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Abstract
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Objective: There is an increased prevalence of macrovas-
cular disease in type 2 diabetes. The pathogenesis has been
related to metabolic risk factors, insulin resistance, and
obesity. One of the strongest predictors is the presence of
subclinical atherosclerosis. This study was designed to ex-
amine the relationship between obesity and regional pat-
terns of adiposity, insulin resistance, and five independent
measures of subclinical atherosclerosis.
Research Methods and Procedures: Fifty-two overweight
and obese men and women with type 2 diabetes of relatively
short known duration were examined. Measures of subclinical
vascular disease were assessment of arterial stiffness by pulse
wave velocity, ultrasound measurement of the carotid artery
intimal-medial thickness and plaque index, and measurement
of the extent of coronary and aortic calcification using electron
beam computed tomography. Insulin resistance was measured
using the hyperinsulinemic euglycemic clamp. Body compo-
sition was measured using DXA and computed tomography.
Results: Adiposity was a strong determinant of pulse wave
velocity. Carotid intimal-medial thickness was correlated
with age, low-density lipoprotein-cholesterol, and hypergly-
cemia, but not with adiposity. Hyperglycemia and plasma

activator inhibitor-1 were significant correlates of the ca-
rotid artery plaque index. Coronary calcium scores were
significantly correlated with age and interleukin-6 and sig-
nificantly and negatively correlated to insulin sensitivity
index.
Discussion: These findings suggest that obesity may play
an important role in the early phase of subclinical macro-
vascular disease related to vessel stiffness, whereas hyper-
glycemia and insulin resistance in conjunction with other
risk factors have important roles in progression from vessel
stiffness to atheroma formation in type 2 diabetes.

Key words: regional adiposity, insulin resistance, arte-
rial stiffness, intimal-medial thickness, coronary calcifi-
cation

Introduction
Cardiovascular disease (CVD)1 is the leading cause of

mortality in type 2 diabetes (1). It is well recognized that
one of the strongest predictors of clinically symptomatic
vascular disease in type 2 diabetes is the presence of sub-
clinical vascular disease. There are several components to
the subclinical manifestations of large vessel pathology.
Among these components are arterial stiffness, carotid in-
timal-medial thickness (IMT), plaque formation, and coro-
nary and aortic calcification. These measures reveal differ-
ent aspects of vascular disease. For instance, arterial
stiffness is a measure of early functional changes of loss of
elasticity and compliance within the vascular system (2),
whereas IMT and plaque measure a latter phase, one of
structural changes involving hyperplasia of arterial smooth
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muscle and the subintimal deposition of cholesterol plaques
(3). Coronary calcium represents a relatively advanced
phase of atherosclerotic plaques (4).

Arterial stiffness can be measured noninvasively by de-
terminations of pulse wave velocity (PWV) and has been
shown to predict risk of future CVD events (5) and correlate
with reduced blood volume delivery to the lower extremities
(6). The underlying basis of arterial stiffness seems to be
compromised function of elastin within the vessel wall,
which, at least in early stages, is potentially reversible (7).
Similarly, the assessment of IMT by ultrasound examina-
tion of the carotid artery predicts future coronary events.
Hodis et al. (3) have shown that for each 0.13-mm incre-
ment in common carotid arterial IMT, the risk increased 1.4
times for myocardial infarction, coronary death, or any
coronary event. Coronary calcification is considered a sign
of complicated atherosclerotic plaques. The degree of cor-
onary artery calcification is strongly related to coronary
atherosclerosis as measured at postmortem examination, by
coronary angiography, or by coronary ultrasound (8–10).
Similarly, calcifications of the aorta represent an advanced
stage of intimal atherosclerosis. In the Framingham cohort,
calcification in the thoracic and abdominal aorta has been
associated with an increased risk of cardiovascular disease
in men and women (11).

The pathogenesis of macrovascular disease has been at-
tributed to a number of metabolic risk factors associated
with type 2 diabetes, including hyperglycemia, hyperten-
sion, dyslipidemia, obesity, insulin resistance, and various
other metabolic perturbations associated with the metabolic
syndrome such as pro-inflammatory cytokines (12). Our
understanding of how these risk factors interact and coa-
lesce to cause clinical manifestations of macrovascular dis-
ease is incomplete. In patients with type 2 diabetes who
have clinically symptomatic macrovascular disease, it can
be very difficult to unravel the respective contributions of
various risk factors because these typically co-exist. A po-
tentially useful approach is to examine the association of
risk factors at earlier stages of macrovascular disease with
subclinical vascular disease. In this study, assessments of
PWV, carotid IMT, and coronary and aortic calcification
were obtained in a cohort of overweight and obese research
volunteers with type 2 diabetes of relatively short known
duration, who did not have any clinical manifestations of
large vessel pathology.

Research Methods and Procedures
Research Volunteers

Fifty-two research volunteers were recruited from the
general community in response to public advertisements.
Inclusion criteria were a prior diagnosis of type 2 diabetes
of known duration not longer than 5 years, age between 20
and 70 years, and stable weight (defined as current weight

�3 kg during the past 6 months), with overall good general
health other than type 2 diabetes. Those individuals treated
with insulin were excluded, as were potential volunteers
with a prior history of myocardial infarction, stroke, or
peripheral vascular disease. Because smoking may affect
markers of inflammation (i.e., cytokines), those with current
use of tobacco were excluded. All volunteers had a medical
examination at screening with standard laboratory testing,
and only those with normal values for liver and renal
function were included. The project was approved by the
University of Pittsburgh Institutional Review Board, and all
volunteers provided written informed consent before partic-
ipation.

Measurement of Insulin Sensitivity and Body
Composition

Insulin sensitivity was measured using the hyperinsuline-
mic euglycemic glucose clamp technique, as previously
described (13). On the preceding day, subjects were admit-
ted to the University of Pittsburgh General Clinical Re-
search Center, and after an overnight fast, in the morning, a
catheter was placed in a forearm vein for infusion of glucose
and insulin. An additional intravenous catheter was inserted
in a retrograde direction on the dorsum of the opposite hand
for blood sampling, and the hand was heated to arterialize
blood. Fasting samples were collected for determination of
serum insulin, glucose, fatty acids, and lipoproteins. A
continuous infusion of regular insulin (Humulin; Eli Lilly,
Indianapolis, IN) was given at a rate of 40 mU/m2 per
minute for 4 hours, and plasma glucose was measured using
a glucose/lactate analyzer (YSI-2300 Plus; Yellow Springs
Instruments, Yellow Springs, OH) at 5-minute intervals
during the clamp. The target blood glucose level was 90
mg/dL, and in this cohort with type 2 diabetes with fasting
hyperglycemia, plasma glucose was initially permitted to
decline until it reached euglycemia, and then it was main-
tained using an adjustable infusion of 20% dextrose. Sys-
temic fat mass and fat-free mass (FFM) were assessed by
DXA, as previously described (13). Computed tomography
(CT) was used to assess regional distribution of adipose
tissue (AT) in the abdomen and thigh and fat content within
skeletal muscle and liver, as previously described in detail.
CT was used to evaluate hepatic fat content, and the average
value in Hounsfield unit(s) (HU) for four regions of interest
was used for liver attenuation. These values were normal-
ized to the attenuation value of the spleen to calculate the
liver-to-spleen ratio as a parameter of relative fat content in
the liver. A liver-to-spleen ratio �1.0 is indicative of a fatty
liver.

Measurement of Subclinical Atherosclerosis
PWV: The PWV was measured at the Ultrasound Re-

search Laboratory at the University of Pittsburgh Graduate
School of Public Health. Simultaneous Doppler flow signals
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were obtained from the right carotid and right femoral
arteries using nondirectional transcutaneous Doppler flow
probes (model 810A, 9.0- to 10-MHz probes; Parks Medical
Electronics, Inc., Aloha, OR). Digitized data were recorded
by custom programming for subsequent analysis. At least
10 beats were averaged for each simultaneous recording site
using the QRS complex for synchronization. Three separate
runs were recorded for each participant, and all usable runs
were averaged. PWV was calculated as the quotient of the
distance between the carotid and femoral arteries divided by
the time interval between carotid and femoral waveforms.
Stiffer vessels are associated with a faster PWV.

IMT and Detection of Focal Plaque: A Toshiba SSA-
270A scanner equipped with a 5-MHz linear array imaging
probe was used to scan the right and left common carotid
artery, the carotid bulb, and the first 1.5 cm of the internal
and external carotid arteries. For each location, the vessel
was imaged in multiple planes, focusing on the interfaces
required to measure IMT and on any areas of focal plaque.
Images were taped and later digitized for scoring. Trained
readers measured the average IMT across 1-cm segments of
the near and far walls of the distal common carotid artery
and the far wall of the carotid bulb and the internal carotid
artery on both right and left sides. Measures from each
location were averaged to produce an overall measure of
IMT. A computerized reading program developed for the
Cardiovascular Health Study and modified in Pittsburgh
was used. Readers also scored the ultrasound images for
plaque in the proximal common artery, distal common ar-
tery, carotid bulb, internal carotid artery, and external ca-
rotid artery. Plaque was defined as a distinct area of hypere-
chogenicity and/or protrusion into the lumen of the vessel
with at least 50% greater thickness than the surrounding
area. For each segment, the degree of plaque was graded as
follows: 0 � no plaque; 1 � 1 small plaque, �30% of
vessel diameter; 2 � 1 medium plaque between 30% and
50% of the vessel diameter or multiple small plaques; and
3 � 1 large plaque �50% of the vessel diameter or multiple
plaques with at least 1 medium plaque. The grades were
summed across the right and left carotid arteries to create an
overall measure of the extent of focal plaque (14).

Electron Beam Computed Tomography: For the detection
of coronary artery calcium, consecutive single-slice, 100-ms
scans were performed. During scanning, epicardial coronary
artery motion was “frozen”; thus, blurring of vessel borders
caused by “motion-unsharpness” artifact was minimal. In-
plane spatial resolution was �0.6 mm, and imaged opacities
(densities) were accurately localized in three-dimensional
space. The entire procedure lasts �10 minutes, requires
minimal patient effort (only breath holding), and requires no
contrast. Coronary calcium score was considered present
when a density of �130 HU occurred over an area �1 mm2.
The calcium score was calculated from the product of the
scaling factor and the area of calcification (millimeters

squared). HU were detected in four contiguous pixels over-
lying the coronary arteries. The following scaling factors
were assigned to ranges of densities: 130 to 199 HU � 1;
200 to 299 HU � 2; 300 to 399 HU � 3; �400 HU � 4
(15). The calcium scores from lesions within each major
epicardial artery were summed to obtain the score for each
artery. Because the distinction between the distal left main
and the proximal left anterior descending arteries was often
unclear, calcium in the region of these arteries was consid-
ered as one region, referred to as left main/left anterior
descending artery. The total calcium score for a patient was
calculated as the sum of calcium scores from each epicardial
artery.

Statistical Analysis
Neither of the continuous variables (PWV and IMT) was

normally distributed. Univariate associations between the
continuous measures were performed using Spearman cor-
relations. The plaque index was divided into two groups:
those without plaque (low risk: plaque index � 0) and those
with plaque (high risk: plaque index � 1�). In addition, and
because the coronary and aortic calcium are testing discrete
areas of the subclinical disease, these measures were di-
vided at the 75th percentile into high- and low-risk groups.
The association between this dichotomous measure and
other variables was assessed using t tests and Wilcoxon tests
as appropriate for continuous variables. A linear regression
model was employed for log-transformed PWV and IMT
and a logistic regression model for dichotomous variables.
All analyses were performed using the Statistical Packages
for Social Sciences (SPSS, version 11, SPSS, Chicago, IL).
For statistical analysis, testing was two-sided, and p � 0.05
was considered statistically significant.

Results
Clinical Characteristics and Body Composition

Shown in Table 1 are the clinical characteristics of the 52
study participants with type 2 diabetes. A majority of the
research volunteers were women (65%), and the group was
middle-aged, with a mean age of 51 years. All the volun-
teers were either overweight or obese, with a range in BMI
of 27.0 to 49.4 kg/m2. The baseline hemoglobin A1c

(HbA1c) was 8 � 1.6%, with a range of 5% to 13%. Lipid
profiles are also shown in Table 1. Although the group mean
values were consistent with the presence of a dyslipidemia,
characteristic of type 2 diabetes, just two of the volunteers
had a lipid profile in a high-risk category of high-density
lipoprotein-cholesterol (HDL-C) �40 mg/dL, low-density
lipoprotein-cholesterol (LDL-C) �160 mg/dL, and total
cholesterol �240 mg/dL, as based on consensus criteria
(National Cholesterol Education Program). The mean value
for the insulin sensitivity index (ISI), measured by glucose
clamp, was indicative of the insulin resistance that is char-

Correlates of Subclinical Atherosclerosis, Hegazi et al.

OBESITY RESEARCH Vol. 11 No. 12 December 2003 1599



acteristic of type 2 diabetes. Values for regional distribution
of AT are also shown in Table 1.

Measures of Subclinical Atherosclerosis
The mean values for PWV (available for 50 volunteers)

and for carotid artery IMT (available for 45 persons) are
shown in Figure 1. Values for PWV ranged from 400 to
1400 cm/s, with a mean value of 820 cm/s. Mean IMT was
79 mm. The prevalence of any focal plaque was 43%. The
median plaque index was 0 (maximum is 3); 8% of the
study persons had an index of 2, and 13% had an index of
3. Coronary calcium scores for 48 subjects were available.
The mean score was 43, and the median score was 12.
Aortic calcium scores were available for 48 subjects; 14%
had a score of �10, and 56% had a score of �100. The
mean was 490, and the median score was 59.

Correlates of Measures of Subclinical Atherosclerosis
Table 2 shows the Spearman correlation of the risk fac-

tors with PWV and IMT. Because of prior reports indicating
a consistent association between both age and systolic blood
pressure and PWV (16), partial Spearman correlation of
PWV with cardiovascular risk factors, adjusted for age and
systolic blood pressure, are also shown in Table 2. Of
particular note, each measure of adiposity was correlated
with PWV, and of those, BMI had the strongest simple
correlation. Also shown in Table 2 are the patterns of
association for carotid artery IMT. These patterns differed
from those observed for PWV. There was a significant and
positive correlation of IMT with age, fasting hyperglyce-
mia, HbA1c, and LDL-C. However, unlike the pattern ob-
served for PWV, none of the measures of adiposity corre-
lated significantly with IMT. Interestingly, insulin
sensitivity and fasting hyperinsulinemia were not signifi-
cantly correlated with either PWV or IMT in this cohort of
obese type 2 diabetic patients and neither were markers of
inflammation and thrombosis (data not shown).

The distribution of potential risk factors for either low or
high values of plaque index, coronary calcium score (CCS),
and aortic calcium score (ACS) are shown in Table 3. With
respect to the plaque index, HbA1c, in addition to plasmin-
ogen activator inhibitor-1 (PAI-1), was significantly higher
in those with higher plaque scores, but insulin sensitivity
and adiposity were not significantly different. Age, serum
insulin, and interleukin (IL)-6 were significantly higher
among those subjects with higher CCS, whereas insulin
sensitivity was significantly lower. In this group with higher
ACS, age, systolic blood pressure, and LDL-C were signif-
icantly higher. Other markers of inflammation or thrombo-
sis [tumor necrosis factor-� (TNF-�), C-reactive protein
(CRP), PAI-1, and fibrinogen] did not differ with respect to
CCS or ACS.

Multivariate Correlations for Measures of Subclinical
Atherosclerosis

Finally, to examine for potential interaction among risk
factors with differing steps of subclinical vascular disease,
multivariate regression analysis was performed (Table 4).
With this approach, BMI, hepatic fat content, and diastolic
blood pressure were found to be independently and signif-
icantly associated with PWV, and this model explained 49%
of the variability in PWV. In regard to carotid IMT, age and
glucose were significantly and independently associated
with IMT, explaining 33% of the variability for values of
IMT. The only independently related risk factor with plaque
index was HbA1c. Age and ISI were the significant inde-
pendent predictors of CCS, explaining 37% of the variabil-
ity of CCS. Age was the only risk factor independently
associated with aortic calcifications.

Table 1. Characteristics of recently diagnosed type 2
diabetic patients (n � 52)

Parameter Mean (SD)
Minimum

to maximum

Age (years) 51 (9) 27 to 67
BMI (kg/m2) 35 (5) 27 to 49
Systolic blood pressure

(mm Hg) 138 (17) 104 to 182
Diastolic blood pressure

(mm Hg) 80 (8) 64 to 100
Plasma glucose (mg/dL) 166 (54) 90 to 298
HbA1c (%) 8 (2) 5 to 13
Cholesterol (mg/dL) 210 (33) 135 to 288
Triglycerides (mg/dL) 168 (150) 80 to 885
HDL (mg/dL) 48 (21) 27 to 66
LDL (mg/dL) 123 (32) 72 to 201
VLDL-C (mg/dL) 28 (10) 13 to 55
Serum insulin (uU/mL) 16.9 (11.1) 4.2 to 70.8
ISI (mg/min/kg FFM) 2.3 (2.1) 0 to 11.7
Visceral fat (cm2) 252 (90) 27 to 49
Abdominal subcutaneous

fat (cm2) 433 (117) 178 to 685
Thigh fat (cm2) 308 (121) 102 to 587
Hepatic fat (HU) 46 (10) 23 to 62
CRP (�g) 3.4 (2.6) 0.2 to 10.3
TNF-� 3.9 (1.1) 1.7 to 7.6
IL-6 2.5 (1.4) 0.6 to 7.7
PAI-1 78.5 (47.2) 28.9 to 218.8
Fibrinogen 248.8 (82.9) 82 to 493

VLDL-C, very-low-density lipoprotein-cholesterol.
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Discussion
In this study, different aspects of the subclinical manifes-

tations of CVD were assessed in a cohort of individuals with
type 2 diabetes and examined for potential relationship to a
panel of CVD risk factors, including detailed assessments of
insulin sensitivity and body composition. A strong associ-
ation of PWV with various measures of adiposity was
observed. On the contrary, IMT and coronary calcification
were independently correlated with hyperglycemia and in-
sulin resistance, respectively. Thus, the key findings in this
study are that obesity acts as a determinant of the early
functional changes of the arterial tree as measured by the
arterial stiffness, whereas hyperglycemia and insulin resis-

tance act as determinants of the later structural and atherotic
changes as measured by the carotid IMT and coronary
calcification.

In this study, many of the measures of adiposity were
related to arterial stiffness. These findings are in agreement
with previous reports of the positive association between
obesity and PWV (17,18). There are a number of potential
mechanisms by which obesity might affect arterial stiffness.
Apart from induction of insulin resistance (19), increased
influx of free fatty acids has been proposed as a possible
explanation for the association between central obesity and
PWV (20). Free fatty acids may contribute to vascular
stiffness by increasing adrenergic reactivity, vascular tone,

Figure 1: Distribution of five measures of subclinical atherosclerosis.
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and blood pressure (21). Although, in this study, the relation
of free fatty acids to PWV was not statistically significant,
perhaps because of the small sample size, PWV was inde-
pendently related to hepatic fat content. Fatty liver is con-
sidered to be a part of the insulin resistance syndrome and
is common in type 2 diabetics (22). Recently, we have
shown that hepatic fat is strongly related to a number of
cardiovascular risk factors (insulin resistance, dyslipidemia,
and inflammatory markers) in type 2 diabetic patients (23).
To our knowledge, this relation of fatty liver to PWV is a
novel observation and one that merits further research.

In the pathogenesis of atherosclerosis, IMT is regarded as
a later development than arterial stiffness. In this cohort of
research volunteers with type 2 diabetes, carotid artery IMT
was correlated with hyperglycemia but not with obesity or
insulin resistance. Whether this statistical association is a
manifestation of a biological cause-and-effect relationship
remains to be elucidated. In the analysis of the entire cohort
of individuals with type 2 diabetes followed in the United
Kingdom Prospective Diabetes Study, there was a signifi-
cant relationship between glycemic control and macrovas-
cular complications (24). Moreover, there is evidence that
elevated glucose levels can, through glycation, play a role in
increasing the amounts of oxidized LDL-C, which is capa-
ble of injuring the endothelial layer and can be deposited in
the subintimal space, leading to the formation of cholesterol
plaques (25,26).

Whereas IMT measures the thickness of the carotid arte-
rial walls (comprising the intimal and the medial layers), the
plaque index measures the extent of the subintimal athero-
sclerotic plaques deposited in the walls of the carotid arter-
ies. Thus, plaque index is considered to be a measure of a
later phase of atherosclerosis. In addition to HbA1c, the
carotid plaque index related positively with PAI-1. PAI-1 is
highly expressed in AT from obese subjects (27). It in-
creased neointima formation in balloon-injured rat carotid
arteries (26) and is thought to be a risk marker of athero-
sclerosis and type 2 diabetes (28).

Coronary calcium is considered as an index of the total
atherosclerosis burden and has been found to be a strong
predictor of diabetes-specific cardiovascular complications
in both type 1 (29) and type 2 (30) diabetes. In this study,
age and the ISI were independently and significantly related
to the degree of coronary calcifications. These findings are
in agreement with the observations that insulin resistance
(measured by the homeostasis model assessment) is posi-
tively associated with coronary atherosclerosis (31). This
consistent association between insulin resistance and coro-
nary calcifications may be explained by the effects of the
cluster of metabolic changes associated with insulin resis-
tance (hypertension, hyperglycemia, dyslipidemia, and hy-
perinsulinemia; the insulin resistance syndrome). However,
here, only serum insulin was a positive correlate of the
degree of CCS, which agrees with previous studies (31).

Table 2. Spearman correlation of the risk factors and PWV and IMT

Variable

Spearman correlation
with PWV

Age and systolic blood
pressure adjusted

Spearman correlation
with PWV

Spearman correlation
with IMT

R p R p R p

Age (years) 0.18 0.21 0.49 0.00
BMI (kg/m2) 0.58 0.001 0.59 0.001 0.10 0.52
Systolic blood pressure (mm Hg) 0.13 0.37 0.25 0.10
Diastolic blood pressure (mm Hg) 0.28 0.04 0.20 0.19 0.22 0.15
Plasma glucose (mg/dL) 0.08 0.58 0.05 0.77 0.38 0.01
HbA1c (%) 0.08 0.60 0.06 0.72 0.29 0.04
Total cholesterol (mg/dL) �0.04 0.76 �0.09 0.59 0.28 0.07
LDL-C (mg/dL) �0.04 0.78 �0.12 0.45 0.34 0.02
Serum insulin (�U/ml) 0.15 0.29 0.13 0.42 0.15 0.33
ISI (mg/min/kg FFM) �0.08 0.57 0.20 0.19 0.15 0.35
Plasma free fatty acids (�M) 0.23 0.13 0.21 0.18 �0.07 0.70
Visceral fat (cm2) 0.23 0.08 0.29 0.06 0.11 0.46
Abdominal subcutaneous fat (cm2) 0.43 0.003 0.17 0.29 0.06 0.73
Thigh fat (cm2) 0.38 0.007 0.31 0.046 0.11 0.48
Hepatic fat (HU) 0.47 0.001 0.43 0.005 0.08 0.62
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Increased insulin stimulates the sympathetic nervous sys-
tem, resulting in increased heart rate and blood pressure. In
addition, insulin may cause hypertrophy of the vascular
wall, resulting in an increase in the number and size of
monocytes, increases in collagen, and proliferation of
smooth muscle cells (17).

In this study, the presence of aortic calcification was
strongly and independently related to age. Consistent with
the findings of this study, it has been previously noted that
the presence of aortic calcification is strongly related to age
(11). Similarly, our finding that aortic calcium scores were
significantly higher than coronary calcium scores is consis-

Table 3. Associations between risk factors and plaque index, coronary calcium, and aortic calcium

Variable

Plaque CCS ACS

Mean
value

No Plaque
(n � 25)

Mean
value

Plaque
(n � 20) p

Mean
value

CCS < 50
(n � 34)

Mean
value

CCS > 50
(n � 10) p

Mean
value

ACS < 593
(n � 31)

Mean
value

ACS > 593
(n � 11) p

Age (years) 48 53 0.09 50 56 0.03 49 57 0.005
BMI (kg/m2) 34 36 0.19 35 38 0.054 35 36 0.71
Systolic blood pressure

(mm Hg) 134 142 0.06 138 143 0.38 136 148 0.035
Diastolic blood pressure

(mm Hg) 80 82 0.33 81 79 0.43 81 81 0.95
Plasma glucose (mg/dL) 162 184 0.13 176 189 0.52 177 184 0.71
HbA1c (%) 7.6 8.7 0.02 8.3 8.6 0.61 8.3 8.5 0.76
Total cholesterol (mg/dL) 200 204 0.70 202 219 0.18 200 222 0.07
LDL-C (mg/dL) 123 129 0.53 125 141 0.19 122 145 0.046
Serum insulin (�U/ml) 15 19 0.29 15 23 0.04 16 18 0.58
ISI (mg/min/kg FFM) 2.4 2.2 0.77 2.5 1.4 0.04 2.0 3.2 0.09
CRP (�g) 3.3 3.5 0.53 3.8 3.5 0.75 3.6 4.3 0.43
TNF-� 3.9 3.6 0.61 3.8 4.1 0.60 3.7 4.4 0.08
PAI-1 71 98 0.02 77.8 84.0 0.71 76.4 87.2 0.54
IL-6 2.4 2.5 0.63 2.2 3.9 0.001 2.3 3.2 0.09
Fibrinogen 257 261 0.94 247.4 242.7 0.89 248.4 240.7 0.80

Table 4. Independent associations of the risk factors with measures of subclinical disease

PWV IMT Plaque* CCS* ACS*

B Std. B p B Std. B p B p B p B p

Age 0.67 0.47 0.001 0.39 0.02 0.34 0.04
BMI 0.27 0.45 0.001
Diastolic blood pressure 0.12 0.30 0.01
Glucose 0.25 0.25 0.05
HbA1c 0.39 0.03
ISI �0.46 0.02
Hepatic fat 0.11 0.33 0.01
PAI-1 0.10 0.09
Model R2 0.49 0.33 0.12 0.37 0.26

* Logistic Regression.
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tent with a study by Kuller et al., suggesting that aortic
calcification may develop before coronary calcification
(32).

This study is the first report of the relationships among
regional body adiposity, insulin resistance, and five mea-
sures of subclinical atherosclerosis. A few methodological
issues should be addressed in the current investigation.
There is a possibility of type 2 or type 1 errors due to the
relatively small sample size, which is, in part, caused by the
time-consuming and expensive nature of the euglycemic
clamp studies. However, the reliability and accuracy of the
clamp procedure for assessment of insulin resistance, as
well as the CT measures of body fat distribution, help
reduce imprecision in these assessments. Moreover, the
significant associations of the risk factors and measures of
subclinical disease suggest the strength of the power of
these associations at the early phases of the macrovascular
disease in type 2 diabetes. Finally, there were strong inter-
correlations among the measures of subclinical vascular
disease. Interestingly, in regression analyses, arterial stiff-
ness and IMT were associated with the degree of coronary
atherosclerosis independently of metabolic risk factors (data
not shown), suggesting that PWV and IMT can be used as
noninvasive surrogates for assessing the risk of macrovas-
cular disease at early phases of type 2 diabetes.

In conclusion, age is a major correlate of subclinical
atherosclerosis. In addition, obesity indices, and especially
BMI and hepatic fat, independently correlated with arterial
stiffness as measured by PWV in obese type 2 diabetic
patients, whereas the later arterial structural abnormalities
(IMT and the coronary calcification) were independently
associated with hyperglycemia and insulin resistance, re-
spectively. Complicated atherosclerosis, as estimated by the
extent of coronary calcification, was independently related
to age and insulin resistance. These findings may help
outline the chronological order of the pathological changes
within the arterial system resulting in macrovascular disease
associated with type 2 diabetes. It can also be suggested
that, in the early stages of type 2 diabetes, weight reduction
could modify cardiovascular risk by improving glycemic
control, reversing arterial stiffness, and reducing blood pres-
sure.
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