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Abstract. Carotid intima-media thickness (CIMT) is a well-
established subclinical marker of atherosclerosis. Non-invasive
vascular evaluation has emerged as a useful tool to aid in
individual cardiovascular (CV) risk stratification and diagnose.
The use of CIMT in CV risk stratification requires knowing the
expected reference values for the population studied. Our aim
were: a) to evaluate the relationship between aging and CIMT,
b) to analyze gender and side (right vs left) related-differences
in CIMT and c) to determine the CIMT reference values for an
Uruguayan population taking into account aging-related CIMT
changes. Methods: 367 asymptomatic subjects without known
CV disease or risk factors were included in the study. Subjects
were divided into six age groups. High-resolution B-mode
ultrasound images of both (right and left) common -carotid
arteries were obtained based on the techniques and
recommendations described in international consensus. Results:
No significant age-related differences in CIMT between men
and women were observed. The mean left CIMT was thicker
compared with right CIMT in groups 4, 5 and 6. However,
there were no significant differences in those groups. The
nomogram model was constructed from data base, in which the
95% confidence interval was considered. Diagnosis thresholds
were determined as well. Conclusion: We define reference
values of CIMT for our population using gold standard
techniques which contributes to standard techniques which
contributes to an improved insight into clinical practice and can
be used routinely for evaluation.

I. INTRODUCTION

MAIN focuses and strategies for atherosclerotic
cardiovascular disease (ACVD) prevention have been

the detection and treatment of cardiovascular risk
factors. Results obtained with such approach are limited and
ACVD is still a leading cause of morbidity and mortality all
around the world. However, ACVD has a long subclinical
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stage that could provide a unique opportunity for the
development of strategies to halt or slow the disease
progression and to prevent its complications [1], [2].

Non-invasive vascular evaluation has emerged as a useful
tool to aid in individual cardiovascular (CV) risk
stratification and diagnosis [1], [3]. Among the different
structural and functional vascular parameters proposed to
stratify CV risk and to early detect vascular changes
associated with ACVD the carotid intima-media thickness
(CIMT) has shown to be of value. An increased CIMT is a
subclinical marker of atherosclerosis and a predictor of
cerebrovascular events including stroke [4]. Additionally,
and increased CIMT is associated with the presence of
atherosclerotic plaques in other localizations and with an
increased risk of coronary heart disease (CHD) [1].

On the other hand, a given value, or changes in CIMT
levels do not always represent increased CV risk or vascular
disease, but could be explained by factors like normal aging
and/or ethnicity.Then, the use of CIMT in CV risk
stratification and vascular disease diagnose requires knowing
the expected (reference) values for the population studied.
Related with this, it is noteworthy that Latin America
encompasses a wide variety of geographic, ethnic, and
socioeconomic differences. Such diversity would be reflected
in the prevalence/profile of CV risk factors, atherosclerotic
vascular changes and/or in the normal/reference values of
different vascular parameters [5]. For instance, the
CARMELA study showed differences in CV risk and
vascular characteristics, in particular in the CIMT, among
Latin American populations [5].

In this context, this work aims were: a) to evaluate the
relationship between aging and CIMT, b) to analyze gender
and side (right vs. left) related-differences in CIMT and c) to
determine the CIMT reference values for an Uruguayan
population taking into account aging-related CIMT changes.

II. METHODS

The Human Research Committee of the Republic University
(Uruguay) approved all procedures. Subjects gave written
informed consent. The study was carried out according to
international ethic rules and the Helsinki Declaration
principles.

The present study was carried out in the context of
CUIiiDARTE Project, a population-based national study,
designed to assess vascular aging, CV risk and sub-clinical
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atherosclerosis by means of the evaluation of structural and
functional vascular parameters

1. Study population and subjects groups

By cluster sampling method, subjects (n=367, 196
women) from 5 Uruguayan cities, asymptomatic and without
known cardiovascular disease, Diabetes Mellitus, renal
failure or CV risk factors (other than age and gender) were
included in this study. None of the subjects was taking CV
acting medications [6].

Subjects were divided into the following age groups: Gl1:
10-19 years old (n=38), G2: 20-29 years old (n=124), G3:
30-39 years old (n=34), G4: 40-49 (n=54), G5: 50-59 years
old (n=79) and G6: 60-69 years old (n=38).

Experimental protocol

Vascular evaluation started after 9-12 hours overnight fast.
Exercise, caffeine, alcohol, and vitamin C were avoided
prior (at least six hours) to the examination. Venous blood
samples were drawn and processed immediately using
commercially available kits and/or laboratory methods.
Subjects rested for 5-10 minutes in supine position in a
temperature-controlled room, to reach stable haemodynamic
conditions.

Ultrasound evaluations in CUiiDARTE are done based on
the techniques and recommendations described in
international consensus [7].

High-resolution B-mode ultrasound images of both (right
and left) common carotid arteries were obtained using a
10MHz linear-array transducer connected to a portable
Ultrasound System (MicroMaxx, Sonosite; Bothell, WA,
USA). Measurements (still images and video clips/cine
loops) were digitally stored for off-line analysis. Before and
during ultrasound examination (at 3-minutes intervals),
brachial blood pressure measurements were obtained using
an oscillometric device (Omron HEM-433INT Oscillometric
System; Omron Healthcare Inc., Illinois, USA). The average
was considered as the blood pressure level.

Transverse and longitudinal views from the proximal
common carotid artery (CCA) to the peripheral segments of
the internal and external carotid artery (ICA and ECA
respectively) were obtained to determine the presence of
carotid plaques in the CCA, bulb, ICA and ECA. Near and
far walls were analyzed and images were obtained from
anterior, lateral and posterior angles. A carotid plaque was
defined as focal wall thickening at least 50% greater than
that of the surrounding vessel, a thickening that protrudes
into the lumen 0.5 mm or as a region with CIMT greater than
1.5 mm [7].

After plaque screening, longitudinal views of the CCA were
acquired and a video (cine-loop) of at least 10 seconds was
recorded and stored. The CIMT and beat-to-beat diameter
waveforms were obtained and analyzed off-line using a step-
by-step border detection algorithm applied to each digitized
image (Hemodyn-4M software, Buenos Aires, Argentina) [8]

[Figure 1]. A region 1.0 cm proximal to the carotid bulb was
identified, and the far wall CIMT determined as the distance
between the lumen-intima and the media-adventitia
interfaces. The used software performs multiple automated
or semi-automated measurements along 1 cm and averages
them, increasing the accuracy of the measures. Furthermore,
compared with manual techniques, the use of software
improves CIMT measurement reproducibility and reduces
observer bias.

The instantaneous internal diameter (from the leading edge
of the near wall intima-lumen interface to the intima-lumen
interface of the far wall) waveform was obtained [Figure 1].

Statistical analysis

The “reference value population” was defined by all
included subjects. To determine diagnostic thresholds for
men and women combined, we rounded the 95th prediction
bands. For each age group, 2.5th, 25th, 50th, 75th and 97.5th
percentiles were calculated.

Aging related changes in CIMT were evaluated using
ANOVA + Bonferroni test. Linear regression analysis was
used to assess the relationship between CIMT and age.
Gender difference in CIMT were evaluated using two tailed
Student-t test. A p<0,05 was considered significant.
Statistical analyses were done using Statistical Package for
the Social Sciences 17.0 for Windows software.
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Fig 1. Screen of the Software used to measure CIMT (distance between
green and red lines in the far wall) and the instantaneous diameter (distance
between red lines) and to obtain the diameter waveforms (bottom) from B-
Mode echographic videos.

III. RESULTS

The carotid arteries could be correctly visualized by
ultrasonography, and CIMT measurements were carried out
in all subjects. None of the subjects in Gl and G2 had
atherosclerotic plaques. On the contrary, the incidence of
carotid plaque was 2.9%, 15%, 20% and 26% in G3-6
respectively.
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Subjects with atherosclerotic plaques were excluded when
determining CIMT reference values; 35 subjects were
excluded and 332 subjects were considered for further

analysis.
Table 1 shows the subjects” anthropometric, hemodynamic
and laboratory data.
Table 1 1019, 2029 3039
N=332 38 124 33
Age (Year) 152 21+2 33+2
Anthropometric measurements
Height (m) 1659 1679 166+9

Weight (Kg) 57+11 63+12 T1+16
BMI (Kg/m2) 2143 2314 2445
Peripheral hemodynamics parameters
Systolic Pressure (mmHg) 118 £13 125+12 126+12
Diastolic Pressure (mmtg) 6410 718 74£11
Pulse Pressure (mmHg) 48+6 51+8 53+10
Heart Rate (bpm) 7813 T3:ll T2:&
Laboratory
Total cholesterol (mg/dl) 160+23 176+£32
HDL cholesterol (mg/dl) 6620 55+17
LDL cholesterol (mg/dl) 99£25 134+26
Glycaemia (mg/dl) 846 T6+28

The mean left CIMT was thicker compared with right CIMT
in groups 4, 5 and 6. However, there were no significant

differences in those groups.

Taking into account that there were no side and/or gender
related differences in CIMT integrated reference values were
determined.

40-49 50-59 60-69

165+9 161+8 16010
75+16 74£16 71+12
23+3 25+4 2443

128+ 11 123+13 126+12
ey 7811 7710
54+ 8 56+9  61%11
7 12 73:£12 63:10

196+21 205+31 175133
51+12  59+19 50+14
139+26 14031 11240
80+18 8g6+18 8418

46 63 28
453 54+£3  64x4

No significant age-related differences in CIMT between men
and women were observed. [Figure 3].

Gender differences in CIMT
1,20 -
H Men

1.00 M Women [
- 080 T
= 0.60 1 T
= 1
o040 1,1

0,20 -

10-19 20-29

30-39 4040
Age (Years)

Fig 3. CIMT values between sex. Values expressed as mean + Standard

deviation. p>0.05 in all groups.

Figure 4 shows side-related differences in intima-media
thickness of carotid arteries.
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Fig 4. Age related changes of Left and Right CIMT. p>0.05 in all

groups.
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determine diagnostic thresholds
combined, we rounded the 95th prediction bands.

Table 2 shows CIMT reference values expressed as mean,
standard deviation and 2.5", 25 50" 75" and 97.5"
percentiles. All comparisons
ANOVA + Bonferroni test.
The mean CIMT increased with age from group G1 to G6
(p<0.001). The nomogram model was constructed from data

ase.
The mean value (solid line) and the 95% confidence
interval (dashed lines) are shown in Figure 2. In order to

were determined using

for men and women

Table 2 10-19. 3039 30.39 4049 5059 60-60

N 3 124 3 46 63 B
Mean 039 049?039 pgs™C  ppgdbcdt ggpakcde

D 0.07 005 002 008 012 0.18

P15 0.30 035 042 0.44 0.53 0.52

P15 035 0.4z 0.54 061 067 072

P 50 0.40 045 0.52 063 073 030

P75 0.40 0.55 0.66 07 021 0.0

P975 0.50 067 065 081 097 123

CIMT (mm)

Data are expresed as Mean, standard deviation and 2 5th, 25th, S0th, 75th, and 97 .5th percentiles.

p=0.05 was considered statistically significant.

a Compared with 10-19 vears old group.
b Compared with 20-29 years old group.
o Compared with 30-39 years old group.
o Compared with 40-49 years old group.
& Compared with S0-58 years old group.
T Compared with 60-69 years old group.
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Fig 2. Nomogram for CIMT values and age-related changes. The
dashed lines represent the 95% confidence interval 2.5th,50th and
97.5th percentiles and mean (normal distribution).

IV. DISCUSSION

In the present study we contribute in the characterization
of CIMT reference values in a Uruguayan Population. The

definition of reference values represent a critical step in the

implementation of CIMT as a clinical tool for detecting sub-
clinical organ damage
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Additionally, there is a great interest to differentiate the
expected (normal) vascular changes due to aging and those
related with vascular disease. In this context, many authors
contribute in the establishment of reference values of
different populations.

This issue was recently assessed in the Cardiovascular Risk
Factor Multiple Evaluation in Latin America study
(CARMELA) [5], which results underlined the differences in
age effects across cities.

CIMT in the Uruguayan population showed similar but
not equal levels and age-related changes when compared to
other Latin American populations [5]. This is also true when
our results are analyzed comparing them with those obtained
in other populations. About this, the age-related changes in
CIMT evidenced in our population showed a behavior
located in the middle between the group in which the
variation is large (>0.01mm/year), consisting of USA [9,10],
central Europe [11,12] and Nordic countries [13], and that
with minor age effects, which comprises Spain [14], and
France [13, 15] Taking into account that discussed above,
and as was previously suggested, since CIMT levels and
changes would differ among regions and ethnic groups, the
CIMT distribution in a particular population must be defined
prior to its use in cardiovascular diagnosis and/or risk
stratification [5].

V. CONCLUSION

Age-related CIMT profiles were obtained in the context of
the CUiIDARTE Project for a Uruguayan asymptomatic
population. There were no evidences of gender or side (right
and left carotid artery) differences.

We define reference values of CIMT for our population
using gold standard techniques which contributes to a greater
approach into clinical practice and routinely used for
evaluation of cardiovascular risk.
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