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Background and purpose: There has been growing interest in the sex-related differences
in the impact of cardiovascular (CV) risk factors on carotid intima—media thickness (CIMT).
Therefore, we aimed at examining the influence of CV risk factors on CIMT in men and women
and identifying differences between males and females in the risk profiles affecting CIMT.
Patients and methods: The study group consisted of 256 patients (mean age 54.7 years),
including 134 females (52%), with the following CV risk factors: arterial hypertension, type 2
diabetes mellitus, dyslipidemia, nicotine addiction, overweight, and obesity. Subjects with
the history of any overt CV disease were excluded. CIMT was measured through B-mode
ultrasound examination of the right common carotid artery. In the analysis of CIMT values at
different ages, the patients were divided into three age groups: 1) <45 years, 2) 45-60 years,
and 3) >60 years. Regression analysis was used to examine the influence of CV risk factors
on CIMT in men and women.

Results: CIMT increased with age in both men and women. Women had lower values of CIMT
than men (0.54 mm vs 0.60 mm, P=0.011). The analysis in three age subgroups revealed that
CIMT values were comparable in men and women in group 1 (0.48 mm vs 0.48 mm, P=0.861),
but over the age of 45 years, CIMT values became significantly lower in women compared to
men (group 2: 0.51 mm vs 0.63 mm, P=0.005; group 3: 0.63 mm vs 0.72 mm, P=0.020). Sig-
nificant differences were observed between the sexes in terms of risk factor impact on CIMT.
In men, only three factors significantly affected CIMT: age (b=+0.009, P<<0.0001), hyperten-
sion (b=+0.067, P<<0.05), and type 2 diabetes (b=+0.073, P<<0.05). In women, apart from age
(b=+0.008, P<<0.0001) and type 2 diabetes (b=+0.111, P<<0.01), significant factors were pulse
pressure (PP; 5=+0.005, P<<0.0001), body mass index (b=+0.007, P<<0.05), increased waist cir-
cumference (h=+0.092, P<<0.01), and metabolic syndrome (b=+0.071, P<<0.05). In the multiple
regression analysis, independent CIMT determinants for the entire group were age (=0.497,
P<0.001) and body mass index ($=0.195, P=0.006). For males, age was the only independent
determinant of CIMT (=0.669, P<<0.001). For females, these were PP ($=0.317, P=0.014),
age (5=0.242, P=0.03), and increased waist circumference (3=0.207, P=0.048).

Conclusion: CIMT values are lower in women than in men, which is most pronounced over
the age of 45 years. There are sex-related differences in the profile of CV risk factors affecting
CIMT: in males, CIMT is mostly determined by age, while in females, by age, PP, and increased
waist circumference.
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Background

Recently, there has been a growing interest in the impact of sex differences on the
structure and function of vascular tree. Some data indicate that age-related changes
in the cardiovascular system occur differently in males and females.
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As carotid intima—media thickness (CIMT) has proven
to be a valuable predictor of myocardial infarction and
ischemic stroke, independent of traditional risk factors, it is
considered to be a marker of subclinical atherosclerosis.'™
It is worth noting that this approach may be controversial,
as a CIMT increase, especially in the initial stages, results
mainly from the thickening of the carotid media and may
occur with aging without concomitant formation of athero-
sclerotic plaques.® The role of age and shear stress caused
by hemodynamic factors such as blood pressure components
and tachycardia is also emphasized.® Recent large meta-
analyses gave rise to controversies regarding the impact of
traditional cardiovascular (CV) risk factors on CIMT and
the predictive value of CIMT.*®

The distinct impact of risk factors on the development of
atherosclerosis and cardiovascular disease (CVD) in women
and men is being debated. The INTERHEART study provided
evidence for sex-related differences in the profile of risk fac-
tors associated with myocardial infarction and showed that
diabetes and hypertension increase the risk of coronary disease
more in women than in men.'° Little is known about specific
impact of traditional CV risk factors on CIMT in relation to
sex. Therefore, we aimed to identify differences between male
and female risk factor profiles affecting CIMT.

Aim of the study

The aim of the study was 1) to assess the changes of CIMT
values occurring with age in women and men, 2) to evaluate
the impact of CV risk factors on CIMT in women and men,
and 3) to identify differences between the sexes in terms of
risk factor profiles.

Patients and methods

The study group consisted of 256 Caucasian patients (mean
age 54.7 years), including 134 females (52%), with the fol-
lowing CV risk factors: arterial hypertension, type 2 diabetes
mellitus, dyslipidemia, nicotine addiction, overweight, and
obesity. Exclusion criteria were as follows: 1) history of any
overt CV disease (ischemic heart disease, history of ischemic
or hemorrhagic stroke, and lower extremity artery disease),
2) atherosclerotic plaque in a carotid artery detected by ultra-
sound, 3) signs of myocardial ischemia in the electrocardiog-
raphy (ECG), and 4) impaired left ventricular ejection fraction,
regional wall motion abnormalities, or significant valvular
disease on echocardiography. The participants of the study
were recruited by general practitioners, who were invited to
refer subjects with CV risk factors (but without manifest CV
disease) for the assessment in our outpatient clinic.

In the analysis of CIMT values at different ages, the
patients were divided into three age groups: 1) <45 years,
2) 45-60 years, and 3) >60 years.

The hypertensive group included patients 1) previously
diagnosed with hypertension, but untreated, and 2) newly
diagnosed with hypertension. Hypertension was diagnosed
if systolic blood pressure (SBP) =140 mmHg and/or
diastolic blood pressure (DBP) =90 mmHg was found after
a 15-minute rest during two separate visits (scheduled at an
interval of at least 7 days). The type 2 diabetes group con-
sisted of patients previously diagnosed with type 2 diabetes,
including those treated with hypoglycemic agents.

Dyslipidemia was defined as 1) fasting low-density
lipoprotein (LDL) cholesterol serum level >115 mg/dL,
2) fasting high-density lipoprotein (HDL) cholesterol serum
level <40 mg/dL for men and <50 mg/dL for women,
3) fasting triglyceride serum level >150 mg/dL, or 4) treat-
ment with hypolipidemic drugs.

Increased waist circumference was defined in accordance
with European Society of Hypertension and European
Society of Cardiology criteria, as a circumference of =88 cm
for women and =102 cm for men."

Body mass index (BMI, kg/m?) was calculated as the
quotient of body weight (kg) to height squared (m?).

The nicotine-addicted group included active smokers
and those who had quit smoking within the previous
12 months.

Metabolic syndrome was defined in accordance with the
National Education Cholesterol Program Adult Treatment
Panel III criteria, revised in 2005.'2

Patient histories were taken using questionnaires includ-
ing questions on present and past diseases, hospitalization,
and treatment.

The patients’ body weight, height, and waist and hip
circumferences were measured.

Laboratory blood tests were performed in the morning to
determine fasting levels (participants were asked not to have
eaten for at least 6 hours before sampling) of glucose, total
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides,
and C-reactive protein.

All study participants provided informed written consent.
The study was approved by Wroctaw Medical University
Research Ethics Committee.

CIMT measurement

CIMT was measured through B-mode ultrasound examina-
tion of the right common carotid artery with a linear probe
operating at >7 MHz. A longitudinal section of the right
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common carotid artery was obtained; then, three subsequent
CIMT measurements were performed, ~1 ¢cm beneath the
bifurcation, in the area devoid of plaques, on the distal wall
of the right common carotid artery, using a semi-automated
application. The procedure was performed in accordance
with the Mannheim protocol."

Statistical methods

Statistical analysis was performed using STATISTICA
V 10 software and EXCEL spreadsheets. All quantita-
tive parameters (eg, age, BMI, CIMT, SBP, and DBP) in
all subgroups were tested for distribution normality using
the Shapiro—Wilk test at a threshold significance level of
P<0.05. Mean, SD, median values, lower and upper quartiles
(Q1 and Q3) or interquartile ranges, and extremes values,
minimum and maximum, were calculated for the quantitative
parameters. For parameters with normal distributions and
homogeneous variances, significance of differences between
the mean values in the two groups was verified using Student’s
t-test. For parameters with distributions significantly differ-
ent from normal or heterogeneous variances, significance

Table | Participants’ characteristics

of differences between the mean values in the two groups
(eg, females vs males) was verified using the Mann—Whitney
U-test, significance of differences between the mean values in
the two dependent samples was verified using the Wilcoxon
test, and significance of differences between the mean values
in more than two groups (three age groups) was verified using
the Kruskal-Wallis test. For nominal variables (sex, presence
of symptoms, etc), numbers (n) and percentages (%) were
calculated and cross-tabulated. Hypotheses on the indepen-
dence of nominal and ordinal characteristics were verified
using Pearson’s chi-squared test or Fisher’s exact test. The
strength of correlations between quantitative variables was
determined using Spearman’s rank correlation coefficient or
Pearson’s correlation coefficient (if variable distributions did
not significantly differ from normal). For all tests, a signifi-
cance threshold of P<<0.05 was used.

Results

Participants’ clinical characteristics are given in Table 1.
Mean age did not differ significantly between females

and males (55.719.9 years vs 53.5%11.3 years, respectively,

Participants

All Female (F) Male (M) FvsM

(N=256) (n=134) (n=122) P-value
Age (years) 54.7£10.6 55.749.9 53.5+11.3 0.099
BMI (kg/m?) 28.614.5 28.3+4.9 29.0£3.9 0.212
Waist circumference (cm) 95+14 89+12 103£11 <0.001
Hip circumference (cm) 108+9 107£10 10818 0.417
WHR 0.89+0.09 0.8310.08 0.95+0.07 <0.001
Number (percentage) of patients with hypertension 160 (65.8) 78 (62.9) 82 (68.9) 0.395
SBP (mmHg) 134%18 13319 135£16 0.474
DBP (mmHg) 76£1 1 77411 75%10 0.147
MAP (mmHg) 95+12 9612 9511 0.602
PP (mmHg) 58t14 56x16 60%12 0.048
HR (/min) 70+10 71£10 69+9 0.074
Number (percentage) of patients with type 2 diabetes 90 (46.4) 40 (40.4) 50 (52.6) 0.118
Glucose level* (mg/dL) 101£23 100£21 103£26 0.393
Number (percentage) of patients with dyslipidemia 195 (81.6) 103 (88.0) 92 (75.4) 0.019
Number (percentage) of patients with treated dyslipidemia 31 (15.9) 16 (15.5) 15 (16.3) 0.961
TC level* (mg/dL) 220+41 225+43 213437 0.016
LDL cholesterol level* (mg/dL) 130+39 130+43 129+34 0.858
HDL cholesterol level* (mg/dL) 5416 60£18 49+12 <0.001
TG level* (mg/dL) 154197 150+80 159+112 0.505
Number (percentage) of smokers 94 (36.7) 45 (33.6) 49 (40.2) 0.174
CRP (mg/L) 2.61+3.74 2.61+3.37 2.62+4.27 0.986
Number (percentage) of patients with metabolic syndrome 119 (46.5) 61 (45.5) 58 (47.5) 0.843
LV ejection fraction % 704 70.6 70.0 0.250

Notes: *Morning fasting serum concentration. Data presented as mean + SD or n (%) parameter values. Data in bold indicates statistical significance.
Abbreviations: BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure; PP, pulse
pressure; HR, heart rate; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; CRP, C-reactive protein; LV, left ventricle.
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P=0.099). Compared to male participants, female patients
had lower values of the following anthropometric parameters:
waist circumference (89+12 cm vs 10311 cm, P<<0.001)
and waist-to-hip ratio (WHR, 0.8310.08 vs 0.95+0.07,
P<0.001). Mean pulse pressure (PP) was lower in women
than in men (5616 mmHg vs 60=12 mmHg, P<<0.001). The
female subgroup had higher total cholesterol (225443 mg/dL
vs 213+37 mg/dL, P=0.016) and HDL cholesterol levels
(60£18 vs 49£12, P<<0.001) and included a higher percent-
age of dyslipidemic patients (88% vs 75.4%, P=0.019) than
the male subgroup.

The participants’ clinical characteristics in the three
age groups are presented in Table 2. In each age group, the
difference in most of the anthropometric parameters (waist
circumference and WHR) and HDL cholesterol level between
men and women was present. What is noteworthy is that the

Table 2 Participants’ clinical characteristics in three age groups

values of blood pressure components differentiated between
men and women only in <45 years age group (SBP and PP
were significantly lower and DBP was higher in women than
in men). In >60 years age group, the blood pressure compo-
nent had comparable values and dyslipidemia occurred more
frequently in women than in men (92.3% vs 70%, P=0.011),
which was not observed in younger subjects.

Common CIMT

Median CIMT values for female and male subjects are given
in Table 3. Trends in CIMT values in the age groups are
shown in Figure 1.

Women had lower median CIMT than men (P=0.011).
In <45 years age group, median CIMT values were still
similar (0.48 mm for female patients vs 0.48 mm for male
patients, P=0.861), but at older ages, men had higher CIMT

Subjects <45 years

Subjects 45-60 years Subjects >60 years

Females  Males FvsM Females Males FvsM Females Males Fvs M

(n=23) (n=50) P-value (n=59) (n=55) P-value (n=52) (n=40) P-value
Age (years) 38.9+4.8 36.945.5 0.194 54.4+3.4 53.314.1 0.144 64.7+4.3 65.0£5.0 0.752
BMI (kg/m?) 26.9+4.5 29.1+3.8 0.059 28.61+5.2 29.244.1 0.506 28.6+4.6 28.61+3.8 0.999
Waist circumference (cm) 87+13 100+12 0.002 89+12 105+10 <0.001 91+12 103+12 <0.001
Hip circumference (cm) 105+8 111+£9 0.049 1051 | 108+6 0.321 1109 106+9 0.185
WHR 0.83+0.08 0.91+0.07 0.003 0.84+0.07 0.97+0.06 <0.001 0.83+0.08 0.97+0.05 <0.001
Number (percentage) of patients 7 (30.4) 14 (51.8) 0214 33 (55.9) 35 (63.6) 0.448 38 (73.1) 33 (82.5) 0.289
with hypertension
SBP (mmHg) 122+14 132+14 0.020 133+17 136+15 0.433 138+22 136+17 0.575
DBP (mmHg) 81+12 75+10 0.045  78+10 77£10 0.558  75%| 74£1 | 0.649
MAP (mmHg) 95+12 941 | 0.734  96xI1 9611 0974  96+13 94111 0.573
PP (mmHg) 4118 57+8 <0.001 56%I3 59£11 0.124 64t16 62+15 0.694
HR (/min) 75£10 7219 0.393 73+10 69+8 0.010 68+10 68+10 0.959
Number (percentage) of patients 2 (8.7) 5(18.5) 0416 20 (33.9) 29 (52.7) 0.259 18 (34.6) 16 (40.0) 0.665
with type 2 diabetes
Glucose level® (mg/dL) 92+9 94+12 0.591 103432 107+18 0.625 102+12 107437 0.528
Number (percentage) of patients || (47.8) 22 (81.5) 0.842 44 (74.6) 42 (76.4) 0.536 48 (92.3) 28(70.0) o0.011
with dyslipidemia
Number (percentage) of patients 0 (0.0) 6 (22.2) 0.025 3(5.1) 4(7.3) 0.710 13 (25.0) 5(12.5) 0.186
with treated dyslipidemia
TC level* (mg/dL) 214136 220442 0.631 225441 212+39 0.076 231+48 210+32 0.025
LDL cholesterol level* (mg/dL) 120+34 137+38 0.130 131+38 128+37 0.718 135451 126427 0.350
HDL cholesterol level* (mg/dL) 64124 48+15 0.007 54+15 4819 0.016 62+16 52+12 0.003
TG level* (mg/dL) 149+112 161+72 0.654 15177 165£126 0.528 149+60 148+117 0.953
Number (percentage) of smokers || (47.8) 15 (55.6) 0.794 23 (39.0) 21 (38.2) 0917 I11(21.2) 13 (32.5) 0.323
CRP level (mg/L) 3.30£5.74  1.36xl1.17  0.362 1.58+1.43  3.57+6.96  0.260 3.11+2.41  2.60+2.26  0.546
Number (percentage) of patients 8 (34.8) 14 (51.8) 0.354 27 (45.8) 24 (43.6) 0.968 31 (59.6) 19 (47.5) 0.344
with metabolic syndrome
LV ejection fraction % 70.4+4.9  65.0+7.3 0.010 70.1£6.0 69.616.8 0.695 69.618.5 70.2t7.4 0.758

Notes: *Morning fasting serum concentration. Data presented as mean * SD or n (%) parameter values. Data in bold indicates statistical significance.
Abbreviations: F, females; M, males; BMI, body mass index; WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial
pressure; PP, pulse pressure; HR, heart rate; TC, total cholesterol; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TG, triglycerides; CRP, C-reactive protein;

LV, left ventricle.
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Table 3 CIMT in male and female patients

All participants (N=256) P-value
Females (n=134) Males (n=122) Fvs M
CIMT 0.54 (0.51-0.57) 0.60 (0.57-0.68) P=0.011
Group | (<45 years) 0.48 (0.45-0.53) 0.48 (0.45-0.54) P=0.861
Group 2 (45-60 years) 0.51 (0.51-0.58) 0.63 (0.56-0.70) P=0.005
Group 3 (>60 years) 0.63 (0.56-0.71) 0.72 (0.68-0.77) P=0.020
A, =group 2 —group | +0.03 +0.15
Group 2 vs group | P=0.013 P<0.001
A, , =group 3 — group 2 +0.12 +0.09
Group 3 vs group 2 P=0.001 P=0.005
A, = group 3 —group | +0.15 +0.24
Group 3 vs group | P<0.001 P<0.001

Notes: A, , difference between age groups 2 and |; A, ,, difference between age groups 3 and 2; A, |, difference between age groups 3 and |. Data presented as median

(95% confidence interval). Data in bold indicates statistical significance.

Abbreviations: F, females; M, males; CIMT, carotid intima—media thickness; BMI, body mass index.

values than women (age group 2: 0.51 mm for women vs
0.63 mm for men, P=0.005; age group 3: 0.63 mm for women
vs 0.72 mm for men, P=0.020). CIMT increased with age
in both subgroups (women: ACIMT,_ =0.15 mm, P<<0.001;
men: ACIMT, | =0.24 mm, P<<0.001), with male patients
showing a larger increase in median CIMT in age group 2
than female participants (women: ACIMT, | =0.03 mm,
P=0.013; men: ACIMT,_, =0.15 mm, P<<0.001).

In summary, CIMT in the entire female subgroup was
significantly lower than in the entire male subgroup, while
analysis of separate age groups revealed that the difference
in CIMT between the sexes became significant after the age
of 45 years.

Correlations between CIMT and age
Age was strongly correlated with CIMT measurements
in both sexes (Figure 2). In all participants, age showed a

CIMT
0.72
0.75
0.7 063 _—"
. 0.65 /
E 06 Pt
£ -* 063
= 055 0.48 i
E o5 ————
s ° ==
= 045 0.51
o v 0.48
0.4
0.35
0.3 T T 1
<45 years 45-60 years >60 years
—— Men =- == Women

Figure | CIMT (median) changes with age in female and male patients.
Abbreviation: CIMT, carotid intima-media thickness.

positive correlation with CIMT (»=0.516, P<<0.001). Similar
correlations between CIMT and age were seen in separate
analyses for the sex subgroups, with a positive correla-
tion in both (women: r=+0.465, P<<0.001; men: r=+0.612,
P<0.001).

CIMT - single-factor analysis

Factors affecting CIMT in the entire group were as fol-
lows: age (b=+0.008, P<<0.0001), hypertension (b=+0.059,
P<0.01), PP (b=+0.004, P<<0.0001), type 2 diabetes
(b=40.095, P=0.0001), BMI (b=+0.006, P<<0.01), increased
waist circumference (b=+0.076, P<<0.01), metabolic syn-
drome (b=+0.044, P<<0.05), and female sex (6=—0.050,
P<0.05). Significant differences were observed between the
sexes in terms of risk factor impact on CIMT. In men, only
three factors significantly affected CIMT: age (b=+0.009,
P<0.0001), hypertension (b=+0.067, P<<0.05), and type
2 diabetes (b=+0.073, P<<0.05). In women, apart from age
(b=+0.008, P<<0.0001) and type 2 diabetes (b=+0.111,
P<0.01), significant factors were PP (b=+0.005, P<<0.0001),
BMI (b=+0.007, P<<0.05), increased waist circumference
(b=+0.092, P<0.01), and metabolic syndrome (b=+0.071,
P<0.05). Linear regression analysis results for CV risk fac-
tors and CIMT in the entire group and in the male and female
subgroups are given in Table 4.

CIMT — multiple-factor analysis

In the multiple regression analysis, independent CIMT deter-
minants for the entire group were age (b=+0.007, P<<0.001)
and BMI (b=+0.007, P=0.006). For males, age was the only
independent determinant of CIMT (b=+0.010, P<<0.001). For
females, these were PP (b=+0.003, P=0.014), age (b=+0.004,
P=0.05), and increased waist circumference (b=+0.068,

Clinical Interventions in Aging 2016:1 |
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CIMT =0.17+0.008 x age, r=0.465 (P<0.001)
CIMT =0.16+0.009 x age, r=0.612 (P<0.001)

1.4 T
\F

1.2f

M

Mean CIMT (mm)

0.2

20 30 40 50

60 70 80 90

Age (years)

Figure 2 Correlation diagram of CIMT and age in male and female patients.
Abbreviations: CIMT, carotid intima—media thickness; F, females; M, males.

P=0.048). Multiple regression analysis results for CIMT are
given in Tables 5-7.

Discussion
Age and CIMT

In the present study group, CIMT values increased with age,
both in women and in men. This finding is consistent with
the literature data, including a large American study: Athero-
sclerosis Risk in Communities (ARIC).' In this study, CIMT
values were lower in women than in men, with age subgroup
analysis revealing that the difference in CIMT between the
sexes becomes significant over the age of 45 years.
Changes occurring in women’s vascular system in the
perimenopausal period may be partially explained by the

changing hormone profile at this stage of life. It is still
debated which hormones contribute to the acceleration of
atherosclerosis in women after menopause and whether it
is more the question of decreasing estrogens or rather rising
androgens. In the Multi-Ethnic Study of Atherosclerosis,
comprising 1,947 postmenopausal women, elevated testos-
terone level and low sex hormone-binding globulin level
were associated with increased CIMT, while no relationship
between estradiol and CIMT was found.'s In a prospective
analysis of 249 women in perimenopausal age (42-57 years)
from the Study of Women’s Health Across the Nation
population, the decrease in estradiol levels and the concurrent
increase in FSH level were independently correlated with
an increase in carotid artery adventitial diameter, while the

Table 4 Linear regression analysis results for variables characterizing the participants (independent variables) and CIMT

Variable The slope coefficient b

All 256 participants 134 female participants 122 male participants
Age +0.008* +0.008* +0.009*
Sex (female) —0.050%* NA NA
Arterial hypertension +0.059%** +0.048 +0.067+*
Mean arterial pressure —0.001 —0.0001 +0.0001
Pulse pressure +0.004* +0.005* +0.001
Diabetes mellitus +0.095* +0.1 1 ¥+ +0.073**
Dyslipidemia —-0.037 —-0.081 +0.0001
Cigarette smoking +0.014 +0.028 +0.050
Waist circumference > normal +0.07 67+ +0.0927*+* +0.049
Metabolic syndrome +0.044°** +0.07 I+ +0.010
Heart rate —0.002 —0.002 —0.001
BMI +0.0067*+* +0.007+* +0.004

Notes: *P<<0.001, ¥**P<0.05, ***P<0.01. Data in bold indicates statistical significance.

Abbreviations: CIMT, carotid intima—media thickness; BMI, body mass index; NA, not applicable.
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Table 5 Multiple regression analysis results for variables characterizing the 256 participants (independent variables) and CIMT

B SE, b SE, P-value VIF (B)
Intercept b, NA NA —0.03 0.09 0.750 NA
Age +0.497 0.068 +0.007 0.001 <0.001 1.38
BMI +0.195 0.071 +0.007 0.003 0.006 1.50
Metabolic syndrome —-0.128 0.073 -0.031 0.024 0.062 1.40
Female —0.117 0.062 —0.038 0.020 0.058 1.13
PP +0.109 0.069 +0.001 0.001 0.117 1.35
Diabetes mellitus +0.098 0.065 +0.032 0.021 0.136 1.25
HT +0.076 0.066 +0.025 0.022 0.251 1.20
HR —0.032 0.063 —0.001 0.001 0.609 I.14

Notes: CIMT =—0.03+0.007— age +0.007— BMI. R>=0.341. Data in bold indicates statistical significance.
Abbreviations: CIMT, carotid intima—media thickness; SE, standard error; BMI, body mass index; PP, pulse pressure; HT, hypertension; HR, heart rate; NA, not applicable;

VIF, variance inflation factor.

decrease in sex hormone-binding globulin observed at that
time was independently correlated with CIMT increase.'® It
is also noteworthy that the interaction between sex hormone
levels and the development of vascular changes (including
CIMT increase) is complex and involves various mecha-
nisms, for example, insulin resistance, high blood pressure,
and changes in lipid profile.!"

As stated earlier, in the present study group, the differ-
ence in CIMT between the sexes became significant over
the age of 45 years. Interesting observations on CIMT
trends with age were provided by a German study on 4,814
healthy subjects aged 35—74 years. Women had lower CIMT
values than men in all age groups, except for the oldest one
(=74 years), where the difference between the sexes in terms
of CIMT became insignificant. This can be explained by
“survival bias” — in this case, earlier death of elderly men
with higher CIMT values (entailing a higher risk of cardio-
vascular events) and, therefore, longer survival of men with
lower CIMT.?

Blood pressure and CIMT

Cross-sectional studies showed a correlation between
hypertension and increased CIMT in both sexes, in various
populations.?**! The ARIC study demonstrated that increased

SBP and DBP values were linked to higher CIMT in both
females and males.?

In the present study group, similar results were obtained:
SBP, DBP, and PP were correlated with CIMT in the entire
group and in the female subgroup, but not in the male sub-
group. The correlation between PP and CIMT in multiple
regression analysis for females is an interesting observation
from this study.

Recently, there has been growing interest in differences
between the sexes in terms of age-related changes in two
components of the blood pressure curve: the steady compo-
nent, expressed by mean arterial pressure, and the pulsatile
component, reflected by PP. It has been pointed out that in
women (more clearly than in men), the pulsatile component
ofblood pressure — expressed by PP and largely dependent on
arterial stiffness — increases with age compared to the steady
component, which is expressed by mean arterial pressure and
is mainly dependent on peripheral resistance. High PP may
exacerbate shear stress, leading thus to endothelial dysfunc-
tion and acceleration of atherosclerosis.

In a cross-sectional study of a Spanish population, which
included 3,161 patients with CV risk factors, PP proved to be
an independent predictor of CIMT and, contrary to the pres-
ent study group, both women and men were affected.?* In the

Table 6 Multiple regression analysis results for variables characterizing the 134 female participants (independent variables) and CIMT

B SEﬂ b SE, P-value VIF (B)
Intercept b, NA NA +0.16 0.08 0.051 NA
PP +0.317 0.125 +0.003 0.001 0.014 1.55
Age +0.242 0.126 +0.004 0.002 0.050 1.52
Waist circumference > normal +0.207 0.103 +0.068 0.034 0.048 1.07
Diabetes mellitus +0.079 0.110 +0.031 0.042 0.472 1.28
Metabolic syndrome +0.006 0.150 +0.001 0.068 0.845 1.42
BMI -0.014 0.156 —0.001 0.006 0.930 1.51

Notes: CIMT =0.16+0.003— PP +0.004— age +0.068— waist circumference > normal. R?=0.350. Data in bold indicates statistical significance.
Abbreviations: CIMT, carotid intima—media thickness; SE, standard error; PP, pulse pressure; BMI, body mass index; NA, not applicable; VIF, variance inflation factor.
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Table 7 Multiple regression analysis results for variables characterizing the 122 males (independent variables) and CIMT

B SE, b SE, P-value VIF (p)
Intercept b, NA NA +0.13 0.06 0.045 NA
Age +0.669 0.077 +0.010 0.001 <0.001 1.52
HT +0.048 0.082 +0.016 0.028 0.561 1.51
Diabetes mellitus +0.028 0.083 +0.009 0.027 0.736 1.28

Notes: CIMT =+0.13+0.010— age. R*=0.448. Data in bold indicates statistical significance.
Abbreviations: CIMT, carotid intima—media thickness; SE, standard error; HT, hypertension; NA, not applicable; VIF, variance inflation factor.

ELSA-Brazil Cohort (9,792 subjects), PP had a significant
contribution to the prediction of CIMT.’ A study on a French
population also revealed that the correlation between PP and
CIMT was bidirectional: initially determined PP is a predic-
tor of CIMT and initially determined CIMT is a predictor of
PP.* The question whether it is high PP that contributes to
the CIMT increase or vice versa remains open.

Diabetes and CIMT

Linear regression analysis in the present population revealed
a significant correlation between type 2 diabetes and CIMT
in the entire study group and in the sex subgroups analyzed
separately. However, diabetes did not prove to be an indepen-
dent predictor of CIMT in multiple regression analysis.

Links between type 2 diabetes and CIMT are well docu-
mented in the literature. Type 2 diabetes was a predictor for
increased CIMT in various groups: among Finnish males
with CV risk factors? and in an American population in
the ARIC study.? In the German Gutenberg Heart Study,
type 2 diabetes significantly affected CIMT in males, but
not in females.?

In this study, fasting glucose was not correlated with
CIMT. On the one hand, patients with type 2 diabetes in this
study group were treated with hypoglycemics, which might
have distorted any correlation between glucose levels and
CIMT. On the other hand, literature reports on the relation-
ship between fasting glucose and CIMT are contradictory:
no correlations were found between the two parameters, for
example, in Chinese groups of patients with normal glycemia
and with impaired fasting glucose tolerance*” and in a German
group of patients with carbohydrate metabolism disorders.?
In summary, while the correlation between diabetes and
CIMT seems indisputable, the relationship between fasting
glucose levels and CIMT remains uncertain.

Lipids and CIMT

Numerous prospective studies — including the large ARIC
study — prove the predictive value of LDL cholesterol for
CIMT increases and the protective prognostic value of
HDL cholesterol.?!* Also Santos et al’ in ELSA-Brasil

Cohort showed that LDL/HDL ratio contributed to increased
CIMT.

Interesting observations were made in a study of 1,648
Japanese patients with type 2 diabetes, in whom vascular
stiffness (using baPWV [brachial ankle pulse wave velocity])
and CIMT were assessed. LDL and HDL cholesterol were
independent determinants of CIMT, while no significant
correlation with baPWV was found.*

In the present study group, lipid abnormalities were not
found to be independent determinants of CIMT. This observa-
tion is consistent with the results of the study by Rundek et al,®
in which the association between LDL cholesterol and CIMT
was marginal, whereas HDL cholesterol, total cholesterol,
and triglycerides exerted no significant effect on CIMT.

Obesity and CIMT

The correlation between obesity parameters — BMI and
increased waist circumference — and CIMT is well docu-
mented in the literature. BMI, together with age and waist-
to-height ratio, was an independent predictor of CIMT in a
population of healthy Irish subjects.’! Similar results were
obtained in the large Progetto ATENA study, including
5,062 middle-aged Italian women, where BMI and WHR
were independent CIMT predictors.*> What is worth noting,
in the ELSA-Brasil Cohort, is that the neck circumference
was proved to be the adiposity marker strongly associated
with CIMT, especially in comparison to traditional adiposity
markers such as WHR.’

In this study, significant correlations between waist cir-
cumference, BMI, and CIMT were found and were especially
marked in females. In the entire study group, BMI was an
independent predictor of CIMT. In females, waist circumfer-
ence was an independent CIMT determinant, while in male
subjects, no significant correlation was found between CIMT
and increased waist circumference or BMI.

The stronger impact of obesity on CIMT in females
observed in this study is corroborated in the literature. In the
Italian SardiNIA study, BMI and increased waist circumfer-
ence were correlated with increased CIMT in both sexes, but
the correlation was stronger in women.*
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Nicotine and CIMT

This study did not reveal any significant correlation
between nicotine addiction and CIMT. However, such cor-
relation was reported in many studies, including the large
prospective study of an American population, ARIC,?*3*
and the Bogalusa Heart Study performed in an American
population of young adults.’> The Bogalusa Heart Study
also demonstrated that active smokers had higher CIMT
values than nonsmokers, despite having lower BMI and
waist circumference values and lower fasting glucose
levels.*

Metabolic syndrome and CIMT

In this study, metabolic syndrome was significantly cor-
related with CIMT in the entire group and in the female
subgroup in single-factor analysis, but the correlation
became insignificant in multiple-factor analysis. How-
ever, it is of great importance that two features of metabolic
syndrome — increased waist circumference and a hypertensive
parameter (PP) — remained significant in multiple-factor
analysis in the female subgroup. Notably, no correlation
was found between metabolic syndrome and CIMT in the
male subgroup.

Literature data also include observations indicating a
stronger impact of metabolic syndrome on CIMT in women
than in men. In a Taiwanese study, metabolic syndrome as
defined by Adult Treatment Panel I1I was significantly cor-
related with higher CIMT in women, but not in men.*’

Interesting results were reported in a study by Olszanecka
et al*® on a population similar to that in this study: 152
perimenopausal Polish women (mean age: 51 years), newly
diagnosed with arterial hypertension. In that population,
independent predictors of increased CIMT were age, SBP,
and metabolic syndrome as defined by International Diabetes
Federation. In a similar way to the present results, the key
metabolic syndrome component that affected CIMT — aside
from blood pressure parameters — was increased waist
circumference, the marker of abdominal obesity. In recent
years, increased attention has been paid to the role of adipose
tissue distribution and the stronger impact of abdominal
stored fat on atherosclerosis progression.** Therefore, CVD
risk stratification should incorporate not only BMI but also
waist circumference.

Literature data indicate that the impact of metabolic
syndrome on CIMT is more marked in women than in men.
This can be explained by the fact that in women, metabolic
syndrome contributes to a premature cessation of the protec-
tive effects of estrogens in the cardiovascular system.

In summary

The influence of traditional CV risk factors on CIMT is still
unclear. The results of recently published studies indicate
that the impact of traditional CV risk factors on CIMT is
marginal, which was also observed in our study group. In our
study, age and BMI were the only factors affecting CIMT
in the whole group in the multiple-factor analysis. These
observations may suggest that CIMT is not a direct marker
of atherosclerosis but rather of adaptive changes that occur
with age in the arterial wall and include the hypertrophy of
the media in response to high blood pressure.® However, this
issue requires further research.

Strengths and limitations

The strength of our study is the analysis of the impact of
CV risk factors on CIMT, performed separately in men and
women in different age groups.

Limitations of the study: our analysis is cross-sectional
and includes only Caucasian subjects — therefore, its results
cannot be generalized to other populations. We analyzed
patients at the initial stages of atherosclerosis and excluded
those with carotid plaques. We did not measure the sex hor-
mone serum levels. Conclusion must be made with caution
because results of this study might be influenced by small
sample size.

Conclusion

CIMT values are lower in women than in men, which is
most pronounced over the age of 45 years. There are sex-
related differences in the profile of CV risk factors affecting
CIMT: in males, CIMT is mostly determined by age, while
in females: by age, PP, and increased waist circumference.
This paper demonstrates the necessity of separate analyses
for the sex subgroups. The identification of separate profiles
of risk factors affecting CIMT in men and women may have
significant implications for developing cardiovascular disease
prevention strategies.
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