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1  | INTRODUC TION

Cardiovascular disease (CVD) represents the leading cause of mor-
bidity and mortality in the Western World.1 The increasing preva-
lence of CVD and the related mortality are affected mainly by the 

aging of the population, which is strongly associated with impaired 
arterial hemodynamics, vascular aging, and inactivity.1,2 Indeed, ar-
terial stiffening and endothelial dysfunction, through degradation 
of elastin fibers, increased vascular oxidative stress and chronic 
low-grade inflammation, are biological events that take place along 
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Abstract
The impact of physical exercise, as preventative measure, to control the progres-
sion of cardiovascular disease in midlife remains under investigation. We aimed to 
investigate the effect of different levels of intensity of physical activity on meta-
bolic and vascular profile in healthy postmenopausal women. A total of 625 healthy 
postmenopausal women (mean age 57.7 ± 7.6 years) were evaluated using the short 
IPAQ questionnaire for quantification of physical activity. The energy expenditure 
was estimated in metabolic equivalent of energy (MET) hours per week. Pulse wave 
velocity (PWV) was measured as an index of arterial stiffness. Intima-media thickness 
of both right and left common carotid artery, carotid bulb and internal carotid artery, 
and combined carotid IMT were also assessed by non-invasive and well-validated 
methods. Mean values of PWV decreased linearly with increasing intensity of physi-
cal activity (classes of physical activity: sedentary vs walking vs moderate vs vigorous 
activity: 9.07 ± 1.22 m/s vs 9.12 ± 1.72 m/s vs 8.47 ± 1.31m/s vs 7.94 ± 0.40 m/s, 
ANOVA P for linear trend .003). In non-obese postmenopausal women, PWV values 
associated with: (a) the total number of METs (b-coefficient = −0.261, P = .002) as 
well as with SBP; (b) or with the number of moderate METs (b-coefficient = −0.192, 
P = .025) as well as with age and SBP. No significant associations were observed be-
tween the intensity of physical exercise and arterial stiffness in the overweight-obese 
group. Physical activity is negatively associated with arterial stiffness in postmeno-
pausal women with normal weight. This association was not observed in overweight 
or obese women.
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with aging per se.3,4 Moreover, obesity epidemics that is even more 
pronounced in older populations contribute in the development of 
various CVD risk factors, such as type 2 diabetes mellitus (T2DM), 
dyslipidemia, and hypertension that further increase the global bur-
den of the CVD disease.2,5

Menopause is characterized by abrupt and significant reduction 
in circulating estrogens, a phenomenon that is thought to interact 
with other cellular aging processes and to influence vascular dys-
function via mechanisms that involve oxidative stress and inflamma-
tion.4,6,7 Effective population-wide prevention is needed to prevent 
the anticipated upward trend of CVD.8

Regular physical activity is the most widely adopted strategy 
for reducing CVD risk with aging, more likely due to its vascular 
health-enhancing influence.4,9 Evidence from recent meta-analysis 
suggests that aerobic exercise is the most effective type of physi-
cal activity to improve arterial stiffness and to reduce blood pres-
sure.10,11 This type of exercise also enhances endothelial function by 
reducing oxidative stress in men, but not consistently in postmeno-
pausal women.4 Evidence on the effect of aerobic exercise interven-
tions in postmenopausal women is based on studies with very small 
samples sizes with differences in the participants and outcomes 
studied.4,12,13,14

Many older women have a difficulty in adhering to aerobic train-
ing programs and often quit exercising in groups due to perceived 
or actual barriers, such as musculoskeletal discomfort and increased 
levels of heat load and unpleasant feeling.15 Alternative aerobic 
training modalities, such as swimming, have also been recently stud-
ied with promising results reductions in arterial stiffness, blood pres-
sure, strength, and aerobic capacity in postmenopausal women.16 
However, data are still limited on cardiovascular adaptations after 
physical activity in women of post-reproductive status, while there 
are gaps in the literature regarding other factors contributing to in-
ter-individual variability in these adaptations. Furthermore, more re-
alistic exercise approaches for these women in daily routine, such as 
walking and other mild types of physical activity, need to be further 
studied.4,16

The aim of this study was to investigate the association of low-in-
tensity, moderate-intensity and vigorous-intensity physical activity 
with cardiometabolic parameters, carotid intima-media thickness, 
and arterial stiffness in 625 postmenopausal women with mean age 
57.7 ± 7.6 years.

2  | METHODS

2.1 | Study design and population

This cross-sectional study recruited healthy postmenopausal women 
who were reviewed in the Menopause Clinic of Aretaieion Hospital, 
2nd Department of Obstetrics and Gynecology, National and 
Kapodistrian University of Athens. This Clinic is active since 1998, 
offering advice to all postmenopausal women seeking help on man-
aging menopause-related symptoms as well as primary prevention 

practices. All women who visited the clinic for the first time between 
September 2015 and July 2019 were invited to participate in this 
study.

Briefly, all women were subjected, before their recruitment, to 
a routine evaluation program which included breast mammogra-
phy, gynecological examination, and Papanicolaou smear, as well as 
evaluation of renal/thyroid/liver function. Exclusion criteria were as 
follows: (a) familial hypercholesterolemia, (b) thromboembolism as 
well as peripheral artery disease, (c) clinically overt or treated coro-
nary artery disease or cardiovascular disease, (d) premature ovarian 
failure, (e) inflammatory disease, and (f) gynecological malignancy. 
Absence of menses for a period of at least 12 consecutive months 
together with levels of estradiol <50 pg/mL and follicle-stimulating 
hormone >25  mIU/mL was defined as post-menopause. Women 
with adherence or retention concerns (eg, alcoholism) were not 
included in the study. After application of the exclusion criteria, 
a total of 625 healthy women were selected to participate in this 
study. All participants signed an informed consent for participation 
in the study. Institutional review board approval was obtained by the 
Ethics Committee of the “Aretaieion” Hospital.

2.2 | Protocol study procedures

Data on demographic, anthropometric parameters as well as gy-
necological and personal history of participating women have been 
collected by the same trained staff, according to standardized proce-
dures. All participants completed a questionnaire on lifestyle, physi-
cal activity, medical, and family history as well as smoking habits. 
The same standard questionnaire used routinely in our clinic was 
now enhanced with a second questionnaire, requesting information 
on physical activity. Every participant was asked to provide details 
on average amount of time per week spent in different groups of 
activity, such as walking (low-intensity), moderate-intensity, and 
vigorous-intensity.

According to the short version of the International Physical 
Activity Questionnaire (IPAQ), the energy expenditure was esti-
mated in metabolic equivalent of energy (MET) hours per week, as 
follows 17:

•	 Walking MET minutes per week were estimated as: Walking 
METs = 3.3 × (walking minutes) × (walking days in leisure)

•	 Moderate MET minutes per week were estimated as: Moderate 
METs  =  4.0  ×  (moderate-intensity activity minutes) x (moder-
ate-intensity days in leisure)

•	 Vigorous MET minutes per week leisure were estimated as: 
Vigorous METs = 8.0 × (vigorous-intensity activity minutes) × (vig-
orous-intensity days in leisure)

•	 Total Leisure time MET minutes per week was estimated as: Total 
METs = (walking METs) + (moderate METs) + (vigorous METs)

Furthermore, the intensity of physical activity was classified into 
three levels, according to the following criteria:
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Category 1 (low-intensity physical activity). Participants meeting 
all three of the following criteria:

(i)	<3 days of vigorous-intensity activity of <20 minutes/ day
(ii)	 <5 days of moderate activity or walking for <30 minutes/ day
(iii)	<5  days of any combination of walking, moderate- or vigor-

ous-intensity activity achieving a maximum total of <600 MET 
minutes per week

Category 2 (moderate-intensity physical activity): Participants 
meeting at least one of the following criteria:

(i)	≥3 days of vigorous-intensity activity of ≥20 minutes/d
(ii)	 ≥5 days of moderate activity and/or walking for ≥30 minutes/d
(iii)	≥5 days of any combination of walking, moderate- or vigorous-in-

tensity activity achieving a minimum total of at least 600 MET 
minutes per week

Category 3 (vigorous-intensity physical activity): Participants 
meeting at least one of the following criteria:

(i)	≥3 days of vigorous-intensity activity achieving a minimum total of 
at least 1500 MET minutes per week

(ii)	 ≥7 days of combined activity, consisting of walking, moderate- 
or vigorous-intensity activities, achieving a minimum total of at 
least 3000 MET minutes per week

Following the completion of the questionnaires, height and 
weight were measured using an electronic scale with upright sta-
diometer, while participating women were dressed in light cloth-
ing. Fasting venous blood tests were obtained for the estimation 
of biochemical and hormonal parameters, and we estimated the 
body mass index (BMI) according to the equation BMI = weight (kg)/ 
height (m)2. Subsequently, we measured systolic (SBP) and diastolic 
blood pressure (DBP) on three different occasions, with time inter-
val of 1 min between each measurement, while the participant was 
comfortable in the seated position. Moreover, fasting venous blood 
tests were obtained for the estimation of biochemical and hormonal 
parameters. The samples were centrifuged and stored appropriately 
in deep freezing −80 C, by the same trained staff. Finally, the vascu-
lar parameters have taken place immediately thereafter in the same 
morning.

2.3 | Biochemical and hormonal assays

Total cholesterol in serum was measured by enzymatic assay (Abbot) 
with a total coefficient of variation (CV) ≤3% and sensitivity 5.0 mg/
dL. Triglycerides were assessed using the enzymatic glycerol phos-
phate oxidase methodology (Abbott) with total CV ≤5% and limit of 
detection (LOD) 5.0  mg/dL. High-density lipoprotein levels (HDL) 
were measured by chromogenic accelerator selective detergent 
methodology (ultra HDL assay, Abbott). The imprecision of the 

above assay (total CV) was ≤4% and the sensitivity 2.5 mg/dL. Low-
density lipoprotein (LDL) cholesterol was measured by elimination 
methodology (MULTIGENT direct LDL, Abbott). The sensitivity of 
the assay was ≤10  mg/dL and the total CV  <  4%. Serum glucose 
was measured by the hexokinase/G-6-PDH methodology (Abbott). 
The total CV was ≤5% and the sensitivity 2.5 mg/dL. All the afore-
mentioned assays were performed on the Architect c 8000 system 
(Abbott Diagnostics).

Levels of serum insulin, follicle-stimulating hormone (FSH), and 
estradiol were measured as previously described.18 Homeostasis 
model assessment of insulin resistance (HOMA-IR) was calculated 
as follows: fasting insulin (μU/mL) × fasting glucose (mmol/L)/22.5.

2.3.1 | Vascular measurements

Intima-media thickness
IMT was assessed by B-mode ultrasound imaging (14.0-MHz multi-
frequency linear array probe, Vivid 7 Pro, GE) and measured in three 
paired segments of both right and left common carotid artery (CCA), 
carotid bulb (CB), and internal carotid artery (ICA) from a fixed lateral 
transducer angle, as previously described.19 Three measurements of 
the maximal IMT in the far wall were averaged in each segment, and 
the average IMT was calculated for both carotid arteries. The right 
and the left carotid IMT average value was defined as combined IMT. 
Apart from well-defined atherosclerotic plaques, any focal thicken-
ing greater than 1.5mm was defined as atherosclerotic plaque. All 
scans were digitally recorded for offline analysis (mean carotid IMT 
coefficient variation-CV 10.6%) both performed by a single operator 
blinded to the cardiovascular risk profile of the subjects.

Pulse wave velocity
Pulse wave velocity was calculated using measurements of pulse 
transit time and the distance traveled between two recording sites 
with a validated non-invasive device (Complior, Artech Medical) 
that allows online pulse wave recording and automatic calculation 
of PWV (PWV equals distance [meters] divided by transit time [sec-
onds]). The PWV was measured between the common carotid artery 
and common femoral artery (CV 2.4% for two repeated measure-
ments) as previously described.18,19

2.4 | Statistical analysis

The analysis has taken place using the Statistical Package of Social 
Science version 25.0 (SPSS version 25.0). Quantitative variables 
were expressed as mean ± standard deviation (SD). Normality was 
tested using the Shapiro-Wilk test. Differences between quantita-
tive variables were evaluated using t test for independent samples. 
Differences between qualitative parameters were evaluated using 
Chi-square analysis (X2). Pearson’s r correlation coefficients were 
calculated to assess the association between total METs and car-
diovascular risk factors as well as anthropometric/demographic 
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parameters and indices of vascular function and structure. We fit-
ted models of linear or logistic multivariable regression analysis, as 
indicated, aiming to explore the association between total METs 
or METs corresponding to physical activity of any intensity (ie, low 
vs moderate vs vigorous, as continuous variables; low vs moder-
ate-high intensity, as dichotomic variable) and indices of vascular 
structure (segmental carotid IMT) as well as PWV or atheromatous 
plaques presence. The models were adjusted for traditional car-
diovascular risk factors. Subsequently, the sample was subdivided 
into lean women (BMI < 25 kg/m2) and overweight-obese women 
(BMI ≥ 25 kg/m2), aiming to evaluate the potential impact of physical 

activity into indices of vascular function and structure. Statistical 
significance was set at the level of P < .05.

3  | RESULTS

Table 1 presents the results of the descriptive analysis of anthropo-
metric, biochemical, and hormonal parameters for the 625 women 
of our study, mean values of segmental carotid IMT and pulse wave 
velocity values.

Table  2 presents the results of the correlation analysis be-
tween MET categories and presence of cardiovascular risk fac-
tors using Pearson’s correlation coefficient. We observed that 
low physical activity correlated negatively with BMI (r-coeffi-
cient  =  −0.084, P  =  .040). Moderate physical activity correlated 
with BMI (r-coefficient  =  −0.104, P  =  .016); waist circumference 
(r-coefficient  =  −0.104, P  =  .016), HDL-cholesterol (r-coeffi-
cient  =  0.123, P  =  .006). Vigorous physical activity was inversely 

TA B L E  1   Descriptive analysis of the biochemical, hormonal, 
and anthropometric parameters as well as indices of subclinical 
atherosclerosis for the 625 women of our study

Mean ± SD or 
Frequency (%)

Age (years) 57.7 ± 7.6

YSM (years) 8.8 ± 7.0

BMI (kg/m2) 27.8 ± 5.1

Waist (cm) 90.5 ± 12.6

Hip (cm) 107.6 ± 10.9

SBP (mm Hg) 116.1 ± 23.2

DBP (mm Hg) 69.9 ± 13.7

Glucose (mg/dL) 93.6 ± 14.2

Insulin (μIU/L) 9.3 ± 8.3

HOMA-IR 1.9 ± 1.2

Cholesterol (mg/dL) 212.6 ± 35.6

Triglycerides (mg/dL) 95.4 ± 41.9

HDL-cholesterol (mg/dL) 64.7 ± 15.1

LDL-cholesterol (mg/dL) 132.9 ± 32.8

CCA-IMT (mm) 13.6 ± 1.3

CB-IMT (mm) 12.9 ± 1.9

ICA-IMT (mm) 12.3 ± 1.9

Combined IMT (mm) 12.8 ± 10.2

PWV (m/s) 8.9 ± 1.6

Plaques CCA 45.8%

Abbreviations: BMI, body mass index; CB-IMT, carotid bulb intima-
media thickness; CCA-IMT, common carotid artery intima-media 
thickness; DBP, diastolic blood pressure; HDL-cholesterol, high-density 
lipoprotein cholesterol; HOMA-IR, homeostasis model assessment 
of insulin resistance; ICA-IMT, internal carotid artery intima-media 
thickness; LDL-cholesterol, low-density lipoprotein cholesterol; PWV, 
pulse wave velocity; SBP, systolic blood pressure; YSM, years since 
menopause.

TA B L E  2   Correlation matrix between METs categories and 
presence of cardiovascular risk factors, using Pearson’s coefficient

METs Low Moderate Vigorous Total

Age (y) 0.039 −0.051 −0.089* −0.053

YSM (y) 0.022 −0.033 −0.031 −0.030

BMI (kg/m2) −0.084* −0.115** −0.020 −0.124**

Waist (cm) −0.051 −0.104* 0.001 −0.087*

Hip (cm) −0.063 −0.083 −0.026 −0.096*

SBP (mm Hg) −0.010 −0.005 0.049 0.014

DBP (mm Hg) 0.040 −0.007 0.002 0.018

Glucose (mg/
dL)

−0.060 −0.067 −0.004 −0.071

Insulin (μIU/L) −0.073 −0.118 −0.014 −0.105

HOMA-IR −0.122 −0.138 0.005 −0.131

Cholesterol 
(mg/dL)

−0.047 0.011 −0.052 −0.038

Triglycerides 
(mg/dL)

−0.059 −0.015 0.028 −0.019

HDL-
cholesterol 
(mg/dL)

−0.048 0.123** −0.014 0.097*

LDL-
cholesterol 
(mg/dL)

−0.074 −0.062 −0.061 −0.103*

CCA-IMT 
(mm)

0.131 0.021 −0.067 0.040

CB-IMT (mm) −0.270 0.109 0.327 −0.157

ICA-IMT (mm) −0.046 0.012 −0.004 −0.024

Combined 
IMT (mm)

−0.025 −0.035 −0.178 −0.039

PWV (m/s) 0.085 −0.082 −0.083 −0.045

Note: Statistical significance is indicated using bold, (*) corresponds to 
P-value < .05; (**) corresponds to P-value < .01.
Abbreviations: BMI, body mass index; CB-IMT = carotid bulb intima-
media thickness; CCA-IMT, common carotid artery intima-media 
thickness; DBP, diastolic blood pressure; HDL-cholesterol, high-density 
lipoprotein cholesterol; HOMA-IR, homeostasis model assessment 
of insulin resistance; ICA-IMT, internal carotid artery intima-media 
thickness; LDL-cholesterol, low-density lipoprotein cholesterol; 
PWV = pulse wave velocity; SBP, systolic blood pressure; YSM, years 
since menopause.
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correlated with age (r-coefficient  =  −0.089, P  =  .029). Total METs 
correlated inversely with BMI (r-coefficient  =  −0.124, P  =  .002); 
waist circumference (r-coefficient = −0.087, P =  .044); hip circum-
ference (r-coefficient = −0.096, p =  .026); HDL-cholesterol (r-coef-
ficient = 0.097, P = 0.029); LDL-cholesterol (r-coefficient = −0.103, 
P = .021).

Models of linear regression analysis were fitted including pulse 
wave velocity in the total sample as dependent variable and phys-
ical activity of any intensity as well as cardiovascular risk factors 
as independent variables (eg, age, menopausal age, smoking, LDL-
cholesterol, BMI, HOMA-IR, systolic and diastolic blood pressure) 
(Table 3). Moderate physical activity was inversely associated with 
values of PWV (b-coefficient = −0.126, P = .001), adjusting for age 
and smoking. On the other hand, neither vigorous physical activity 

nor walking was associated with PWV. Moreover, there was no evi-
dence of a quantitative by METS association between either walking 
or moderate or vigorous physical activity and arterial stiffness, esti-
mated by PWV values (P> .05, all cases).

Aiming to further explore the association of METs with ar-
terial stiffness and related cardiometabolic risk factors, we per-
formed subgroup analyses, dividing our sample into normal-weight 
and overweight-obese women. Comparison of cardiovascular risk 
factors between these two groups, according to the intensity of 
physical activity, is presented in Supplemental Table S1. Overweight-
obese women had significantly higher values of PWV but similar 
levels of segmental carotid IMT (PWV, overweight-obese vs nor-
mal weight: 9.1  ±  1.5  m/s vs 8.4  ±  1.5  m/s, P  <  .001) and higher 
rates of CCA plaques (overweight-obese vs normal weight: 54.9% 

PWV Model R2 b-coefficient 95% CI
P-
value

Evidence of walking 
activity

12.0% 0.026 0.011 to 0.383 .484

Age (years) 0.263 0.158 to 0.483 <.001

Smoking −0.149 −0.358 to 0.190 <.001

LDL-cholesterol (mg/dL) 0.004 −0.094 to 0.142 .926

YSM (y) −0.028 −0159 to 0.023 .599

BMI (kg/m2) 0.104 0.047 to 0.241 .009

HOMA-IR −0.002 −0.172 to 0.039 .967

SBP (mm Hg) 0.071 −0.052 to 0.214 .223

DBP (mm Hg) 0.001 −0.037 to 0.241 .986

Evidence of moderate 
physical activity

11.4% −0.126 −0.427 to −0.098 .001

Age (y) 0.255 0.024 to 0.512 <.001

Smoking −0.153 −0.339 to −0.124 <.001

LDL-cholesterol (mg/dL) 0.009 0.001 to 0.245 .822

YSM (y) −0.026 −0.134 to 0.123 .629

BMI (kg/m2) −0.037 −0.156 to −0.012 .336

HOMA-IR 0.016 0.001 to 0.321 .673

SBP (mm Hg) 0.087 0.003 to 0.421 .132

DBP (mm Hg) 0.005 −0.184 to 0.093 .087

Evidence of vigorous 
physical activity

12.1% −0.044 −0.184 to 0.211 .250

Age (y) 0.260 0.037 to 0.423 <.001

Smoking −0.150 −0.431 to −0.052 <.001

LDL-cholesterol (mg/dL) 0.001 −0.034 to 0.253 .992

YSM (y) −0.029 −0.637 to 0.321 .587

BMI (kg/m2) 0.100 −0.119 to 0.385 .011

HOMA-IR −0.002 −0.148 to 0.432 .959

SBP (mm Hg) 0.076 −0.462 to 0.124 .193

DBP (mm Hg) −0.003 −0.148 to 0.421 .953

Note: Bold indicates statistical significance which was set at the level of P-value < .05
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HOMA-IR = homeostasis 
model assessment of insulin resistance; LDL-cholesterol, low-density lipoprotein cholesterol; PWV, 
pulse wave velocity; SBP, systolic blood pressure; YSM, years since menopause.

TA B L E  3   Linear regression analysis 
including mean values of pulse wave 
velocity (PWV) as dependent variable, 
while the evidence of physical activity 
as well as cardiovascular risk factors was 
added as independent variables (total 
sample: N = 625)
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vs 30.6%, P  <  .001, Chi-square test). Mean values of PWV de-
creased linearly with increasing intensity of physical activity (classes 
of physical activity: sedentary vs walking vs moderate vs vigorous 
activity: 9.07 ± 1.22 m/s vs 9.12 ± 1.72 m/s vs 8.47 ± 1.31 m/s vs 
7.94 ± 0.40 m/s, ANOVA P for linear trend .003, Figure 1).

The same models of linear regression analysis as in Table  3 
were fitted separately for normal-weight and overweight-obese 
women, (Table 4). In normal-weight postmenopausal women, PWV 

values were negatively associated with the total number of METs 
and positively with SBP values (total number of METs: b-coeffi-
cient  =  −0.261, P  =  .002). Similarly, PWV values were negatively 
associated with the number of moderate METs and positively with 
SBP (number of moderate METs: b-coefficient = −0.192, P = .025). 
The number of walking METs showed only a borderline association 
with arterial stiffness values, while the number of vigorous METs 
did not predict arterial stiffness, in women with normal weight. On 

F I G U R E  1   Mean values of pulse wave 
velocity according to category of physical 
exercise for women of the total sample

TA B L E  4   Linear regression analysis including mean values of pulse wave velocity as dependent variable, for the normal-weight subsample 
of our participants (N = 194)

PWV Model R2 b-coefficient 95% CI P-value

Total Mets 38.9% −0.261 −0.419 to 0.002 .002

Age (y) 0.497 0.237 to 0.527 <.001

YSM (y) −0.030 −0.073 to 0.345 .800

BMI (kg/m2) −0.066 −0.189 to −0.021 .501

SBP (mm Hg) 0.337 0.001 to 0.643 .001

DBP (mm Hg) −0.006 −0.351 to 0.036 .958

Smoking −0.124 −0.249 to −0.020 .161

HOMA-IR 0.017 −0.028 to 0.248 .798

LDL-cholesterol (mg/dL) 0.074 0.016 to 0.378 .374

Walking Mets 33.8% −0.146 −0.384 to −0.034 .093

Age (y) 0.475 0.028 to 0.689 <.001

YSM (y) −0.030 −0.118 to 0.027 .820

BMI (kg/m2) 0.081 0.037 to 0.189 .355

SBP (mm Hg) 0.334 0.203 to 0.546 <.001

(Continues)
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the other hand, no significant associations were observed between 
the intensity of physical exercise and arterial stiffness in the over-
weight-obese group (Supplementary Table S2).

Linear regression analysis models were fitted aiming to evalu-
ate the association between physical activity and segmental carotid 
IMT, adjusting for traditional cardiovascular risk factors. However, 
physical activity was not associated with carotid IMT in any segment 
(Supplementary Table S3). Finally, logistic regression analysis models 
were fitted to evaluate the association between physical activity and 
presence of atherosclerotic plaques in the common carotid artery, 
adjusting for traditional cardiovascular risk factors. Neither the type 

nor the intensity of physical activity was associated with the pres-
ence of CCA plaques, even after adjustment for cardiovascular risk 
factors (Supplementary Table S4).

4  | DISCUSSION

We found that mean values of PWV decreased linearly with increas-
ing intensity of physical activity. Furthermore, physical activity was 
negatively associated with BMI, LDL, and triglycerides levels, as 
well as insulin resistance. The favorable association of exercise with 

PWV Model R2 b-coefficient 95% CI P-value

DBP (mm Hg) −0.038 −0.267 to −0.005 .740

Smoking −0.168 −0.299 to −0.065 .063

HOMA-IR 0.019 −0.047 to 0.189 .781

LDL-cholesterol (mg/dL) 0.077 0.024 to 0.234 .373

Moderate Mets 35.8% −0.192 −0.501 to 0.124 .025

Age (years) 0.471 0.351 to 0.578 <.001

YSM (y) −0.023 −0.289 to −0.002 .852

BMI (kg/m2) 0.050 0.028 to 0.239 .560

SBP (mm Hg) 0.334 0.189 to 0.523 <.001

DBP (mm Hg) −0.033 −0.198 to 0.038 .772

Smoking −0.152 −0.351 to −0.099 .088

HOMA-IR 0.015 0.002 to 0.188 .826

LDL-cholesterol (mg/dL) 0.065 0.009 to 0.147 .450

Vigorous Mets 32.7% −0.127 −0.371 to −0.037 .147

Age (y) 0.467 0.286 to 0.720 <.001

YSM (y) −0.093 −0.236 to −0.034 .446

BMI (kg/m2) 0.080 0.037 to 0.178 .360

SBP (mm Hg) 0.325 0.218 to 0.538 <.001

DBP (mm Hg) −0.026 −0.237 to −0.009 .822

Smoking −0.163 −0.394 to −0.026 .073

HOMA-IR 0.013 −0.036 to 0.056 .852

LDL-cholesterol (mg/dL) 0.091 0.035 to 0.178 .293

Low vs moderate/vigorous exercisea  60.3% −0.461 −1.058 to −0.051 .001

Age (years) −0.352 −0.890 to 0.217 .216

YSM (years) 0.542 0.267 to 0.714 <.001

BMI (kg/m2) 0.144 0.108 to 0.383 .277

SBP (mm Hg) 0.509 0.184 to 0.766 .024

DBP (mm Hg) 0.034 −0.425 to 0.008 .851

Smoking −0.120 −0.321 to −0.078 .318

HOMA-IR −0.150 −0.274 to 0.099 .338

LDL-cholesterol (mg/dL) −0.045 −0.134 to 0.327 .739

Note: The intensity/type of physical exercise was added one-by-one as independent variables. Models were adjusted for the presence of 
cardiovascular risk factors. Bold indicates statistical analysis which was set at the level of P-value < .05.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HOMA-IR, homeostasis model assessment of insulin resistance; LDL-cholesterol, 
low-density lipoprotein cholesterol; PWV, pulse wave velocity; SBP, systolic blood pressure; YSM, years since menopause.
aReference category: low physical exercise. 
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arterial stiffness was mainly evident only in normal-weight postmen-
opausal women.

According to earlier studies, higher values of PWV were observed 
in sedentary post- compared to premenopausal, whereas similar 
PWV values were observed comparing endurance exercise-trained 
post- vs premenopausal women.20 On the other hand, carotid ar-
tery stiffness increases with aging in both sedentary and aerobic 
exercise-trained healthy men and women. However, the magnitude 
of these changes with age in exercising men and women is smaller 
(around 50%) of that observed with age in sedentary adults.14,21,22,23 
It is well recognized that exercise training is an effective non-phar-
macological treatment for the improvement of cardiovascular health 
in both young and older individuals.4,9 Evidence from a recent me-
ta-analysis suggests that aerobic training is the most effective type 
of exercise modality to improve blood pressure and arterial stiff-
ness.10,11 There are several significant gaps in our understanding of 
gender differences in the beneficial effects of regular physical activ-
ity on vascular aging, as well as the potential modulatory influence of 
menopause on arterial elasticity.4 The limited information available 
on vascular adaptations to exercise interventions in postmenopausal 
women is based so far on studies with very small samples sizes and 
with differences in the participants and outcomes studied.4,12,13,14

The mechanisms by which physical activity counteracts arterial 
stiffening with aging are not well known. This is because of the 
difficulty in accessing the aorta and carotid arteries and the influ-
ence of other confounding factors, such as obesity, insulin resis-
tance, BP, and vascular tone-modulating cardiovascular reflexes.4,6 
However, there is some evidence that exercise affects vascular sta-
tus by modulation of oxidative stress and low-grade inflammation. 
Physical activity is associated with lower plasma oxidized LDL levels 
and decreased expression of genes related to oxidant production in 
peripheral blood mononuclear cells.12,24,25,26 Furthermore, several 
investigations have reported lower concentrations of C-reactive 
protein (CRP) and inflammatory cytokines or higher concentrations 
of anti-inflammatory cytokines in middle-aged and older men and 
women who regularly perform aerobic exercise.12,13,27,28

Obesity may represent another confounding factor that could 
affect the negative association of physical activity with vascular 
aging. Our study shows that physical activity associated with arterial 
stiffness only in normal-weight postmenopausal women. During the 
menopausal transition, various phenotypical and metabolic changes 
occur including weight gain, central obesity, and an increase in 
waist circumference.29 These phenomena are not only the result of 
chronological aging, but also of ovarian aging and the reduction of 
endogenous estrogen production.7,29 A previous study performed by 
our group showed that 21% of women with normal blood pressure 
at baseline progressed to hypertension, within a median interval of 
3.5 years after the menopausal transition. Central obesity and insu-
lin resistance were the most pronounced risk factors, independently 
of the baseline cardiovascular risk profile.30 Central adipose tissue 
secretes adipokines and cytokines that cause a post-binding defect 
in insulin signaling due to increased serine and decreased tyrosine 

phosphorylation of insulin receptor, which leads to insulin resis-
tance.5 In turn, insulin resistance and hyperinsulinemia have been 
associated with vascular dysfunction and hypertension in a number 
of studies.31,32 Interestingly, physical activity was negatively associ-
ated with insulin resistance, expressed by HOMA-IR, in this study. 
Furthermore, overweight-obese women presented a more adverse 
metabolic profile in comparison with lean women. Overweight-
obese postmenopausal women tend to have greater accumulation 
of one or more metabolic syndrome components, the presence of 
which is negatively associated with arterial stiffness even in non-di-
abetic postmenopausal women as we have previously described.33

The strengths of this study include the homogeneity of our 
cohort and the strict criteria of inclusion; only healthy, postmeno-
pausal women were included, with normal renal function and with-
out T2DM. Furthermore, the definition of physical activity was clear 
and various intensity categories were evaluated. Limitations of the 
study are the cross-sectional design and the fact that women were 
retrieved from the Menopause Clinic of our Department. The latter 
implies that the results described may not reflect the general popu-
lation of postmenopausal women.

In conclusion, this study provided evidence that physical activity 
is associated with a better cardiometabolic profile and lower arterial 
stiffness in postmenopausal women. This association was mainly ev-
ident in lean postmenopausal women. Larger studies are needed to 
corroborate our findings.
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