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Measurement of the carotid intima-media thickness
enables arterial wall thickening to be quantified during
preclinical disease stages. However, little is known
about how the thickness varies in individuals with no
cardiovascular risk factors. The objective of this study
was to report on the range of carotid intima-media
thicknesses observed in a population of healthy subjects
with no cardiovascular risk factors and to identify
parameters that influence it. The carotid intima-media
thickness was assessed in 138 subjects (64 men and
74 women) aged 20-79 years whose age and sex were
homogeneously distributed. The upper limit of normal for
the mean carotid intima–media thickness ranged from
0.59-0.95 mm in men and from 0.52-0.93 mm in women.
The upper limit for the maximum thickness varied from
0.81-1.11 mm in men and from 0.66-1.13 mm in women.
The main parameters determining the intima–media
thickness were age, male sex, systolic blood pressure
and low-density lipoprotein cholesterol level.

Grosor íntima-media carotídeo en sujetos
sin factores de riesgo cardiovascular
El grosor íntima-media de la arteria carótida permite la
cuantificación del engrosamiento arterial en fases preclínicas de la enfermedad, pero no se conoce sus valores en
población sin factores de riesgo cardiovascular. El objetivo es describir la distribución y los factores determinantes
del grosor íntima-media carotídeo en población sana y sin
factores de riesgo cardiovascular. Estudiamos el grosor
íntima-media carotídeo de 138 sujetos (64 varones y 74
mujeres) de 20-79 años de edad distribuidos homogéneamente según edad y sexo. El límite superior de la normalidad de la media del grosor íntima-media osciló entre 0,59
y 0,95 mm en varones y entre 0,52 y 0,93 mm en mujeres.
Los valores máximos oscilaron entre 0,81 y 1,11 mm en
varones y entre 0,66 y 1,13 mm en mujeres. Los principales factores determinantes del grosor íntima-media fueron
edad, sexo masculino, presión arterial sistólica y colesterol de las lipoproteínas de baja densidad.
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INTRODUCTION

compromised.1 It has been shown that CIMT
bears a relation to the incidence and prevalence
of atherosclerosis in all its clinical forms2-4 and
cardiovascular risk factors are predictors of CIMT.5
Likewise, it has been seen that CIMT regresses
after pharmacological treatment for different
cardiovascular risk factors.6 Therefore, CIMT is
considered a surrogate marker of cardiovascular
disease, an independent risk factor, and a tool for
early detection of atherosclerosis.1
The main objective of the study was to determine
the average and maximum CIMT in the 3 best studied
segments of the carotid arteries in atherosclerosis—
common carotid artery (CCA), carotid sinus (CS),
and internal carotid artery (ICA)—in a population
with no known cardiovascular risk factors, to

Measurement of the carotid intima-media
thickness (CIMT) with ultrasound can detect
thickening of the artery wall during the initial
phases of atherosclerosis before the lumens become
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serve as a reference for normal CIMT and also to
identify patients with greater atherosclerosis in our
population. The secondary objective was to study
factors determining CIMT in individuals without
any traditional cardiovascular risk factors.

between CCA, CS, and ICA. To determine which
variables were predictive of CIMT, a multivariate
linear regression model was used. A general linear
model was used to fit the values to the variables
independently associated with CIMT.

METHODS

RESULTS

Between January 2006 and June 2008, 218 subjects
were recruited from among staff of the Hospital
Universitario Miguel Servet, Zaragoza, Spain, and
staff and students of the University of Zaragoza,
Spain, with the Faculty of Medicine particularly
strongly represented, and the “University of
Experience” training program aimed at individuals
aged over 60 years. The objective was to obtain a
sample that included at least 10 men and 10 women
in each of 6 preestablished age groups between
18 and 80 years. The inclusion criteria were no
personal history of cardiovascular disease, no
premature cardiovascular disease in first-degree
relatives, cigarette consumption less than 15 packyears (number of cigarettes smoked per day
in packs, multiplied by the number of years of
smoking), no diagnosis of dyslipidemia, arterial
hypertension, or diabetes mellitus, and no serious
illness requiring admission to hospital in the past
year. Written informed consent was obtained from
each participant according to the protocol approved
by the ethics committee of our hospital.
The clinical and laboratory data collected are
presented in Table 1. The procedure for obtaining
these data has been described previously.7
Measurement of CIMT was performed in the
posterior wall of both carotid arteries by mode B
ultrasound with an Acuson Sequoia ultrasonography
device equipped with a linear 8 cm probe operating
at 8 MHz. Images of 6 territories were taken:
final centimeter of the CCA, the CS, and the first
centimeter of the ICA on both sides.1 A single
investigator (AMB), accredited by the vascular
imaging laboratory of the Academic Medical Center
of Amsterdam, the Netherlands, took the readings
using eTRACK1 dedicated software.
Subjects with a BMI >30, blood pressure >160/90
mm Hg, low-density lipoprotein cholesterol (LDL-C)
>160 mg/dL, high-density lipoprotein cholesterol
(HDL-C) <30 mg/dL, triglycerides >200 mg/dL,
blood glucose >125 mg/dL, creatinine >2 mg/dL, or
thyrotropin >6 µU/mL were excluded.
Continuous variables with a normal distribution
were expressed as means (SD) whereas those
without a normal distribution were expressed as
median [interquartile range]. The difference in mean
values between men and women was tested using the
Student t test or the Mann-Whitney U test. Analysis
of variance was used to test the differences in means

In total, 221 subjects were selected and 138 were
included in the final analysis (64 men and 74 women).
Eighty-three subjects (46 men and 37 women) were
excluded for the following reasons: 41 for LDL-C
>160 mg/dL, 25 for cigarette consumption >15
pack-years, 10 for BMI >30, 10 for arterial blood
pressure >160/90 mmHg, and 2 for other reasons.
The clinical, laboratory, and ultrasound variables
are presented in Table 1. Men had higher average
and maximum CIMT compared to women. The
differences between sexes tended to diminish in
patients aged over 50 years (Figure 1).
In men, the upper limit of normal (75 percentile
of the distribution) of the average CIMT in the
6 territories ranged from 0.59 mm in those under
25 years to 0.95 mm in those aged over 65 years
(Table 2). In subjects aged 25-45 years, this value
was 0.66 mm. From 45 years onwards, a noteworthy
increase in CIMT was observed. In women, the
upper limit of normal for average CIMT ranged
from 0.52 mm in those under 25 years to 0.93 mm in
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Figure 1. Comparison of the mean maximum carotid intima-media
thickness (CIMT) among age groups according to sex.
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TABLE 1. Clinical Characteristics, Biochemical Profile, and Values of Carotid Intima-Media Thickness
of the Study Population, According to Sex
Variable

Men (n=64)

Women (n=74)

Age, mean (SD), y
42.9 (15.7)
44.5 (16.8)
Smoking habit, n (%)			
Never
38 (65.5)
59 (79.7)
Active smoker
9 (15.5)
5 (6.8)
Ex smoker
11 (19)
10 (13.5)
7.5 (4.03)
10.2 (4.65)
Smoking history, pack-yearsa
Systolic blood pressure, mm Hg
121 (11.2)
113 (14.5)
Diastolic blood pressure, mm Hg
75 (7.5)
70.5 (9.3)
Body mass index
25.1 (2.7)
23 (2.9)
Waist circumference
90.8 (8.8)
78.4 (8.3)
Total cholesterol, mg/dL
177 (24.4)
191 (27.3)
LDL-C, mg/dL
117 (23.8)
121 (21.7)
HDL-C, mg/dL
45.5 (8.6)
59.0 (11.5)
Triglycerides, mg/dL
81 [49.5-105]
50 [39-74]
Apolipoprotein A, mg/dL
130 (20.6)
157 (30.3)
Apolipoprotein B, mg/dL
93 (19.7)
89 (17.6)
Lipoprotein (a), mg/dL
9 [4.8-19.5]
18.1 [8.1-38.4]
C-reactive protein, mg/L
1.5 [0.8-3.1]
0.9 [0.4-2.1]
Glucose, mg/dL
93.7 (12.1)
86.6 (7.9)
Average CCA IMT, mm
0.6743 (0.1433)
0.6497 (0.1436)
Average CS IMT, mm
0.7408 (0.1773)
0.6971 (0.1586)
Average ICA IMT, mm
0.6412 (0.2666)
0.5732 (0.1662)
3-segment average IMT, mm
0.6872 (0.1436)
0.6400 (0.1355)
Maximum CCA IMT, mm
0.8648 (0.1753)
0.8169 (0.1827)
Maximum CS IMT, mm
1.0893 (0.3034)
1.0116 (0.2846)
Maximum ICA IMT, mm
0.9007 (0.3557)
0.8087 (0.2583)
0.8606 (0.1794)
0.7980 (0.1704)
Maximum mean IMTb, mm

P

.62
.146

.13
.001
.003
<.001
<.001
.002
.302
<.001
<.001
<.001
.275
.006
.012
<.001
.317
.129
.035
.049
.12
.123
.083
.038

CCA indicates common carotid artery; CS, carotid sinus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; IMT, intima-media thickness.
a
Pack-years: average number of cigarettes consumed per day (in packs; 1 pack = 20 cigarettes) × years of consumption. Data refer to active and ex smokers.
b
Mean of the maximum values of the 6 territories.
Values expressed as means (SD) or median [interquartile range].

those aged over 65 years (Table 2). The upper limits
(75 percentile of the distribution) of CIMT of the
mean maximum values of the 6 territories by age
group ranged from 0.81 mm to 1.11 mm in men and
from 0.66 mm to 1.13 mm in women (Table 3). With
regard to the study by segments, in all age groups
and in both sexes, the highest average and maximum
CIMT were recorded in the sinus (Tables 2 and 3).
Age was the main determining factor for carotid
thickening of all segments. The average CIMT of the
6 segments was the strongest predictor in the model
(adjusted r2 = 0.669). In addition to age (b=.662;
P<.001), other predictive variables were male sex
(b=.120; P=.027), systolic blood pressure (SBP)
(b=.135; P=.029), and LDL-C (b=.131; P=.029).
However, HDL-C level was not an independent
predictor. For each year of life, an increase in the
mean average CIMT of 0.005 mm in the 6 segments
was found. For mean maximum CIMT, the increase
was 0.008 mm for the 6 segments.

On adjusting the CIMT values for age and sex,
a positive association was observed between carotid
thickening and SBP levels and LDL-C levels (Figure
2). The increase in CIMT occurred for any increase
in SBP, but was more marked above 120 mmHg.
A similar situation was observed for LDL-C levels
>125 mg/dL.
DISCUSSION
The values obtained allow the distribution
of CIMT to be determined in subjects without
traditional cardiovascular risk factors. The CIMT
in this population is strongly dependent on age
and, to a lesser degree, sex, and so we present the
values by age group and sex. The study population
corresponds, by and large, to a high sociocultural
stratum. However, we believe that this bias does not
affect the validity of the results. We have chosen
as the limit of normal the mean and maximum
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TABLE 2. Mean Values and Upper Limit (75 Percentile) of Normal Distribution of Average Intima-Media
Thickness, by Segment and Age Group in Men and Women
Carotid Segment

Age Group, y (n)

		

Average common carotid IMT

Average carotid sinus IMT

Average internal carotid IMT

3-segment average IMT

<25 (22)
25-34 (22)
35-44 (25)
45-54 (25)
55-64 (22)
>64 (22)
<25 (22)
25-34 (22)
35-44 (25)
45-54 (25)
55-64 (22)
>64 (22)
<25 (22)
25-34 (22)
35-44 (25)
45-54 (25)
55-64 (22)
>64 (22)
<25 (22)
25-34 (22)
35-44 (25)
45-54 (25)
55-64 (22)
>64 (22)

Men		

Women

Mean, mm

Upper Limit, mm

Mean, mm

Upper Limit, mm

0.5637
0.6083
0.6179
0.6716
0.7474
0.8343
0.6056
0.619
0.6593
0.7811
0.8379
0.9429
0.4702
0.5686
0.5981
0.6055
0.7372
0.8842
0.5465
0.5986
0.6251
0.6861
0.7742
0.8906

0.6124
0.6678
0.6943
0.6879
0.7941
0.9126
0.6618
0.7243
0.7142
0.8143
0.9214
1.0542
0.5638
0.6632
0.6556
0.7043
0.8066
1.008
0.5891
0.6665
0.663
0.7185
0.811
0.9521

0.5174
0.5732
0.5801
0.6508
0.7269
0.8673
0.5358
0.6222
0.6474
0.6998
0.7604
0.9296
0.4398
0.4732
0.5259
0.5876
0.6274
0.7905
0.4977
0.5562
0.5844
0.6461
0.7049
0.8625

0.5593
0.634
0.6294
0.713
0.7696
0.9781
0.5918
0.684
0.7161
0.7668
0.8611
1.0436
0.4758
0.5359
0.6006
0.6241
0.7103
0.9435
0.5184
0.5831
0.6483
0.7037
0.7961
0.9342

IMT indicates intima-media thickness.
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Figure 2. Estimated marginal means of maximum carotid intima-media thickness (CIMT) adjusted for age, sex, and low-density lipoprotein cholesterol (LDLC) by quintiles of systolic blood pressure (A) and estimated marginal means of maximum CIMT adjusted for age, sex, and systolic blood pressure by quintiles
of LDL-C (B).

CIMT values of 6 carotid segments for each age
group because this provides a more consistent and
complementary information than the data that only
use the CCA.2-5 However, we chose the 75 percentile
100   Rev Esp Cardiol. 2010;63(1):97-102

as the upper limit of normal with reference to other
population studies.2,4 Our values for normal are
within the first 2 quintiles of the CIMT distribution
of the Cardiovascular Health Study.3 In the groups
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TABLE 3. Mean Values and Upper Limit (75 Percentile) of Normal Distribution of Maximum Intima-Media
Thickness, by Segment and Age Group in Men and Women
Carotid Segment

Age Group, y (n)

		

Maximum common carotid IMT

Maximum carotid sinus IMT

Maximum internal carotid IMT

3-segment maximum IMT

Men		
Mean, mm

<25 (22)
25-34 (22)
35-44 (25)
45-54 (25)
55-64 (22)
>64 (22)
<25 (22)
25-34 (22)
35-44 (25)
45-54 (25)
55-64 (22)
>64 (22)
<25 (22)
25-34 (22)
35-44 (25)
45-54 (25)
55-64 (22)
>64 (22)
<25 (22)
25-34 (22)
35-44 (25)
45-54 (25)
55-64 (22)
>64 (22)

Women

Upper Limit, mm

0.6758
0.7297
0.7491
0.8241
0.8756
0.9608
0.7888
0.811
0.8622
1.0839
1.001
1.1813
0.5924
0.7297
0.7273
0.7487
0.9133
1.0509
0.6857
0.7568
0.7795
0.8856
0.963
1.0643

0.7668
0.7645
0.8227
0.854
0.9345
1.074
0.8561
0.8872
0.9285
1.1251
1.159
1.3245
0.6903
0.8216
0.778
0.864
1.0347
1.2175
0.813
0.8463
0.8294
0.9469
1.0185
1.1058

Mean, mm

Upper Limit, mm

0.6141
0.689
0.6645
0.7746
0.8458
1.0061
0.679
0.8171
0.8305
0.9359
1.0793
1.1972
0.5548
0.6018
0.6429
0.7374
0.7722
0.9781
0.616
0.7026
0.7126
0.816
0.8991
1.0605

0.6728
0.7498
0.7306
0.852
0.912
1.105
0.722
0.8843
0.9036
1.0594
1.2148
1.3238
0.6357
0.6587
0.727
0.7895
0.854
1.1466
0.6571
0.7695
0.7971
0.8816
0.9777
1.1336

IMT indicates intima-media thickness; maximum IMT, mean of maximum values of the 6 territories.

in that study, the risk of infarction and stroke was
very low (1.1%/year) as subjects were aged over 65
years, with a mean age of 72.5 years. On the other
hand, our values are lower than those for subjects
who did not develop cardiovascular disease in the
ARIC study, which had a similar age distribution
to our sample.2 Junyent et al8 studied a group of
subjects with a normal lipid profile but, unlike our
study, these authors did not exclude subjects with
other risk factors and only measured the CCA. The
values for CCA in our study were largely in line with
their values.8
Age is the main variable related to carotid
thickening in all segments, both in men and women,
in our study and most studies of the general
population.2-5 The changes observed did not follow
a linear model. CIMT thickening is more marked
from the age of 40 years onwards in men and 50
years onwards in women, in agreement with that
observed in other populations.2 SBP and LDL-C
are associated much more weakly with CIMT
progression, though the association is stronger for
SBP above 120 mmHg and LDL-C levels above

125 mg/dL. This reinforces the role of these 2 risk
factors, even in the range currently not considered
as pathological.
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