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AAbbss ttrraacctt

BBaacckkggrroouunndd  aanndd  ppuurrppoossee::  Ultrasound-based indicators such
as mean or maximal carotid intima-media thickness (CIMT)
and cross-sectional plaque area (C-SPA) have been shown to
be measurable indices of atherosclerosis. We investigated
whether those indicators correlated with the number of athe-
rosclerotic risk factors assessed in routine clinical practice.
MMaatteerriiaallss  aanndd  mmeetthhooddss::  The study involved a group of 150
pa tients (median age, 65 years). High-resolution ultrasound
was used to assess CIMT and C-SPA of their common and
internal carotid arteries. The number of risk factors derived
from clinical examination (e.g., hypertension, diabetes, smok-
ing), haematological test, acute phase proteins, serum lipopro-
teins, homocysteine, and body mass index was assessed.
RReessuullttss::  Plaques occurred in 85 patients (57% of participants).
The median plaque area was 21 mm2 (10.7-46.5 mm2), and
the mean CIMT was 0.88 mm (standard deviation, 0.28 mm).
The study found significant associations among most of the
single as well as the total number of risk factors and mean
and maximal CIMT and C-SPA. The differences among the
groups of patients with different numbers of risk factors were
more evident in terms of the maximal and mean CIMT than
in the case of C-SPA. Assessment of C-SPA could be statis-
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SStt rreesszzcc zzeenn iiee

WWssttêêpp  ii cceell  pprraaccyy::  Ultrasonograficzne parametry morfolo-
giczne têtnic szyjnych, takie jak œrednia i maksymalna gru-
boœæ b³ony œrodkowej i wewnêtrznej œciany naczyniowej (gru-
boœæ kompleksu intima–media, GKIM) oraz powierzchnia
przekroju poprzecznego (PP) blaszek mia¿d¿ycowych, s¹
uznanymi wyk³adnikami mia¿d¿ycy. Celem pracy by³o zba-
danie, czy istnieje zale¿noœæ pomiêdzy liczb¹ czynników ryzy-
ka rozwoju mia¿d¿ycy ocenianych w rutynowej praktyce kli-
nicznej a zmianami GKIM oraz wystêpowaniem i wielkoœci¹
powierzchni PP blaszek mia¿d¿ycowych w zewn¹trzczasz-
kowych odcinkach têtnic szyjnych.
MMaatteerriiaa³³  ii mmeettooddyy::  W badaniu wziê³o udzia³ 150 pacjentów
(mediana wieku: 65 lat). Powierzchniê PP blaszek mia¿d¿yco-
wych oraz GKIM w zewn¹trzczaszkowym odcinku têtnic szyj-
nych wspólnych i wewnêtrznych oceniono przy u¿yciu ultra-
sonografii wysokiej rozdzielczoœci. Liczbê czynników ryzyka
mia¿d¿ycy okreœlano na podstawie badania klinicznego (nad-
ciœnienie têtnicze, cukrzyca, palenie tytoniu) oraz laboratoryj-
nych oznaczeñ hematologicznych, badania bia³ek ostrej fazy,
lipoprotein, homocysteiny i wskaŸnika masy cia³a.
WWyynniikkii::  Blaszki mia¿d¿ycowe wystêpowa³y u 85 pacjentów
(57%). Mediana powierzchni PP blaszki wynosi³a 21 mm2
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tically underpowered because only 57% of the investigated
subjects had plaques in their carotid arteries.
CCoonncclluussiioonnss::  We found a significant correlation between 
the total number of atherosclerosis risk factors and carotid
atherosclerosis as measured by ultrasonography. Along with
an increase of the number of risk factors, a gradual increase
of CIMT and C-SPA was observed.

KKeeyy  wwoorrddss:: atherosclerosis, risk factors, ultrasonography, caro-
tid plaques, carotid arteries, intima-media thickness.

(10,7–46,5 mm2), a œrednia GKIM 0,88 mm (odchylenie
standardowe: 0,28 mm). Stwierdzono zale¿noœæ pomiêdzy
wystêpowaniem wiêkszoœci pojedynczych czynników ryzyka
oraz ich ca³kowit¹ liczb¹ a œredni¹ i maksymaln¹ GKIM oraz
powierzchni¹ PP blaszek. Najsilniejsze korelacje zaobser-
wowano dla œredniej i maksymalnej GKIM, a nastêpnie dla
powierzchni PP blaszek mia¿d¿ycowych. Korelacja pomiêdzy
powierzchni¹ PP blaszek a liczb¹ czynników ryzyka mog³a
byæ niedoszacowana, poniewa¿ tylko u 57% badanych osób
stwierdzono blaszki mia¿d¿ycowe.
WWnniioosskkii::  Stwierdzono istotn¹ zale¿noœæ pomiêdzy liczb¹
czynników ryzyka a wyk³adnikami mia¿d¿ycy têtnic szyjnych
ocenionych metod¹ ultrasonografii. Wraz ze zwiêkszaniem
siê liczby czynników ryzyka mia¿d¿ycy obserwowano stop-
niowy wzrost zarówno GKIM, jak i powierzchni PP blaszek
mia¿d¿ycowych.

SS³³oowwaa  kklluucczzoowwee::  mia¿d¿yca, czynniki ryzyka, ultrasonogra-
fia, blaszki mia¿d¿ycowe, têtnice szyjne, gruboœæ kompleksu
intima–media.

IInnttrroodduuccttiioonn

The combined thickness of internal and medial lay-
ers (intima-media thickness – IMT) of the carotid wall
and plaques of the common carotid artery (CCA), as
well as the extracranial part of the internal carotid artery
(ICA) walls, can be easily and reliably measured using
non-invasive high-resolution B-mode ultrasonography.
These ultrasound-based markers of atherosclerosis are
the most useful in clinical practice, especially in neuro -
logy, cardiology, and preventive medicine [1]. Large-
scale epidemiological studies have demonstrated that
carotid IMT (CIMT) and cross-sectional plaque area
(C-SPA) are directly associated with increased risk of
stroke or myocardial infarct (MI) [2-6].
The American Heart Association recommends the

use of B-mode ultrasound for carotid arteries as a well-
established noninvasive imaging modality to screen for
subclinical atherosclerosis [7].
CIMT and C-SPA have also been shown to cor-

relate with most of the well-established risk factors 
of atherosclerosis, as well as a number of novel ones
[3,5,6,8-10].
Substantially less attention has been paid to the clus-

tering of multiple different risk factors in one patient
and the possible synergistic effect clustering may have
on atherosclerosis development.

Taking the above into consideration, we investigat-
ed whether CIMT and C-SPA, measured by ultra-
sonography, correlated with the number of atheroscle-
rosis risk factors assessed in routine clinical practice 
in an age-homogeneous population, which consisted 
of subjects with ages ranging from 60 to 69 years.
We also sought to determine which of the ultra-

sound-based measurable indexes of carotid atheroscle-
rosis (mean CIMT, maximal CIMT or carotid C-SPA)
showed the best correlation with the total number of risk
factors that were assessed in routine clinical practice.

MMaatteerriiaall  aanndd  mmeetthhooddss

All 150 consecutive patients (70 women), with a me -
dian age of 65 years, who were enrolled with the Labo-
ratory for Cerebrovascular Disorders (at the Department
of Neurology, Poznan University of Medical Sciences),
fulfilled this study’s inclusion/exclusion criteria and were
analysed by carotid B-mode ultrasound imaging.
The study was approved by the Medical School

Ethics Committee, and each recruited participant gave
his or her informed consent.

EExxcclluussiioonn  ccrriitteerriiaa

A recent infectious disease (within the last 4 weeks),
an autoimmune disorder, a brain infarction and an MI
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which occurred within the last 12 months, are all relat-
ed to increased leukocyte counts, plasma fibrinogen 
levels and C-reactive protein (CRP) serum concentra-
tions [11] or may have influenced changes in lipopro-
tein serum levels [12]. Therefore, subjects who had
experienced any infectious disease within the preceding
4 weeks or had a stroke or an MI within 12 months pri-
or to the commencement of the study were excluded.
Those who had undergone carotid surgery or angio-

plasty, as well as patients treated with drugs that
decreased the levels of inflammatory markers, lipopro-
teins or homocysteine within the last year (e.g., statins
[HMG-CoA inhibitors], steroids, vitamins B6, B12,
folic acid) were also excluded from the study.

UUllttrraassoouunndd  eexxaammiinnaattiioonnss

All measurements were performed in accordance
with the Mannheim Carotid Intima-Media Thickness
Consensus (2006) (Mannheim Consensus) [1].
Measurements were obtained with high-resolution

B-mode ultrasound (Sonoline Sienna, Siemens; Ger-
many; 7.5 MHz linear probe), and each patient was
examined while in the supine position by one of the
authors (R.K.).
The CIMT and plaques were assessed as previous-

ly described in detail [13,14].
In brief, the carotid artery was divided into three seg-

ments. The first segment included the distal 2 cm of 
the vascular wall of the CCA adjacent to the dilatation
of the bifurcation. The second segment – the carotid
bifurcation – is located between the carotid dilatation
and the flow divider of the internal and external carotid
arteries. The third segment included 1 cm of the proxi-
mal ICA (Fig. 1). The left and right carotid arteries
were scanned in both the anteroposterior and lateral
planes. IMT was measured on a longitudinal scan of
the far walls of the arteries, and it was defined as the dis-
tance between the lumen-intima interface and the media-
adventitia interface (Fig. 2).
The measurements were performed at 5-mm inter-

vals at a distance of 2 cm from the CCA (5 measure-
ments in each plane), in the bulb at 5-mm intervals
depending on the bulb length (2 to 4 measurements) and
in the ICA at 5-mm intervals (3 measurements in each
plane). In total, 20 to 24 measurements were performed
on each artery. The images for CIMT measurements
were taken from the end of the diastolic frame of the cine-
loop recording as previously described [13,14], stored
and later analysed off-line on the same system by the

same sonographer (R.K.). All measurements were per-
formed using the machine’s electronic caliper.
The mean CIMT was calculated as the mean of all

the measurements on both sides, and the maximal
CIMT was calculated as the mean of the maximal mea-
surements from all segments from both sides.
The C-SPA was assessed as described by Spence 

et al. [5,6,15]. The plane in which the measurement of
each plaque was made was chosen by panning around
the artery until the view showing the largest extent of that
plaque was obtained. To shorten the time of each patient’s
ultrasound examination, the images were captured and
saved for off-line analysis. Afterwards, each plaque cross-
sectional area was measured off-line by tracing around
the perimeter with the cursor on the scanner screen 
(Fig. 3). The cross-sectional area of all the plaques was
assessed using the scanner software. If there were two or
more plaques in the same artery, the sum of all the cross-
sectional areas of all the plaques seen were taken as the

FFiigg..  22..  The arrows indicate increased intima-media thickness on the far wall
of the carotid artery

FFiigg..  11..  High-resolution ultrasound longitudinal image of the distal common
carotid artery (CCA), bifurcation (BIF), and the proximal internal carotid arte-
ries (ICA), and external carotid arteries (ECA) as defined by study protocol
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total C-SPA [5,15]. Additionally, the Duplex colour
mode was used to ensure that no hypoechogenic (echolu-
cent) plaques were missed in the examined region.

RReepprroodduucciibbiilliittyy  ooff  tthhee  mmeeaassuurreemmeennttss

Intraobserver variability for CIMT and C-SPA
(performed twice at a two-week interval for a sample of
25 subjects (50 arteries)) was expressed in terms of 
the repeatability coefficients, according to the Bland-
Altman method [16]. It showed reliable reproducibil-
ity, as described in detail elsewhere [13,14,17].

CClliinniiccaall  aanndd  llaabboorraattoorryy  eexxaammiinnaattiioonnss

At each examination, a questionnaire requesting
information on demographic background and medical
history was completed.
Blood pressure was measured after 10 minutes of

rest in the sitting position. Subjects were considered
hypertensive if their systolic blood pressure (assessed
on repeated measurements) was ≥ 140 mm Hg, if
their diastolic blood pressure was ≥ 90 mm Hg or 
if they were taking antihypertensive medication. Sub-
jects were defined as diabetic if their fasting glucose
level was ≥ 7.00 mmol/L (126 mg/dL) at least twice
within a 48 hour interval or if they were taking anti -
diabetic medication. They were classified as smokers
if they smoked at least one cigarette per day, as non-
smokers if they had never smoked or as ex-smokers if
they had quit smoking >1 year prior to examination.
Body mass index (BMI) was calculated for each sub-
ject on the day of examination.

After 12 hours of fasting, blood was drawn once.
Serum lipoproteins were measured using standard enzy-
matic methods (Synchron CX 7 analyzer; Beckman,
USA) and low-density lipoprotein cholesterol (LDL-C)
was calculated by the Friedewald formula [18].
Serum glucose was assessed using an EBIOBASIC

glucose analyser (Eppendorf, Germany). The blood
morphology was assessed with an automated method
(Sysmex K4500, USA), and the fibrinogen plasma con-
centration was assessed by nephelometry (Nephelome-
ter ACL 100, USA). CRP serum concentrations were
measured with a high-sensitivity immunoassay, and
analyses were performed with the Behring Nephelome-
ter BN II (Dade Behring, Germany). The plasma 
concentrations of homocysteine were measured using
high-performance liquid chromatography (Gyncotek,
Germany) with an electrochemical detector (CoulArray
5600, ESA; USA) as described elsewhere [19].
The atherosclerotic risk factors were predefined

according to the guidelines of the American Heart Asso-
ciation: Guidelines for Primary Prevention of Cardio-
vascular Disease and Stroke, Third Report of the
National Cholesterol Education Program, and Euro-
pean guidelines on cardiovascular disease prevention in
clinical practice [20-22] and our university hospital 
laboratory’s reference values. To investigate the rela-
tionship between the number of atherosclerotic risk fac-
tors and carotid CIMT or C-SPA, we classified each
patient according to the presence of single or multiple
risk factors. Patients were considered to be at risk when
one or more of the following criteria were satisfied: 
total cholesterol (T-Chol) > 200 mg/dL, LDL-C 
> 135 mg/dL, high density cholesterol (HDL-C) 
< 40 mg/dL, T-Chol/HDL ratio > 5, triglycerides 
> 200 mg/dL, homocysteine concentration > 15 µmol/L,
fibrinogen level > 400 mg/dL, CRP concentration 
> 3.5 mg/L, white blood cells > 109/L, BMI 
> 26 kg/m2 as well as hypertension, diabetes, smoking
habits, and history of ischaemic heart disease (IHD),
MI or ischaemic stroke.
A separate analysis was performed for the dataset

after excluding nonmodifiable risk factors such as MI,
IHD or ischaemic stroke in history and estimated lipid
parameters (such as LDL-C calculated by the Friede-
wald formula and T-Chol/HDL ratio).

SSttaattiissttiiccaall  aannaallyyssiiss

Data are given as the mean ± standard deviation
(SD), and for non-normal measurements (according to
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FFiigg..  33..  Measurement of carotid plaque cross-sectional area
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the Shapiro-Wilk test), data are given as the geometric
mean (± 1 SD). The data that showed an asymmetric
distribution and met the remaining criteria for a normal
distribution were log or cubic transformed (ptr) and
analysed with the relevant parametric tests.
The associations between the selected variables were

analysed by Pearson linear correlation, multiple regres-
sion and partial correlation analysis (on transformed
data), as well as non-parametric Spearman rank or gam-
ma correlation for non-normally distributed data or for
pairs including discrete variables. Clinical parameters
were ranked based on the presence or absence of a giv-
en characteristic.
The Kruskal-Wallis nonparametric ANOVA or the

Tukey-Kramer test was employed to assess the signifi-
cance of differences of ultrasound-based markers
between the groups categorized according to the num-
ber of risk factors. Statistical analyses were performed
using either Statistica for Windows (version 5.5) or
MedCalc (version 10.3.1.0).

RReessuullttss

The baseline clinical characteristics of patients stud-
ied (based on presence or absence of a given risk factor)
are shown in Table 1, and the laboratory results are
shown in Table 2.

UUllttrraassoonnooggrraapphhyy  ooff  ccaarroottiidd  aarrtteerriieess

Across all examined arteries, the mean CIMT was
0.88 mm (SD 0.28; median, 0.83 mm, interquartile
range: 0.67-1.07 mm), and the median of the maximal
CIMT was 0.9 mm (interquartile range: 0.8-1.2 mm).
Plaques occurred in 85 patients (56.7% of study par-
ticipants). The median of the total C-SPA was 21 mm2
(interquartile range: 10.7-46.5 mm2).
Using the χ2 test, a significant correlation (p =

0.0005) was found between plaque occurrence and the
number of risk factors. In the first group (1 to 3 risk
factors), there were 5 subjects with plaques (29.4%) out
of 17 patients. In the second group (4 to 6 risk factors),
there were 31 subjects with plaques (50%) out of 
62 patients. In the third group (7 to 9 risk factors), there
were 28 subjects with plaques (58.3%) out of 48 patients,
and in the fourth group (over 9 risk factors) there were
21 subjects with plaques (91.3%) out of 23 patients.
Plaque occurrence was also significantly dif ferent 

(p< 0.01) between groups with and without a history
of stroke, IHD or MI. Of the 68 symptomatic subjects,

52 subjects (76.5%) had plaques in their carotid arter-
ies, but among the 82 asymptomatic subjects, there were
only 33 (40.2%) with plaques.
In the symptomatic group 12 patients had a history

of IHD or MI, but no stroke, and 7 of these patients
(58.3%) had plaques.
Univariate analysis revealed that all the dichotomized

conventional risk factors of atherosclerosis demonstrat-
ed strong correlations with all ultrasound-based para-
meters. Also some of the laboratory parameters corre-
lated well with CIMT and plaque area (Tables 3 and 4).
There were significant correlations between the num-

ber of risk factors and the mean and maximal CIMT as
well as plaque area (Figs. 4A, 5A, 6A and 4B, 5B, 6B).

RRiisskk  ffaaccttoorr  NNuummbbeerr  PPrrooppoorrttiioonn
ooff  ssuubbjjeeccttss

Hypertension 68 45.3%

Diabetes (type II, treated) 19 12.7%

Cigarette smoking (active) 51 34.0%

Past smokers 28 18.7%

Ischaemic heart disease/ 36 24.0%
Myocardial infarct

History of ischaemic stroke 56 37.3%

TTaabbllee  11.. Clinical characteristics of study group (n = 150)

Variables are shown as dichotomies ranked based on the presence or absence of a given charac-
teristic

VVaarriiaabbllee MMeeaann  ((SSDD))  
oorr  **mmeeddiiaann  

((iinntteerrqquuaarrttiillee  rraannggee))

White blood cell count [× 109/L] 6.4 (2.20)

Glucose [mg/dL] 88.7 (6.9)

Plasma lipids

Total cholesterol [mg/dL] 235 (45)

HDL cholesterol [mg/dL] 49 (12)

LDL cholesterol [mg/dL] 157 (33)

Triacylglycerides [mg/dL] 119 (88-159)*

Total cholesterol/HDL cholesterol ratio 4.9 (4.1-4.9)*

Homocysteine [µmol/L] 16.1 (12.7-21.1)*

Fibrinogen [mg/dL] 412 (91)

CRP [mg/L] 2.3 (0.85-5.79)*

Body mass index [kg/m2] 26.0 (23.5-27.7)*

TTaabbllee  22.. Laboratory data in the study group (n = 150)

SD – standard deviation
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A positive correlation was found between mean
CIMT values and 13 out of the 15 parameters, and
maximal CIMT correlated significantly with 10 para-
meters. Plaque area correlated significantly with 11 out
of 15 parameters.
We observed a significant increase of mean and ma -

ximal CIMT and C-SPA values across all groups of
patients categorized according to the number of risk fac-
tors (see Figures 4A, 5A and 6A for details).
Similar correlations were also found when nonmodi-

fiable risk factors such as stroke, IHD and MI in his-

tory as well as calculated lipid parameters (LDL-C 
level and T-Chol./HDL ratio) were excluded from the
dataset (see Figures 4B, 5B and 6B for details). 
Chi-square and Cochran-Armitage test for trend

showed significance in all ultrasound parameters (p=
0.001).
Additionally, values of C-SPA were significantly dif-

ferent between the group with ≥ 10 risk factors and all 
other groups. There were also significant differences in
terms of plaque area between the third group (with 7 to 
9 risk factors) and the first and fourth groups (Fig. 6A).

Rados³aw KaŸmierski, S³awomir Michalak, Wojciech Kozubski

VVaarriiaabbllee MMeeaann  CCIIMMTT MMaaxxiimmaall  CCIIMMTT CCaarroottiidd  ppllaaqquuee  
ccrroossss--sseeccttiioonnaall  aarreeaa

RR--vvaalluuee  pp--vvaalluuee RR--vvaalluuee  pp--vvaalluuee RR--vvaalluuee  pp--vvaalluuee
oorr  rr--vvaalluuee oorr  rr--vvaalluuee** oorr  rr--vvaalluuee**

White blood cell count (n= 14 [9%]) 0.45 00..00000011 0.36 00..00000011 0.40 00..00000011

Plasma lipids

Total cholesterol (n= 112 [75%]) 0.10 0.732 0.06 0.875 0.12 0.234

HDL cholesterol (n= 45 [30%]) –0.36 00..00000011 –0.27 00..000044 –0.28 00..000055

LDL cholesterol (n= 114 [76%]) 0.17 0.351 0.13 0.453 0.15 0.145

Triacylglycerides (n= 36 [24%])* 0.32 00..000011 0.21 00..002211 0.15 0.119

Total cholesterol/HDL 0.33 <<  00..00000011 0.24 00..001100 0.25 <<  00..00000011
cholesterol ratio (n= 46 [31%])*

Homocysteine (n= 74 [49%])* 0.19 00..003366 0.15 0.108 0.16 0.076

Fibrinogen (n= 82 [55%]) 0.31 <<  00..00000011 0.24 00..001111 0.23 00..000088

CRP (n= 58 [39%])* 0.43 00..00000011 0.40 00..00000011 0.41 00..00000011

Body mass index (n= 72 [48%])* 0.18 00..004488 0.15 0.170 0.20 00..002222

TTaabbllee  33.. Associations between the occurrence of selected conventional biochemical risk factors, BMI and maximal carotid intima-media thickness (CIMT), mean CIMT,
and carotid cross-sectional plaque area 

*Associations of variables showing departures from normal distribution are presented as Spearman’s rank correlation coefficients (r). 
Associations of the remaining variables are estimated by Pearson's correlation coefficient (R).
The number (n) and percentage (%) of subjects who fulfilled the study criteria for a risk factor are provided in parentheses.
Significant correlations (p < 0.05) are shown in bold.

VVaarriiaabbllee** MMeeaann  ccaarroottiidd  MMaaxxiimmaall  ccaarroottiidd  CCaarroottiidd  ppllaaqquuee  
iinnttiimmaa--mmeeddiiaa  tthhiicckknneessss iinnttiimmaa--mmeeddiiaa  tthhiicckknneessss ccrroossss--sseeccttiioonnaall  aarreeaa

RR pp--vvaalluuee RR pp--vvaalluuee RR pp--vvaalluuee

Hypertension (treated) 0.46 <<  00..00000011 0.44 <<  00..00000011 0.44 <<  00..00000011

Diabetes (treated) 0.53 00..00000022 0.45 00..00000044 0.41 00..001122

Smoking (active) 0.32 <<  00..00000011 0.30 <<  00..00000011 0.34 <<  00..00000011

Ischaemic heart disease 0.52 <<  00..00000011 0.49 <<  00..00000011 0.50 <<  00..00000011
and myocardial infarct

Ischaemic stroke 0.72 <<  00..00000011 0.65 <<  00..00000011 0.51 <<  00..00000011

TTaabbllee  44.. Associations between occurrence of selected conventional clinical risk factors and mean and maximal CIMT as well as carotid plaque cross-sectional area

*Variables are shown as dichotomies ranked based on the presence or absence of a given characteristic. Associations (R) represent gamma correlation coefficients.
Significant correlations (p < 0.05) are shown in bold.
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There were also significant differences between group
4 or 3 and group 1 or 2 when MI, IHD and stroke as
well as calculated lipid parameters in history were
excluded (Fig. 6B).

DDiissccuussssiioonn

In terms of mean and maximal IMT as well as 
C-SPA, the present pilot study identified significant

associations between most of the well-established single
cardiovascular risk factors and the development of
carotid atherosclerosis. The differences among groups
of patients with different numbers of risk factors were
more evident in terms of maximal and mean CIMT
than in the case of plaque area.
One possible explanation of this weaker correlation

of C-SPA is the smaller cohort of patients with plaques.
However, simultaneously with the increasing number of

1-3 4-6 7-9 > 10
RRiisskk  ffaaccttoorrss

FFiigg..  44AA.. Correlations of mean CIMT of all three segments of carotid arteries
and groups of patients with different numbers of risk factors
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FFiigg..  44BB..  Correlations of mean CIMT of all three segments of carotid arteries
and groups of patients with different numbers of risk factors (with exclusion
of MI, IHD, stroke and calculated lipid parameters)

* – difference between the groups 2 and 3 (p = 0.003) and 4 (p < 0.0001)
x – difference between groups 3 and 1 (p = 0.002), 2 (p = 0.003) and 4 (p = 0.002)
# – difference between groups 4 and 1 (p < 0.0001), 2 (p < 0.0001), and 3 (p = 0.002)

* – difference between the group 2 vs. group 1, 3 and 4 (p < 0.0001)

* – difference between the group 2 vs. group 1 (p < 0.01)

FFiigg..  55BB..  Correlations between maximal CIMT of all three segments of carotid
arteries and groups of patients with different numbers of risk factors (with exc-
lusion of MI, IHD, stroke and calculated lipid parameters)

*p < 0.0001
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FFiigg..  55AA..  Correlations between maximal CIMT of all three segments of carotid
arteries and groups of patients with different numbers of risk factors
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risk factors, the proportion of subjects with plaques and
plaque area increased as well (from 21.4% in the sub-
group with the lowest number of risk factors to 91.3%
in the group with the highest number of risk factors).
In this study, we also included the following clinical

events as risk factors: stroke, MI and IHD. Naturally,
stroke or MI per se did not cause an increase in CIMT
or plaque volume, but it has been shown that patients
with stroke, IHD or MI had a larger number of cumu-
lative risk factors than healthy subjects within the same
age range [3,4,9,14]. Similar methodology was used in
a recent large-scale population study [23].
Therefore, the inclusion of these factors is viable

because the artery wall morphology reflects the effect
of all risk factors on an artery wall, even those that were
not examined in this study or are still unknown (e.g.,
genetic factors). In our previous study, we found that
CIMT and C-SPA showed better correlations with
stroke occurrence than the currently recognized bio-
chemical and clinical risk factors [14]. However, simi-
 lar correlations between carotid artery morphology and
number of risk factors were found when the nonmodi -
fiable risk factors (stroke, IHD and MI in history) as
well as calculated lipid parameters (LDL-C level and
T-Chol/HDL ratio) were excluded from the dataset
(Figs. 4B, 5B, 6B). 
We excluded patients taking statins for two reasons:

(1) statins act via effects on lipoproteins and inflamma-

tory markers (CRP, fibrinogen, increased number of white
blood cells), which are well-known risk factors [24], and
(2) aggressive, longer treatment with statins (especially
atorvastatin) can cause CIMT regression [24,25].
Patients taking antihypertensive drugs were not exclud-
ed because it has been proven in a large meta-analysis by
Wang et al. as well as in other studies that antihyperten-
sive therapy does not influence baseline artery morpho -
logy, but antihypertensive therapy usually reduces the
yearly increase in CIMT [26-28]. Additionally, a recent
study by Zanchetti et al. has shown that CIMT and
plaques are an important added risk to cardiovascular out-
comes in a treated hypertensive population, independent
of blood pressure and other traditional risk factors [29].
Currently, there is no definitive answer as to which

value – mean CIMT, maximal CIMT or C-SPA –
should be measured [1]. However, the answer to the
question of which parameter, mean maximum CIMT
or the mean of all measurements, is more useful in clini -
cal practice, especially in preventive medicine, remains
controversial [1].  

CCaarroottiidd  iinnttiimmaa--mmeeddiiaa  tthhiicckknneessss  mmeeaassuurreemmeennttss

Some authors suggest that maximal CIMT mea-
surements should be primarily assessed with studies
focused on the predictive usefulness of carotid wall ultra-
sound measurements [30-33].
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FFiigg..  66AA..  Correlations between total plaque areas from all three segments of the
carotid arteries and groups of patients with different numbers of risk factors

* – p < 0.0001 – difference between groups 2 and 4
x – p < 0.0001 – difference between groups 3 and 1 and 4
# – p < 0.0001 – difference between groups 4 and 1, 2 and 3

* – difference between the group 2 vs. group 3 (p = 0.0001)
+ – difference between the group 2 vs. group 4 (p = 0.0001)
# – difference between the group 4 vs. group 1 (p = 0.0001)

FFiigg..  66BB..  Correlations between total plaque areas from all three segments of
the carotid arteries and groups of patients with different numbers of risk fac-
tors (with exclusion of MI, IHD, stroke and calculated lipid parameters)
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For example, Kab³ak-Ziembicka et al. demonstrated,
in a prospective study, that the mean of maximal CIMT
measurements (of both carotid arteries) was an inde-
pendent predictor of significant multi-level atheroscle-
rosis (in coronary, renal angiography and supra-aortic,
iliac/femoral arteries). Such a measure has high sensi-
tivity and specificity for indicating more advanced terri-
torial atherosclerotic involvement, and it is also an impor-
tant predictor of death due to a cardiovascular cause
[32]. In another study, it was demonstrated that maxi-
mal CIMT is a strong, independent predictor of death
and serious cardiovascular events in hypertensive patients
with coronary artery disease [33].
Maximal CIMT showed a higher magnitude of asso-

ciation with cardiovascular risk factors than did mean
CIMT. It has been suggested that maximal CIMT is
more precise for estimating an individual level of athe -
rosclerosis and occurrence of risk factors [30,31]. In the
Muscatine Study conducted in a young er population (age
range: 33 to 42 years), the mean maximal CIMT pro-
vided a better correlation with current risk factors than
did the use of only mean CIMT [34].
In clinical settings, however, there are several com-

pelling arguments in favour of mean CIMT measure-
ments for all three segments of the carotid artery. A local
increase of CIMT, especially in bifurcation, does not
reflect atherosclerosis only; it could also be a mono-
graphic sign of intimal hyperplasia or intimal fibrocel-
lular hypertrophy, which are morphological forms of
reactive intimal modelling that are different from athe -
rosclerosis [35].
According to Bots et al. [36], a mean CIMT can be

assessed in a more reproducible manner than a maxi-
mum CIMT. However, many studies showed similar
reproducibility of maximal CIMT. The maximal values
of CIMT often occurred in ICA sites where the artery
wall could be less clearly visualized [10,37,38]. 
This is important from a methodological point of

view, because it has been demonstrated that statistical
analysis of incomplete data can lead to less precise IMT
assessment and increased bias in the assessment of pro-
gression rates of IMT over time in prospective studies
[39]. The mean CIMT has been shown to be a reliable
predictor of future cardiovascular events with similar
statistical power as maximal CIMT [3,10,40].
Therefore, a mean rather than a maximal CIMT

measurement provides more complete data sets, espe-
cially when measurements from the ICA have more miss-
ing values.

The mean CIMT values averaged across all three
segments (as was done in our study) are less susceptible
to outliers, whereas the maximal CIMT may only reflect
focal thickening [1].
Our study has also demonstrated similar correlations

between mean and maximal CIMT and several athero -
sclerosis risk factors. Therefore, we can state that both
methods of measurement can be reliably used in epi-
demiological studies as well as in the assessment of ultra-
sonographic signs of atherosclerosis for a patient.

AAsssseessssmmeenntt  ooff  ppllaaqquuee  ccrroossss--sseeccttiioonnaall  aarreeaa

Correlations between C-SPA and different single
risk factors were demonstrated previously [5,6] but less
attention was paid to the correlation of C-SPA with the
total number of risk factors. In this study, we observed
a significant correlation between the number of risk fac-
tors and plaque area.
In our study, C-SPA did not show better associa-

tions with risk factors compared to either method of
CIMT measurement. One possible explanation is that
only 57% of study participants have plaques in their
carotid arteries, so the plaque analysis is likely underes-
timated in this study.
Both plaques and CIMT were the end points in

studies assessing the effects of new therapies for ather-
osclerosis [26,37]. In such studies, plaque area was con-
sidered to be more useful because plaque progress in
carotid arteries is 2.4 times faster than CIMT, so plaque
area is much more sensitive to the effects of therapy than
a measurement of the CIMT alone [5,6,15].
One should recall, however, that, as opposed to

CIMT, which could be measured in all individuals,
plaques showed a strong positive relationship with age.
Therefore, in younger age groups the usefulness 
of plaque measurements is substantially limited [41,42].
That aspect is seemingly important in planning a pro -
spective epidemiological study.

SSttuuddyy  lliimmiittaattiioonnss

In our study, we tried to include the maximal num-
ber of atherosclerosis risk factors, although one should
remember that currently extensive research is being done
to investigate the unexplained progression of athero-
sclerosis, so novel risk factors are continually being dis-
covered. The most important novel risk factors that
relate to hypertension, lipoprotein metabolism, homo-
cysteine and its derivatives, and resistance to chronic
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infection seem to be genetic [6,10]. These factors were
not included in our study, but the clinical significance
of many of the novel factors is still the subject of inves-
tigation, as are the factors that are substantially more dif-
ficult to assess in clinical practice. Therefore, we con-
centrated on factors that are possible to assess in most
large laboratories.
In the future, together with the widespread advent

of novel ultrasound technologies, measuring three-
dimensional plaque volume will probably add signifi-
cance and sensitivity to CIMT measurements; in par-
ticular, it could be an advantage in studies of new
atherosclerosis therapies.

CCoonncclluussiioonnss

1. In a population with ages ranging from 60 to 69 years,
we found a significant correlation between the num-
ber of classical atherosclerosis risk factors and carotid
atherosclerosis as measured by ultrasonography.
Along with an increase of the number of risk factors,
a gradual increase of CIMT as well as C-SPA was
observed.

2. The most significant differences among the groups
of subjects with different numbers of risk factors were
found for maximal CIMT and then for mean CIMT
and C-SPA. On the other hand, the mean CIMT
correlated with the largest number of risk factors,
followed by C-SPA and maximal CIMT.

3. Because only about half of the investigated subjects
had plaques in their carotid arteries, the statistical
power of plaque areas could be underestimated. 
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