
Abstract

Aims/hypothesis. Hyperglycaemia predicts microvas-
cular complications but data on macrovascular disease
are limited. We searched for predictors of carotid
artery intima–media thickness in young adults with
Type I (insulin-dependent) diabetes mellitus.
Methods. A total of 71 children (F/M = 34/37) were fol-
lowed after their diagnosis until they reached 32 ±
1 years of age, when duration of diabetes averaged 
22 ± 1 years. Cardiovascular risk markers [lipids, blood
pressure, smoking, urinary albumin excretion rate, life-
time glycaemic exposure (A1c months), exercise habits,
alcohol consumption, family history] were evaluated at
age 21 ± 1 for the baseline examination and at age 32 ±
1 years for the follow-up examination years. During fol-
low-up, intima–media thickness of common and internal
carotid arteries and the carotid bulb were quantitated us-
ing a high-resolution B-mode ultrasound.
Results. In univariate analysis, age, BMI, blood pres-
sure, lifetime glycaemic exposure, a positive family

history of Type II (non-insulin-dependent) diabetes
mellitus, hypertension and cardiovascular disease
were predictors of carotid intima–media thickness. In
multivariate analysis, a positive family history of Type
II diabetes predicted maximal (p < 0.05) and common
(p < 0.005) carotid artery intima–media thickness,
family history of hypertension predicted increases in
maximal (p < 0.04), and far wall (p < 0.006) carotid
artery intima–media thickness, and lifetime glycaemic
exposure was an independent predictor of increased
carotid bulb thickness (p < 0.03).
Conclusion/interpretation. Positive family histories of
Type II diabetes and hypertension are independent
predictors of carotid intima–media thickness in pa-
tients with Type I diabetes, and could therefore predis-
pose these patients to atherosclerosis [Diabetologia
(2002) 45:711–718]
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(insulin-dependent) diabetes mellitus compared with
healthy subjects matched for age [1]. This increase
can in part be attributed to hypertension [2] and dia-
betic nephropathy [3]. However, in a recent Finnish
population-based prospective study, poor glycaemic
control predicted cardiovascular events in patients
with Type I diabetes without nephropathy [4]. Further-
more, a positive family history of Type II (non-insulin-
dependent) diabetes mellitus has been associated with
an increased risk of coronary artery disease in Type I
diabetic patients [5].

Measurement of intima–media thickness (IMT) has
been used to quantitate subclinical atherosclerosis [6].
In non-diabetic subjects, age, male gender, hyperten-

The mortality and morbidity from cardiovascular dis-
ease is two to four times higher in patients with Type I



sion, smoking, impaired fibrinolysis, hypercholester-
olaemia, and mild hyperglycaemia seem to be inde-
pendent predictors of IMT [7, 8, 9, 10, 11, 12]. In
cross-sectional studies, carotid IMT has been in-
creased in Type I diabetic patients compared with
matched control subjects [13] already at a young age
[14], and in the absence of overt macrovascular dis-
ease [15]. Multivariate analyses have shown that max-
imum or mean IMT of proximal carotid artery are in-
dependently associated with age [13, 14, 16, 17, 18,
19], duration of diabetes [13], male gender [13, 19],
triglycerides [13], total and LDL cholesterol [18],
nephropathy [13], hypertension [18, 19, 20], height
[16], BMI [16], HbA1c [17], and smoking [16] in pa-
tients with Type I diabetes.

Prospective data on predictors of carotid IMT in
patients with Type I diabetes are sparse. In a recent 
2-year follow-up study, carotid IMT increased by 14%
in patients with Type I diabetes but did not change in
healthy subjects during that time [15]. No significant
correlations with changes in blood pressure, heart rate,
daily dose of insulin, serum total cholesterol or mea-
surements of glycaemia and IMT were found. In the
participants of the DCCT, carotid IMT was not influ-
enced by 6.5 years of either intensive or conventional
therapy, nor was it correlated with mean HbA1c con-
centrations in the entire study group [16]. In another
study, however, Type I diabetic patients who had been
treated with intensive insulin treatment for 10 years
had a thinner common carotid IMT than those who re-
ceived standard therapy [20]. The reason for the dif-
ference in these results is not clear. In both the DCCT
[16] and UKPDS [21], the effect of good glycaemic
control on macrovascular events was borderline
whereas effects on microvascular complications were
highly significant. These data might suggest that
chronic hyperglycaemia is a weak risk factor for mac-
rovascular disease, i.e. it takes a considerable amount
of time before effects of chronic hyperglycaemia on
macrovascular disease become evident. The aim of
our study was to determine predictors of carotid IMT
in patients with Type I diabetes, who were followed
from the time of their diagnosis up to a mean disease
duration of 22 years.

Subjects and methods

Subjects and study design. A total of 226 patients were diag-
nosed with Type I diabetes between the years 1968 to 1978 at
the Children’s Hospital of the Helsinki University Central Hos-
pital and at the Aurora Hospital. This population represented
all newly-diagnosed Type I diabetic patients younger than 
15 years of age living in the Helsinki area at that time. At the
first examination 22 patients of the original cohort could not be
located and five had died. A total of 125 patients volunteered
to participate in a baseline examination, whereby possible pre-
dictors of IMT [lipids, blood pressure, urinary albumin excre-
tion rate (UAER), glycosylated haemoglobin] were examined
at the age of 21 ± 1 years, when duration of diabetes averaged

12 ± 1 years. The patients who did not volunteer to participate
were similar with respect to gender, age and duration of diabe-
tes to those volunteering to participate.

At the time of a follow-up examination 10 years later, five
male patients had died: two because of a cardiovascular cause
at ages of 22 and 31 years, and three at ages of 29, 31, and 
32 years of an unknown cause. Three patients were excluded
because of other illnesses or pregnancy, five patients had
moved, and 19 patients could not be located. A total of 71
(76% of those invited) patients volunteered to participate in the
follow-up examination at the mean age of 32 ± 1 years. Com-
pared with the patients participating in both examinations (n =
71), the patients studied only at baseline (n = 54) had similar
demographic characteristics gender, M/F 37/34 vs 26/28; age
21 ± 1 vs 21 ± 1 years; BMI 22.1 ± 0.3 vs 22.6 ± 0.4 kg/m2,
and were also comparable by pubertal stage, duration of diabe-
tes, blood pressure, HbA1, total and HDL cholesterol, insulin
dose per kg body weight, and UAER (data not shown). At the
follow-up examination common, internal and bulb IMT were
measured using a high-resolution B-mode ultrasound device.
Measurements of lipids, blood pressure, UAER and glycosylat-
ed haemoglobin were repeated. Electrocardiograms were anal-
ysed in a blinded fashion. Current and historical physical activ-
ity [22], smoking and alcohol consumption, and family history
of Type II diabetes, hypertension and cardiovascular disease 
(0 = no family history of disease, 1 = one parent affected, 2 =
both parents affected) were recorded. Lifetime glycaemic ex-
posure (A1c months) was calculated (vide infra).

No patient had symptoms or signs of cerebrovascular or
coronary heart disease (Minnesota Codes A3.1.2.1, A3.1.2.4,
A3.1.2.4, A3.1.2.5, and A3.1.2.7) [23] at either examination.
Two patients during the baseline examination and 20 patients
during the follow-up examination were using one or several
antihypertensive drugs (17 angiotensin-converting enzyme
inhibitors, 7 diuretics, 5 calcium-channel blockers, and 2 β-
blockers), for 5 ± 1 years. Two patients were using lipid-lower-
ing drugs at the time of the follow-up examination. Informed
written consent was obtained after the purpose, nature and po-
tential risks were explained to the participants. The protocol
was approved by the ethics committees of Helsinki City and
Helsinki University Central Hospitals.

Ultrasonographic assessment of carotid artery intima–media
thickness. Ultrasound scanning was carried out with an Acuson
128XP/10 ultrasound system (Acuson Corporation, Mountain
View, Calif., USA) equipped with a 7 MHz linear array trans-
ducer. Scannings were videotaped with a Panasonic 625 PAL
S-VHS-VCR, Matsushita Electric Industrial, Osaka, Japan).
One physician (K. Ylitalo) carried out all ultrasound examina-
tions. Patients were examined in the supine position with the
head turned 45° away from the side being scanned. Longitudi-
nal images from three projections (anterolateral, lateral, and
posterolateral) were displayed for each of the six arterial seg-
ments: right and left distal 1 cm of common carotid artery
(CCA), the entire carotid bulb (CB), and the proximal internal
carotid artery (ICA). Images were focused at both the far wall
and the near wall in CCA and CB. In ICA, scanning was fo-
cused only at the far wall. IMT measurements were done by a
single reader at Oy Jurilab (www.jurilab.com). IMT was mea-
sured from ultrasound images with a PC computer with a video
frame grabber interfaced to a S-VHS VCR. The Prosound soft-
ware (Caltech, Pasadena, Calif., USA) [24] was used to mea-
sure the IMTs at a total of 18 (or fewer) sites: far wall and near
wall of CCA and CB from the two best projections chosen by
the reader based on the visualisation of the interfaces and the
maximal thickness of the IMT. In ICA, the single, best visual-
ised projection of the far wall was measured. All measure-
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ments were done in the diastole, when IMT is at its largest.
Three variables were derived from each measurement: the
minimum, the mean, and the maximum IMT. All outcome vari-
ables were first calculated for each subject. The average of all
mean IMT measurements (mean IMT) over 18 sites, the aver-
age of maximum IMTs (maximal IMT) over 18 sites, the aver-
age of mean far wall IMTs (far wall IMT), and the average of
maximum IMTs for each segment [CCA IMT, 8 sites; CB IMT,
8 sites; ICA IMT, 2 sites). Intra-sonographer variability in the
scans was estimated by scanning six patients (8%) twice on
two different occasions. The average coefficient of variation of
the different outcome variables was 3.5 ± 0.9%. For the reader,
the coefficient of variation for the two paired readings was 1.5
± 0.5%.

Assessment of diabetic microvascular complications. For neph-
ropathy, during the baseline examination and the follow-up ex-
amination, urine was collected three times overnight consecu-
tively to assess the UAER using radioimmunoassay and an an-
tiserum against human albumin (albumin antiserum, Orion
Diagnostica, Espoo, Finland). Microalbuminuria was defined
as a mean urinary albumin excretion rate of 20–200 µg/min,
and macroalbuminuria as a rate greater than 200 µg/min in at
least two of three consecutive overnight urine samples [25].

For retinopathy fundus photographs were taken through
maximally dilated pupils during both examinations. Quantita-
tion of the severity of retinopathy at the baseline and follow-up
examination was done using the Early Treatment of Diabetic
Retinopathy Study (ETDRS) [26] by the same ophthalmologist.

Glycaemic control. Glycosylated haemoglobin (HbA1) was
measured until 1987 using microcolumn chromatography with
Quick-Step columns (Isolab, Akron, Ohio, USA). In 1987, the
HbA1 assay was replaced by measuring HbA1C using HPLC
(BioRad, Richmond, Calif., USA). During 1987 both HbA1
and HbA1C were measured. These data were used to convert
HbA1 to HbA1C values: HbA1C = –0.219+0.886 HbA1 (r =
0.96, n = 110, p < 0.0001). The intraindividual CV of mea-
sured and calculated HbA1C values was 7.0 ± 0.4%. Lifetime
glycaemic exposure was calculated by multiplying the number
of HbA1C units above the upper limit of normal (6.0%) by the
number of months between the preceding and succeeding in-
tervals (A1C months) [27]. At least one yearly HbA1C measure-
ment was available in 58% of the patients during the first 
6 years of the disease (the lack of data is mostly due to diagno-
sis before HbA1 measurements were available), 83% during
years 7 to 12 of the disease, and in all patients for the rest of
the duration of disease.

Other laboratory analyses. Venous blood samples were col-
lected after a 10- to 12-h fast. During the baseline and follow-
up examinations, serum concentrations of triglycerides, total
and HDL cholesterol were determined by enzymatic colorimet-
ric assays (Boehringer Mannheim, Mannheim, Germany and
Hoffman La Roche; Diagnostica, Basel, Switzerland). Low-
density lipoprotein cholesterol was calculated [28].

Statistical methods. Data between the two examinations and
genders were compared using a Student’s t test. Data between
tertiles were analysed using analysis of variance followed by
pairwise comparison using Fischer’s Exact test. UAER and se-
rum triglyceride concentrations were log-transformed because
of their non-normal distribution before analysis. Simple corre-
lations were calculated using Spearman’s rank correlation co-
efficient. Multivariate linear regression analysis was used for
the causes of variation in parameters of IMT and selected vari-
ables. Normally distributed data are expressed as means ±

SEM. For non-normally distributed data, the median and the
interquartile range (25%, 75%) are given.

Results

Patient characteristics. Patient characteristics during
the baseline and the follow-up examination are shown
(Table 1). Cumulative lifetime glycaemic exposure
ranged between 170 to 2184 A1C months and did not
differ between women (995 ± 71) and men (891 ± 59),
though women had higher HbA1C than men (9.7 ± 0.3
vs 8.9 ± 0.2%, p<0.05) at the baseline. Men used more
alcohol than women (7.9 ± 1.3 vs 3.5 ± 0.8 drinks per
week, p<0.01). Lifetime smoking in pack-years was
3.3 ± 0.7 and did not differ between women and men.
Women had a higher retinopathy (ETDRS) score 
(26 ± 3 vs 18 ± 2, p < 0.05) than men at the time of the
baseline examination. The ETDRS score increased
during the 10-year period (Table 1, NS between men
and women). During the baseline examination 74% of
the patients had normoalbuminuria, 20% had microal-
buminuria, and 7% had macroalbuminuria. Ten years
later these prevalences were 76%, 11%, and 13% re-
spectively. Of the patients 18% had a positive family
history (first degree relative) of Type II diabetes, 44%
had hypertension, and 25% had cardiovascular disease.

Relation between clinical and biochemical character-
istics and IMT. Mean, maximal and far-wall carotid
artery IMT averaged 0.64 ± 0.01, 0.81 ± 0.01, and
0.64 ± 0.01 mm. IMT of the common and internal
carotid arteries averaged 0.79 ± 0.01 and 0.73 ±
0.01 mm, and of carotid bulb 0.87 ± 0.02 mm. No pa-
tient had plaques in their carotid arteries. Biochemical
and clinical parameters which correlated with at least
one measure of carotid IMT are listed (Table 2). Such
parameters included age, age of onset of diabetes,
glycaemic exposure, BMI, mean arterial blood pres-
sure, family history of Type II diabetes (Fig. 1), fami-
ly history of hypertension (Fig. 1), and family history
of cardiovascular disease. 

A multiple linear regression analysis was done to
establish independent predictors of IMT. The variables
which were significant in univariate analysis (Table 2)
were included in the model. In multiple linear regres-
sion analysis, age was an independent predictor of
common (r = 0.30, p < 0.03) and internal (r = 0.34, 
p < 0.05) carotid artery IMTs. Family history of Type
II diabetes was an independent predictor of mean (r =
0.21, p < 0.04), maximal (r = 0.22, p < 0.04), and
common (r = 0.32, p < 0.002) carotid artery IMTs.
Family history of hypertension predicted independent-
ly mean (r = 0.21, p < 0.05), maximal (r = 0.21, p <
0.04), and far wall (r = 0.29, p < 0.008), and carotid
bulb (r = 0.24, p < 0.05) IMTs. Lifetime glycaemic
exposure (A1c months) predicted independently IMT
of carotid bulb (r = 0.29, p < 0.03), and BMI of far
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wall carotid IMT (r = 0.23, p < 0.05). Together these
variables (Table 2) explained (R2) 38% of mean, 39%
of maximal, 37% of far wall, 38% of common carotid
artery, 28% of carotid bulb, and 23% of internal carot-
id artery IMTs.

At the time IMT was measured (cross-sectional
analysis), mean arterial blood pressure was associated
with all carotid IMTs (r≥30.23, p < 0.05) except for
IMT of carotid bulb and internal carotid artery. Serum
LDL cholesterol was associated with the far wall IMT

of carotid artery in univariate analysis (r = 0.24, 
p < 0.05). In multiple linear regression analysis in-
cluding age, age of onset of diabetes, family history of
Type II diabetes, family history of hypertension, and
mean arterial blood pressure, serum LDL cholesterol
remained the only independent predictor of carotid far
wall IMT (p = 0.003, R2 = 39%).

IMT in patients divided into tertiles of glycaemic ex-
posure. To further characterise the impact of lifetime
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Table 1 Characteristics of Type I diabetic patients (n = 71) at baseline examination and 10 years later at the follow-up examina-
tion

Characteristic Baseline Follow-up

Gender (M/F) 37/34 37/34
Age at onset of DM (years) 9 ± 1
Duration of DM (years) 12 ± 1 22 ± 1***
Age (years) 21 ± 1 32 ± 1***
Height (cm) 169 ± 1 171 ± 1*
Weight (kg) 64 ± 1 74 ± 1***
Body mass index (kg/m2) 22.1 ± 0.3 25.2 ± 0.4***
HbA1C (%)a 9.3 ± 0.2 8.5 ± 0.1***
A1C monthsb [range] 523 ± 28 [89–1168] 941 ± 46 [170–2184]***
Insulin dose (IU/day) 51 ± 2 53 ± 2
Insulin dose (IU/kg·day) 0.81 ± 0.02 0.72 ± 0.02***
Serum cholesterol (mmol/l) 4.7 ± 0.1 4.9 ± 0.1*
Serum HDL cholesterol (mmol/l) 1.4 ± 0.04 1.4 ± 0.03
Serum triglycerides (mmol/l) – 1.1 ± 0.1
Serum creatinine (µmol/l)c 75 ± 2 91 ± 3***
UAER (µ/l)d [25%, 75%]e 8 [5, 35]e 8 [6, 16]e

Mean arterial blood pressure (mmHg) 70 ± 1 71 ± 2
Proportion using antihypertensive drugs (%) 3 25
Heart rate (beats/min) 76 ± 2 71 ± 1**
ETDRSf score 21 ± 2 38 ± 2***

* p < 0.05, **p < 0.01 and ***p < 0.001 for changes in param-
eters between baseline and follow-up examination
a Reference range 4–6%
b Glycaemic exposure (see methods)
c Reference range 50–110 for women and 55–115 µmol/l for
men

d UAER, overnight urinary albumin excretion rate
e Median, interquartile range [25%, 75%]
f ETDRS score for grading of severity of diabetic retinopathy
(score ≤10 = normal [26]

Table 2 Simple non-parametric (Spearman’s) correlation coefficients between clinical and biochemical parameters and measures
of carotid IMT

Mean Maximal Far wall IMT of IMT of IMT of 
IMT IMT IMT CCA CB ICA 
(mm) (mm) (mm) (mm) (mm) (mm)

Age (years) 0.53*** 0.50*** 0.52*** 0.50*** 0.32** 0.44***

Age of onset of diabetes (years) 0.44*** 0.46*** 0.44*** 0.53*** 0.23* 0.34**

Glycaemic exposure (A1c months)a 0.17 0.13 0.14 –0.01 0.25* 0.03
Family history of Type II diabetes 0.33** 0.36** 0.30** 0.44*** 0.22* –0.01
Family history of hypertension 0.33** 0.32** 0.38*** 0.18 0.37** 0.22*

Family history of cardiovascular disease 0.30** 0.30** 0.21 0.21 0.29* 0.21
BMI (kg/m2)b 0.32** 0.29* 0.35** 0.21 0.25* 0.27*

Mean arterial blood pressure (mmHg)b 0.19 0.17 0.26* 0.12 0.12 0.15

Only parameters which were significantly correlated with at
least one of the IMT parameters are shown
a Estimate of cumulative glycaemic exposure (units above
HbA1C 6.0% times duration of diabetes in months)

b At baseline, 10 years before measurement of IMT
* p < 0.05, **p < 0.01, ***p < 0.001 for correlations



glycaemic exposure on IMT, the patients were divided
into tertiles based on A1c months. Apart from compli-
cations, the tertiles were comparable. Of microvascu-
lar complications, the patients in the highest tertile of
glycaemic exposure had a higher UAER – 11 (8, 266)
for median and (25%, 75%) interquartile range – com-
pared with the lowest tertile (6 [6, 9]) of glycaemic
exposure, and a higher ETDRS retinopathy score (52
± 3, p < 0.001 for lowest tertile, p < 0.01 for middle
tertile) compared with the middle (40 ± 3, p < 0.001
for lowest tertile) and the lowest (20 ± 2) tertiles of
glycaemic exposure. The tertiles did not differ with
respect to smoking habits, alcohol consumption or
present and past physical activity (data not shown).

Carotid bulb thickness was (p < 0.05) higher in the
highest (1356 ± 49 A1c months, or HbA1c 5.7% above
normal for 20 years) glycaemic exposure tertile than
the middle (91519 A1c months, or HbA1c 3.8% above
normal for 20 years) or the lowest (51531 A1c months,
or HbA1c 2.1% above normal for 20 years) tertile. In-
dividual values and means of IMT of carotid bulb in
patients divided into tertiles of glycaemic exposure
are shown (Fig. 2). The patients in the highest as com-
pared to those in the middle and the lowest glycaemic
tertile, also had higher mean (0.65 ± 0.01 vs 0.62 ±
0.01 and 0.63 ± 0.01 mm), maximal (0.83 ± 0.02 vs

0.79 ± 0.01 and 0.81 ± 0.02 mm) and far wall (0.66 ±
0.02 vs 0.62 ± 0.02 and 0.62 ± 0.01 mm) IMT of ca-
rotid artery but these differences did not reach statisti-
cal significance. The IMT of internal carotid artery
averaged 0.72 ± 0.02 mm in the high, 0.73 ± 0.03 mm
in the middle, and 0.730.03 mm in the low glycaemic
exposure group (NS between groups).

Discussion

We determined predictors of subclinical atherosclero-
sis as assessed by IMT measurements of carotid arte-
ries. The results show that in patients with Type I dia-
betes, a positive family history of Type II diabetes and
a family history of hypertension contribute to carotid
IMT at several sites independent of age, sex and dura-
tion of diabetes, whereas chronic hyperglycaemia, de-
fined as a lifetime cumulative glycaemic exposure
(A1c months), independently predicted only thickening
of the carotid bulb.

A positive family history of Type II diabetes and
hypertension in the Type I diabetic patients were both
independent of all other risk factors, predictors of sev-
eral measures of carotid IMT. This finding is in line
with previous studies showing that a positive family
history of Type II diabetes is associated with an in-
creased risk of developing diabetic nephropathy [5]
and coronary artery disease [29] in patients with Type I
diabetes. First-degree relatives of patients with Type II
diabetes have also been shown to have more cardio-
vascular risk factors, such as high BMI, higher systol-
ic and diastolic blood pressures, higher serum insulin
and triglyceride concentrations, and lower concentra-
tions of high density lipoprotein particles, than sub-
jects with a negative family history [30]. In multivari-
ate analysis, thickening of carotid IMT has been posi-
tively correlated with hypertension [31, 32], microal-
buminuria [33], serum total and LDL cholesterol [9],
low HDL cholesterol [9, 31], serum triglycerides [9,
34], and a high BMI [35] in patients with Type II dia-
betes. In hypertension, thickening of carotid IMT has
also been a frequent finding [36, 37]. In our study, tri-
glycerides were only measured at the follow-up exam-
ination and did not correlate with measures of IMT.

A difference in this study compared with previous
studies in patients with Type I diabetes is that we in-
cluded measurement of the IMT of the carotid bulb. It
is fairly well established that patients with Type I dia-
betes have a more diffuse and distal disease in carotid
[38, 39] and coronary arteries [40] than non-diabetic
subjects. This is in contrast to Type II diabetes, where
atherosclerosis, according to more recent studies using
quantitative angiography and carefully matched con-
trol subjects, seems to be similar to that in non-diabetic
subjects [41]. We found, as in previous studies in Type
I diabetes where usually common [13, 14, 15, 16, 17,
18, 19, 20] and internal [16] carotid IMT were mea-
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Fig. 1A, B. Common (A) and far wall (B) carotid artery IMT
in patients with Type I diabetes with no family history (–) or a
positive family history (+, at least one parent affected) of Type
II diabetes (A) or hypertension (B). ***p < 0.001 for patients
with positive (+) vs negative (–) family history of Type II dia-
betes or hypertension. The horizontal line denotes mean values

Fig. 2. Carotid bulb IMT (means ± SEM) in patients with Type
I diabetes divided into tertiles of lifetime glycaemic exposure
calculated as A1C months (see Methods). *p < 0.05 for patients
with highest vs middle and for highest vs lowest glycaemic ex-
posures



sured, classic cardiovascular risk factors including age,
blood pressure and LDL cholesterol to correlate with
these measures of IMT, while glycaemic exposure was
only correlated with bulb IMT. Thus, hyperglycaemia
possibly damages the arterial tree at sites different
from those affected by classic risk factors. Moreover,
glycaemic control does not predict coronary heart dis-
ease overall but does predict peripheral vascular dis-
ease, whereas classic risk factors such as hypertension
are more closely related to coronary heart disease than
to peripheral vascular disease in patients with Type I
diabetes [42, 43, 44]. Many biochemical mechanisms
could explain why hyperglycaemia independent of oth-
er cardiovascular risk factors can increase IMT. In vit-
ro glucose potentiates vascular smooth muscle cell
growth and accumulation of irreversible glycated pro-
teins in the arterial wall [45], it also increases extracel-
lular collagen content [46], and can accelerate oxida-
tion and trapping of lipoprotein particles [47] into vas-
cular wall thus increasing arterial IMT.

Mild hyperglycaemia [8, 11, 48], increased post-
prandial plasma glucose concentrations [12] and slight
increases in HbA1c [49] have been associated with in-
creased carotid IMT in non-diabetic subjects. In cross-
sectional studies in patients with Type I diabetes, as-
sociations between HbA1c and mean carotid IMTs
have been found [14, 17]. In other studies, however,
single measures of glycaemia such as the fasting
blood glucose or the HbA1c concentration have not
correlated with carotid IMT in patients with Type I di-
abetes [13, 15, 16, 18, 19, 20]. This was also true in
our study whereby the HbA1c measurements carried
out 10 years before and at the time of IMT measure-
ments were not correlated with carotid IMT. This
could be either because glycaemic control is a rela-
tively weak predictor of macrovascular complications
compared with other risk factors of cardiovascular
disease, or because a simple measurement poorly re-
flects the impact of overall glycaemia on IMT. These
data support the proposal [27] that cumulative glyc-
aemic exposure (A1 months), a measure of lifetime
glycaemia, provides a valuable tool to assess lifetime
chronic hyperglycaemia and is therefore superior to
single cross-sectional measures of glycaemia. We as-
sessed life-time glycaemia and found that only when
lifetime glycaemic exposure averaged 5.7% above
normal for 20 years (or 11.4% above normal for 
10 years) it was associated with an increase in IMT of
the carotid bulb. However, unlike data on glycaemic
control, in our study only two standardised measure-
ments (at baseline and at the follow-up visit) of blood
pressure and lipid parameters were available. This,
and the relatively small size of the study population,
might have underestimated the ability of these risk
factors to predict IMT in the Type I diabetic patients.

The influence of improved glycaemic control on
IMT has been examined in two studies. In the first
study [20], HbA1c was maintained at 7.1 or 8.2% for

10 years using intensified or standard insulin treat-
ment. The patients in the standard group had stiffer
arteries, endothelial dysfunction and thicker inti-
ma–media in the left common carotid artery than the
group receiving standard therapy. Nevertheless, HbA1c
measured 29 times per patient over a 10-year period
did not correlate with IMT. In the DCCT or EDIC
study [16], IMT of the common and internal carotid
arteries were measured after maintaining HbA1c at
7.3% or 9.0% for a 10-year period. In this study nei-
ther HbA1c at baseline nor treatment group explained
variation in measures of IMT. In the DCCT or EDIC
study [16], patients with hypertension, hyperlipidae-
mia and known coronary artery disease at baseline
were excluded, which could, in addition to the limited
data on glycaemic exposure have contributed to small
(thicker internal carotid artery IMT in diabetic men
but not women) or non-significant (common carotid
artery IMT in both men and women) differences in
IMT between diabetic patients and non-diabetic sub-
jects.

Our study encourage the use of tools such as IMT
measurements for early detection of macrovascular
disease in patients with Type I diabetes. It also sup-
ports epidemiological data, which have shown glyc-
aemic control to be an independent predictor of car-
diovascular events in Type I diabetes, though there are
no studies documenting that an increase in IMT can
be prevented by intensive blood glucose control. Our
data also suggest that a positive family history of Type
II diabetes or hypertension increases IMT independent
of glycaemic control in patients with Type I diabetes.
Therefore, early preventive care should be taken of all
known cardiovascular risk factors especially in those
patients with Type I diabetes who have a positive fam-
ily history of Type II diabetes or hypertension.
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