
Hyperglycaemia has been convincingly shown to be
associated with increased occurrence of atherosclero-
sis [1±4]. Epidemiological studies found that patients
with Type II (non-insulin-dependent) diabetes melli-
tus have a two- to four-fold increased relative risk of
cardiovascular disease (CVD) in comparison to non-
diabetic subjects [3]. Poorly controlled Type II dia-
betic patients have a higher risk than patients with
good glycaemic control [1, 4]. Furthermore, there is
evidence that non-diabetic plasma glucose levels are
also continuously associated with CVD [5±7], though
this relationship has not been confirmed for only
moderate degrees of hyperglycaemia [8±10]. So far,
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Summary We analysed the relationship between fast-
ing plasma glucose, carotid intima media thickness
and some atherosclerosis risk factors in 307 non-dia-
betic individuals. Male (n = 120) and female subjects
(n = 187) with a familial history of Type II diabetes
mellitus and/or obesity and hyperlipoproteinaemia
were examined in the age group 40±70 years. Plasma
triglycerides, total and high-density-lipoprotein cho-
lesterol, plasminogen activator inhibitor were mea-
sured by conventional methods. Specific insulin, pro-
insulin and C-peptide were measured by specific en-
zyme immunoassay. Intima media thickness in-
creased in quintiles for fasting plasma glucose in
men, but not in women. There was a rise of triglycer-
ides, body mass index, waist to hip ratio, plasminogen
activator inhibitor, true insulin, proinsulin, C-peptide
and a decrease of high-density-lipoprotein cholester-
ol in quintiles for fasting plasma glucose. Fasting plas-
ma glucose was found to be significantly positively
correlated to intima media thickness, body mass in-
dex, waist to hip ratio, haemoglobin A1 c, insulin, C-
peptide, triglycerides, plasminogen activator inhibi-

tor and significantly negatively correlated to high
density lipoprotein cholesterol. However, the correla-
tion of fasting plasma glucose to intima media thick-
ness was no longer significant after adjustment for
age and sex. After adjustment for age and sex intima
media thickness was significantly correlated to body
mass index, total cholesterol, triglycerides, albumin-
uria and inversely correlated to high-density-lipopro-
tein cholesterol. In multivariate analysis age, male
sex, high-density-lipoprotein cholesterol and total
cholesterol were significant determinants of intima
media thickness. Our data suggest that a weak associ-
ation exists between fasting plasma glucose and inti-
ma media thickness, which may be mediated by a
clustering of risk factors in the upper range of non-di-
abetic fasting plasma glucose level with a central role
for dyslipidaemia. [Diabetologia (1998) 41: 706±712]
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it is an open question whether plasma glucose is a
continuous cardiovascular risk factor in its entire
spectrum, including the euglycaemic range, as sug-
gested by Gerstein and Yusuf [7, 11], or rather there
is a curvilinear relationship with a threshold effect at
the near-diabetic level.

Most of the epidemiological data are based on the
mortality or incidence rate of CVD and little is
known about the relationship of plasma glucose con-
centration and the vessel status examined by ultra-
sound. The measurement of the intima media thick-
ness (IMT) of the common carotid artery (CCA), as
originally described by Pignoli et al. [12] is a highly
reproducible and suitable non-invasive method to
monitor early stages of atherosclerosis [13±15]. IMT
of the CCA was shown to be related to cardiovascular
risk factors and occurrence of CVD [16, 17] and is
considered an early marker of coronary atherosclero-
sis. Recently several studies reported an increased ca-
rotid IMT in diabetic subjects [18, 19]. Furthermore,
there is some evidence supporting the hypothesis
that in the absence of diabetes blood glucose control,
measured by haemoglobin A1c, may be a risk factor
for carotid intima media thickening [20]. So far, there
is no published data on the relationship of fasting
plasma glucose (FPG) and IMT in the European pop-
ulation.

The aim of this study was to examine how FPG is
related to carotid IMT in middle-aged non-diabetic
individuals.To shed some light on the nature of the
association between plasma glucose and atheroscle-
rosis, which is far from clear up to now, we analysed
the relationship between FPG and insulin/proinsulin,
as well as to some established risk factors such as
plasma lipoproteins, blood pressure and endothelial
function parameters.

Subjects and methods

Subjects. All study participants were involved in an ongoing
prospective survey on Risk factors in IGT for Atherosclerosis
and Diabetes (the RIAD Study), which started in August
1996. For this study middle-aged subjects from the city of
Dresden and its surroundings were invited to participate, who
had risk for the development of diabetes, such as familial histo-
ry of type 2 diabetes, obesity and/or hyper/dyslipoproteina-
emia. As recruitment sources we used newspaper advertise-
ments and articles, invitations to relatives of dyslipidaemic
and/or diabetic patients as well as to patients with dyslipopro-
teinaemia. All candidates were admitted if they met the fol-
lowing criteria: age between 40 and 70 years; no history of dia-
betes; no renal insufficiency; no severe diseases with a shortage
of life expectancy; no medication (thiazide diuretics, beta
blockers, corticosteroids) known to affect glucose tolerance.
The RIAD participants underwent a standard examination ac-
cording to a special protocol including: short physical examina-
tion by a physician for blood pressure, waist to hip ratio and
body mass index; standard OGTT with 75 g glucose; ECG;
questionnaire about lifestyle, familial history, concomitant dis-
eases and medication; examination of accepted risk factors for
atherosclerosis; ultrasound examination of the carotid and
femoral arteries. For technical reasons the IMT measurement
of the CCA was started in November 1996 and was conducted
in all RIAD participants thereafter (n = 469). According to
the RIAD study design all subjects will be checked by a second
examination in 3 years.

In this study we analysed the data of participants with a
complete examination programme (including IMT measure-
ment). The newly detected diabetic patients (n = 84) according
to the still valid criteria of the World Health Organisation [21]
were excluded from analysis. Another exclusion criterion for
the present study was lipid lowering treatment, so that 78 par-
ticipants receiving lipid lowering drugs were excluded from
analysis. The baseline characteristics of the analysed subjects
(n = 307; 120 male and 187 female) are shown in Table 1.

Ultrasound measurement. Ultrasonography of the distal CCA
was conducted bilaterally with an Acuson 128XP Computed
Sonography System using a 10 MHz linear array transducer.
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Table 1. Baseline characteristics by sex

Male Female p value

n 120 187
Age (years) 54.2 ± 0.8 (52.7 . . . 55.8) 54.8 ± 0.6 (53.6 . . . 55.9) NS
Body mass index (kg/m2) 26.8 ± 0.3 (26.1 . . . 27.4) 26.8 ± 0.3 (26.2 . . . 27.5) NS
Waist to hip ratio 0.96 ± 0.006 (0.95 . . . 0.97) 0.83 ± 0.005 (0.82 . . . 0.84) < 0.001
Systolic blood
pressure (mmHg)

134 ± 1.7 (130.9 . . . 137.8) 134 ± 1.3 (131.3 . . . 136.4) NS
NS

Fasting plasma
glucose (mmol/l)

6.02 ± 0.06 (5.91 . . . 6.13) 5.71 ± 0.04 (5.63 . . . 5.79) < 0.001

HbA1C (%) 5.6 ± 0.04 (5.50 . . . 5.67) 5.5 ± 0.04 (5.43 . . . 5.57) NS
Fasting specific insulin (pmol/l) 83.5 ± 5.9 (71.8 . . . 95.2) 70.7 ± 3.0 (64.7 . . . 76.7) 0.03
Fasting proinsulin (pmol/l) 2.24 ± 0.18 (1.88 . . . 2.59) 1.83 ± 0.13 (1.58 . . . 2.07) NS
C-peptide (pmol/l) 1232 ± 56.7 (1122 . . . 1349) 1122 ± 29.9 (1062 . . . 1181) 0.06
Total cholesterol (mmol/l) 5.8 ± 0.11 (5.61 . . . 6.03) 5.8 ± 0.07 (5.68 . . . 5.98) NS
Triglycerides (mmol/l) 1.98 ± 0.18 (1.62 . . . 2.33) 1.28 ± 0.04 (1.20 . . . 1.36) < 0.001
HDL-cholesterol (mmol/l) 1.2 ± 0.03 (1.19 . . . 1.32) 1.7 ± 0.03 (1.61 . . . 1.73) < 0.001
Intima media thickness maximal (mm) 1.03 ± 0.02 (0.99 . . . 1.08) 0.89 ± 0.01 (0.87 . . . 0.92) < 0.001
Intima media thickness mean (mm) 0.9 ± 0.02 (0.86 . . . 0.93) 0.79 ± 0.01 (0.77 . . . 0.82) < 0.001
PAI active (ng/ml) 47.1 ± 4.21 (38.63 . . . 55.49) 33.1 ± 2.46 (28.27 . . . 37.98) 0.003

Data are mean ± SEM (95 % confidence interval)



Patients were examined in a supine position. We used a longi-
tudinal 2-dimensional ultrasound image of the CCA, which is
displayed as two bright echorich lines separated by a hypo-
echogenic space. A careful search was performed for the IMT
of the far wall of the distal CCA. When an optimal image was
obtained it was frozen in an end-diastolic phase, to minimize
variability during the cardiac cycle. IMT was measured twice
bilaterally at 0.5 cm and 1 cm proximal from the dilatation of
the CCA. The mean of these values presented the IMTmean of
each subject. In addition the maximal thickness (IMTmax) was
measured. All scans were conducted by only two physicians
under the supervision of one expert. All final IMT data are
based on computer stored images that were evaluated by one
researcher. The examination was performed on the day of
blood collection for laboratory analysis, so that both patients
and physicians were unaware of the corresponding laboratory
values. The reproducibility of the IMT measurement was de-
termined by a second scan in 24 patients within 3 months
from the baseline examination.The mean difference in IMT
between these two examinations was 0.01 mm and the correla-
tion between them ± 0.916 for the right CCA IMT, 0.957 for the
left CCA IMT, 0.969 for IMTmax and 0.984 for IMTmean demon-
strating good reproducibility.

Laboratory examination. Patients were examined after an
overnight fast of at least 10 h. Citrate and EDTA plasma and
serum were separated by centrifugation (4000 rev/min for
8 min at 4 °C). Aliquots of plasma and serum were immediate-
ly frozen with liquid nitrogen and were stored at ±80 °C until
analysis. Plasma glucose and HbA1 c were determined using
fresh material. Serum was used for analysis of proinsulin, insu-
lin and C-peptide. Plasminogen activator inhibitor (PAI) was
estimated in Stabylite citrate plasma. HbA1c was examined by
high performance liquid chromatography (HPLC) on a Dia-
mat analyser (BioRad Laboratories, München, Germany).
Plasma glucose was measured by the hexokinase method (in-
terassay CV = 1.5 %). After precipitation with dextran sulfate
HDL cholesterol was examined in the upper layer on a Ciba
Corning Express Plus analyser (Ciba Corning Diagnostics,
Fernwald, Germany). Triglycerides and total cholesterol were
measured by enzyme colorimetric assay on a Ciba Corning Ex-
press Plus analyser, using commercially available test kits
(Boehringer, Mannheim, Germany). Proinsulin was measured
by enzyme immunoassay (DGR Instruments, Marburg, Ger-
many) The monoclonal antibody used in this assay recognizes
a proinsulin specific epitope. It showed cross-reactivity with
32Ð33 split proinsulin of less than 1.5 % and none with human
insulin and human C-peptide (interassay coefficient of varia-
tion ranged from 16 to 10 % using controls prepared at 1.8, 7.3
and 12.5 pmol/l proinsulin). The lower limit of detection of
the proinsulin assay was 0.5 pmol/l. Specific insulin and C-pep-
tide were also measured by enzyme immunoassay (Medgenix
Diagnostics, Fleurus, Belgium). Specific insulin (interassay
CV = 7.6 %) showed no cross-reactivity to human proinsulin.
The cross-reactivity of C-peptide assay to human proinsulin
was 12.5 % (interassay C-peptide CV = < 11 %). PAI was de-
termined using commercially available enzyme immunoassays
(Immuno AG, Heidelberg, Germany). Urine was collected as
fresh morning urine samples. Albuminuria was measured by
nephelometry (Nephelometer BNII, Behring, Germany).

Statistical analysis. Data evaluation was conducted using the
SPSS/PC + programme. Quintiles for FPG were built and
IMT as well as metabolic parameters corresponding to these
five groups were compared by one-way ANOVA and t-test.
The distribution of values was assessed by the Levene test for
homogeneity of variances and the Mann-Whitney U test was

performed if necessary. The level of significance was deter-
mined as p less than 0.05. Data are presented as mean and
95 % confidence interval for mean (CI). The correlation be-
tween FPG and examined parameters as well as between IMT
and risk factors were assessed using Pearson correlation coeffi-
cients. In addition, partial correlation after adjustment for age
and gender was evaluated. Multivariate analysis for IMT de-
terminants was conducted by linear regression.

Results

The examined individuals, 120 males and 187 fe-
males, were of middle age and with mild obesity (Ta-
ble 1). Female subjects showed significantly lower
WHR, triglycerides and significantly higher HDL
cholesterol levels. In addition, they had significantly
lower FPG, insulin, PAI as well as lower IMT. The
sex difference in IMT persisted after adjustment for
FPG.

In men carotid IMT, both mean and maximal, in-
creased in quintiles for FPG reaching statistical sig-
nificance in the fifth quintile, whereas in women
there was no relevant difference for IMT between
the FPG quintiles (Fig.1). In parallel IMT increased
in quintiles of HbA1 c.

In men we observed a rise of triglycerides, BMI
and WHR and a parallel decrease of HDL cholester-
ol in quintiles for FPG (Table 2). The level of total
cholesterol was similar in FPG quintiles. PAI in-
creased in quintiles for FPG. Albuminuria did not
differ between the five quintiles. Specific insulin, pro-
insulin, and C-peptide increased in FPG quintiles
(Fig.2). In women similar changes for the examined
parameters were observed in FPG quintiles, the dif-
ference being significant mostly between the first
and the fifth quintile (Table 2).

FPG was found to be significantly positively corre-
lated to IMTmax, IMTmean, BMI, WHR, HbA1 c, insu-
lin, C-peptide, triglycerides, PAI and significantly
negatively correlated to HDL cholesterol (Table 3).
However, the correlation of FPG to IMT was no long-
er significant after adjustment for age and sex. IMT
was significantly positively correlated to WHR, blood
pressure, HbA1c, total cholesterol, triglycerides, albu-
minuria and FPG and significantly negatively corre-
lated to HDL cholesterol. After adjustment for age
and sex IMT was significantly correlated to BMI, to-
tal cholesterol, triglycerides, albuminuria and in-
versely correlated to HDL cholesterol. Variables cho-
sen for further multivariate modeling were significant
at the p = 0.10 level in univariate analysis. In multi-
variate analysis age, male sex, total and HDL choles-
terol were found to be significant determinants of
IMT (Table 4). When analysed separately for gender
± age, BMI and HDL cholesterol were independent
risk factors for IMT in men and age and total choles-
terol ± in women.
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Discussion

Though there is a general agreement that hypergly-
caemia is associated with atherosclerosis, recent find-
ings indicate that glycaemic level as a cardiovascular
risk factor in the normal population and in diabetic
subjects constitute two separate questions [22]. Sever-
al prospective studies have demonstrated that hyper-
glycaemia in non-diabetic subjects is predictive for
subsequent development of CVD [5, 7, 11]. In a meta-
analysis of more than one million of person-years of
follow-up in mainly non-diabetic populations a con-
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Fig.1. Intima media thickness of the carotids by quintiles of fa-
sting plasma glucose (FPG) and HbA1 c for men and women.
In men: 1Q 4.4 L HbA1c < 5.2; 2Q 5.2 L HbA1c < 5.4; 3Q
5.4 L HbA1c < 5.7; 4Q 5.7 L HbA1c < 5.9; 5Q 5.9 L
HbA1c < 7.3. In women: 1Q 3.2 K HbA1c < 5.16; 2Q 5.16 K
HbA1c < 5.4; 3Q 5.4 K HbA1c < 5.6; 4Q 5.6 K HbA1c < 5.84;
5Q 5.84 K HbA1c < 6.9
* p < 0.05 v. s. 1Q

Table 2. Risk factors in quintiles of fasting plasma glucose for 120 men (M) and 187 woman (W) (mean (95 % confidence interval))

1st Quintile
M
(4.88 L FPG < 5.51)
W
(4.6 L FPG < 5.18)

2nd Quintile
M
(5.51 L FPG < 5.74)
W
(5.18 L FPG < 5.55)

3rd Quintile
M
(5.74 L FPG < 5.99)
W
(5.55 L FPG < 5.8)

4th Quintile
M
(5.99 L FPG < 6.65)
W
(5.8 L FPG < 6.24)

5th Quintile
M
(6.65 L FPG < 7.69)
W
(6.24 L FPG < 7.73)

significant differ-
ences (p < 0.05)
between quintiles

Body mass index
(m/kg2)

M
W

25.1 (24.0 . . . 26.3)
24.3 (23.2 . . . 25.5)

26.3 (25.1 . . . 27.4)
25.8 (24.3 . . . 27.4)

27.6 (25.5 . . . 29.6)
26.9 (25.6 . . . 28.2)

26.9 (25.3 . . . 28.5)
27.9 (26.6 . . . 29.3)

28.5 (27.2 . . . 29.8)
29.0 (27.5 . . . 30.5)

1 to 3, 5; 2 to 5
1 to 3, 4, 5;
2 to 4, 5; 3 to 5

Waist to hip ratio M
W

0.96 (0.93 . . . 0.99)
0.81 (0.78 . . . 0.83)

0.94 (0.92 . . . 0.95)
0.82 (0.80 . . . 0.84)

0.97 (0.94 . . . 1.0)
0.83 (0.82 . . . 0.85)

0.96 (0.94 . . . 0.98)
0.82 (0.79 . . . 0.84)

0.98 (0.95 . . . 1.0)
0.86 (0.84 . . . 0.88)

2 to 5
5 to 1, 2, 4

Blood pressure
(mm Hg) (systolic)

M
W

131 (124.3 . . . 137.8)
127 (121.0 . . . 132.2)

134 (126.3 . . . 141.7)
134 (128.4 . . . 140.0)

136 (125.4 . . . 146.7)
135 (129.3 . . . 141.2)

134 (127.3 . . . 140.8)
138 (131.4 . . . 144.0)

136 (128.4 . . . 143.7)
135 (129.8 . . . 140.4)

n. s.
1 to 3, 4, 5

Total cholesterol
(mmol/l)

M
W

5.6 (5.15 . . . 6.07)
5.7 (5.37 . . . 6.13)

5.6 (5.31 . . . 5.87)
5.7 (5.43 . . . 5.95)

5.6 (5.05 . . . 6.20)
6.0 (5.71 . . . 6.34)

6.2 (5.69 . . . 6.51)
5.9 (5.54 . . . 6.31)

5.9 (5.37 . . . 6.37)
5.8 (5.44 . . . 6.11)

n. s.
n. s.

Triglycerides
(mmol/l)

M
W

1.52 (1.02 . . . 2.01)
1.1 (0.91 . . . 1.29)

1.43 (1.01 . . . 1.84)
1.28 (1.10 . . . 1.46)

1.93 (1.40 . . . 2.46)
1.36 (1.18 . . . 1.54)

2.03 (1.32 . . . 2.75)
1.18 (1.02 . . . 1.34)

3.03 (1.53 . . . 4.54)
1.45 (1.25 . . . 1.64)

5 to 1, 2, 3
1 to 3, 5; 4 to 5

HDL-cholesterol
(mmol/l)

M
W

1.3 (1.11 . . . 1.50)
1.77 (1.63 . . . 1.92)

1.3 (1.16 . . . 1.45)
1.76 (1.61 . . . 1.92)

1.21 (1.07 . . . 1.35)
1.62 (1.48 . . . 1.76)

1.25 (1.12 . . . 1.38)
1.71 (1.56 . . . 1.86)

1.16 (1.01 . . . 1.31)
1.48 (1.39 . . . 1.58)

n. s.
5 to 1, 2, 4

PAI active (ng/ml) M
W

26.1 (15.3 . . . 36.9)
21.8 (12.5 . . . 31.2)

37.4 (24.0 . . . 50.7)
20.6 (14.1 . . . 27.1)

59.2 (36.9 . . . 81.4)
38.9 (26.0 . . . 51.8)

61.1 (34.4 . . . 87.8)
38.3 (25.8 . . . 50.8)

51.7 (31.2 . . . 72.1)
46.2 (34.8 . . . 57.6)

1 to 3, 4
1, 2 to 3, 4, 5

Albuminuria
(mg/l)

M
W

14.9 (8.55 . . . 21.28)
21.8 (12.51 . . . 31.17)

10.0 (4.74 . . . 15.35)
20.6 (14.13 . . . 27.09)

12.4 (6.36 . . . 18.45)
38.9 (26.02 . . . 51.86)

25.26 (2.87 . . . 47.64)
38.3 (25.79 . . . 50.82)

17.8 (�1.38 . . . 36.91)
46.2 (34.81 . . . 57.60)

n. s.
1, 2 to 3, 4, 5



tinuous increase in risk of CVD with glucose lev-
els > 4.2 mmol/l could be demonstrated [11]. Hyper-
glycaemia, however, was not a significant risk factor
in three other large prospective studies [8±10]. Re-
cently a review assessed the association of glycaemia
and cardiovascular risk stating that while hypergly-
caemia in diabetes seems an established risk factor
for atherosclersosis, evidence for the role of plasma
glucose in non-diabetic subjects is weak and inconsis-
tent [23]. So far, studies on this issue were based on
CVD events and evaluation of the relationship be-
tween FPG and carotid IMT, a good marker of early
atherosclerosis, had not been conducted. The impact

of hyperglycaemia on IMT was already described in
Japanese subjects with impaired glucose tolerance
[19] and in Type II diabetic patients [18]. Our study
provides data on the relationship between FPG and
carotid IMT in a middle-aged non-diabetic European
population. The results indicate that in non-diabetic
men carotid IMT increases in parallel with glucose
levels (Fig.1). This finding is consistent with a recent
study showing that carotid IMT increases with higher
HbA1 c levels in non-diabetic individuals [20]. How-
ever, it remains an open question as to whether or
not FPG is causally related to IMT. It seems likely
that elevated FPG levels may act through associated
risk factors. Thus, there was a rise of triglycerides,
BMI, WHR and PAI together with a decrease of
HDL cholesterol in FPG quintiles, this difference
reaching statistical significance mostly in the fifth
quintile (Table 2). Since there is evidence that hyper-
triglyceridaemia [24], android obesity [24, 25], dis-
turbed fibrinolysis [26] and low HDL cholesterol
[27] could be considered as risk factors for atheroscle-
rosis, the clustering of these could explain the intima
media thickening in the upper FPG quintiles in men.
The significant difference of IMT by FPG quintiles
in men disappeared after adjustment for age (Ta-
ble 2). Similarly, the univariate correlation of FPG
and IMT was no longer significant after adjustment
for age and sex (Table 3). In the multivariate analysis
FPG was not an independent risk factor for increased
IMT and established risk factors such as age, male
sex, total and HDL cholesterol were found to be in-
dependent IMT determinants (Table 4). This is in
agreement with other findings for determinants of ca-
rotid IMT [28]. Our data on the relationship between
FPG and early atherosclerosis in non-diabetic sub-
jects, measured by ultrasound, is compatible with the
literature, based on CVD events. If the new Ameri-
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Table 3. Correlation of IMT and plasma glucose to possible atherosclerosis risk factors

Parameters Dependent variable

Plasma glucose IMT mean

Unadjusted (p ) After sex and age
adjustment (p )

Unadjusted (p ) After sex and age
adjustment (p )

IMT mean 0.15 (0.007) 0.04 (NS) ± ±
Age 0.08 (NS) ± 0.38 (< 0.001) ±
Sex �0.25 (< 0.001) ± �0.29 (< 0.001) ±
Body mass index 0.3 ( < 0.001) 0.3 (0.001) 0.07 (NS) 0.12 (0.04)
Waist to hip ratio 0.3 ( < 0.001) 0.14 (0.02) 0.26 ( < 0.001) 0.04 (NS)
Blood pressure systolic 0.1 (NS) 0.09 (NS) 0.17 (0.004) 0.08 (NS)
Total cholesterol 0.02 (NS) 0.02 (NS) 0.14 (0.01) 0.11 (0.07)
Triglycerides 0.26 ( < 0.001) 0.22 ( < 0.001) 0.15 (0.008) 0.16 (0.006)
HDL-Cholesterol �0.27 ( < 0.001) �0.18 (0.002) �0.22 ( < 0.001) �0.16 (0.006)
HbA1C 0.35 ( < 0.001) 0.33 ( < 0.001) 0.15 (0.01) 0.03 (NS)
Fasting specific insulin 0.32 ( < 0.001) 0.31 ( < 0.001) 0.05 (NS) 0.06 (NS)
Fasting proinsulin 0.07 (NS) 0.07 (NS) 0.07 (NS) 0.08 (NS)
Fasting C-peptide 0.3 ( < 0.001) 0.28 ( < 0.001) 0.11 (0.05) 0.09 (NS)
PAI active 0.3 ( < 0.001) 0.25 ( < 0.001) 0.12 (0.05) 0.08 (NS)
Albuminuria 0.07 (NS) 0.04 (NS) 0.17 (0.01) 0.15 (0.02)

Table 4. Multivariate analysis of risk factors of IMT max and
IMT mean for the total group and by gender

Parameters IMT max IMT mean

all male female all male female

Age < 0.001 0.002 < 0.001 < 0.001 0.001 < 0.001

Sex 0.003 ± ± 0.003 ± ±

Body mass
index NS 0.04 NS NS 0.05 NS

Waist to hip
ratio NS NS NS NS NS NS

Systolic blood
pressure NS NS NS NS NS NS

Total
cholesterol 0.009 NS 0.004 0.02 NS 0.02

Triglycerides NS NS NS NS NS NS

HDL-
cholesterol 0.04 0.002 NS NS 0.004 NS

HbA1C NS NS NS NS NS NS

C-peptide NS NS NS NS NS NS

PAI active NS NS NS NS NS NS

Albuminuria NS NS NS 0.053 NS NS



can Diabetes Association criteria for the diagnosis of
Type II diabetes [29] are taken into consideration,
some subjects from the fifth quintile would be exclud-
ed from analysis, which could weaken the association.

In non-diabetic women no significant changes
were found in IMT in FPG quintiles (Fig.1). Interest-
ingly, female subjects had a significantly thinner inti-
ma-media than male subjects together with a lower
FPG (Table 1). After adjustment for FPG the IMT
difference remained significant. In the Rancho Ber-
nardo study an increase of FPG from 5 to 7 mmol/l
was associated with a doubling of CHD mortality in
men and a tripling in women [5]. In the present study
with both sexes in the same age and BMI range,
males exhibit the classical risk profile of the metabol-
ic syndrome: higher levels of insulin, triglycerides,
PAI, WHR and lower levels of HDL cholesterol, to-
gether with a more pronounced IMT than females.

Total cholesterol and albuminuria, as expected,
were not related to glucose levels, but were signifi-
cantly correlated to IMT even after adjustment for
age and sex (Table 2 and 3). These results are com-
patible with other studies on the impact of albumin-
uria and in particular of total cholesterol on carotid
IMT [28, 30]. Blood pressure was significantly higher
in the fifth FPG quintile for women (Table 2) and
was significantly correlated to IMT (Table 3). Re-
cently blood pressure was reported as determinant
for IMT in non-diabetic subjects [31]. However, in
our study the partial correlation to IMTwas no longer
significant after age and sex adjustment, which could

be due to the fact that a high percentage of the hyper-
tensive subjects were under medical treatment.

Hyperinsulinaemia and insulin resistance have
been suggested to play a role in accelerated athero-
genesis [32, 33]. Interestingly, insulin levels in our
study were found to increase in euglycaemia and mild
dysglycaemia, preceding diabetes. An increase was
observed in both specific insulin and proinsulin in
quintiles of FPG. The increment of proinsulin to insu-
lin ratio, indicative of impaired insulin secretion, was
significantly elevated in the fifth FPG quintile in
men. In addition, triglycerides may reflect insulin re-
sistance in our subjects in parallel with hyperglycae-
mia. As shown in Table 3 there is a close correlation
of FPG with insulin fractions, triglycerides and PAI.
These components of the metabolic syndrome were
found in our study to increase at a level of FPG of
5.55±5.8 mmol/l in women and 5.44±5.99 mmol/l in
men.

In conclusion, our data in non-diabetic individuals
clearly demonstrate an increase in established ath-
erosclerosis risk factors in the 4th and 5th quintile of
FPG below the old and new cut-off level for diabetes.
In the euglycaemic range we observed a continuous
rise in specific insulin and proinsulin. IMT was signif-
icantly increased in the top quintile of FPG only in
men. In multivariate analysis age, male sex, total and
HDL cholesterol were independent risk factors. Our
data suggest a weak association to exist between
FPG and IMT, which may be mediated by a clustering
of risk factors in the upper range of non-diabetic FPG
level with a central role of dyslipidaemia.
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