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Abstract We determined in non-diabetic persons the risk

of fasting and non-fasting glucose levels for pre-diabetes,

diabetes, and coronary heart disease (CHD), including the

roles of serum C-reactive protein (CRP) and HDL choles-

terol, and delineated risk profiles of the pre-diabetic states.

Over 7� years, 2,619 middle-aged Turkish adults free of

diabetes and CHD were studied prospectively. Using dif-

ferent serum glucose categories including impaired fasting

glucose (IFG, 6.1–6.97 mmol/L) and impaired glucose

tolerance (IGT), outcomes were analyzed by Cox regres-

sion. IFG was identified at baseline in 112 and IGT in 33

participants. Metabolic syndrome components distin-

guished individuals with IFG from those with normogly-

cemia. Participants with IGT tended to differ from adults in

normal postprandial glucose categories in regard to high

levels of triglycerides, apoA-I, and CRP. Diabetes risk,

adjusted for sex, age, waist circumference, CRP, and HDL

cholesterol, commenced at a fasting 5.6–6.1 mmol/L

threshold, was fourfold at levels 6.1–6.97 mmol/L. Optimal

glucose values regarding CHD risk were 5.0–6.1 mmol/L.

Fasting and postprandial glucose values were not related to

CHD risk in men; IGT alone predicted risk in women (HR

3.74 [1.16;12.0]), independent of age, systolic blood pres-

sure, non-HDL cholesterol, waist circumference, smoking

status, and CRP. HDL cholesterol was unrelated to the

development of IFG, IGT, and diabetes, while CRP eleva-

tion independently predicted the development of diabetes.

IGT independently predicts CHD risk, especially in women.

HDL dysfunction associated with low-grade inflammation

is a co-determinant of pre-diabetic states and their pro-

gression to diabetes.

Keywords Coronary heart disease � C-reactive protein �
Glucose intolerance � HDL dysfunction �
Postprandial hyperglycemia � Pre-diabetic states

Introduction

Of the two intermediate states of abnormal glucose regu-

lation, impaired glucose tolerance (IGT) is recognized to

have a modestly elevated risk of CVD and CVD mortality

[1–3] higher than impaired fasting glucose (IFG) though

these outcome rates were similar in the pre-diabetic states

in the large elderly non-diabetic cohort of the ARIC study

[4]. Women with IGT tend to have a more atherogenic risk

profile than men with IGT long before the diagnosis of

clinical diabetes [5, 6]. IFG was demonstrated to have a

modest impact on the atherosclerotic process as assessed

by coronary artery calcification; this impact retained

independence of risk factors only in women [7]. In the non-

diabetic population, the role of IFG in CVD risk is still
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controversial [8, 9], although it is an established risk factor

of progression to diabetes [10–12]. Still, in subjects with

American Diabetes Association (ADA)-defined IFG, the

risk of progressing to diabetes needs further evaluation [2].

It was shown in the case–control Western New York

Study on 364 non-diabetic adults that women who pro-

gressed from normoglycemia to pre-diabetes had signifi-

cantly higher adjusted values of markers of endothelial

dysfunction (soluble ICAM and E-selectin) than men [13].

But, overall, few data are available whether low-grade

inflammation is a constituent of one or both pre-diabetic

states. Individuals with a fasting glucose of\5.6–6.1 mmol/L

and/or a post-load glucose of \7.8 mmol/L are considered

to have normal glucose regulation. Evidence exists newly

that such people may diverge with respect to risk of coro-

nary heart disease (CHD) depending on response to glucose

loading. An atherogenic risk factor profile was observed in a

cross-sectional study in 266 offspring of diabetic patients

who had normal glucose tolerance and whose 2-h post-load

glucose did not return to the fasting level [14].

Paucity of information exists on differences in the

determinants between IFG and IGT, especially in diverse

ethnicities. Turks are recognized to have a high prevalence

of metabolic syndrome [15] and diabetes [16] and, as a

general population, were first to disclose dysfunction of

serum HDL [16] and several of its apolipoproteins [17],

whereby women were involved in a more pronounced

manner than men [18]. Hence, examining the determinants

of the two intermediate states might well be informative.

In order to detect an abnormality of glucose regulation, a

standard oral glucose tolerance test (GTT) is primarily

used. Yet, clarifying the question whether categories of

blood glucose levels obtained simply routinely 2 h after

breakfast may contribute to assessing risk of diabetes or

CHD may help the clinician. We tried to evaluate this

point, given that an oral GTT is not performed in the

surveys of the Turkish Adult Risk Factor Study (TARF).

We aimed in this prospective study to determine in non-

diabetic middle-aged Turks (a) the risk of fasting and non-

fasting glucose levels for diabetes and CHD (b) the roles of

serum C-reactive protein (CRP) and HDL dysfunction in

these processes, and (c) to evaluate the risk factor profile of

the pre-diabetic states IFG and IGT.

Population and methods

Subjects

The TARF is a longitudinal population-based cohort study

on cardiac disease and its risk factors in adults in Turkey

carried out biennially in 59 communities in all geograph-

ical regions [19]. It involves a random sample of the

Turkish adult population, representatively stratified for sex,

age, geographical regions, and for rural–urban distribution

[19]. Combined measurements of waist circumference and

HDL cholesterol have been first made at the follow-up visit

in 1997/1998; the latter examination formed the baseline.

Participants, 28 years of age or older at baseline, were

examined periodically up to the survey 2009/2010. When

individuals with prevalent diabetes (n = 181), CHD alone

(n = 217), at baseline, no follow-up (n = 269), glucose

concentration \2.8 mmol/L (n = 3), a missing paired

glucose value in the follow-up (n = 455) were excluded;

the remaining 2,619 participants free of diabetes and CHD

composed the cohort of the current study. Subjects with

IFG and IGT at baseline were excluded from the analyses

for incidence of the respective disorders. The survey con-

formed to the principles embodied in the Declaration of

Helsinki and was approved by the Istanbul University

Ethics Committee. Individuals of the cohort gave written

consent for participation. Data were obtained by history of

the past years via a questionnaire, physical examination of

the cardiovascular system, sampling of blood, and record-

ing of a resting 12-lead electrocardiogram.

Measurements of risk variables

Blood pressure (BP) was measured using a sphygmoma-

nometer (Erka, Bad Tölz, Germany) after 10 min of rest

while seated on both arms, and the mean of two recordings

was recorded. Waist circumference was measured with a

tape (Roche LI95 63B 00), the subject standing, at the level

midway between the lower rib margin and the iliac crest.

Body mass index (BMI) was computed as weight divided

by height squared (kg/m2). Self-reported cigarette smoking

was categorized into never smokers, former smokers (dis-

continuance of 3 months or more), and current smokers

(regularly 1 or more cigarettes daily).

Plasma concentrations of total and HDL cholesterol

([11 h), fasting triglycerides, and glucose were determined

at baseline examination by the enzymatic dry chemistry

method using a Reflotron apparatus. LDL cholesterol val-

ues were computed according to the Friedewald formula. In

the final four surveys, the stated parameters, as well as

insulin and CRP values, were assayed in a single central

laboratory. Blood samples were shipped to Istanbul and

stored in deep-freeze at -75�C until analyzed. Concen-

trations of insulin were determined by the electrochemi-

luminescence immunoassay ECLIA on Roche Elecsys

2010 (Roche Diagnostics, Mannheim, Germany). Serum

concentrations of apo A–I and B, and CRP were measured

by the Behring nephelometry (Behring Diagnostics, Mar-

burg, Germany). External quality control was performed

with a reference laboratory in a random selection of 5–6%

of participants. Data on baseline triglycerides, CRP, and
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insulin were available in 74, 83, and 56% of participants,

respectively.

Definitions and outcomes

Individuals with type-2 diabetes were diagnosed with cri-

teria of the American Diabetes Association (ADA) [20],

namely when plasma fasting glucose was C7.0 mmol/L (or

2-h postprandial glucose C11.1 mmol/L) and/or the current

use of diabetes medication. IFG was identified with a

fasting level of 6.1–7.0 mmol/L according to the World

Health Organization (WHO) definition [21]. In subjects in

whom plasma glucose was measured 1�–2� h after

breakfast (27% of the total sample), a glucose concentra-

tion 7.8–11.1 mmol/L was defined as IGT and a level

5.6–7.8 mmol/L was analyzed separately. Individuals with

abdominal obesity were identified using cutpoints of

C95 cm in men [22] and C88 cm in women, as assessed in

the Turkish Adult Risk Factor study. Homeostasis model

assessment (HOMA) of insulin resistance (HOMA-IR) was

calculated in participants who had concomitant fasting

insulin and glucose measurements at baseline. HOMA-

IR = fasting insulin (lU/ml)* glucose (mmol/l)/22.5 [23].

Biological evidence of functional defectiveness of HDL

and apoA-I particles as discerned by follow-up for out-

comes of diabetes and/or CHD has been designated as

HDL dysfunction [16–18].

Diagnosis of non-fatal CHD was based on the presence

of angina pectoris, of a history of myocardial infarction

with or without accompanying Minnesota codes of the

ECG [24] or on a history of myocardial revascularization.

Typical angina and, in women, age [45 years were pre-

requisite for a diagnosis when angina was isolated. ECG

changes of ‘‘ischemic type’’ of greater than minor degree

(Codes 1.1–2, 4.1–2, 5.1–2, 7.1) were considered as myo-

cardial infarct sequelae or myocardial ischemia, respec-

tively. Cause of death was assigned in accordance with the

information on the mode of death obtained from first-

degree relatives and/or local health personnel, considering

also pre-existing clinical and laboratory findings elicited

during biennial surveys.

Data analysis

Descriptive parameters were shown as mean ± standard

deviation (SD), or in percentages. Due to skewed distri-

bution, values derived from log-transformed (geometric)

means were used for serum triglycerides, CRP, insulin,

and HOMA. T tests and Pearson’s chi-square tests were

used to analyze differences between means and propor-

tions of two groups; ANOVA was used to detect differ-

ences between means of multiple groups, followed by

pairwise comparisons with Tukey HSD tests; pairwise

comparisons with Bonferroni adjustments were made to

detect significance between groups of estimated means.

Participants with fasting glucose measurements (73% of

the sample) were analyzed in 3 groups separated by 5 and

6.1 mmol/L limits. The middle category was additionally

divided into 5.0–5.6 mmol/L and 5.6–6.1 mmol/L groups

to detect whether the outcomes of diabetes or CHD dif-

fered but was to be combined if a difference was lacking.

Participants with postprandial glucose measurements were

analyzed in 3 groups separated by 6.1 and 7.8 mmol/L

limits. In predicting outcomes at baseline examination in

multivariate analyses, estimates (and 95% confidence

intervals) for hazard ratio (HR) were obtained by use of

Cox proportional hazards regression analysis in models

that controlled for potential confounders. HRs were

expressed in terms of 1 SD increment, in the case of the

log-transformed CRP in terms of a threefold increment. A

value of P \ 0.05 on the two-sided test was considered

statistically significant. Statistical analyses were performed

using SPSS-10 for Windows (SPSS Inc., Chicago, Ill., Nr.

9026510).

Results

At baseline examination, 1,276 men and 1,343 women

(51.3%) were available free of diabetes and CHD. Mean

age was 47.8 ± 11.8 years, P = 0.5 across genders. MetS

prevailed in 40.1% of men and 43.6% of women. Mean

follow-up constituted 7.24 years (total 18,970 person-

years). CHD newly developed in 331 subjects (17.3 per

1,000 person-years), and incident type-2 diabetes in 261

individuals (13.8 per 1,000 persons-years). IFG existed at

baseline in 112 participants (5.9%) while IGT was detected

in 33 persons (4.7%). The fasting glucose 5.6–6.1 mmol/L

category showed a prevalence of 14% in males and 18% in

females.

Baseline characteristics of the non-diabetic participants

are displayed by gender in Table 1 and by stratification into

fasting and postprandial glucose categories in Table 2.

Following parameters did not differ significantly among

any glucose categories: total, HDL- and LDL-cholesterol in

either sex; in men also apo A–I, apo B, and BMI

(P = 0.095). Individuals with IFG, compared with those in

the two normoglycemic groups, were approximately

6 years older and had significantly wider waist girths,

higher systolic and diastolic BP, and fasting triglycerides.

Participants with IGT were only 2 years and not signifi-

cantly older (P [ 0.05) and differed from adults in the two

normal postprandial glucose categories in regard to high

levels of fasting triglycerides (2.93 mmol/L), CRP

(2.64 mg/L), and apo A–I (1.46 g/L) which albeit did not

reach statistical significance.
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IFG developed subsequently in a total of 243 partici-

pants (12.8%) and IGT in 54 subjects (7.6%). Table 3

depicts logistic regression analyses of 6 risk factors for

incident IFG and IGT. IFG was examined only among

participants with fasting glucose, tested as a continuous

independent variable, while the whole sample was used

regarding IGT and glucose was tested in categories in order

to distinguish potential separate associations of fasting and

postprandial subsets. CRP values were not available in

15% of participants. Fasting normal glucose concentrations

were predictive of newly developing IFG in both sexes

with an RR 2.8. In men, additionally, non-HDL cholesterol

predicted IFG. Among individuals who developed IGT,

significant variables were male sex, IFG in each gender

and, in men, postprandial 5.6–7.8 mmol/L concentrations.

Noteworthy is that HDL cholesterol level was not signifi-

cantly associated with either for IFG or IGT.

Cox regression analysis of relevant risk factors for

incident DM is shown in Table 4, the fasting glucose cat-

egory \5.0 mmol/L serving as referent. In the sex- and

age-adjusted model, IGT and IFG were the major deter-

minants in each sex with HRs of over 4. In addition, the

postprandial glucose 5.6–7.8 mmol/L significantly pre-

dicted and fasting glucose 5.6–6.1 mmol/L tended to pre-

dict diabetes in combined genders. In the model

additionally comprising waist circumference, HDL cho-

lesterol and CRP level, with the aim of assessing the role of

the balance of anti- and pro-inflammatory processes, CRP

was—additive to waist circumference—a significant

determinant in each sex (HR 1.26 [95% CI 1.16; 1.38]),

more strongly in women, and HDL cholesterol was not

significantly associated. Attenuation of HR in men with

IGT was consistent with partial mediation by CRP and

waist girth, but HR was not affected in women with IGT.

Table 5 shows results of a Cox regression analysis for

incident CHD developing during follow-up, separately for

sexes. Compared with fasting glucose 5.0–6.1 mmol/L,

IFG was not significant while IGT significantly predicted

CHD only in women with a HR 3.74 (1.16; 12.0), inde-

pendent of age, systolic blood pressure, non-HDL choles-

terol, waist circumference, smoking status, and CRP. In

women, HDL cholesterol and current smoking were not,

whereas CRP concentrations were significantly predictive

of CHD.

Discussion

In this population-based prospective cohort study com-

prising over 2,600 non-diabetic middle-aged and elderly

Turkish adults, we evaluated postprandial glucose values in

approximately one-quarter of the sample and used Cox

regression analysis over a longer than 7-years’ follow-up.

At baseline, WHO-defined IFG was distincy by the com-

ponents of MetS and being older. In prospective evalua-

tion, IFG was driven, additively to fasting glucose values,

not by CRP, but in men by high triglycerides. HDL cho-

lesterol did not appear protective against risk of pre-dia-

betes or diabetes in either sex. Both IFG and IGT were

fourfold independent determinants of type-2 diabetes in

both sexes while the postprandial glucose category

5.6–7.8 mmol/L conferred a 1.8-fold diabetes risk. CRP

Table 1 Baseline

characteristics of the sample

population, by gender

Number of total n for each

measurement is provided in

Table 2

Men (n = 1,276) Women (n = 1,343) P-value

Mean SD Mean SD

Age (years) 48.1 11.9 47.6 11.8 0.34

Systolic blood pressure (mmHg) 126.4 21 132.6 25.6 \0.001

Diastolic blood pressure (mmHg) 81.3 12.8 83.1 13.9 \0.001

Waist circumference (cm) 93.6 10.6 90 12.5 \0.001

Body mass index (kg/m2) 26.8 5.4 29.0 5.7 \0.001

Fasting glucose (mmol/L) 5.4 1.5 5.5 1.5 0.068

Total cholesterol (mmol/L) 4.71 0.95 4.88 1.00 \0.001

HDL cholesterol (mmol/L) 0.97 0.30 1.16 0.32 \0.001

Fast. triglycerides (mmol/L) 1.76 1.08 1.51 0.97 \0.001

LDL cholesterol (mmol/L) 2.94 0.81 3.06 0.88 0.001

Apolipoprotein B (g/L) 1.13 0.36 1.11 0.38 0.33

Apolipoprotein A–I (g/L) 1.263 0.29 1.394 0.32 \0.001

C-reactive protein (mg/L) 1.89 3.08 2.13 3.15 0.012

Fasting insulin (pmol/L) 51.8 15 53.3 13.5 0.44

HOMA 1.72 2.23 1.82 2.05 0.32

Current smoker 680 53.3 246 18.3 \0.001

Statin usage (n %) 13 1.0 20 1.5 0.42

522 Acta Diabetol (2013) 50:519–528

123



T
a

b
le

2
M

ea
n

s
(S

D
)

o
f

se
le

ct
ed

ch
ar

ac
te

ri
st

ic
s

st
ra

ti
fi

ed
b

y
g

lu
co

se
ca

te
g

o
ri

es
in

n
o

n
-d

ia
b

et
ic

sa
m

p
le

(n
=

2
,6

1
9

)

n
F

as
ti

n
g

g
lu

co
se

ca
te

g
o

ri
es

,
m

m
o

l/
L

P
o

st
p

ra
n

d
ia

l
g

lu
co

se
ca

te
g

o
ri

es
A

N
O

V
A

P
-v

al
u

e

\
5

5
–

6
.1

6
.1

–
7

.0
\

5
.6

5
.6

–
7

.7
8

C
7

.8

M
ea

n
S

D
M

ea
n

S
D

M
ea

n
S

D
M

ea
n

S
D

M
ea

n
S

D
M

ea
n

S
D

M
/F

3
6

3
/3

4
6

4
9

2
/5

9
9

4
5

/6
7

1
8

6
/1

5
5

1
7

3
/1

6
0

1
7

/1
6

A
g

e
(y

ea
rs

)
2

,6
1

9
4

6
.8

1
1

.4
4

8
.1

1
2

5
2

.8
1

2
4

6
.8

1
1

4
8

.2
1

3
4

9
.8

1
1

.4
\

0
.0

0
1

W
ai

st
ci

rc
.

(c
m

)
2

,6
1

9
9

1
1

2
9

1
.8

1
2

9
6

.2
1

2
9

0
.8

1
2

9
2

.3
1

2
9

3
.2

9
.4

\
0

.0
0

1

S
y

st
.B

P
(m

m
H

g
)

2
,6

1
9

1
2

7
2

5
1

3
0

2
3

1
4

0
2

6
1

2
6

2
1

1
3

5
a

2
2

1
3

6
2

0
\

0
.0

0
1

D
ia

st
.B

P
(m

m
H

g
)

2
,6

1
9

8
1

b
1

4
8

3
1

3
8

6
b

1
4

8
1

1
2

8
4

c
1

3
8

2
.5

1
0

0
.0

0
1

T
ri

g
ly

ce
r*

(m
m

o
l/

L
)

1
,9

5
7

1
.3

8
1

.6
9

1
.3

7
1

.6
6

1
.6

0
1

.8
1

.9
7

1
.7

0
2

.2
1

1
.7

2
.9

3
1

.2
8

\
0

.0
0

1

H
D

L
-C

(m
m

o
l/

L
)

2
,6

1
0

1
.0

8
.3

3
1

.0
8

.3
3

1
.0

5
.3

1
1

.0
4

.3
3

1
.0

4
.3

3
1

.0
8

.3
8

0
.1

6

A
p

o
A

–
I

(g
/L

)
2

,0
7

0
1

.3
4

.3
0

1
.3

4
d

.3
2

1
.3

5
.3

0
1

.2
8

d
.2

9
1

.3
1

.3
2

1
.4

6
.3

4
0

.0
1

4

A
p

o
B

(g
/L

)
2

,2
0

6
1

.1
1

.3
7

1
.1

1
.3

7
1

.2
1

.4
4

1
.1

3
.4

0
1

.1
2

.3
7

1
.0

6
.3

4
0

.2
5

C
R

P
*

(m
g

/L
)

2
,2

3
5

2
.2

1
3

.3
2

.0
2

3
.1

2
.3

4
2

.9
1

.6
8

3
.0

1
.8

2
2

.9
2

.6
4

2
.7

0
.0

0
5

F
.i

n
su

li
n

*
(p

m
o

l/
L

)
1

,1
3

4
5

1
.9

1
3

4
9

.3
1

3
6

5
.4

1
5

0
.0

3
1

H
O

M
A

in
d

ex
*

1
,0

0
8

1
.3

7
1

.9
1

.5
1

1
.9

1
.7

7
2

.3
0

.0
0

9

N
ev

er
/c

u
rr

en
t

(s
m

)
2

,6
1

9
3

5
9

/2
7

1
5

8
7

/3
6

6
7

2
/2

7
1

6
4

/1
3

8
1

7
6

/1
1

2
1

8
/1

2
0

.0
9

1

V
al

u
es

ar
e

sh
o

w
n

in
b

o
ld

fa
ce

w
h

en
si

g
n

ifi
ca

n
tl

y
(P

\
0

.0
5

)
d

if
fe

re
n

t
fr

o
m

th
e

p
re

ce
d

in
g

tw
o

g
ro

u
p

s

*
G

eo
m

et
ri

c
m

ea
n

an
d

S
D

v
al

u
es

a
P

\
0

.0
0

1
b

P
=

0
.0

2
1

c
P

=
0

.0
4

2
d

P
=

0
.0

3
1

Acta Diabetol (2013) 50:519–528 523

123



emerged as a significant determinant of diabetes indepen-

dent of waist girth. Evidence pointed to CRP mediating

IGT’s progression to DM only in men as distinct from

women in whom these appeared to operate independently

and additively. In non-diabetic people, fasting or non-

fasting glucose categories did not independently confer

CHD risk except for IGT in women. Hence, use of the

ADA-defined pre-diabetes is justified among Turks

regarding diabetes risk, but the WHO-defined pre-diabetes

better indicates threshold with respect to CHD risk.

Pre-diabetes was reported to affect 16.4% of Australian

adults [25]. In the pooled DECODE data [6], IFG and IGT

prevailed in 15.1 and 14.4%, respectively, of middle-aged

and elderly populations (M:F ratio 1.06). In middle-aged

Turks, the rate of WHO-defined IFG was 5.9% and ADA-

defined IFG was 22.8%, whereas the rate for IGT was

4.7%. Were oral GTT systematically performed in the

entire sample, rates of the intermediate states might be

estimated to converge toward the DECODE data. Inclusion

in our sample of fasting glucose category 5.6–6.1 mmol/L

raised the IFG prevalence nearly fourfold, in accordance

with the estimate by the ADA Consensus statement [2].

Subjects with isolated IFG in the ARIC study were more

likely to smoke and had higher obesity measures and

fasting insulin than those with isolated IGT, who had

higher triglycerides and white cell counts [4]. Isolated IFG

was more common among blacks and white men, and

women were more likely to have isolated IGT.

HDL function associated with low-grade inflammation

mediates development of IFG and IGT

In prospective analysis, IFG was determined—in addition

to baseline fasting glucose—in men by atherogenic dysli-

pidemia as evidenced by HDL- and non-HDL cholesterol

significantly predicting it, the latter representing triglycer-

ide-rich (including remnant) lipoproteins. Characteristics in

cross-sectional and prospective assessments indicate rather

that independent factors in IGT in the present sample were

male sex, IFG, a tendency to lack of protection by HDL

and apo A–I as marker of a pro-inflammatory state and, in

women, age reflecting emergence of enhanced low-grade

inflammation with menopause. This suggests that HDL

dysfunction among Turks is not concomitant with but

Table 3 Logistic regression analysis for incident IFG and IGT in non-diabetic sample at baseline

For IFG Total, n = 179/1,399� Men, n = 80/649* Women, n = 99/750*

RR 95% CI RR 95% CI RR 95% CI

Female sex 1.03 0.70; 1.52

Age, 11 years 1.13 0.96; 1.31 1.10 0.88; 1.40 1.18 0.94; 1.46

Fasting glucose (1.4 mmol/L) 2.80 1.72; 4.50 1.99 1.00; 4.09 3.64 1.90; 7.01

Non-HDL cholest. (1.03 mmol/L) 1.22 1.04; 1.43 1.38 1.08; 1.74 1.08 0.85; 1.38

HDL cholesterol (0.31 mmol/L) 0.90 0.76; 1.07 0.95 0.74; 1.24 0.85 0.68; 1.07

C-reactive protein, threefolda 1.00 0.91; 1.10 0.98 0.84; 1.14 1.01 0.89; 1.16

Current versus never smoking 1.00 0.68; 1.48 1.18 0.66; 2.09 0.84 0.47; 1.51

For IGT Total, n = 43/2,078� Men, n = 29/1,006 Women, n = 14/1,072

Female sex 0.40 0.18; 0.89

Age, 11 years 1.13 0.86; 1.49 0.86 0.60; 1.24 1.90 1.15; 3.15

Non-HDL cholest. (1.03 mmol/L) 1.17 0.82; 1.61 1.04 0.67; 1.61 1.22 0.67; 2.12

HDL cholesterol (0.31 mmol/L) 0.96 0.69; 1.33 1.04 0.69; 1.53 0.84 0.48; 1.49

Current versus never smoking 0.76 0.34; 1.66 0.85 0.33; 2.19 0.58 0.07; 4.85

Fasting glucose (\5 mmol/L) 1 1 1

Fasting glucose (5.6–6.1 mmol/L) 1.32 0.55; 3.17 1.68 0.57; 4.99 0.82 0.18; 3.72

Presence of IFG 8.00 2.60; 24.6 5.63 1.00; 31.7 9.14 1.88; 44.5

Pp glucose (\5.6 mmol/L) 1.29 0.77; 4.83 1.25 0.29; 5.31 1.55 0.25; 9.54

Pp glucose (5.6–7.8 mmol/L) 2.96 1.15; 7.65 4.56 1.49; 14 0.69 0.07; 6.83

Comprises 349/541 male and 148/211 female current smokers in the IFG/IGT models

HRs of former smoking were all not significant

Significant values are highlighted in boldface

Pp postprandial

*, � Number developing outcome/number at risk
a Corresponds to 1 SD
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Table 4 Cox regression analysis of IFG and IGT adjusted for sex, age and glucose categories for incident type-2 diabetes, in non-diabetic

sample at baseline, in two models

Model 1 Total, n = 261/2,619� Men, n = 139/1,276 Women, n = 122/1,343

RR 95% CI RR 95% CI RR 95% CI

Female sex 0.76 0.60; 0.98

Age, 11 years 1.35 1.22; 1.52 1.34 1.15; 1.57 1.37 1.17; 1.61

Fasting glucose (\5 mmol/L) 1 1 1

Fasting glucose (5.6–6.1 mmol/L) 1.38 0.99; 1.93 1.51 0.95; 2.39 1.26 0.77; 2.05

Presence of IFG 4.13 2.62; 6.50 4.31 2.19; 8.51 4.04 2.18; 7.50

Pp glucose (\5.6 mmol/L) 1.00 0.60; 1.66 1.11 0.57; 2.17 0.88 0.39; 1.96

Pp glucose (5.6–7.8 mmol/L) 1.80 1.18; 2.75 1.92 1.09; 3.38 1.64 0.86; 3.15

Presence of IGT 4.75 2.03; 11.1 3.83 1.16; 12.7 6.46 1.92; 21.7

Model 2 Total, n = 222/2,217� Men, n = 119/1,073 Women, n = 103/1,144

Waist circumference (11/13 cm) 1.56 1.24; 1.82 1.49 1.24; 1.80 1.64 1.29; 2.08

C-reactive protein*, threefolda 1.26 1.16; 1.38 1.22 1.09; 1.37 1.33 1.16; 1.52

HDL cholesterol ( 0.31 mmol/L) 0.93 0.81; 1.07 0.92 0.76; 1.11 0.95 0.78; 1.18

Fasting glucose (\5 mmol/L) 1 1 1

Fasting gluc. (5.6–6.1 mmol/L) 1.38 0.96; 1.99 1.53 0.93; 2.53 1.22 0.72; 2.06

Presence of IFG 3.64 2.23; 5.94 3.94 1.88; 8.22 3.16 1.61; 6.19

Pp glucose (\5.6 mmol/L) 1.05 0.59; 1.84 1.25 0.61; 2.54 0.76 0.28; 2.03

Pp glucose (5.6–7.8 mmol/L) 1.77 1.11; 2.83 1.86 1.00; 3.47 1.63 0.79; 3.36

Presence of IGT 3.93 1.55; 9.98 2.55 0.60; 10.9 5.86 1.71; 20.0

Model 2 comprised also sex and age (RRs 0.79 and 1.19)

Significant values are highlighted in boldface

Values italicized highlight borderline significance

Pp postprandial

* Log-transformed values
� Number of incident diabetes/number at risk
a Corresponds to 1 SD

Table 5 Cox regression analysis of glucose categories for incident coronary heart disease (CHD) adjusted for relevant covariates, in non-

diabetic subjects free of CHD at baseline

Total, n = 294/2,216� Men, n = 152/1,073 Women, n = 142/1,143

HR 95% CI HR 95% CI HR 95% CI

Fasting glucose (\5.6 mmol/L) 1.15 0.87; 1.51 1.02 0.69; 1.51 1.23 0.84; 1.81

Presence of IFG 1.02 0.59; 1.77 0.78 0.34; 1.82 1.15 0.55; 2.41

Pp glucose (\5.6 mmol/L) 0.87 0.51; 1.34 0.76 0.44; 1.31 0.95 0.48; 1.86

Pp glucose (5.6–7.8 mmol/L) 1.01 0.70; 1.48 1.00 0.62; 1.64 0.90 0.49; 1.64

Presence of IGT 1.86 0.69; 5.05 0.75 0.10; 5.39 3.74 1.16; 12.0

Waist circumference (11/13 cm) 1.17 1.02; 1.34 1.15 0.97; 1.35 1.15 0.92; 1.43

Systolic BP ( 22/25 mmHg) 1.39 1.23; 1.56 1.61 1.36; 1.88 1.28 1.10; 1.52

Non-HDL cholest. (1.03 mmol/L) 1.27 1.13; 1.43 1.32 1.08; 1.55 1.24 1.08; 1.49

HDL cholesterol ( 0.31 mmol/L) 0.87 0.76; 0.98 0.80 0.66; 0.96 0.92 0.78; 1.10

C-reactive protein*, threefolda 1.12 1.04; 1.21 1.09 0.87; 1.21 1.14 1.01; 1.28

Current versus never smoking 1.35 0.99; 1.85 1.76 1.17; 2.66 0.95 0.53; 1.69

Referent was 1,077 men and women with fasting glucose 5.0–6.1 mmol/L at baseline

Sex and age (HR 0.82 and 1.62) included in model were but former smoking and lipid lowering medication were not significant

Significant values are highlighted in boldface

Values italicized highlight borderline significance

Pp postprandial

* Geometric mean values
� Number developing outcome/number at risk
a Corresponds to 1 SD
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precedes by several years the development of diabetes.

Turks possessing largely functionally heterogeneous HDL

end up with diabetes along two pathways (Fig. 1): either by

low HDL (among participants with normally functioning

HDL) yielding IFG-mediated diabetes, or by dysfunctional

HDL (in relatively high concentrations) leading to diabetes

mediated by IGT and low-grade inflammation. Males

generally tend to the former and females to the latter

pathway.

Impact of impaired glucose regulation on CHD

Hyperglycemic clamp studies revealed fasting hypergly-

cemia was predominantly associated with hepatic insulin

resistance and decreased first-phase insulin secretion,

whereas an elevated postprandial glucose level was asso-

ciated with peripheral insulin resistance and impairment of

both early- and late-phase insulin release [26].

Inflammation in the prediabetic state was shown in the

Insulin Resistance Atherosclerosis Study to be related to

increased insulin resistance rather than decreased insulin

secretion [27]. Individuals with decreased acute insulin

response tended to have lower levels of inflammatory

proteins (CRP and PAI-1) compared with those with high

insulin secretion, as assessed using a frequently sampled

intravenous glucose tolerance test.

Our findings are in agreement with a recent meta-

analysis [28] that the CHD risk imparted by IFG is limited

and essentially not independent of the associated remaining

components of the MetS, hence, presumably related to

insulin resistance and genetic factors. In contrast, IGT

probably impacts CHD similar to diabetes, namely via the

associated systemic inflammation, increased advanced

glycation endproducts [29] and the related dysfunction of

HDL particles and the apolipoproteins [18, 30]. This

extends the notion on the etiology of isolated IGT being

predominantly related to physical inactivity, unhealthy

diet, and short stature [31]. In non-diabetic Turkish women,

an IR-independent enhanced pro-inflammatory state, aris-

ing from dysfunctional HDL and high CRP, possibly pro-

moted by post-menopausal decline in sex hormone-binding

globulin, seemed to be determinants of IGT, as well as of

diabetes [18]. This view is in agreement with the Reynolds

Risk Score, an algorithm improved by incorporation of

CRP for assessing cardiovascular risk in women [32].

Utility of different glucose criteria in risks for diabetes

and CHD

Present findings implicate that categorization by fasting

glucose level is appropriate to predict progression to dia-

betes but is inaccurate—in accord with previous statements

[33]—for independently estimating the magnitude of CHD

risk that is more appropriately reflected by characteristics of

post-load glucose levels. The combination of rare variants

of the APOC3 promoter polymorphisms may result in a

combination of both disturbance in glucose homeostasis and

unfavorable lipoprotein profile, as shown by glucose and fat

tolerance tests in the EARS study [34]. A link between

postprandial glucose (associated with low-grade inflam-

mation) and triglyceride levels augmenting the risk of CHD

(via HDL dysfunction) needs further exploration. Lifestyle

implications are that avoiding excess fat and starch in meals

is of paramount importance in men, whereas physical

activity and avoiding weight gain and obesity are so in

women, especially in peri and postmenopausal ages.

Our findings suggest that modestly elevated glucose

concentrations (up to 7.8 mmol/L) roughly 2 h after a

breakfast implicate by nearly twofold an elevated risk of

incident diabetes, an observation that may be of clinical

interest because patients often visit the physician in a non-

fasting state.

Limitations

Serum glucose measurements were performed in the

present study in the fasting state, except 2 h after a

breakfast in just over a quarter of the sample; a standard

oral GTT was not administered. Thus, a considerable

proportion of IGT may not have been disclosed and may

rest classified as IFG or normal glycemia. This might have

led to underestimation in differences and impact on car-

diometabolic risk between the two conditions, though

elicited findings are not systemetically biased.

Fig. 1 Schematic representation of factors leading to impaired

fasting glucose (IFG), impaired glucose tolerance (IGT) and type-2

diabetes. Hypertriglyceridemia (HTg) induces low HDL cholesterol

concentrations which, with or without wide waist girth and elevated

blood pressure (BP) lead to IFG in either sex, from whence diabetes

develops directly (metabolic syndrome pathway) or via IGT. A

second pathway involves enhanced inflammation and HDL dysfunc-

tion which lead to IGT, particularly in women, and thence to diabetes
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Conclusions

Inclusion of the fasting glucose 5.6–6.1 mmol/L category

raised the IFG prevalence nearly fourfold and modestly

elevated the risk of progression to diabetes. HDL choles-

terol levels were not associated with reduced risk against

the development of pre-diabetic states of IFG or IGT as

well as of diabetes; and CRP elevation was an additive

determinant of IGT’s progression to diabetes. Optimal

glucose values regarding CHD risk are 5.0–6.1 mmol/L

among Turks. In non-diabetic men, fasting and postpran-

dial glucose values are not independently related to CHD

risk, whereas in women CHD risk is significantly and

independently elevated in IGT.
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