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Abstract: Background: It is well-known that the distribution of traditional cardiovascular risk factors (CVRFs) of 
atherosclerosis, including hypertension, dyslipidemia, smoking, obesity, and diabetes is considerably variable be-
tween different countries, however, with some important geographical trends. Thus, CVRFs contribute differently to 
atherosclerosis development in different countries. Common carotid artery intima-media thickness (CCA IMT) is a 
validated biomarker of subclinical atherosclerosis that is used in clinical and epidemiological studies to evaluate 
the impact of CVRFs on atherosclerosis development. Material and methods: This comparative cohort study in-
cluded a random sample of 1200 participants (n = 600 men and n = 600 women) from Moscow, Russia and Paris, 
France, aged between 55 and 79 years, and free of clinical symptoms of atherosclerosis. The study was conducted 
to determine the interpopulation variability of CCA IMT. CCA IMT was measured by ultrasonic scanning at the high-
resolution regimen. Statistical analysis was performed using Stata 9.1. For comparison of mean values of continu-
ous variables, Mann-Whitney U-test was used; Chi-square, Pearson’s test was used for comparison of categorical 
variables. To determine to what extent presented differences can be explained by differences in traditional CVRFs, 
the regression model was applied. Path analysis (plug Passport Litigation Decision Analysis & Optimization Module, 
Datacert, USA) was used to assess the impact of traditional CVRFs on the CCA IMT in both Moscow and Paris study 
populations. Results: There was a significant difference in the distribution of most of the traditional CVRFs between 
the study populations, including blood pressure, lipid profile, statin treatment, hormone replacement therapy in 
women, and CVD history. The remarkably high level of difference in the mean values of the CCA IMT was found 
between Moscow and Paris study populations. In women of both Moscow and Paris study populations, the mean 
value of CCA IMT was 0.78 and 0.63, respectively. In men of both Moscow and Paris study populations, the mean 
CCA IMT value was 0.84 and 0.67, respectively. In the Moscow study population, the effects (direct and indirect) of 
traditional CVRs can explain 42% of the CCA IMT variance in women and 30% - in men. In the Paris study population, 
direct and indirect effects of traditional CVRFs can explain 27% of the CCA IMT variance in men and 14% - in women. 
Conclusion: The Paris study population significantly differed from the Moscow study population in the distribution 
and impact of traditional CVRFs. Traditional CVRFs can explain only a small proportion of the interpopulation differ-
ences in CCA IMT suggesting the presence of other factors, such as longitude, which can possibly influence these 
differences. Therefore, this study provided an additional piece of evidence towards the existence of a geographic 
gradient of carotid IMT. 
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Introduction

According to the World Health Organization 
(World Heart Day 2017), cardiovascular diseas-

es (CVDs) are a major cause of morbidity and 
mortality worldwide. Atherosclerosis is accept-
ed underlying cause for most CVDs. The forma-
tion of an atherosclerotic lesion can start at 
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young age [1] undergoing a long (up to several 
decades) asymptomatic phase in its course of 
development. It is well-known that increasingly 
progressive atherosclerosis ultimately leads to 
major cardiovascular events. Therefore, there 
is a great need in identifying asymptomatic 
patients at high risk, who would benefit from 
intensive and more precise therapeutic inter-
ventions. Some authors discussed the utility of 
different methods of risk stratification, bio-
markers, and imaging techniques of subclinical 
atherosclerosis [2]. Furthermore, non-invasive 
ultrasound measurement of the intima-medial 
thickness (IMT) of common carotid arteries 
(CCA), in association with the presence of most 
traditional cardiovascular risk factors (CVRFs), 
was developed as a sensitive and reproducible 
technique for identifying and quantifying of 
subclinical atherosclerotic disease and CVD 
risk prediction [3, 4]. Moreover, the recent 
meta-analysis of 119 clinical trials including a 
large number of patients revealed that the 
extent of intervention effects on CCA IMT pro-
gression can predict the degree of reduction in 
CVD risk [5]. 

According to the current knowledge, the distri-
bution of traditional CVRFs of atherosclerosis, 
including hypertension, dyslipidemia, smoking, 
obesity, and diabetes varies widely between 
countries, however, with some important geo-
graphical trends. Remarkably, the study showed 
a different association between traditional CV- 
RFs and the presence of atherosclerotic dis-
ease in ethnic groups [6]. Moreover, the IM- 
PROVE study suggested that there is a geo-
graphical gradient of carotid IMT, which was not 
fully explained by between-country differences 
in CVRFs [7]. In this study, we aimed to explore 
interpopulation CCA IMT variability, in associa-
tion with traditional CVRFs, as well as to assess 
the predictive power of traditional CVRFs in two 
study populations of Moscow, Russia and Paris, 
France. In this way, we will provide an additional 
piece of evidence towards the existence of a 
geographic gradient of carotid IMT.

Material and methods

Subjects 

Totally 1200 participants (n = 600 men and n = 
600 women) from Moscow, Russia and Paris, 
France were included in this epidemiological 
study. Written informed consent was obtained 

from each participant. Inclusion criteria were 
applied as following: age 55-79 years; the 
absence of clinical manifestations of diseases 
of atherosclerotic origin; women to be at least 
five years after menopause (spontaneous or 
surgical). Exclusion criteria were applied as fol-
lowing: age under 55 or over 79 years; abnor-
mal anatomical configuration of the neck and 
muscles; severe tortuosity and/or depth of the 
carotid arteries and/or unusual locations of 
twigs; history of myocardial infarction, cardiac 
angina, stroke, and acute transient ischemic 
attacks; presence of an aortic aneurysm, revas-
cularization of carotid, coronary, and/or periph-
eral arteries; congestive heart failure (III-IV 
class, according to the New York Heart 
Association (NYHA)) functional classification; 
presence of serious chronic diseases; refusal 
to sign an informed consent.

High-frequency ultrasound

CCA IMT was used as a quantitative marker of 
carotid atherosclerosis. CCA IMT was mea-
sured by ultrasonic scanning at high-resolution 
regimen. The distal portions of the right and left 
carotid arteries were scanned in the lateral 
angle of interrogation. CCA IMT was measured 
on the far wall of the distal segment under the 
area of the carotid bifurcation. The measure-
ments of CCA IMT were taken with M’Ath com-
puter software (Metris, SRL France). The aver-
age of two measurements (from the right and 
left sides in lateral position) was considered as 
an integral indicator of mean CCA IMT.

Statistical analysis

Statistical analysis was performed using Stata 
9.1. For comparison of mean values of continu-
ous variables, Mann-Whitney U-test was used. 
Chi-square, Pearson’s test was used for com-
parison of categorical variables. Results were 
presented as mean ± standard deviation (SD) 
or as the number (percentage) of subjects. The 
significance of differences was estimated with 
0.05 level of confidence. 

Path analysis

Path analysis (plug Passport Litigation Decision 
Analysis & Optimization Module, Datacert, USA) 
was used to assess the impact of traditional 
CVRFs on the CCA IMT in both Moscow and 
Paris study populations. The model suggested 
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was used for the assessment of both direct  
and indirect effects of independent phenotypic 
traits on the dependent variable (CCA IMT). This 
analysis involved the specification of the path 
model that can approximate the effect of a set 
of phenotypic factors on the CCA IMT attribute. 
In contrast to the traditional regression analy-
sis, path analysis was applied to evaluate com-
plex relationships between a dependent vari-
able and independent variables. The specifi- 
ed path model aimed to determine high predic-
tive power rather than the exact causal connec-
tions of CVRFs involved. Thus, the model eff- 
ects were considered primarily, in terms of their 
predictive power, rather than as causal con- 
nections. For each variable used in the model 
as a dependent, regression coefficient was 
estimated demonstrating the degree of the 
influence of other variables involved as predic-
tors. The analysis was performed in the Mplus 
statistical software, which allowed to specify 
the path and structural covariance models. 
Path analysis model assumptions, identical to 
the basic assumptions of regression, identified 
the need to verify the normal distribution of the 
dependent variables and the absence of multi-
collinearity of predictors. These tests were per-
formed for each data set, which was used for 
the estimation of model parameters. For the 
analysis, the whole data set was divided into 
four subgroups, according to sex and territory. 
In each subgroup, pre-analysis was performed 
to test the basic assumptions of the model. The 
distribution was assessed using the Kolmo- 
gorov-Smirnov normality test. Testing the multi-
collinearity presence was performed through 
the evaluation of the nonparametric Spearman 
correlation matrix since many predictors were 
measured on an ordinal and dichotomous 
scale, which does not allow for parametric 
methods of estimation. A general path model 
was estimated for each subgroup independent-
ly using the Maximum Likelihood Robastified 
estimator.

Results

In total, 1200 participants were included in this 
study (n = 600 (50%) of participants were 
recruited from Paris, France, and n = 600 (50%) 
of participants were recruited from Moscow, 
Russia). Both Paris and Moscow study popula-
tions were equally divided by sex (n = 300 (50%) 
of women and n = 300 (50%) of men). The 
mean age of the overall sample was 60.6 years 

(SD 11.1). Clinical characteristics of the study 
participants were presented in Table 1.

Compared to women of the Paris cohort, 
women of the Moscow cohort had a significant-
ly higher BMI, values of systolic and diasto- 
lic BP, total and HDL cholesterol levels, mean 
CCA IMT values, and incidence of CVD_H. 
Nonetheless, they exhibited a lower incidence 
in Diabetes_H. 

In men of the Moscow cohort, significantly high-
er values of systolic and diastolic BP, levels of 
HDL, LDL, total cholesterol, and mean CCA IMT 
values were registered, in comparison to men 
of the Paris cohort. In men of the Moscow 
cohort, triglyceride levels were lower. Besides, 
men of this cohort had a lower incidence in 
diabetes. 

In both Moscow and Paris populations, 38.7% 
and 34.0% of women had treatment for arterial 
hypertension, respectively. In both Moscow and 
Paris study populations, 43.7% and 35.3% of 
men had treatment for arterial hypertension, 
respectively. Statin therapy had 3.8% and 
60.5% of subjects of both Moscow and Paris 
study populations, respectively. The overall 
mean value of CCA IMT was 0.73 (SD 0.14) 
ranging between a minimum of 0.5 and a maxi-
mum of 1.8. The average estimated value of 
CCA IMT was 0.65 (SD 0.13) in the Paris study 
population and 0.81 (SD 0.15) - in Moscow.

Path analysis 

Path analysis was used to assess the impact of 
traditional CVRFs on the CCA IMT attribute in 
both Moscow and Paris study populations. 
Parameters of the specified path model were 
estimated for each subgroup. The estimated 
values of standardized regression coefficients, 
standard error of the estimates, and the corre-
sponding p-value were presented in Tables 2 
and 3.

Moscow population: male subgroup: In the 
male study subgroup of Moscow population, 
the following variables (CVRFs) had a statisti-
cally significant impact on the CCA IMT, the pri-
mary dependent variable, demonstrating a 
direct cause/effect relationship: age (β = 
0.455, p-value <0.001), systolic BP (β = 0.249, 
p-value <0.001), BMI (β = 0.100, p-value = 
0.007), diabetes (β = 0.090, p-value = 0.012), 
and LDL (β = 0.089, p-value = 0.010). Analysis 
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of indirect effects of traditional 
CVRFs on CCA IMT in this sub-
group revealed a statistically sig-
nificant effect of CVD_H (β = 
0.194, p-value <0.001) through 
the direct influence on the sys-
tolic BP, the significant predictor 
of IMT. The lack of statistical sig-
nificance of hyperlipidemia treat-
ment effects on the lipid profile 
(direct effects) and CCA IMT 
(indirect effects) was most likely 
due to a small number of indi-
viduals (only 3.7%) taking the 
statins in the male subgroup of 
the Moscow study population. In 
this subgroup, R2 (coefficient of 
determination for the specified 
path model) was equal to 30.1%. 
Therefore, all determined effects 
(direct and indirect) of traditional 
CVRFs can explain 30.1% of the 
CCA IMT variance in this cohort 
of subjects.

Table 1. Clinical characteristics of the study participants

Variable
Women (n = 600) Men (n = 600)

Moscow Paris P-value Moscow Paris P-value
Age (years) 60.6 ± 11.3 60.2 ± 11.5 0.968 60.7 ± 10.8 60.8 ± 10.7 0.988
Weight (kg) 72.0 ± 3.1 65.8 ± 13.8 <0.001 82.3 ± 14.1 80.0 ± 13.2 0.047
Height (m) 163.0 ± 5.6 159.4 ± 6.1 <0.001 175.6 ± 6.1 172.7 ± 7.1 <0.001
BMI (kg/m2) 27.1 ± 4.8 25.9 ± 5.4 <0.001 26.7 ± 4 26.8 ± 4.1 0.611
Systolic BP (mm Hg) 133.0 ± 18.7 125.0 ± 6.4 <0.001 139.3 ± 16.5 130.2 ± 17.4 <0.001
Diastolic BP (mm Hg) 81.2 ± 9.6 71.7 ± 10.7 <0.001 85.2 ± 10.5 75.6 ± 10.4 <0.001
Menopause, women (%) 77.7 73.7 0.295 - - -
Total Cholesterol (g/L) 5.44 ± 0.4 2.43 ± 0.5 <0.001 5.25 ± 0.4 2.12 ± 0.5 <0.001
Triglycerides (g/L) 1.13 ± 0.5 1.10 ± 0.7 0.234 1.32 ± 0.7 1.48 ± 0.9 <0.001
HDL-Cholesterol (g/L) 1.71 ± 0.2 0.67 ± 0.2 <0.001 1.57 ± 0.2 0.51 ± 0.1 <0.001
LDL-Cholesterol (g/L) 2.48 ± 0.4 1.43 ± 0.6 0.007 2.44 ± 0.4 1.27 ± 0.5 <0.001
Smoking status, smokers (%) 7.3 12.0 0.072 12.7 16.0 0.294
Alcohol (%) 0 0 - 4.7 8.3 0.097
Hypertension (%) 47.3 26.7 <0.001 54.3 29.3 <0.001
Diabetes (%) 4.0 6.3 0.268 5.7 18.3 <0.001
Treatment of arterial hypertension (%) 38.7 34.0 0.270 43.7 35.3 0.022
Treatment of hyperlipidemia (%) 4.0 55.3 <0.001 3.7 65.7 <0.001
Hormone replacement therapy, women (%) 8.3 38.3 <0.001 - - -
CVD_H (%) 27.7 13.7 <0.001 26.7 11.7 <0.001
Hypertension_H (%) 48.7 26.7 <0.001 35.3 21.3 <0.001
Diabetes_H (%) 9.3 17.4 0.004 9.4 16.0 0.019
Mean CCA IMT (mm) 0.78 ± 0.15 0.63 ± 0.13 <0.001 0.84 ± 0.15 0.67 ± 0.14 <0.001
Note: BP, blood pressure; BMI, body mass index; CCA IMT, common carotid artery intima-media thickness; CVD_H, family history of cardiovascu-
lar disease; Diabetes_H, family history of diabetes; HDL, high-density lipoprotein; Hypertension_H, family history of hypertension; LDL, low-density 
lipoprotein.

Table 2. CCA IMT predictors in male subgroups of both Moscow 
and Paris (direct effects)

Variable
Moscow Paris

Std. coefficient, 
B (S.E.) P-value Std. coefficient, 

B (S.E.) P-value

Age 0.455 (0.034) 0.000 0.492 (0.028) <0.001
BMI 0.100 (0.037) 0.007 0.157 (0.030) <0.001
Systolic BP 0.249 (0.035) 0.000 0.097 (0.025) <0.001
Triglycerides 0.010 (0.011) 0.853 0.057 (0.018) 0.303
HDL-Cholesterol 0.033 (0.018) 0.531 -0.086 (0.034) 0.011
LDL-Cholesterol 0.089 (0.035) 0.010 0.206 (0.007) 0.837
Smoking status 0.012 (0.023) 0.824 0.050 (0.002) 0.340
Alcohol 0.071 (0.001) 0.294 0.022 (0.009) 0.763
Diabetes	 0.090 (0.036) 0.012 0.030 (0.001) 0.686
CVD_H 0.029 (0.019) 0.600 0.009 (0.022) 0.868
Diabetes_H 0.073 (0.026) 0.158 0.056 (0.026) 0.031
Hypertension_H 0.071 (0.017) 0.204 0.072 (0.018) 0.181
Note: BP, blood pressure; BMI, body mass index; CCA IMT, common carotid 
artery intima-media thickness; CVD_H, family history of cardiovascular dis-
ease; Diabetes_H, family history of diabetes; HDL, high-density lipoproteins; 
Hypertension_H, family history of hypertension; LDL, low-density lipoproteins; 
non-sig., non-significant; S.E., standard error; Std. coefficient, standardized 
coefficient.
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Paris population: male subgroup: In the male 
study subgroup of Paris population, both age (β 
= 0.492, p-value <0.001) and BMI (β = 0.157, 
p-value = 0.007) had the most significant 
impact on the dependent variable (CCA IMT), 
thus, demonstrating their greatest predictive 
power. Also, positively associated with BMI, 
both systolic BP (β = 0.097, p-value <0.001) 
and diabetes (β = 0.056, p-value = 0.031) 
showed the statistically significant impact on 
the CCA IMT. In this subgroup, HDL (β = -0.086, 
p-value = 0.011) showed the statistically signifi-
cant negative association with the dependent 
variable. These factors showed a direct impact 
on the dependent variable in this cohort of sub-
jects. Specified indirect effects did not show a 
statistically significant impact on the CCA IMT 
in this cohort of subjects. The impact caused by 
the above-mentioned factors was considered 
to be accountable for R2 equal to 27% in this 
subgroup. Therefore, all determined effects 
(direct and indirect) of traditional CVRFs can 
explain 27% of the CCA IMT variance in this 
cohort of subjects.

Moscow population: female subgroup: In the 
female study subgroup of Moscow population, 
age (β = 0.525, p-value <0.001) and systolic  
BP (β = 0.171, p-value <0.001) demonstrated 
positively associated and statistically signifi-
cant effects on CCA IMT. Therefore, these fac-

tors were considered to have the greatest pre-
dictive power in this cohort of subjects. Two 
other factors, such as diabetes and HDL, 
showed a relatively less important but still sta-
tistically significant impact on CCA IMT. The 
direct association was demonstrated by the 
diabetes presence (β = 0.058, p-value = 
0.034), and the negative association was fo- 
und with HDL (β = -0.058, p-value = 0.028). 
Moreover, BMI (β = 0.241, p-value <0.001) and 
CVD_H (β = 0.243, p-value <0.001) showed 
statistically significant effects on CCA IMT th- 
rough the direct impact on systolic BP. There- 
fore, these factors were considered as factors 
with high prediction power in this cohort of sub-
jects. In this subgroup, R2 was equal to 42%. 
Therefore, all determined effects (direct and 
indirect) of traditional CVRFs can explain 42% 
of the CCA IMT variance in this cohort of 
subjects. 

Paris population: female subgroup: In the 
female study subgroup of Paris population, two 
factors, such as age (β = 0.300, p-value 
<0.001) and systolic BP (β = 0.126, p-value 
<0.001), showed the most significant impact 
on the dependent variable, thus, demonstrat-
ing the most significant predictive power. The 
presence of diabetes with the positive associa-
tion (β = 0.058, p-value = 0.033) and HDL with 
the inverse association (β = -0.058, p-value = 

Table 3. CCA IMT predictors in female subgroups of both Moscow and Paris (direct effects)

Variable
Moscow Paris

Std. coefficient, B (S.E.) P-value Std. coefficient, B (S.E.) P-value
Age 0.525 (0.028) <0.001 0.300 (0.050) <0.001
BMI 0.008 (0.002) 0.879 0.052 (0.001) 0.410
Systolic BP 0.171 (0.035) <0.001 0.126 (0.042) 0.002
Triglycerides 0.004 (0.0013) 0.765 0.024 (0.015) 0.744
HDL-Cholesterol -0.058 (0.034) 0.028 -0.058 (0.034) 0.028
LDL-Cholesterol 0.037 (0.018) 0.229 0.059 (0.017) 0.378
Smoking status 0.063 (0.031) 0.220 0.047 (0.002) 0.465
Diabetes	 0.058 (0.033) 0.034 0.058 (0.033) 0.034
CVD_H 0.029 (0.018) 0.576 0.062 (0.025) 0.335
Diabetes_H 0.004 (0.029) 0.938 0.013 (0.023) 0.837
Hypertension_H 0.052 (0.017) 0.733 0.082 (0.020) 0.208
Menopause 0.052 (0.011) 0.448 0.020 (0.001) 0.810
Hormone replacement therapy -0.049 (0.028) 0.329 0.026 (0.017) 0.684
Note: BP, blood pressure; BMI, body mass index; CCA IMT, common carotid artery intima-media thickness; CVD_H, family his-
tory of cardiovascular disease; Diabetes_H, family history of diabetes; HDL, high-density lipoproteins; Hypertension_H, family 
history of hypertension; LDL, low-density lipoproteins; non-sig., non-significant; S.E., standard error; Std. coefficient, standard-
ized coefficient.
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0.34) also showed a statistically significant 
impact on the CCA IMT. Therefore, this set of 
factors can represent a model of direct effects 
on the dependent variable in this cohort of sub-
jects. In terms of indirect effects, two factors 
showed the statistically significant influence on 
CCA IMT through the influence on systolic BP: 
BMI (β = 0.221, p-value = 0.008) and CVD_H (β 
= 0.145, p-value = 0.028). In this subgroup, R2 
was equal to 14.3%. Therefore, all determined 
effects (direct and indirect) of traditional CVRFs 
can explain 14.3% of the CCA IMT variance in 
this cohort of subjects.

Overall, the remarkably high level of difference 
in the mean values of the CCA IMT was found 
between the study populations. In women of 
both Moscow and Paris study populations, the 
mean CCA IMT value was 0.78 and 0.63, 
respectively. The mean CCA IMT estimate was 
0.84 and 0.67 in males of Moscow and Paris 
study populations, respectively. 

Regression model

To determine to what extent presented differ-
ences can be explained by differences in tradi-
tional CVRFs, the regression model was us- 
ed. In this model, the random variable was con-

Analyzing regression model, only differences in 
three factors, such as systolic BP (β = 0.151, 
p-value = 0.013), CVD_H (β = 0.111, p-value = 
0.037), and menopause duration (β = 0.120, 
p-value = 0.037), significantly influenced the 
total differences in CCA IMT values in women. 
This set of factors can explain only 10.1% of the 
total variance of the dependent variable (the 
differences in values of CCA IMT between 
women in Paris and Moscow study popula-
tions), while 89.9% of the difference in CCA IMT 
values between women of these populations 
cannot be explained by the differences in val-
ues attributed to traditional CVRFs. Hence, it is 
highly likely that these differences were influ-
enced by other factors omitted.

In men, differences in three factors, such as 
systolic BP (β = 0.207, p-value <0.001), BMI (β 
= 0.140, p-value = 0.015), and HDL (β = -0.193, 
p-value = 0.006) significantly influenced the 
total differences in the CCA IMT values. These 
factors can explain 13.5% of the total variance 
of the dependent variable (differences in val-
ues of CCA IMT between men in Paris and 
Moscow study populations), whereas 86.5% of 
differences in the CCA IMT values between 
men of these populations cannot be explained 
by the differences in values attributed to tradi-

Table 4. Predictors of CCA IMT differences between women of 
both Moscow and Paris populations
Variable Std. coefficient (B) S.E. P-value
BMI 0.029 0.011 0.672
Systolic BP 0.151 0.061 0.013
Smoking status 0.019 0.007 0.831
Diabetes 0.074 0.024 0.108
Treatment of arterial hypertension 0.111 0.061 0.037
Menopause 0.054 0.031 0.097
Menopause duration 0.120 0.058 0.037
Hormone replacement therapy -0.023 0.011 0.529
Treatment of hyperlipidemia 0.014 0.002 0.718
CVD_H 0.045 0.024 0.412
Diabetes_H 0.023 0.013 0.629
Hypertension_H 0.031 0.017 0.371
Triglycerides 0.047 0.022 0.118
HDL-Cholesterol -0.078 0.009 0.101
LDL-Cholesterol 0.013 0.003 0.783
Note: BP, blood pressure; BMI, body mass index; CCA IMT, common carotid 
artery intima-media thickness; CVD_H, family history of cardiovascular dis-
ease; Diabetes_H, family history of diabetes; HDL, high-density lipoproteins; 
Hypertension_H, family history of hypertension; LDL, low-density lipoproteins; 
non-sig., non-significant; S.E., standard error; Std. coefficient, standardized coef-
ficient.

sidered as the dependent vari-
able representing the abso- 
lute difference in CCA IMT val-
ues between the two popula-
tions of the same age and sex 
(to neutralize the influence of 
these factors). The dataset was 
transformed into a matrix of 
pairwise distances for all ob- 
served characteristics betwe- 
en all possible pairs of both 
Moscow and Paris study popu-
lations. The regression model 
was constructed and analyzed 
using the Mplus software pack-
age with the estimator, which 
allowed to include categorical 
variables as predictors. The 
results of the regression model 
evaluation, i.e., standardized 
coefficient, standard error, and 
p-value obtained separately for 
men and women of both Paris 
and Moscow populations, were 
presented in Tables 4 and 5, 
respectively. 
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tional CVRFs. Hence, it is highly likely that these 
differences were influenced by other factors 
omitted.

Discussion

The study compared the distribution and impact 
of traditional CVRFs on CCA IMT, the quantita-
tive estimate of carotid atherosclerosis, in two 
study populations of Moscow, Russia and Paris, 
France equally divided by sex. There was a sig-
nificant difference in most of the traditional 
CVRFs between the study populations, includ-
ing BP, lipid profile, statin treatment, hormone 
replacement therapy in women, and CVD_H. 
The values of CCA IMT were significantly higher 
in the Moscow study population, compared to 
that in the Paris study population. 

In our study, significant differences in pheno-
typic factors among men from both Moscow 
and Paris populations can define significant dif-
ferences in the predictive and explanatory 
power of the specified model. Although, the 
presence of universal classical CVRFs factors 
(age, systolic BP, BMI, and diabetes) demon-
strated the highest statistically significant 
effect, as well as the highest predictive power 
in both male subgroups of Moscow and Paris 
study populations. The relative importance of 
these factors was different in these subgroups. 

systolic BP was found in the Moscow male 
study subgroup. 

In female subgroups, the set of the factors 
influencing CCIMT variability was found to be 
identical for both Moscow and Paris study pop-
ulations and included age, systolic BP, pres-
ence of diabetes, HDL, BMI, and CVD_H. The 
relative importance of these factors was also 
similar in these subgroups. However, this set of 
factors can explain 42% of the variance of the 
dependent variable in the Moscow study popu-
lation and only 14.3% - in Paris. Thus, the pre-
dictive power of some traditional CVRFs dif-
fered significantly in these data sets. The esti-
mates of the regression model parameters 
suggested that traditional CVRFs have relative-
ly low predictive power, which was confirmed by 
the significant CCA IMT variance observed in  
all studied subgroups. The analysis revealed 
that the following factors have the most signifi-
cant prognostic power: age, systolic BP, diabe-
tes, BMI, and HDL level. However, they cannot 
be considered as absolutely universal predic-
tors because some CVRFs did not show any 
statistical significance, for example, in the male 
subgroup of the Moscow population, HDL level 
was not statistically significant. The relative 
importance of these factors varied dramatically 
between the study subgroups of both Moscow 

Table 5. Predictors of CCA IMT differences between men of both 
Moscow and Paris populations
Variable Std. coefficient (B) S.E. P-value
BMI 0.140 0.058 0.015
Systolic BP 0.207 0.056 <0.001
Smoking status 0.029 0.006 0.562
Alcohol 0.038 0.012 0.231
Diabetes 0.029 0.015 0.311
Treatment of arterial hypertension 0.021 0.010 0.712
Treatment of hyperlipidemia 0.067 0.021 0.681
CVD_H 0.048 0.018 0.473
Diabetes_H 0.037 0.014 0.396
Hypertension_H 0.028 0.011 0.413
Triglycerides 0.041 0.021 0.732
HDL-Cholesterol -0.193 0.070 0.006
LDL-Cholesterol 0.026 0.007 0.619
Note: BP, blood pressure; BMI, body mass index; CCA IMT, common carotid 
artery intima-media thickness; CVD_H, family history of cardiovascular dis-
ease; Diabetes_H, family history of diabetes; HDL, high-density lipoproteins; 
Hypertension_H, family history of hypertension; LDL, low-density lipoproteins; non-
sig., non-significant; S.E., standard error; Std. coefficient, standardized coefficient.

Moreover, while the depen-
dent variable in the male sub-
group of the Moscow study 
population was affected by the 
LDL, it was affected by HDL in 
the male subgroup of the Pa- 
ris study population. From the 
statistical perspective, this dif-
ference can be explained pri-
marily by the fact that the high-
er LDL variance was found in 
the Moscow study population, 
as well as both the lower ab- 
solute values and the variance 
of HDL, compared to the Paris 
study population. Besides, in 
contrast to the male subgro- 
up of the Paris study popula-
tion, the presence of statisti-
cally significant indirect effects 
on the dependent variable 
through the influence of inde-
pendent factors on the level of 
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and Paris study populations (14% and 42% of 
the explained variance of the dependent vari-
able, respectively). 

Results of the model evaluation of the Moscow 
study population demonstrated the higher pre-
dictive power of traditional CVRFs of the model 
(30% and 42% of the explained variance in men 
and women, respectively), compared to the 
Paris population (27% and 14% of the explained 
variance in men and women, respectively). In 
this way, we can suggest that compared to the 
Moscow study population, in the Paris study 
population, the influence of other factors out-
weighed the effects of traditional CVRFs and 
determined the CCA IMT variance to a greater 
extent. Perhaps, this difference can partly be 
explained by the treatment of hyperlipidemia, 
but the problem of a low number of people from 
the Moscow study population taking statins  
did not allow to test this assumption. The sig-
nificant difference in CCA IMT values between 
Moscow and Paris study populations could not 
be based solely on the differences in the 
parameters of the sample, the observed differ-
ences in the distribution of traditional CVRFs. 
The differences in CCA IMT values caused by 
the differences in samples represented only 
10.1% and 13.5% in women and men, 
respectively.

The results obtained in this study were in con-
sistence with other studies. Several papers 
reported a similar level of association between 
CCA IMT and the presence of traditional CVRFs 
[8, 9]. The Multi-Ethnic Study of Atherosclerosis 
showed associations (model R2, 19.5%) of IMT 
with the combination of factors, such as age, 
sex, systolic BP, total cholesterol, HDL choles-
terol, hypertension treatment, diabetes, and 
smoking [8]. In another study, the proportion of 
carotid IMT explained by traditional CVRFs was 
15%-17% with age and BP being the most 
important factors [9]. 

Furthermore, the IMPROVE study showed that 
the latitude can be an important determinant 
of CCA IMT [7]. The results obtained in our 
study can confirm this fact because mean CCA 
IMT value in the Moscow study population was 
found to be similar to that obtained in Finnish 
and Swedish populations in the IMPROVE study. 
In turn, we can suggest that longitude can be 
another factor influencing the interpopulation 
CCA IMT variability since classical CVRFs can-

not explain fully the differences in the mean 
CCA IMT values between the populations of this 
study. Thus, longitude, which includes genetic, 
nutritional, or environmental factors, may be an 
important contributor to the existence of a geo-
graphic gradient of the CCA IMT variability. The 
influence of environmental factors on athero-
sclerosis and a CVD development was demon-
strated [10]. This study showed that a certain 
amount of solid dust particles of exhaust gas- 
es in atmospheric air can be related to the 
degree of subclinical atherosclerosis and the 
development of CVDs, including coronary heart 
disease and myocardial infarction. Genome-
wide association study approach has yielded a 
growing number of genetic markers that poten-
tially can serve as predictors of CVD outcomes 
[11]. Although, it is required to generalize the- 
se markers across different populations. Inte- 
restingly, mitochondrial DNA mutations have 
recently emerged as novel markers of athero-
sclerosis [12]. Their study demonstrated the 
association of threshold heteroplasmy levels of 
mitochondrial DNA mutations with the predis-
position to the initiation and development of 
atherosclerosis in human arteries. Remarkably, 
the incidence of some variants of the mitochon-
drial genome was different in samples derived 
from different populations (Russian and Kazakh 
populations were studied) [13]. In addition, the 
differences in the mortality rates of ischemic 
heart disease between Russia and France were 
observed suggesting a geographical gradient 
of atherosclerosis-related cardiovascular mor-
tality [14]. Importantly, the existence of a geo-
graphical gradient of carotid IMT, which highly 
correlated with the known gradient of cardio-
vascular mortality was confirmed [15].

Of note, CCA IMT variability in Moscow popula-
tion was also assessed previously indicating 
the presence of European geographic gradient 
of CCA IMT [16]. Besides, the interpopulation 
variability of CCA IMT, as well as the role of 
CVRFs were determined in selected high-risk 
population sample recruited in Moscow, Russia 
and Milan, Italy [17]. This study also provided 
evidence indicating the presence of West-to-
East geographic gradient of CCA IMT. 

The limitation of the current study was the fact 
that we were able to assess only the impact of 
traditional CVRFs on CCA IMT variability, where-
as other parameters measured by carotid ultra-
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sound may have a greater degree of associa-
tion with the CVRFs and greater predictive 
power. The Tromso study showed that the total 
plaque area had a stronger association with 
CVRFs than CCA IMT, and only two factors, such 
as age and sex were stronger predictors of  
IMT than total plaque area parameter [18]. The 
combined analysis of CCA IMT and other pla- 
que parameters, in association with CVRFs, 
improved cardiovascular risk prediction, com-
pared to CCA IMT alone in the Atherosclerosis 
Risk In Communities (ARIC) study [19]. Complex 
assessment of IMT of the internal carotid artery 
and carotid bulb, as well as different character-
istics of a carotid plaque, such as plaque num-
ber, plaque thickness, plaque area, and plaque 
volume, were shown to improve cardiovascular 
risk stratification [20, 21].

Conclusion

This study showed that the Paris study popula-
tion significantly differed from the Moscow 
study population in the distribution and impact 
of traditional CVRFs. Remarkably, traditional 
CVRFs factors can explain only a small propor-
tion of the CCA IMT variation between these 
populations suggesting the presence of other 
factors, such as longitude, also influencing 
interpopulation CCA IMT variability. Therefore, 
this study provided an additional piece of evi-
dence towards the existence of a geographical 
gradient of carotid IMT.
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