mU/L) than i-IFG(39.0 

mU/L ), i- HbA1c 5.7–6.4% (47.00 mU/L ), and NGT (32.00 mU/L ), (p = 0.005, 

p = 0.014, p < 0.001, respectively). There was no significant differences in 

HOMA-IR between these groups, i- HbA1c (1.5) compared to i-IGT (1.29) 

(p = 0.452) and to i-IFG (1.87) (p = 0.578). When compared to NGT, all these 

groups (IFG, IGT, HbA1c 5.7–6.4%) were statistically significantly insulin 

resistant measured by HOMA-IR (p < 0.001, 0.010, 0.004), respectively. 
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Table 8. Cardiovascular risk factors associated to isolated elevated HbA1c 5.7–6.4%, 

isolated IFG, isolated IGT and normoglycemia. 

 Variable i- HbA1c 5.7–

6.4% 

N = 39 

i-IFG 

N = 22 

i-IGT 

N = 64 

NGT 

N = 322 

p-value 

i-HBA1C 

vs. i-IFG 

i-HBA1C 

vs. i-IGT 

i-IGT vs. 

i-IFG 

Women 56.4% 45.5% 60.9% 61.5%    

BMI (kg/m2) 29.7  

(5.97) 

27.5  

(3.00) 

27.9  

(4.01) 

27.1  

(3.61) 

0.032 0.022 0.666 

Waist (cm) 94.6  

(13.9) 

91.5  

(10.3) 

89.6  

(12.0) 

86.9  

(11.6) 

0.419 0.059 0.495 

Systolic BP 

(mmHg) 

136  

(16.9) 

145  

(23.2) 

145  

(18.4) 

141  

(16.0) 

0.070 0.019 0.954 

Diastolic BP 

(mmHg) 

77.1  

(6.69) 

79.5  

(9.17) 

80.1  

(5.89) 

78.6  

(8.03) 

0.278 0.069 0.757 

Total-Cholesterol 

(mmolLl) 

5.21  

(0.94) 

5.34  

(0.89) 

5.12  

(1.02) 

5.28  

(0.99) 

0.621 0.683 0.379 

LDL-Cholesterol 

(mmol/L) 

4.01  

(0.65) 

3.74  

(0.73) 

3.73  

(0.88) 

3.72  

(0.80) 

0.216 0.058 0.823 

HDL-Cholesterol 

(mmol/l) 

1.33  

(0.31) 

1.54  

(0.38) 

1.45  

(0.40) 

1.53  

(0.38) 

0.033 0.147 0.266 

Triglycerides 

(mmol/L) 

1.38  

(1.2–1.98) 

1.17  

(0.76–1.64) 

1.34  

(1–1.62) 

1.12  

(0.88–1.5) 

0.018 0.145 0.147 

HbA1c (%) 5.8  

(5.8–6) 

5.2  

(5.1–5.4) 

5.35  

(5.1–5.5) 

5.2  

(5–5.4) 

<0.0001 < 0.0001 0.144 

Fasting glucose 

(mmol/L) 

5.1  

(4.8–5.3) 

5.7  

(5.6–5.8) 

4.8  

(4.65–5.2) 

4.8  

(4.5–5.1) 

< 0.0001 0.031 < 0.0001 

2h glucose 

(mmol/L) 

6.5  

(5.8–7.3) 

6.5  

(5.6–7.2) 

8.5  

(8–9.4) 

6.2  

(5.6–6.9) 

0.910 < 0.0001 < 0.0001 

Fasting insulin 

(IU/L) 

11  

(8–17) 

13.5  

(9–15) 

9.5  

(7–15) 

9  

(7–11) 

0.798 0.532 0.272 

2h insulin (IU/L) 47  

(28–78) 

39  

(25–64) 

71  

(40–107) 

32  

(23–47) 

0.555 0.014 0.004 

HOMA-IR 1.5  

(1.06–2.29) 

1.87  

(1.26–2.07) 

1.29  

(0.95–2.0) 

1.2 

(0.95–1.48) 

0.578 0.452 0.135 

Indices: BMI, body mass index; HOMA-IR, homeostasis model assessment for insulin resistance; data 

are medians (interquartile range) and means(SD) 
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5.5 Association of Interleukin 1 Receptor Antagonist, Interleukin 8 
and RANTES with prediabetes (II) 

Inflammatory markers were assessed from 222 women and 145 men. Two 

hundred and ten (210) individuals had normal glucose tolerance status (NGT), 

102 subjects had prediabetes according to the ADA 2010 definition and 49 had 

type 2 diabetes. Six participants who had incomplete data concerning glucose 

status or other cardiovascular risk markers were excluded from the analysis.  

Correlations of IL-1Ra, IL-8 and RANTES with conventional cardiovascular 

risk markers are shown in Table 9. All three inflammatory markers had a 

significant positive correlation with waist circumference. IL-1Ra and RANTES 

correlated statistically significantly with BMI. The markers significantly 

correlated with at least one glucose marker. RANTES had an especially high 

correlation with 2h glucose (r = 0.237, p < 0.001). Other significant correlations 

of RANTES were found with fasting glucose (r = 0.143, p = 0.017) and HbA1c 

(r = 0.151, p = 0.012). IL-8 correlated with fasting glucose (r = 0.131, p = 0.029) 

and IL-1Ra correlated with HbA1c (r = 0.125, p = 0.038). IL-1Ra (r = 0.155, 

p = 0.010) and IL-8 (r = 0.157, p = 0.009) correlated with insulin resistance 

measured by HOMA-IR. 

IL-1Ra and RANTES correlated also with lipids. IL-1Ra had strongest 

positive correlation with triglycerides (r = 0.205, p = 0.0006) and RANTES had a 

significant negative correlation with HDL (r = −0.237, p ≤ 0.001). In addition, 

RANTES had a significant positive correlation with triglycerides. Furthermore, 

only RANTES correlated positively with systolic blood pressure. 
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Table 9. Spearman correlation coefficients (95% CI) between inflammatory markers IL-

1Ra, IL-8, RANTES and cardiovascular risk factors. 

With Variable IL-1Ra IL-8 RANTES 

r (95% CI) p-value r (95% CI) p-value r (95% CI) p-value 

BMI (kg/m2) 0.163  

(0.046 to 0.276) 

0.006 0.096  

(-0.022 to 0.212)

0.111 0.184  

(0.068 to 0.296) 

0.002 

Waist circumference 

(cm) 

0.18  

(0.064 to 0.292) 

0.003 0.13  

(0.012 to 0.244) 

0.031 0.176  

(0.059 to 0.287) 

0.003 

Systolic BP (mmHg) -0.006  

(-0.124 to 0.112)

0.921 -0.005  

(-0.123 to 0.113)

0.931 0.126  

(0.008 to 0.24) 

0.036 

Diastolic BP (mmHg) 0.074  

(-0.044 to 0.19) 

0.219 0.018  

(-0.1 to 0.136) 

0.762 0.029  

(-0.089 to 0.146) 

0.630 

HDL-cholesterol 

(mmol/L) 

-0.102  

(-0.217 to 0.016)

0.092 -0.083  

(-0.199 to 0.035)

0.167 -0.237  

(-0.345 to -0.122) 

< 0.001 

Triglycerides 

(mmol/L) 

0.205  

(0.089 to 0.315) 

0.001 0.068  

(-0.05 to 0.185) 

0.256 0.146  

(0.029 to 0.26) 

0.014 

Fasting glucose 

(mmol/L) 

0.044  

(-0.074 to 0.161)

0.462 0.131  

(0.014 to 0.245) 

0.029 0.143  

(0.026 to 0.256) 

0.017 

2-h glucose (mmol/L) 0.035  

(-0.083 to 0.152)

0.560 0.062  

(-0.056 to 0.178)

0.305 0.237  

(0.123 to 0.345) 

< 0.001 

HbA1c (%) 0.125  

(0.007 to 0.239) 

0.038 0.11  

(-0.008 to 0.225)

0.068 0.151  

(0.034 to 0.264) 

0.012 

Fasting insulin (IU/L) 0.156  

(0.039 to 0.269) 

0.009 0.151  

(0.034 to 0.264) 

0.012 0.087  

(-0.031 to 0.202) 

0.150 

HOMA-IR 0.155  

(0.038 to 0.268) 

0.010 0.157  

(0.04 to 0.27) 

0.009 0.101  

(-0.017 to 0.216) 

0.092 

5.6 Levels of inflammatory mediators in prediabetes and type 2 

diabetes and normoglycemia (II) 

Levels of IL-1Ra, IL-8 and RANTES in subjects with prediabetes, type 2 diabetes 

and normoglycemia are compared in Table 10. IL-1Ra, IL-8 and RANTES were 

all significantly higher in subjects with prediabetes compared to the NGT-group: 

IL-1Ra 42.7 pg/ml vs.17.8 pg/ml (p = 0.014), IL-8 20.5 pg/ml vs.15.5 pg/ml 

(p = 0.016), RANTES 43.18 ng/ml vs.33.09 ng/ml (p = 0.009), respectively. 

Subjects with type 2 diabetes had higher IL-1Ra levels than NGT group 

(p = 0.031). RANTES tended to be higher in subjects with type 2 diabetes 

(p = 0.056), but the differences in IL-8 levels between these groups were not 

statistically significant (p = 0.674). There was no statistically significant 

difference in IL-1Ra, IL-8 or RANTES levels between subjects with prediabetes 
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and type 2 diabetes. The levels of IL-8 and RANTES in subjects with prediabetes 

compared to normoglycemic subjects remained higher after adjustment for waist 

circumference (Table 10). Adjustment for waist circumference attenuated the 

difference in IL-1Ra between subjects with type 2 diabetes and NGT to 

statistically nonsignificant (p = 0.059), whereas difference in RANTES between 

type 2 diabetes and NGT remained significant (p = 0.049). 

Prediabetes (p < 0.001) and type 2 diabetes (p < 0.001) groups were more 

insulin resistant measured by HOMA-IR than NGT-group, but there was not any 

significant difference in HOMA-IR between prediabetes and type 2 diabetes 

groups(p = 0.142). 

Table 10. Levels of inflammatory markers in subjects with prediabetes, type 2 diabetes 

and normoglycemia. 

 Variable Pre 

DM 

NGT T2D p-value  p-value§ 

NGT vs. 

Pre DM 

NGT vs. 

T2D 

Pre DM 

vs. T2D 

NGT vs. 

Pre DM 

NGT vs. 

T2D 

Pre DM 

vs. T2D 

IL-1Ra* (pg/ml) 42.7  

(130) 

17.8 

(64.0) 

50.9  

(198) 

0.014 0.031 0.791  0.057 0.059 0.603 

IL-8* (pg/ml) 20.5  

(26.0) 

15.5 

(28.6) 

18.9 

(21.7) 

0.016 0.674 0.199  0.037 0.503 0.455 

RANTES*(ng/ml) 43.18 

(25.85) 

33.09 

(29.23) 

41.18 

(28.67) 

0.009 0.056 0.946  0.006 0.049 0.957 

Data are means (SD) and *) analyses based on log-transformed values. § - adjusted for waist 

circumference Abbreviations: RANTES, Regulated on activation, normal T-cell and expressed and 

secreted; NGT, subjects with normoglycemia; Pre DM, prediabetes by the ADA 2010 definition; T2D, type 

2 diabetes.  

5.7 Prediabetes defined with IFG, IGT or HbA1c 5.7–6.4% as 
predictors of type 2 diabetes (III) 

Breakdown of the glucose tolerance status of the cohort at baseline, as based on 

an OGTT were 74.1%, 18.7%, 7.2%, and 2.7% for normal glucose tolerance 

(NGT), IGT, IFG and combined IGT&IFG, respectively. During the follow-up 

(mean time of 9.7 years, SD 0.7), incidence of type 2 diabetes was 17.1% (n = 64). 

The proportion of individuals who developed diabetes during the follow-up 

was similar in all groups (37.8% of subjects with IFG, 37.1% with IGT, and 37.5% 

with elevated HbA1c, respectively). Crude risk ratios (RRs) of risk of diabetes 

were relatively similar for IFG (RR 2.56 [95% CI 1.57– 4.16]), IGT (2.98 [1.94–
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4.56]), and elevated HbA1c (2.78 [1.80–4.31]). When adjusted for sex, BMI at 

baseline, smoking, alcohol, and exercise, corresponding RRs were 2.37 [1.49 –

3.78], 2.90 [1.90 – 4.43], and 2.42 [1.50 –3.91] for IFG, IGT, and HbA1C, 

respectively. 

Fig. 7. Venndiagram represents the breakdown of type 2 diabetes (n = 64) as predicted 

by the three tests of prediabetes (IFG, IGT, HbA1c 5.7–6.4%) (n = 42, 65.6%). 

The breakdown of type 2 diabetes as predicted by the three tests is illustrated in 

Figure 7. In total, 65.7% of the newly diagnosed diabetes was predicted by a raise 

in one or more of the markers at baseline. The most common condition to precede 

diabetes was IGT (40.6%), followed by impaired HbA1c (32.8%), followed by 

IFG (21.9%). An elevation in an isolated marker predicted type 2 diabetes in a 

remarkable number of subjects. The percentages of isolated IGT, isolated 

impaired HbA1c and isolated IFG preceding diabetes were 23.4% and 14.1%, 

6.3%, respectively (p = 0.31). A relatively small percentage of diabetes was 

preceded by a combination of two markers, with all three markers elevated in 

only 7.8% of participants who developed diabetes. Specificity of IGT, IFG and 

HbA1c for incident type 2 diabetes ranged from 85.9% to 92.6% (Figure 8). The 

AUC ranged from 0.69 for 2HPG to 0.61 for FPG (p = 0.36 for equality). 



67 

Fig. 8. Receiver operating characteristic curves for IGT, elevated HbA1c and IFG. 

Sensitivity (sens) and specificity (spec) were calculated for HbA1c 5.7% and lower 

limits of IFG and IGT. For 2-h glucose AUC = 0.689, For HbA1c AUC = 0.659, and for 

fasting glucose AUC = 0.612. For differences between AUCs, P = 0.359. 

5.8 Postchallenge glucose, HbA1c and fasting glucose as 
predictors of cardiovascular disease (III) 

Total incidence of new CVD was 37.6% and according to sex, 34.3% in women 

and 42.7% in men. In women, 32% with HbA1c 5.7– 6.4 and 100% with HbA1c 

≥ 6.5% developed CVD (RR 0.96 [95% CI 0.62–1.49] and 2.99 [2.50 –3.56], 

respectively) (Fig. 9). Two-hour glucose was significantly associated with 

incident CVD in the IGT range (47.5% incidence; 1.65 [1.19 –2.30]) and diabetic 

range (58.3% incidence; 2.03 [1.21–3.41]). Risk of incident CVD in women with 

IGT, a diabetic range of 2-h glucose, and diabetic HbA1c remained significant 

even after adjustment for BMI, smoking, blood pressure, LDL, HDL, and family 

history of diabetes (1.72 [1.24–2.38], 2.03 [1.21–3.41], and 2.85 [1.96–4.12], 

respectively). Mortality from CVD was low (n = 15, of which 9 were men); thus, 

subgroup analysis did not reach statistical significance. 
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Fig. 9. Percentage of participants with incident cardiovascular disease and RR (95% CI) 

of cardiovascular disease in women and men according to glucose status at baseline 

(n = 516). 
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5.9 Prevalence of MetS and individual components defined by 
NCEP, NCEPm and IDF (IV) 

Study population was Oulu 35 2007–2008 participants. Sixty-nine (12.9%, 95% 

CI 10.3–16.2) participants (35 male, 34 female) reported having a diagnosis of 

diabetes. Sixty-tree (11.7%, 9.3–15.0) of participants (34 male, 29 female) had a 

previously undiagnosed diabetes, detected by the OGTT. Only 75 (34.3%, 28.4–

41.5) of the male participants and 161 (50.3%, 45.6–56.9) of female participants 

had a normal OGTT. 

The prevalence of hypertension (use of antihypertensive medication, or blood 

pressure ≥ 130/85 mmHg) was 90.2% (95% CI 87.3–92.5) in both sexes (485 

participants) according to the modified NCEP and IDF-criteria. Although 306 

participants (126 male and 180 female) were on antihypertensive medication, 257 

(84.0%, 79.4–87.9) of them still had an elevated blood pressure (≥ 130/85 mmHg). 

Only 53 (9.8%, 7.5–12.7) of the participants did not use any blood pressure 

lowering medication and had normal blood pressure. 

The prevalence of different components of MetS according to NCEP, 

modified NCEP and IDF-criteria are shown in Table 11. The most common single 

component was elevated blood pressure, when measured by modified NCEP or 

IDF-criteria (91.8% in men and 89.0% in women). In men the second most 

common component detected by all three definitions was glucose abnormality, 

with 53.2% by NCEP and 78.4% by modified NCEP and or IDF. Also in women 

the second most prevalent single component measured by NCEP and modified 

NCEP was glucose abnormality, 33.1% and 59.7%, respectively. However, with 

the IDF criteria, the second most common single component was central obesity, 

present in 67.3% of women. In men the third most common single component 

was central obesity as defined by IDF criteria (43.6%). Lipid abnormalities were 

rarer. 

Comparison between men and women revealed differences in the prevalence 

of central obesity, glucose abnormalities and elevated triglyceride levels. 

Independent of the definition used, central obesity was more common among 

women, whilst the latter two were more prevalent among men. 
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Table 11. Prevalence (95% confidence intervals) of single components of Metabolic 

Syndrome (MetS) according to the NCEP, modified NCEP and IDF definitions. 

Definitions and components  Men (n = 219) Women (n = 320) p value 

MetS by NCEP  24.7% (19.1–30.9) 20.9% (16.6–25.8) 0.309 

MetS by modified NCEP 35.2% (28.9–41.9) 33.1% (28.0–38.6) 0.624 

MetS by IDF 37.2% (30.7–43.9) 47.8% (42.2–53.4) 0.015 

Elevated blood pressure    

NCEP ≥ 130/85 mmHg 84.0% (78.5–88.6) 79.0% (74.1–833.3) 0.144 

NCEPm ≥ 130/85 mmHg or treatment 91.8% (87.3–9)  89.0% (85.1–92.2) 0.293 

IDF ≥ 130/85 mmHg or treatment 91.8% (87.3–95.1) 89.0% (85.1–92.2) 0.293 

Central Obesity 

NCEP waist > 102 cm (male),  

> 88 cm (female) 

21.0% (15.8–27.0) 31.4% (26.3–36.8) 0.008 

NCEPm waist ≥ 102 cm (male),  

≥ 88 cm (female ) 

23.7% (18.3–29.9) 36.7% (31.4–42.2)) 0.002 

IDF(obligatory) waist ≥ 94 cm(male), 

≥ 80 cm (female) or BMI > 30 

43.6% (36.9–50.4)) 67.3% (61.8–72.4) < 0.001 

BMI > 30  25.8% (20.1–32.2) 31.9% (26.8–37.3) 0.132 

Lipids    

NCEP, triglycerides ≥ 1.7 mmol/L 18.8% (13.9–24.6) 12.6% (9.1–16.7) 0.048 

NCEPm, IDF, triglycerides ≥ 1.7 mmol/L 

or treatment 

18.8% (13.9–24.6) 12.6% (9.1–16.7) 0.048 

NCEP, HDL <1.03 mmol/L(male),  

<1.29 mmol/L(female) 

8.7% (5.3–13.3) 10.3% (7.2–14.2) 0.531 

NCEPm, IDF HDL<1.03 mmol/L(male), 

<1.29 mmol/L(female) or treatment 

8.7% (5.3–13.3) 10.3% 87.2–14.2) 0.531 

Glucose abnormality    

NCEP:FPG ≥ 6.1 mmol/L or treatment 

(or previously diagnosed diabetes) 

53.2% (46.4–60.0) 33.1% (28.0–38.6) < 0.001 

NCEPm, IDF: FPG ≥ 5.6 mmol/L or 

treatment for diabetes 

78.4% (72.4–83.7) 59.7% (54.1–65.1) < 0.001 

NCEP; National Cholesterol Education Panel, NCEPm; NCEP modified and IDF; International Diabetes 

Federation definitions, waist; waist circumference, FPG; fasting plasma glucose, BMI; body mass index  

Table 12 demonstrates the prevalence of MetS in this cohort measured by the 

three definitions among both sexes. Particularly in women the prevalence of MetS 

increased from 20.9% to 33.1% through to 47.8% when using NCEP, modified 

NCEP and IDF-definitions, respectively. A similar pattern in prevalence was seen 

in men (prevalence of 24.7%, 35.2% and 37.2%, respectively). 

There were 19 men in our study who did not fulfill the obligatory waist-

criteria of IDF but would be diagnosed with MetS by NCEP or modified NCEP 
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criteria. Three such cases were also found among women. In this study population 

98 (45%) of all men had MetS according to one of these three definitions, but 

only 42 (19%) of male population had MetS according to all these definitions. 

Correspondingly 154 (48%) of women had MetS by one of these definitions, but 

only 63 (20%) of the female population according to all three definitions.  

Table 12. Prevalence (95% confidence intervals) of the Metabolic Syndrome (MetS) 

measured by the NCEP, modified NCEP and IDF definitions. 

MetS NCEP (%, 95% CI) n NCEP modified (%, 95% CI) n IDF(%, 95% CI) n all,n 

Male 24.7 (19.1–30.9) 54 35.2 (28.9–41.9) 77 37.2 (30.7–43.9) 80 218 

Female 20.9 (16.6–25.8) 67 33.1 (28.0–38.6) 107 47.8 (42.2–53.4) 153 321 

All 22.4 (18.9–26.0) 121 34.1 (30.1–38.1) 184 43.5 (39.3–47.7) 233 539 
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6 Discussion 

6.1 Evaluation of the study cohort 

The present study was a part of a longer follow-up study (Oulu 35 cohort) 

assessing type 2 diabetes and IGT, and which was conducted in 1990–2008 in 

Oulu, in northern Finland. The study population was an age-cohort among 

inhabitants of Oulu born in 1935. All persons born in 1935 and living in Oulu the 

first of October 1990 were invited to the study. At baseline 1008 were invited and 

the response rate was high, 82%. Analysis between the participants and non-

participants was made by mailed questionnaires. No significant differences were 

found between the groups concerning employment status and the prevalence of 

diabetes (Rajala et al. 1997). 

Eight hundred and thirty-one (831) living subjects who attended in 1990–

1992 were invited to participate in the first follow-up study 1996–1998, 593 of 

them (245 men and 348 women) enrolled. This phase was the baseline of the 

present study.  

Part of these studies are based on cross-sectional data of the second follow-up 

study, which were collected between 2007 and 2008. All subjects from the 

original cohort who were alive and living in Oulu in January 2007 (n = 715) were 

invited to the study, and 539 (75.1%) of them (320 women and 219 men) attended. 

The mean age of the participants was 71.9 years (SD ±0.5).  

The inflammatory mediators study was designed to be longitudinal and 

therefore the analysis of the inflammatory mediators was done for those subjects 

who participated all these three phases (n = 368). There were not any significant 

differences between the subjects attending the inflammatory analysis or those 

who did not attend. 

6.2 Methodological considerations (limitations and strengths of the 

study) 

This study has several strengths. It was performed in an unselected non-diabetic 

population. There was not any ethnic differences in the study population. 

Diagnosis of CVD was obtained from tertiary care hospital records. Incident 

diabetes was a clinical diagnosis, confirmed by two results. 
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However, findings from this study are limited to middle-aged or aging 

Caucasian population, and generalizing them to other populations must be done 

with caution. The study is also limited by the relatively small size of the study 

population.  

The limitation of OGTT as well as fasting glucose measurements is the 

considerable high intraindividual variation, with a high proportion of OGTT-

diagnosed patients reclassified as not having diabetes when retested (Selvin et al. 
2007). Diet and previous day`s exercise affects to the test-results as well (Bartoli 
et al. 2011). Because of this the OGTT was performed twice at baseline and 

follow-up of this study to confirm the diabetes diagnosis. 

Inflammatory markers were only assessed from a subgroup of participants, 

but no any significant differences were found between the subjects attending the 

inflammatory analysis or those not attending. 

6.3 Major results of the study 

6.3.1 Overlap between isolated forms of prediabetes (IFG, IGT, HbA1c 

5.7–6.4%) (I) 

In the present study one in three participants had a form of prediabetes. 

Importantly, three quarters of prediabetes cases were detected by an elevation of 

only one of the markers. The result of the present study demonstrated that 

prediabetes as diagnosed by HbA1c 5.7–6.4%, IFG and IGT as isolated forms of 

prediabetes is common at population level at least in middle-age population. Of 

note, using only one definition to diagnose prediabetes would miss many or even 

the majority of the risk subjects. 

The DECODE study group has shown that the current cutoff of fasting 

glucose and 2-h glucose identify different people having diabetes (DECODE 

study group 1999).  

Since the ADA 2010 proposed HbA1c 5.7–6.4% for the prediabetic level, 

studies comparing HbA1c with OGTT in non-diabetic populations have been 

scarce. Among the Insulin Resistance Atherosclerosis Study (IRAS) population 

(n = 855) Lorenzo and co-workers reported that HbA1c 5.7–6.4% identified fewer 

risk subjects than IFG and/or IGT (Lorenzo et al. 2010). In the IRAS study 45% 

were diagnosed to have prediabetes with the ADA 2010 definition, the 

combination of IFG and IGT found out 96% of the high risk subjects and IFG and 
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HbA1c only 76% (Lorenzo et al. 2010). In the U.S. NHANES study was 

concluded that the use of HbA1c in the non-diabetic range may detect a different 

prevalence of prediabetes as compared to the use of IFG (Mann et al. 2010). 

Mann and co-workers reported in the U.S. NHANES adult population that the 

prevalence of prediabetes was 12.6% defined by HbA1c 5.7–6.4% and 28.2% 

defined by IFG. In addition, the overlapping between the two was low (7.7%) in 

line with the present study (Mann et al. 2010). It was concluded in a Japanese 

study that isolated HbA1c 5.7–6.4% and fasting glucose at prediabetic level was 

not uncommon in Japanese middle-aged population (Suzuki et al. 2011). The 

prevalence of prediabetes, isolated HbA1c 5.7–6.4%, IFG and overlapping of 

those was 27.5%, 6.1%, 11.9% and 9.5%, respectively (Suzuki et al. 2011). In 

another Japanese study among subjects with prediabetes, the prevalence of 

isolated IFG was 60.7%, that of HbA1c 5.7–6.4% 19.7% and the overlapping 

between them 19.6% (Heianza et al. 2011).  

Screening for prediabetes is important not only for the prevention of type 2 

diabetes, but crucially for the prevention of cardiovascular disease and mortality. 

According to ADA expert panel 70% of individuals with prediabetes will convert 

to diabetes and every year about 5–10% of prediabetes subjects will progress to 

diabetes (Tabak et al. 2012). It is important for clinicians to recognize that 

different tests seem to identify different people at risk of type 2 diabetes and CVD. 

If we only use fasting glucose and/or HbA1c for screening risk subjects, actually 

many subjects at high risk for diabetes will be missed.  

6.3.2 Cardiovascular risk markers in prediabetes (I) 

In this study, individuals defined with prediabetic HbA1c 5.7–6.4% were 

characterized by higher BMI, waist circumference, and triglycerides, and lower 

HDL cholesterol levels. Of note, isolated HbA1c was also associated with a lower 

systolic blood pressure.  

Data from previous studies using HbA1c and OGTT for diagnosis of type 2 

diabetes have been controversial regarding cardiovascular risk profile (Boronat et 
al. 2010, Borg et al. 2010). In line to the present study results, in the Spanish 

Telde Study, subjects diagnosed with HbA1c were characterized by higher BMI, 

waist circumference and lower HDL cholesterol levels as compared to the OGTT 

group (Boronat et al. 2010). In the Danish Inter99 Study, individuals HbA1c 

defined diabetes were leaner, had lower blood pressure and a higher prevalence of 
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lipid abnormalities (Borg et al. 2010). Of note, they were more men and many of 

them were smokers.  

The comparability of cardiovascular risk markers with elevated HbA1c 5.7–

6.4% with IFG and IGT as a marker of prediabetes, is not well known. In line 

with the present study, the Japanese study noticed that subjects with HbA1c 5.7–

6.4% had lower HDL cholesterol than those with IFG (Heianza et al. 2011). 

Another Japanese study from 2011 noticed that in non-diabetic population HDL 

cholesterol and systolic blood pressure were lower in isolated HbA1c 5.7–6.4% 

than in isolated IFG, but they did not find any other significant differences in 

cardiovascular risk markers (Suzuki et al. 2011). 

In the present study all prediabetes groups (IFG, IGT, HbA1c 5.7–6.4%) were 

insulin-resistant by HOMA-IR, as compared to NGT. No differences were 

detected between the groups of prediabetes. Some previous studies have 

investigated metabolic differences of individuals with IFG and IGT. Individuals 

with IFG have been found to be at least similarly, if not more insulin resistant 

measured by HOMA-IR compared to individuals with IGT (Meyer et al. 2006, 

Faerch et al. 2009). The result tended to be same in the present study. Insulin 

resistance measured by HOMA-IR tended to be higher in subjects in the IFG-

group as compared to the subjects in the IGT-group. This is likely to be due to the 

HOMA-IR calculation, method which is solely based on fasting glucose and 

insulin concentrations (Abdul-Ghani et al. 2007, Faerch et al. 2009). Lorenzo et 
al. noticed that HbA1c 5.7–6.4% was a less precise correlate of insulin resistance 

and insulin secretion than OGTT (Lorenzo et al. 2010). 

Because individuals with prediabetes diagnosed by an elevated HbA1c only 

were characterized by higher cardiovascular risk factors (BMI, central obesity and 

a more adverse lipid profile), as compared to the OGTT groups, clinicians should 

not ignore using HbA1c 5.7–6.4% as a diagnostic test for prediabetes. 

6.3.3 Inflammatory markers in prediabetes new definition (II) 

In this epidemiological population-based study of elderly adults inflammatory 

markers RANTES and IL-1Ra were equally increased in individuals with 

prediabetes (defined by the ADA 2010 definition) and type 2 diabetes control 

group. Interleukin-8 was significantly increased in subjects with prediabetes 

compared with normoglycemic control group. Visceral adiposity measured by 

waist circumference did not explain the association. 
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It is widely accepted that both diabetes and atherosclerosis are inflammatory 

diseases (Sjoholm & Nystrom 2006, Ward et al. 2009). Although an increased 

cardiovascular risk has been associated with IFG and IGT, data regarding levels 

of inflammatory markers in prediabetes are limited. IL-1Ra, IL-8 and RANTES 

have been associated with obesity (Herder et al. 2005, Carstensen et al. 2010). 

Accordingly, in this study all three inflammatory markers correlated with waist 

circumference, and IL-1Ra and RANTES also with BMI. Nevertheless, it is 

noteworthy that the difference in the levels of inflammatory markers did not 

change considerably after adjustment for waist circumference. In this respect 

these results are accordant with previous studies (Herder et al. 2005, Carstensen 
et al. 2010). Apart from obesity, IL-1Ra, IL-8 and RANTES have been correlated 

with other established cardiovascular risk factors (high triglycerides, low HDL-

cholesterol, high blood pressure and HOMA-IR) in this and previous studies 

(Herder et al. 2005, Carstensen et al. 2010). 

IL-1Ra has been found to be a sensitive marker of cytokine response in 

prediabetes (Ruotsalainen et al. 2006). High levels of IL-8 have been found in 

diabetic subjects and also in obese subjects with IGT (Zozulinska et al. 1999, 

Straczkowski et al. 2003). Most of the few existing studies have been performed 

in small selected populations. Importantly, to my knowledge none of the previous 

studies have used the new criterion of HbA1c 5.7–6.4% defined by ADA as 

marker of prediabetes in studies evaluating the association between inflammatory 

markers and prediabetes.  

In this epidemiological population-based study of elderly adults a comparable 

increase in inflammatory markers RANTES and IL-1Ra as was present with type 

2 diabetes was already observed in individuals with prediabetes (defined by 

OGTT and/or HbA1c c 5.7–6.4%). Interleukin-8 was significantly increased in 

subjects with prediabetes compared with normoglycemic control group, 

suggesting that an inflammatory response conventionally associated with 

cardiovascular disease is present already in moderate hyperglycemia preceding 

the development of type 2 diabetes. Importantly, the association between 

prediabetes and significantly elevated inflammatory markers was independent of 

visceral obesity.  

In conclusion, the low-grade inflammation measured by IL-1Ra, IL-8 and 

RANTES was associated with the ADA 2010 definition of prediabetes at equal 

levels as in control group of diabetes subjects, suggesting that the increased risk 

for cardiovascular disease already starts in prediabetes. Longitudinal studies are 
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needed to study inflammation associated with prediabetes and the power of 

inflammatory markers predicting type 2 diabetes and CVD. 

6.3.4 Prediabetes predicting type 2 diabetes and cardiovascular 
disease (III) 

In this population-based 10-year follow-up study in a middle-aged cohort HbA1c 

5.7–6.4% a recently proposed indicator for high risk of diabetes, was compared 

with the currently used 2-h and fasting glucose as predictors of incident type 2 

diabetes and CVD during 10 years. This was the first study comparing the 

recently proposed range of elevated HbA1c (5.7–6.4%) with both 2-h and fasting 

glucose, measuring the outcome with an OGTT.  

Previous meta-analyses have shown that both IFG and IGT subjects are at 

increased risk for type 2 diabetes (Gerstein et al. 2007), but only limited data have 

existed to support the use of HbA1c 5.7–6.4% in predicting type 2 diabetes (Ko et 
al. 1998, de Vegt et al. 1999, Edelman et al. 2004, Droumaguet et al. 2006, 

Pradhan et al. 2007). Previous data on the association between and incident type 2 

diabetes have mainly relied on self-reporting, fasting glucose measurements, and 

to the use of antidiabetic medication to determine the outcomes. However, some 

new studies have recently been published comparing the power of HbA1c and/or 

IFG and/or IGT predicting diabetes (Abdul-Ghani et al. 2011, Heianza et al. 2011, 

Kato et al. 2012, Heianza et al. 2012), but none comparing HbA1c 5.7–6.4% to 

OGTT as was done in the present study. In a Japanese study the predictive values 

of HbA1c 5.7–6.4% and impaired fasting glucose were similar for the progression 

to diabetes, but impaired fasting glucose diagnosed 3 times more subjects in high 

risk of diabetes (Heianza et al. 2011). 

In the present study a marked amount of diabetes was preceded by elevation 

of isolated glycemic markers only, with limited overlap among the three. This is 

because fasting and 2-h glucose reflect different pathophysiological mechanisms 

(Nathan et al. 2007, Laakso et al. 2008). The breakdown of type 2 diabetes as 

predicted by isolated IFG, IGT or HbA1c 5.7–6.4% was 6.3%, 14.1% and 23.4%, 

respectively. HbA1c, IGT and IFG were all specific, but not sensitive predictors of 

10-year risk of type 2 diabetes. If only IFG had been used for screening subjects 

at high risk for type 2 diabetes, majority of risk subjects had been missed. 

Importantly, many individuals diagnosed as having prediabetes on the basis 

of IFG or IGT are reclassified as not having prediabetes with new HbA1c 5.7–6.4% 

criterion and screening by HbA1c alone might miss a large number of IFG 
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subjects. Most of the existing studies conclude that HbA1c 5.7–6.4% predicts type 

2 diabetes, but identifies fewer risk-subjects than FPG (Wang et al. 2011). 

There is still a lack of studies comparing HbA1c 5.7–6.4%, IGT and IFG as a 

predictors of CVD as well. Data comparing HbA1c and 2-h glucose regarding 

future cardiovascular risk have been mainly focused on mortality and have given 

controversial results. In the Australian Diabetes, Obesity and Lifestyle (AusDiab) 

study, all three- 2h PG, FPG and HbA1c were significant predictors of CVD in 

non-diabetic population (Barr et al. 2009). In NHANES population of 5424 adults 

with undiagnosed diabetes, both prediabetic and diabetic level of HbA1c, but only 

diabetic level of 2-h glucose predicted CVD mortality. Fasting glucose was shown 

not to be a predictor of CVD mortality (Reddigan et al. 2010). The results of 

these studies have mainly shown that HbA1c and elevated 2-h glucose predict 

cardiovascular morbidity and mortality better than fasting glucose. Nevertheless, 

there is still lack of long epidemiological follow-up studies comparing HbA1c at 

the level of 5.7–6.4% to OGTT in predicting CVD.  

Only one cross-sectional study exists estimating the association of elevated 

HbA1c 5.7–6.4% with diabetes and CVD, and that study used only risk score-

estimations (Ackermann et al. 2011). Cross-sectional data from 2005–2006 

NHANES population were analyzed in 2009. The Framingham General CVD 

Risk Engine was used to estimate the 10-year probability of CVD for adults with 

different HbA1c results. The probability of HbA1c 5.7–6.4% to identify subjects 

was 13.3% for CVD (Ackermann R 2011).  

In this present study the outcomes of individuals with new CVD outcomes 

were collected from a tertiary care center, thereby adding important evidence to 

the use of HBA1C as a predictor of incident macrovascular complications in those 

without a history of diabetes. To my knowledge this is the only population-based 

study performed to date comparing HbA1c 5.7–6.4% with IFG and IGT and 

examining the outcomes of CVD. 

In the present study IGT was the only marker in the nondiabetic range 

significantly associated with incident CVD, but only in women. HbA1c was 

significantly associated with incident CVD in women in the range of ≥ 6.5%.  

Hyperglycemia was a risk factor for CVD in women but not in men, 

independent of BMI, smoking, blood pressure, lipids, and family history of 

diabetes in this age-standardized cohort. The power of the results might have been 

slightly attenuated by the small size of the population. 
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6.3.5 Prevalence of MetS and individual components in an aging 
cohort (IV) 

The prevalence of MetS in this elderly population was common measured with 

NCEP, NCEP modified and IDF definitions. Nearly half of the women met the 

IDF definition of MetS, which was over twofold higher compared with the NCEP 

definition. Also in men the prevalence of MetS by the IDF criteria tended to be 

higher than that measured by the NCEP criteria.  

The most common individual components of MetS were hypertension in both 

men and women, glucose abnormalities (especially in men), and central obesity 

(especially in women). Depending on the definition, the prevalence of 

hypertension was 80–90%. It was even higher than that found in the study in an 

elderly Swedish population, 68% in men and 58% in women aged 70 years. They 

suggested that the value of hypertension (130/85) may be too low for an elderly 

population. (Gause-Nilsson et al. 2006). None of the MetS definitions have age-

specific values for any individual components. A large randomized placebo-

controlled study, the Hypertension in the Very Elderly Trial (HYVET), has shown 

that even patients 80 years or older benefit from antihypertensive treatment 

(Beckett et al. 2008).  

Both glucose abnormalities and central obesity were common in this aging 

population. When using the NCEP definition for glucose abnormalities 

approximately half the men and one in three women fulfilled the criteria. These 

figures were higher than in the Swedish elderly population, with glucose 

abnormalities of 29% in men and 19% in women (Gause-Nilsson et al. 2006). 

Furthermore by the IDF definition (FPG ≥ 5.6 mmol/L) the prevalence of glucose 

abnormalities was even higher in our study population, diagnosed in 

approximately 80% of the men and 60% of the women.  

For abdominal obesity measured by the NCEP definition, the prevalence in 

our study was somewhat lower than that found in the Swedish study (27% in men 

and 43% in women) (Gause-Nilsson et al. 2006). In our population 43% of the 

men and 67% of the women were centrally obese as measured by the IDF criteria. 

The key difference between the NCEP and IDF definitions is the lower waist-

circumference cut-off point in the IDF definition (Alberti et al. 2006). This leads 

to a higher prevalence of MetS with the IDF definition, especially among women. 

However, recommendations to measure waist circumference rather than the body 

mass index (BMI) support the importance of abdominal obesity in MetS (Despres 

(Despres 2006, Alberti et al. 2009). An “obesity paradox ” is also reported in 
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elderly populations: obesity is associated with increased mortality over the life 

course; however, obesity observed in old age may be associated with a better 

prognosis as compared with normal weight (Strandberg et al. 2009).  

In a Swedish population the prevalence of MetS as defined by NCEP was 

26.2% in men and 19.2% in women (Gause-Nilsson et al. 2006). The prevalence 

of MetS by the NCEP criteria in our cohort is in agreement with the Swedish data. 

In the Norwegian HUNT study the prevalence of MetS in men and women (aged 

70 to 79 years) measured with the IDF criteria was 44.8 and 60.4%, respectively 

(Hildrum et al. 2007). These prevalences were even higher than in this population. 

In the present study the three definitions of MetS partly diagnosed different 

people as having MetS. Approximately half of both the men and the women had 

MetS according to one of these three definitions, but only one-fifth had MetS 

according to all three. These findings are supported by previous studies showing 

that different definitions of MetS identify different people as having MetS (Eddy 
et al. 2008). 

Data on MetS especially using the IDF criteria as a predictor of 

cardiovascular disease in an elderly population are controversial. Wang et al. have 

shown that all three definitions under investigation predicted stroke in elderly 

Finnish subjects during 14-year follow-up (Wang et al. 2008), and cardiovascular 

mortality during 13-year follow-up (Wang et al. 2007). In another Italian study of 

elderly population (5632 persons aged 65–84 years), MetS defined by NCEP was 

associated with stroke and diabetes during four-year follow-up (Maggi et al. 
2006). Conversely, in an Italian study of an elderly population (3038 persons aged 

65 to 84 years) the IDF definition of MetS was not associated with a myocardial 

infarct or stroke at baseline, nor did it predict a myocardial infarct or stroke 

during three-year follow-up (Motta et al. 2009).  
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7 Concluding remarks 

Early detection of high-risk subjects enables the prevention of type 2 diabetes and 

CVD by means of lifestyle and/or pharmacological intervention (Nathan et al. 
2007). It has been shown that lifestyle intervention consisting of weight loss, 

increasing physical activity and pharmacological interventions are effective in 

individuals with IGT and/or IFG (Nathan et al. 2007). Whether individuals with 

pre-diabetic HbA1C would benefit from interventions to prevent the progression of 

disease, is not known.  

Since the ADA proposed HbA1c 5.7–6.4% for the prediabetic level, studies 

comparing HbA1c with OGTT in non-diabetic populations have been scarce. The 

use of HbA1c in the non-diabetic range seems to detect different individuals with 

prediabetes as compared to the use of IFG or IGT (Mann et al. 2010). In the 

present study one in three participants had a form of prediabetes and the overlap 

between the definitions was limited.  

There is plenty of evidence that IFG and IGT predict type 2 diabetes and also 

CVD, but less is known about the power of the ADA 2010 criteria. There are still 

only few studies comparing the three existing definitions of prediabetes and 

whether these diagnose the same individuals. All prediabetes definitions seem to 

predict type 2 diabetes, but 2-h glucose and HbA1c seem to be better predictors for 

CVD than fasting glucose. Using HbA1c in diabetes screening does not substitute 

for the information derived from OGTT, because they are not equivalent tests.  

One of the main findings of the present study showed that low-grade 

inflammation measured by IL-1Ra, IL-8 and RANTES is present already in 

prediabetes, reflecting the increased risk for cardiovascular disease. Further, 

different definitions of prediabetes diagnose different people at high risk for 

diabetes and CVD. Among nondiabetic women, 2-h glucose was the only 

glycemic marker significantly associated with incident CVD in 10-year follow-up. 

If we only use fasting glucose and/or HbA1c for screening high-risk subjects, 

especially for diabetes many subjects in high risk will be missed. Clinicians 

should not forget to use OGTT in screening high-risk subjects. However, HbA1c 

can give additional and important information of glycemic status too. 
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8 Summary 

Paper I: Prevalence of isolated prediabetes in this population was common with 

limited overlap between the three different definitions. Isolated HbA1c was 

associated with overweight and a more adverse lipid profile. This study 

demonstrates that HbA1c 5.7–6.4% detects, in part, different people with 

prediabetes as compared to IFG and IGT.  

Paper II: Low-grade inflammation measured with IL-1Ra, IL-8 and 

RANTES is associated with prediabetes as defined by IFG, IGT or HbA1c 5.7–6.4% 

with levels comparable to those with diabetes. The association is independent of 

visceral adiposity. 

Paper III: HbA1c and 2-h glucose, but not fasting glucose, were associated 

with incident CVD in women, but not in men. Among women with screen-

detected diabetes, both HbA1c and 2-h glucose were significant predictors of 

incident diagnosis of CVD. Among nondiabetic women, 2-h glucose was the only 

glycemic marker significantly associated with CVD risk. 

Paper IV: The most common component of MetS in this elderly population 

was hypertension in both genders. Lower waist-circumference cut-off points of 

the IDF criteria led to a higher prevalence of MetS particularly in women. 

Prevalence of MetS varied significantly when measured by different definitions. 

Nearly half of older women met the IDF definition of MetS twofold when 

compared with NCEP.  
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