
Diabetes mellitus is associated with an increased risk
of atherosclerosis [1]. Atherosclerosis is responsible
for the increased rate of coronary heart disease, cere-

brovascular disease and peripheral artery disease typ-
ical of diabetes mellitus [2±13]. It is not, however,
well established how early alterations in large artery
function, that may preceed the appearance and fa-
vour the progression of atherosclerotic lesions, i. e. a
reduced arterial distensibility, occur in diabetic pa-
tients [14±16]. This is because most studies on arterial
distensibility have been done in Type II (non-insulin-
dependent) diabetes mellitus, where it is difficult to
separate the arterial stiffening due to abnormalities
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Abstract

Aims/hypothesis. Diabetes mellitus is associated with
an increased incidence of atherosclerosis. How early
functional and structural alterations of large arteries
that may preceed atherosclerosis occur in the course
of this disease has, however, never been conclusively
documented.
Methods. We evaluated arterial wall distensibility in
the radial artery, common carotid artery and abdomi-
nal aorta in 133 patients (aged 35.4 ± 0.9 years, means
± SEM) with Type I (insulin-dependent) diabetes
mellitus and no macrovascular complications. Arteri-
al distensibility was derived from continuous mea-
surements of arterial diameter through echotracking
techniques and use of either the Langewouters (radi-
al artery) or the Reneman (carotid artery and aorta)
formula. The same echotracking techniques enabled
us to obtain radial artery and carotid artery wall
thickness. Data were compared with those from 70
age-matched normotensive control subjects.
Results. In diabetic patients arterial distensibility was
consistently less (p < 0.01) than in control subjects,
the reduction averaging 26%, 14% and 25% for the
radial artery, carotid artery and aorta, respectively.

This was accompanied by an increase (p < 0.01) in
both radial and carotid artery wall thickness. The
changes were more pronounced in patients with mi-
croalbuminuria, retinopathy or neuropathy or both.
They were evident also in those without microvascu-
lar complications. This was the case also when sub-
jects in whom diabetes was associated with hyperten-
sion (n = 30) were excluded from data analysis. Ca-
rotid and aortic wall abnormalities showed a relation
with the duration of disease and blood pressure
whereas radial artery abnormalities showed a rela-
tion with glycated haemoglobin.
Conclusion/interpretation. Type I diabetes is charac-
terised by diffuse arterial wall stiffening and thicken-
ing which progress with the severity of the disease
but can clearly be seen also in the absence of any dia-
betic-related complication. This suggests that in dia-
betes stiffening and thickening are an early marker
of vascular damage. [Diabetologia (1999) 42: 987±
994]
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of glucose metabolism from that due to age and asso-
ciated diseases [17±23]. Furthermore, the few studies
that have measured arterial distensibility in Type I
(insulin-dependent) diabetes mellitus (i. e. a condi-
tion in which the age of the disease can be more easily
identified and concomitant confounding factors ex-
cluded) have been done not only on a small number
of patients but have reported both a reduction and
an increase in arterial distensibility thereby reaching
opposite conclusions [24±28].

Our study was carried out to systematically ad-
dress this issue in a large number of patients with
Type I diabetes. To obtain data that could be repre-
sentative of the whole arterial tree, distensibility was
measured in muscular or elastic vessels of different
sizes. Measurements included arterial wall thickness
to determine whether changes in large artery func-
tion are accompanied by structural changes.

Methods

Subjects. We investigated 203 subjects. We selected 133 sub-
jects (74 men; aged 35.4 � 0.9 years) on a consecutive basis if
they had: 1) Type I diabetes, were receiving insulin treatment
and had good metabolic control, 2) no evidence of clinical or
subclinical atherosclerotic disease in their history at physical
or laboratory examination such as a chest radiograph, standard
and exercise ECG, an echocardiogram and an echocolor-Dop-
pler of carotid arteries, femoral arteries and abdominal aorta,
3) no major disease except diabetes and no long-term treat-
ment with other drugs. The remaining 70 subjects (48 men;
22 women; aged 33.8 � 1.1 years) were age-matched nor-
motensive healthy people who were used as controls. All
subjects agreed to participate in the study after being in-
formed of its nature and purpose. The protocol of the study
was approved by the ethics committees of the institutions in-
volved.

Radial artery distensibility and wall thickness. Radial artery di-
ameter and wall thickness were measured by an A-mode ultra-
sonic device (NIUS 02, Omega, Bienne, Switzerland and Capi-
tal Medical Services Paris, France) [29]. Briefly, a highly foca-
lised transducer operating at a frequency of 10 MHz was ste-
reotaxically positioned over the radial artery 2±4 cm above
the wrist, direct contact with the skin being prevented by use
of a gel as a medium. With the subject supine and the arm im-
mobile at heart level, the transducer was oriented perpendicu-
larly to the longitudinal axis of the vessel based on the acoustic
Doppler signal. After switching to A-mode the echo beams
corresponding to the posterior lumen-intima and media-ad-
ventitia interfaces were made visible on a computer screen
[29, 30] and the wall thickness of the artery was measured [30]
as the distance between the inner and outer wall echoes. The
backscattered echoes from the inner posterior and anterior
walls of the artery were also visualised on the computer screen
and electronically digitised (via an analogic/digital fast trans-
ducer) to allow internal diameter variations to be derived at a
50 Hz with a spatial resolution of 0.0025 mm [29, 30].

The device also made use of a photoplethysmographic sys-
tem (Finapres 2003, Ohmeda, Englewood, Colo., USA) which
allowed blood pressure to be recorded at 50 Hz from a finger
ipsilateral to the radial artery examined, with an accuracy sim-

ilar to intra-arterial blood pressure recording [31] and a resolu-
tion of 2 mmHg [31]. The concomitant acquisition of continu-
ous arterial diameter and blood pressure signals allowed us to
calculate the diameter across the diasto-systolic pressure
range. The diameter pressure curve was analysed according to
its fitting with the arctangent model of Langewouters which is
based on the formula:

S = a

"
�

2
+ tan±1 Pÿ�




� �#

where S is the cross-sectional area, P is blood pressure and a, b
and g are three optimal variables describing the spatial posi-
tion of the diameter/pressure curve [32].

Cross-sectional compliance (C = DS/DP) [33] was calculat-
ed as:

C =
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The same formula was used to calculate cross-sectional disten-
sibility (cross-sectional compliance divided by vessel area)/
pressure curve.

Carotid artery distensibility and wall thickness. With the subject
supine and the neck in partial extension, the diameter and wall
motion of the right common carotid artery were measured
2 cm below the carotid bifurcation by a B-M mode echo-track-
ing device based on Doppler shift (Wall Track System, PIE
Medical, Maastricht, The Netherlands) and on a transducer
operating at a frequency of 7.5 MHz [34, 35]. The transducer
was manually oriented perpendicularly to the longitudinal
axis of the vessel under B-mode guidance. After switching to
A-mode the backscattered echoes from the anterior and poste-
rior carotid artery walls were made visible on a screen and the
corresponding radiofrequency signal was tracked by electronic
tracers to allow the digitalised signal of the internal diameter
variations to be derived at 50 Hz. The spatial resolution was
300 mm [36]. Blood pressure was measured from the brachial
artery at the same time as the ultrasound evaluation by a semi-
automatic device (Dinamap 1846 SX/SXP, Critikon, Chatenay
Malabry Cedex, France) and carotid artery distensibility was
derived according to the following formula [34]:

Dist = (2 DD/Dd)/DP

where Dist was distensibility, Dd the diastolic diameter of the
vessel, DD the systo-diastolic diameter change and DP the cor-
responding pulse pressure.

Carotid artery intima-media wall thickness was measured
at a posterior wall site located 3 cm below bifurcation through
an ultrasonographic device (Hewlett Packard Sonos 5500,
Palo Alto, Calif., USA). Measurements were obtained by first
scanning the artery in B-Mode, then freezing the digitised im-
age in M-mode and finally tracking the inner ipoechogenic
and the middle anechogenic layers [37].

Aortic distensibility. With the subject supine the diameter and
wall motion of the subdiaphragmatic portion of the aorta
were measured in 189 subjects (127 Type I diabetic patients
and 62 control subjects), 2±3 cm above the origin of the celiac
plexus, by the same B-M mode echo-tracking device used for
the carotid artery [34, 35]. The transducer (which operated at
a frequency of 3.5 MHz) was manually oriented perpendicular-
ly to the longitudinal axis of the vessel under B-mode guid-
ance, and brachial artery blood pressure was measured at the
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same time as the ultrasound evaluation by the same semiauto-
matic device used for the carotid artery. For the carotid artery,
aortic distensibility was derived from the Reneman formula.
For technical reasons no measurement of aortic wall thickness
could be made systematically.

All radial, carotid and aortic measurements were made by a
single operator. The within-operator variability of radial ar-
tery, carotid artery and aortic diameter measurements at dias-
tole (i. e. the coefficient of variation of the mean values of two
measurements done at two different times) was on average
2.5 %, 3.5 % and 4.5 %, respectively. The within operator vari-
ability for radial artery and for carotid artery wall thickness
were 3.0 % and 4.0 %, respectively.

Additional evaluations. Blood pressure was measured not only
by the finger pressure or the Dinamap device (see above) but
also by a mercury sphygmomanometer, taking the first and
fifth Korotkoff sounds to identify systolic and diastolic values,
respectively. Heart rate was obtained continuously from the
finger pressure signal as the reciprocal of the pulse interval be-
tween consecutive beats. In diabetic patients serum glucose
and glycated haemoglobin values were derived from data col-
lected within the preceeding 3 months. Based on three over-
night microalbuminuria [38] measurements, an optic fundus
and an electromyographic examination available in the pre-
ceeding 9 months [39] 54 patients (aged 32.2 � 1.3 years) were
found to be devoid of microvascular complication, 29 to have
incipient nephropathy, 44 retinopathy and 24 neuropathy. The
number of patients with at least one microvascular complica-
tion was 79 (aged 37.6 � 1.2 years). Hypertension (sphygmo-
manometric blood pressure above 140 mmHg systolic or
90 mmHg diastolic) was found in 30 patients all belonging to
the group with microvascular complications.

Protocol and data analysis. Each patient was asked to come to
the outpatient clinic of the San Gerardo Hospital in the after-
noon after a 24-h abstinence from alcohol, caffeine consump-
tion and cigarette smoking. The protocol of the study was as
follows: 1) blood pressure was measured three times by a mer-
cury sphygmomanometer with the patient in the sitting posi-
tion, 2) the subject was placed in the supine position and fitted
with finger blood pressure and radial artery echo-tracking de-
vices, 3) after a 10-min interval finger blood pressure, heart
rate and radial artery diameter were continuously measured
for 15 min, 4) the radial artery echo-tracking device was dis-
connected, the semiautomatic blood pressure measuring de-
vice was placed on the brachial artery and the probe for carotid
artery evaluation was positioned on the neck. 5) five 6-s acqui-
sitions of carotid diameter throughout the cardiac cycle were
obtained during a 10-min period together with semiautomatic

blood pressure measurements, 6) the probe for evaluation of
the abdominal aorta was positioned over the abdomen, 7) five
6-s acquisitions of the abdominal aortic diameter throughout
the cardiac cycle were obtained during a 10-min period togeth-
er with semiautomatic blood pressure measurements as for the
carotid artery.

The three sphygmomanometric blood pressure values were
averaged. Radial artery distensibility/pressure curves were ob-
tained by averaging data from five periods of 30 s each, taken
at intervals of 2 min. The area under the radial artery distensi-
bility/pressure curve was corrected for pulse pressure and
used to obtain a single comprehensive distensibility value
which was called the radial artery distensibility index. Radial
artery diameter at diastole and the individual distensibility in-
dex were obtained by averaging values corresponding to dias-
tolic blood pressure over the same five periods. Carotid artery
diastolic diameter and distensibility were obtained by averag-
ing data from the five 6-s acquisition periods. The same proce-
dure was adopted for aortic diastolic diameter and distensibili-
ty. Radial artery and carotid artery wall thickness were mea-
sured on the screen image of the vessels over a 30-s period,
based on the ultrasound image.

Results from individual subjects were averaged and shown
as means � SEM. The statistical significance of the differences
in mean values was assessed by two-way analysis of variance.
The two-tailed t test for unpaired observations was used to lo-
cate differences between control subjects, diabetic subjects
without and with microvascular complications (with and with-
out hypertension) using the Bonferroni correction for multiple
comparisons. Data were also analysed by univariate regression
taking arterial distensibility or wall thickness as the dependent
variables and patient's age, duration of disease, clinic systolic
blood pressure and metabolic data as the independent ones.
Significant correlations were then also tested by multivariate
analysis. A p value less than 0.05 was taken as statistically sig-
nificant.

Results

Body surface area was slightly less in diabetic patients
than in controls (Table 1). Sphygmomanometric sys-
tolic and diastolic blood pressure were similar in con-
trols and diabetic patients without microvascular
complications but slightly greater in diabetic patients
with microvascular complications. Heart rate was
slightly, although significantly (p < 0.05) greater in di-
abetic patients with or without microvascular compli-
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Table 1. Demographic, haemodynamic and metabolic findings in control subjects and Type I diabetic patients without and with
microvascular complications

Control subjects
(n = 70)

Type I diabetic
without complications
(n = 54)

Type I diabetic
with complications
(n = 79)

Body surface area (m2) 1.8 ± 0.02 1.7 ± 0.02a 1.7 ± 0.02a

Systolic BP (mmHg) 127.5 ± 1.6 128.2 ± 1.5 145.4 ± 2.4b,d

Diastolic BP (mmHg) 76.8 ± 1.0 75.7 ± 0.9 82.0 ± 1.0a, c

Heart rate (beats/min) 71.0 ± 1.4 75.9 ± 1.4a 75.8 ± 1.3a

Serum glucose (mmol/l) / 8.9 ± 0.4 9.7 ± 0.5
Duration of diabetes (years) / 12.0 ± 1.1 16.7 ± 0.9d

HbA1c (%) / 7.9 ± 0.2 8.5 ± 0.2c

Insulin (U/day) / 43.2 ± 2.2 42.6 ± 1.4

Data are shown as means ± SEM; a p < 0.05 and b p < 0.01 vs control; c p < 0.05, d p < 0.01 vs diabetic without complications



cations compared with control subjects. In diabetic
patients with microvascular complications, duration
of diabetes, serum glucose and glycated haemoglobin
were greater than in diabetic patients without mi-
crovascular complications, whereas the daily dose of
insulin was similar in the two groups.

In control subjects, diabetic patients without mi-
crovascular complications and diabetic patients with
microvascular complications, arterial diameter and
distensibility were progressively greater from the ra-
dial artery to the carotid artery and the aorta
(Fig.1). Arterial diameters were consistently similar
in the three groups. Compared with control subjects,
however, carotid artery distensibility was unchanged
in diabetic patients without but reduced in diabetic
patients with microvascular complications. Radial ar-
tery and aortic distensibility were reduced in diabetic
patients without microvascular complications, those
with microvascular complications showing a further
reduction. The progressive reduction in radial artery
distensibility from control subjects to diabetic pa-

tients without and with microvascular complications
was visible throughout the diasto-systolic blood pres-
sure range (Fig.2). When all subjects were pooled, a
relation was found between carotid artery and aortic
distensibility (r = 0.57; p < 0.05) but not between ca-
rotid artery or aortic distensibility and radial artery
distensibility (r = 0.16 and 0.09, respectively, NS).

For both the radial and the carotid artery, wall
thickness was greater in diabetic patients without mi-
crovascular complications than in control subjects, di-
abetic patients with microvascular complications
showing a trend (significant for the carotid artery) to-
wards a greater change (Fig.3). In this group the arte-
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Fig. 1. A Arterial diastolic diameters in control subjects (grey
histograms, n = 70 for radial and for carotid, n = 62 for aorta)
and subjects with Type I diabetes without (black histograms,
n = 54 for radial and for carotid, and n = 53 for aorta) and
with microvascular complications (white histograms, n = 79
for radial and for carotid and 74 for aorta). B Arterial distensi-
bility in the same three groups of subjects. Data are shown as
means � SEM. Figures at top of each histogram refer to num-
ber of subjects in each group or subgroup. A: artery, *p < 0.05;
**p < 0.01
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Fig. 3. Arterial wall thickness in control subjects (grey histo-
grams, n = 70 for radial and for carotid) and diabetic patients
with no microvascular complications (black histograms,
n = 54 for radial and for carotid) and diabetic patients with mi-
crovascular complications (white histograms n = 79 for radial
and for carotid). A: artery, *p < 0.05; **p < 0.01



rial distensibility was slightly less and wall thickness
slightly greater in subjects with hypertension than in
subjects with normal blood pressure (Table 2). Radial
and carotid artery wall thicknesses showed a weak
correlation (r = 0.30, p < 0.05) and each of these val-
ues also showed a weak correlation with the corre-
sponding vessel distensibility (radial, r = 0.22; carot-
id, r = 0.35, p < 0.05 for both).

In diabetic patients the carotid artery and aortic
distensibility were inversely related to patient's age,
duration of diabetes and blood pressure, all of which
were directly related to carotid wall thickness (Ta-
ble 3). In contrast, none of these variables had a rela-
tion with radial artery distensibility and wall thick-
ness which were, however, related (p < 0.05), to gly-
cated haemoglobin. No statistically significant rela-
tion was seen between arterial distensibility and wall
thickness values and other measures of metabolic dis-
turbances such as serum glucose and the daily dose of
insulin. The variables that were related to carotid ar-

tery distensibility, aortic distensibility and carotid ar-
tery wall thickness (age, duration of diabetes and sys-
tolic blood pressure) maintained a statistically signifi-
cant relation in a multivariable analysis including all
related variables (Table 4).

Discussion

In our Type I diabetic patients with an average age of
about 35 years and no macrovascular complications,
radial artery, carotid artery and aortic distensibility
were all reduced compared with age-matched control
subjects but carotid and radial artery wall thickness
were increased. Furthermore, with the exception of
carotid artery distensibility, all changes were visible
in diabetic patients with no clinical evidence of mi-
crovascular complications (and thus with no diabetic
complications of any kind), although their magnitude
increased with the duration of disease and was defi-
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Table 2. Blood pressure and large artery wall findings in control subjects and Type I normotensive patients (pts)

Variable Control subjects
(n = 10)

Normotensive
Type I diabetic
with complications
(n = 49)

Hypertensive
Type I diabetic
with complications
(n = 30)

Systolic blood pressure (mmHg) 127.5 ± 1.6 131.7 ± 1.8 164.5 ± 3.0b,c

Diastolic blood pressure (mm Hg) 76.8 ± 1.0 78.0 ± 1.0 87.5 ± 1.5a

Radial artery wall thickness (mm) 0.22 ± 0.01 0.30 ± 0.01b 0.30 ± 0.01b

Carotid artery wall thickness (mm) 0.35 ± 0.03 0.59 ± 0.02b 0.71 ± 0.06b

Radial artery distensibility (1/mm Hg10�3) 0.88 ± 0.05 0.67 ± 0.04b 0.60 ± 0.05b

Carotid artery distensibility (mm/mmHg 10�2) 0.30 ± 0.01 0.28 ± 0.01b 0.20 ± 0.01b

Aortic distensibility (mm/mm Hg10�2) 0.38 ± 0.01 0.29 ± 0.01b 0.21 ± 0.01b

Data are shown as means � SEM; a p < 0.05 and b p < 0.01 vs control subjects c p < 0.05 vs diabetic normotensive without compli-
cations

Table 3. Univariate regressions between arterial wall structure or distensibility (dependent variables) and the independent vari-
ables indicated in vertical column

RA distensibility CA distensibility Aortic distensibility RA wall thickness CA wall thickness

Age
r 0.10 � 0.59 � 0.59 0.15 0.52
p < NS 0.0001 0.0001 NS 0.0001

Duration of diabetes
r 0.04 � 0.49 � 0.39 0.04 0.37
p < NS 0.0001 0.0001 NS 0.0001

Systolic blood pressure
r 0.03 � 0.49 � 0.52 0.15 0.34
p < NS 0.0001 0.0001 NS 0.0001

HbA1c%
r � 0.14 0.04 0.04 0.26 0.07
p < NS NS NS 0.05 NS

Glycaemia
r � 0.149 0.025 0.12 0.143 0.126
p < NS NS NS NS NS

Insulin/die
r � 0.04 0.16 0.06 0.1 0.073
p < NS NS NS NS NS

RA: radial artery; CA: carotid artery



nitely more pronounced in those with microvascular
complications. Finally, the alterations in arterial dis-
tensibility and wall thickness were not limited to dia-
betic hypertensive patients but were observed in dia-
betic normotensive patients as well. It is thus possible
to conclude that Type I diabetes mellitus is character-
ised by diffuse alterations in arterial function and
structure. These alterations progress with the increas-
ing severity of the disease. In most arteries, they can,
however, be seen clearly without any evidence of dia-
betic-related complications and blood pressure ab-
normalities, which unequivocally shows that in diabe-
tes generalised vascular abnormalities are a very ear-
ly subclinical phenomenon.

Our results do not clarify the mechanisms respon-
sible for the reduction of arterial distensibility that
characterises Type I diabetes mellitus. Because this
reduction occurred, however, together with and in re-
lation to an increase in arterial wall thickness, an al-
teration in arterial wall structure is presumably in-
volved. This alteration could originate from the re-
duced nitric oxide secretion that can be seen in diabe-
tes [39], because firstly nitric oxide has been shown to
oppose proliferation of vessel wall tissue in vitro [40]
and secondly endothelial function has been found to
be inversely related to carotid artery wall thickness
both in studies of animals and humans in vivo [41,
42]. It could, however, also be due to the insulin given
exogeneously because insulin is known to be a grow-
ing factor for vascular wall tissues [43]. Finally it
could be due to the intravascular pressure load be-
cause mechanical stretching of a vessel wall also stim-
ulates its tissue components to undergo cell replica-
tion and growth [44]. Indeed, all these factors are
likely to be involved because markers of altered glu-
cose metabolism (which negatively modulates nitric
oxide secretion) [45], daily insulin doses and blood
pressure all showed some correlation with arterial
distensibility and wall thickness. Although carotid ar-
tery and aortic distensibility and wall thickness corre-
lated with blood pressure but not with glycated hae-
moglobin, this was, however, reversed for radial ar-
tery distensibility. This suggests that there could be a
heterogeneity in the factors that cause vascular func-
tional and structural changes in diabetes, i. e. that me-
chanical influences may have a greater role in larger
arteries whereas medium size arteries may be more
protected from blood pressure-related trauma but
subjected to factors deranging glucose metabolism

and increasing vascular tissue growth [43±46]. This
with the caveat that firstly correlation data may not
represent a cause-effect relation and secondly several
other factors potentially involved in alterations of
vascular wall structure were not measured in our
study.

Other aspects of our study are firstly that our as-
sessment of radial artery distensibility was accurate
because blood pressure was measured beat-to-beat
at a site near the one where arterial diameter changes
were tracked, providing distensibility-pressure curves
that are superimposable to those obtained by intra-
arterial monitoring from the radial artery itself [47].
On the other hand, assessment of aortic and carotid
artery distensibility was less precise because blood
pressure could only be taken from the brachial artery,
i. e. at a peripheral site where pulse pressure is slightly
amplified and thus the size of the stimulus distending
the vessel wall overestimated. This approach is, how-
ever, currently used in arterial distensibility studies.
Furthermore, in our study any possible error of over-
estimation was presumably similar in control subjects
and normotensive diabetic patients, with no substan-
tial influence on their difference.

Secondly, the relation between arterial distensibil-
ity and wall thickness, although statistically signifi-
cant, was not close, suggesting that in diabetes altera-
tions of arterial distensibility can also occur through a
functional adverse effect on arterial mechanical prop-
erties. Endothelial dysfunction occurring in diabetes
could also be involved because a reduced nitric oxide
secretion may lead to an increased state of contrac-
tion of smooth muscle in the vessel wall [48], increas-
ing the vessel elastic modulus compared with muscle
in the relaxed state.

Thirdly, alterations in carotid artery distensibility
were significantly (p < 0.05) but not closely related
to alterations in aortic distensibility and in both in-
stances little or no relation with radial artery distensi-
bility was observed. This confirms previous findings
in other diseases that alterations in large artery me-
chanical properties can be heterogeneous throughout
the arterial tree [49, 50]. Namely, that large elastic ar-
teries can behave differently from middle-sized mus-
cular vessels and that therefore proper characterisa-
tion of arterial mechanical characteristics need to be
done at multiple sites.

Fourthly, our results suggest that attention should
be given to vascular mechanical and anatomical prop-
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Table 4. Multivariate regression between arterial wall structure and distensibility and the independent variables indicated in verti-
cal column

CA distensibility Aortic distensibility CA wall thickness

Age beta: � 0.004, p < 0.01 beta: � 0.006, p < 0.01 beta: 0.01, p < 0.01
Duration of diabetes beta: � 0.002, p < 0.04 beta: � 0.003, p < 0.05 beta: 0.02, p < 0.05
Systolic blood pressure beta: � 0.001, p < 0.01 beta: � 0.003, p < 0.01 beta: 0.02, NS

CA: carotid artery



erties in diabetic patients to uncover abnormalities
with an atherogenic relevance when no clinical com-
plications of diabetes are apparent. It should be em-
phasised, however, that this implies the availability
of complex and expensive technology which may be
beyond the means of most hospitals.

Finally, it is important to emphasise that both a re-
duced arterial distensibility and an increased arterial
wall thickness have a clear-cut pathophysiological
relevance. This is because an increased arterial wall
thickness may lead the less vascularised wall layer,
i. e. the intima, to receive less oxygen and other nutri-
ents resulting in early ischaemic damage that may fa-
vour atherosclerosis. Added to this a reduced arterial
distensibility enhances the traumatic effect of blood
pressure on the vascular wall, which also leads to an
enhanced formation of atherosclerotic lesions as
shown in rabbits in which carotid artery expansion is
prevented by encasting the vessel into a rigid cuff
[14]. Nevertheless, important data are still to be col-
lected in a large diabetic population to give our re-
sults a more clear clinical prospective. These include
(i) normal values for arterial distensibility and wall
thickness, (ii) the rate of progression of diabetic-re-
lated abnormalities in arterial distensibility and wall
thickness and (iii), a possible delay in progression by
controlling either serum glucose profile or by lower-
ing blood pressure or both.
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