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ABSTRACT 

Background and Objectives: High aerobic exercise capacity and sport-related physical activity are reported to be 
inversely associated with arterial stiffness in healthy young adults. However, it is unknown whether increased 
physical activity and/or high aerobic exercise capacity attenuate arterial stiffness in patients with untreated hy-
pertension. Subjects and Methods: We studied subjects with never-treated hypertension {n=84 (55 males); mean 
age±SD, 49±7 years; age range, 36-65 years}. We excluded subjects with a history of diabetes, angina, myocardial 
infarction, major arrhythmia, or cerebrovascular diseases and those who were taking any cardiovascular medications, 
including lipid-lowering agents. Carotid intima-media thickness (IMT) and heart-femoral pulse wave velocity 
(hfPWV) were measured before exercise testing was performed. Physical activity was estimated using a modified 
Baecke questionnaire. Aerobic exercise capacity was measured with maximal cardiopulmonary exercise testing 
(maximum oxygen uptake, Vo2max). Results: Linear regression analysis showed a significant inverse correlation 
between sport-index and hfPWV (r=-0.404; p<0.001), which multiple linear regression analysis showed to be 
independent of the individual variables of age, gender, body mass index, mean arterial pressure, total cholesterol, 
fasting blood glucose, and heart rate (beta=-0.277; p=0.004). However, the work- and leisure-indices and Vo2max 
were not associated with hfPWV (p>0.05). Carotid IMT was not associated with physical activity indices or Vo2max. 
Conclusion: In patients with untreated hypertension, increased sport activity was associated with lower aortic sti-
ffness, but high aerobic exercise capacity was not. These results suggest that regular daily exercise, but not exercise 
capacity, is an important determinant of aortic stiffness in patients with untreated hypertension. (Korean Circ J 
2009;39:52-56) 
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Introduction 

 
Many longitudinal studies have demonstrated that in-

creased aortic stiffness is an independent predictor for 
all-cause and cardiovascular mortality, fatal and non-fatal 
coronary events, and fatal stroke in patients with un-
complicated essential hypertension,1) type 2 diabetes,2) 
end-stage renal disease,3) and old age,4) as well as in the 
general population.5)6) Increased carotid intima-media 

thickness (IMT) is also a good predictor of adverse car-
diovascular event risk.7)8) Thus, recent guidelines for the 
management of hypertension have adopted measurement 
of aortic pulse wave velocity (PWV) and carotid IMT for 
the evaluation of target organ damage and the prediction 
of risk of cardiovascular disease in hypertensive subjects.9) 
Although data is limited, it is thought that reduction in 
aortic stiffness will dramatically decrease cardiovascular 
events and mortality, regardless of the intervention.10) 

High aerobic exercise capacity has been reported to be 
associated with lower risk of all cause and cardiovascular 
disease mortality,11) and regular aerobic physical activity 
may prevent cardiovascular disease.12) Several studies have 
found that significant age-related increases in aortic stiff-
ness are absent in physically active men13) and women14) 
and that habitual aerobic endurance-exercise may atten-
uate age-related increases in aortic stiffness in healthy 
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subjects.13)15)16) However, in subjects with hypertension, 
data for the effects of aerobic exercise capacity on aortic 
stiffness are limited and controversial. 

Higher levels of aerobic exercise capacity are inversely 
associated with carotid atherosclerosis,17) but not with 
aortic stiffness.18) The effect of aerobic exercise capacity 
and physical activity on aortic stiffness in subjects with 
never treated hypertension has not yet been defined. 
Therefore, the present study was performed to evaluate 
whether increased physical activity and/or high aerobic 
exercise capacity are associated with attenuation of arte-
rial stiffness and carotid IMT in subjects with never trea-
ted hypertension. 
 

Subjects and Methods 
 
Study population 

We studied subjects between the ages of 36 and 65 
years who had never been treated for hypertension (n= 
84, 55 males, mean age±SD, 49±7 years). Hypertension 
was defined as systolic blood pressure ≥140 mmHg 
and/or diastolic blood pressure ≥90 mmHg. The blood 
pressure was confirmed during two or more clinic visits. 
Exclusion criteria included resting systolic blood pressure 
≥180 mmHg and/or diastolic blood pressure ≥110 
mmHg; duration of hypertension greater than 2 years; 
or history of angina, diabetes mellitus, myocardial infarc-
tion, significant arrhythmia, stroke, peripheral arterial 
disease, heart failure, or significant ST changes suggesting 
coronary artery disease during exercise test. Informed 
consent was obtained from all patients. 
 
Study protocol 

Body mass index was calculated as the weight in ki-
lograms divided by the square of the height in meters. 
Blood samples were taken for measurement of fasting 
blood glucose and serum lipid/lipoprotein profiles after 
subjects had fasted overnight. The PWV and carotid 
IMT were measured with the patient in the supine posi-
tion after at least 10 minutes of rest in a controlled en-
vironment (quiet room at 22±1℃). Data concerning 
frequency, duration, and type of habitual physical activity 
were obtained using the modified Baecke questionnaire 
of habitual activity, which was designed to quantify work, 
sports, and non-sport leisure activities.19) A graded tread-
mill exercise with Bruce protocol was performed to mea-
sure aerobic exercise capacity. Maximal oxygen consum-
ption (Vo2max) was measured using online, computer-
assisted, open circuit spirometry. 
 
Measurement of physical activity 

Physical activity was assessed using the modified Bae-
cke physical activity questionnaire at the first visit, before 
cardiopulmonary exercise testing.19) In brief, the three 
Baecke survey ordinal indices (work, leisure, and sports) 

were graded from low (1) to high (5) with respect to 
physical activity. The work index included eight self-rated 
questions about work vigor (compared to others of the 
same age) and frequency of sitting, standing, walking, 
lifting, carrying heavy loads, sweating, and fatigue experi-
enced after work. The leisure index included four ques-
tions that focused on the frequency of television watching 
and light-intensity activities: walking, bicycling, and wa-
lking or bicycling to or from work or shopping. The sport 
index assessed the sum of the yearly frequency, weekly 
duration, and coded intensity (low, medium, or high) of 
up to four self-reported sport activities, as well as the 
frequency of sweating, general frequency of sport play, 
and self-rated amount of leisure activities compared with 
other persons the same age. 
 
Measurement of pulse wave velocity 

Arterial stiffness was assessed by measuring the heart-
femoral PWV (hfPWV).20) Measurements were performed 
using an automated device (VP-2000, Colin, Japan).21) 
One trained observer performed all the measurements. 
In brief, electrocardiography electrodes were placed on 
both wrists, and a heart sound microphone was placed 
on the left sternal border. Occlusion cuffs that were con-
nected to oscillometric sensors were wrapped around 
both upper arms and ankles. Both the brachial and ankle 
blood pressure (BP) were measured simultaneously, and 
the ankle-brachial pressure index (ABI) was calculated. 
The carotid and femoral arterial pulse waves were acqui-
red using multielement tonometric sensors placed on 
the left carotid artery and the femoral artery. The heart-
femoral (from the aortic orifice to the femoral artery) 
pulse transit time was calculated through summation of 
the carotid-femoral pulse transit time and the heart-ca-
rotid pulse transit time. The path length of the heart-
carotid segment was automatically calculated based on 
the patient’s height. 
 
Measurement of carotid intima-media thickness 

Ultrasound measurement of the carotid IMT of the 
common carotid artery (CCA) was performed using a 
GE Vivid7 scanner (GE Medical Systems, USA) equip-
ped with a 12 MHz linear array transducer, as previously 
described.21) All measurements were performed by a well 
trained sonographer, with the subject in the supine po-
sition and the subject’s head turned slightly contralateral 
to the side being examined. The right and left CCAs 
were scanned first in a transverse plane, and then scan-
ned longitudinally. Two images of the right CCA and 
two images of the left CCA were scanned and stored as 
digital images. Measurement of the CCA IMT was con-
ducted using a computer system with automatic IMT 
measurement software (M’Ath®-Std©, Metris, France).22) 
The CCA IMT was measured within 2 cm proximal to 
the carotid bifurcation along at least 1 cm of axial length. 
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The mean values of the right and left CCA IMTs were 
used for analysis. 
 
Cardiopulmonary exercise test 

Maximal exercise capacity was measured using a trea-
dmill exercise test.23) Vo2max was used as a measure of 
maximal aerobic capacity. Graded exercise testing was 
performed using the Bruce treadmill protocol (Q-Stress 
TM55, V3.5, Quinton, USA), and analysis of expired 
gases was accomplished using a metabolic cart with on-
line, computer assisted, open circuit spirometry (Sensor-
Medics Vmax Encores 29, SensorMedics, USA). For an-
alysis, we used the Vo2max measured in a plateau while 
workload and heart rate were still increasing. 
 
Statistical analysis 

The Statistical Package for Social Science (SPSS) 13.0 
(SPSS Inc, Chicago, Il, USA) statistical software package 
was used for all statistical analysis. Descriptive statistics 
of baseline and clinical characteristics are expressed as 
either means and standard deviations (SD) or as per-
centages, as appropriate. A p<0.05 was regarded as stati-
stically significant. Associations of sports index, work 
index, leisure index, and Vo2max with hfPWV and CCA 
IMT were analyzed using a multiple linear regression 
model under adjustment for age, sex, body mass index 
(BMI), mean arterial pressure (MAP), total cholesterol, 
fasting blood glucose, and heart rate. The results are 
depicted as standardized coefficients, with p in paren-
theses. We implemented Analysis of Variance (ANOVA) 
using the General Linear Model to compare hfPWV, 
according to tertiles of sport index and Vo2max, as sepa-
rate models under adjustment for the covariates of age, 
sex, BMI, heart rate, MAP, total cholesterol, and fasting 
blood glucose. 
 

Results 
 

The demographic and clinical characteristics of the 
study subjects are presented in Table 1. Mean systolic 
blood pressure was 150±15 mmHg, and mean diastolic 
blood pressure was 94±9 mmHg. Mean Vo2max was 
32.2±7.7 mL/kg per minute. Mean hfPWV was 965±
114 cm/sec. 

Table 2 shows the association of physical activity and 
Vo2max with hfPWV and CCA IMT. Among the deter-

minants, sport index was significantly associated with 
hfPWV on multiple regression analysis with adjustment 
(standardized regression coefficient -0.277; p=0.0004). 
The other physical activity scores, such as work and 
leisure index and Vo2max, were not associated with 

Table 1. Baseline and clinical characteristics of studied subjects
(n=84) 
Variables  

BMI (kg/m2) 25.7±2.7 

Total cholesterol (mg/dL) 199±37 

LDL cholesterol (mg/dL) 113±38 

Triglyceride (mg/dL) 157±93 

HDL cholesterol (mg/dL) 56±12 

Fasting blood glucose (mg/dL) 102±17 

Heart rate (beats/min) 67±10 

Systolic blood pressure (mmHg) 150±15 

Diastolic blood pressure (mmHg) 94±9 

Mean arterial blood pressure (mmHg) 119±12 

Pulse pressure (mmHg) 55±12 

Smokers (%) 22.6 

hfPWV (cm/sec) 965±114 

Carotid IMT (mm) 0.71±0.10 

Vo2max (mL/kg/min) 32.2±7.7 

Work index* 2.67±0.56 

Sport index* 2.38±0.65 

Leisure index* 2.68±0.55 

Sum of index* 7.74±1.15 
Descriptive statistics of baseline and clinical characteristics are ex-
pressed using means and standard deviations or percentages, as ap-
propriate. *Indices from modified Baecke questionnaire.19) SD: st-
andard deviation, BMI: body mass index, LDL: low density lipo-
protein, HDL: high density lipoprotein, hfPWV: heart-femoral pulse
wave velocity, IMT: intima-media thickness 
 
Table 2. Association of physical activity and aerobic exercise 
capacity with heart-femoral pulse wave velocity and carotid intima-
media thickness. Data are standardized regression coefficients 
(p). Each determinant was analyzed by multiple regression analysis
adjusted to age, sex, body mass index, mean arterial pressure, 
total cholesterol, fasting blood glucose, and heart rate 

Determinants hfPWV Carotid IMT 

Sport index* -0.277 (0.004) -0.014 (0.091)

Work Index* -0.048 (0.620) 0.120 (0.258)

Leisure Index* 0.006 (0.952) 0.186 (0.081)

Vo2max 0.038 (0.799) 0.171 (0.300)
*Indices from modified Baecke questionnaire.19) hfPWV: heart-fe-
moral pulse wave velocity, IMT: intima-media thickness, Vo2max:
maximal oxygen consumption on cardiopulmonary function test 

 
Table 3. General Linear Model comparison of heart-femoral pulse wave velocity ccording to three levels of sport index and Vo2max, after
adjustment for age, sex, BMI, heart rate, mean arterial pressure, total cholesterol, and fasting blood glucose 

Sport index Vo2max 
Tertiles 

Range Beta (se) p Range Beta (se) p 

1st 1.25-2.0 0 (reference) - 14.8-28.9 0 (reference) - 
2nd 2.25-2.50 -13.8 (25.8) 0.595 29.1-35.1 -27.5 (27.8) 0.326 

3rd 2.75-4.50 -75.1 (26.4) 0.006 35.4-67.8 -10.1 (40.9) 0.806 
Vo2max: maximal oxygen consumption on cardiopulmonary function test 
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hfPWV (Table 2). CCA IMT was not associated with 
physical activity scores or Vo2max (Table 2). The highest 
tertile of the sport index was significantly associated 
with hfPWV (Table 3). The sport-index was inversely 
correlated with the hfPWV (Pearson’s correlation r=  
-0.404; p<0.0001; Fig. 1). 
 

Discussion 
 

Aerobic exercise capacity and physical activity have 
been reported to be inversely associated with arterial 
stiffness in young adults.13-16) Habitual aerobic-endura-
nce exercise attenuates age-associated increases in arterial 
stiffness in healthy subjects. Aortic PWV increases with 
age, but the difference in aortic PWV between younger 
and older adults has been shown to be smaller in endu-
rance-trained men, compared with recreationally inactive 
and sedentary men.15) One study showed no age-related 
increase in aortic stiffness in physically active women.14) 
Endurance-trained athletes also had greater arterial com-
pliance compared with age-matched sedentary control 
subjects.24) An interventional study concerning the effect 
of exercise on arterial stiffness also showed that short- 
and long-term regular aerobic exercise can attenuate age-
related arterial stiffness in previously sedentary subjects 
and healthy older subjects.13)25)26) 

However, the effects of aerobic exercise on arterial 
stiffness in subjects with hypertension are controversial. 
Although aerobic exercise is known to lower blood pres-
sure in patients with hypertension,27) elderly subjects with 
isolated systolic hypertension have shown resistance to 
aerobic exercise training.28)29) Furthermore, it is unknown 
whether increased physical activity reduces aortic stiff-
ness in hypertensive patients. A recent study reported 
that higher aerobic exercise capacity is not associated 
with lower aortic stiffness in hypertensive individuals.18) 
However, the study population was inhomogeneous, in-
cluded subjects taking antihypertensive medications, and 

did not evaluate the relationship between physical activ-
ity and arterial stiffness. Antihypertensive medication 
can affect aortic stiffness, and results from inhomogene-
ous subjects cannot exclude the effects of antihyperten-
sive medications. In addition, previous studies have not 
evaluated the effects of physical activity and/or aerobic 
exercise capacity in younger subjects with hypertension. 

The present study showed that aortic stiffness is in-
versely related to sports activity in never-treated hyper-
tensive patients, but not to aerobic exercise capacity. Our 
findings suggest that daily regular exercise before or soon 
after the diagnosis of hypertension may attenuate the 
progression of aortic stiffness. Similar to previous reports, 
the present study showed no relationship between aero-
bic exercise capacity and aortic stiffness in hypertensive 
subjects. Aerobic exercise capacity may be higher in 
younger sedentary subjects than it is in elderly subjects. 
Thus, measurement of aerobic exercise capacity may not 
reflect long-term habitual exercise. The present study 
implemented the Baecke physical activity questionnaire 
in order to evaluate long-term, habitual physical activity. 
This method has been validated and can measure habi-
tual physical activity over a period of one year,30) suggesting 
that long-term physical activity is more important in the 
attenuation of aortic stiffness. 

In the present study, carotid IMT was not associated 
with aerobic exercise capacity or physical activity. Jae et 
al.17) reported a significant negative association between 
aerobic exercise capacity and the prevalence of carotid 
atherosclerosis in hypertensive men. However, their 
study population was different from that of the present 
study. Their subjects were older. Furthermore, some of 
them were taking antihypertensive medications and/or 
had diabetes mellitus. Half of the subjects with athero-
sclerosis were taking antihypertensive medications, and 
33.5% of them were diabetic, a higher proportion than 
that seen in the non-atherosclerosis group. It is possible 
that the duration of hypertension in the subjects taking 
antihypertensive medications might have been longer 
than in those subjects who had never been treated and 
were newly diagnosed. Subjects with advanced age, longer 
duration of hypertension, and a history of diabetes melli-
tus might have a higher risk of advanced atherosclerosis. 

Limitations of the present study include 1) the cross-
sectional nature and 2) the study population. In cross-
sectional studies, the subject population is not a control-
led condition. In order to verify the results of the present 
study, longitudinal and interventional studies should be 
undertaken in a well controlled cohort before the diag-
nosis of hypertension. Follow-up study of that cohort will 
confirm the effects of regular exercise on the attenuation 
of aortic stiffness after diagnosis of hypertension. Our 
study was also limited in that we looked at a small popu-
lation with a broad age range, from 35 to 65 years. Aero-
bic exercise capacity may be age-dependent. Thus, to 
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Fig. 1. Linear regression analysis showed a significant inverse
correlation between sport-index and heart-femoral pulse wave
velocity (r=-0.404, p<0.0001). 
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verify the findings of the present study, further longitu-
dinal study should be pursued in a large population. 

In conclusion, regular aerobic exercise appears to at-
tenuate aortic stiffness in subjects with hypertension, 
but aerobic exercise capacity does not appear to have an 
effect on aortic stiffness. This suggests that daily, regular 
aerobic exercise before and soon after diagnosis of hy-
pertension may play an important role in the prevention 
of cardiovascular complications. 
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