Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2008, 152(2):299-302. 299

© S. Binder, K. Navratil, J. Halek

CHRONIC SMOKING AND ITS EFFECT ON ARTERIAL STIFFNESS
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Aims: The goal of this study was to investigate the effect of chronic smoking on arterial stiffness at a peripheral
site using pulse wave analysis.

Methods: Forty two non-smokers (17 males, 25 females) of average age 20.2 + 1.3 year and forty five smokers
(19 males, 26 females) of average age 24.3 + 2.4 year were included in the study. Four parameters, SI (stiffness index),
RI (reflection index), CT (crest time) and IWD (interwave distance) were evaluated by means of an adapted device
based on pletysmographic principles that transform volume changes to voltage changes.

Results: SI corresponding to pulse wave velocity was 0.64 m/s higher in smokers than in non-smokers (7.25
0.53 m/s versus 7.89 + 0.73 m/s, P < 0.001). RI was significantly higher in smokers (42.49 = 6.71 %, versus 35.46 +
0.06 %, P <0.001) than in non-smokers. IWD for non-smokers was 8.01 + 0.13 %, in smokers we found a 16 % increase
10 9.21 £0.83 % (P <0.001). We detected a small increase in CT in smokers compared to non-smokers (0.09 + 0.01 s

versus 0.10 £ 0.01 s, P < 0.005).

Conclusions: Chronic tobacco smoking is associated with endothelial dysfunction. In smokers we found increased
values for all assessed parameters. Our results suggest that the negative effect of cigarette smoking on the vascular
system can be found even in young smokers who have been smoking for less than 10 years.

INTRODUCTION

Arterial stiffness is considered to be one of the factors
that play a considerable role in various pathophysiological
processes such as atherosclerosis, left ventricular hyper-
trophy and aneurysm. Arterial stiffness can be measured
using invasive and non-invasive methods. Pulse wave anal-
ysis is one of many methods used to assess arterial stiff-
ness. The most popular non-invasive methods are based
on pletysmographic principles. Others include computer
oscilometry, ultrasonography and applied tonometry.
Pulse wave contour consists of two main components: the
first is caused by systolic pressure wave that results from
blood ejection from the left cardiac chamber to aorta and
its consequent distribution to peripheral sites. The second
component is formed by pressure wave reflected back to
the aorta from the lower body continuing to the upper
limbs. The shape of the pulse wave is determined by a
number of factors. Most frequent monitored factors are
age, sex, body height, pulse and physical fittness'. Pulse
wave analysis is also often used for predicting cardiovascu-
lar diseases. Smoking is one of the most important deter-
minants of increased arterial stiffness and this accelerates
the sclerotic process. Smoking even a single cigarette leads
to short-term rise in arterial wall stiffness and increase
in heart rate’. Smoking not only accelerates endothelial
dysfunction in the large arteries, it is also responsible for
changes in the physical properties of arterioles and small
arteries®. Vascular endothelium produces a number of me-
diators including nitric oxide (NO) which regulates arte-

rial wall stiffness owing to smooth muscle tone changes®.
McWeigh et al showed that cigarette smoking triggers NO
production damage®. The vascular endothelium produces
a number of substances that affect arterial stiffness. Basic
structural factors determining arterial stiffness are pre-
dominantly colagen, elastin and transmural pressure. The
most well-known vasodilatators are ET-1 (endothelin-1),
adrenaline and noradrenaline. Inverse effect shows va-
sodilatators as for example glyceryl trinitrate, NO, ANP
(atrial natriuretic peptide) (ref.?).

The aim of this study was to test the effect of chronic
smoking on arterial stiffness. In this research we evalu-
ated the following parameters, SI (stiffness index),
RI (reflection index), CT (crest time) and IWD (inter-
wave distance).

MATERIALS AND METHODS

Description of measurement technique

Pulse wave recordings were made by use of a device
invented at the Institute of Medical Biophysics, Medical
Faculty, Palacky University in Olomouc. The main princi-
ple of this device is conversion of pressure changes to volt-
age changes by means of differential pressure transducer
with two inputs, positive and negative. Volume changes
generated by pulse waves are transformed into pressure
changes and are brought to a positive input. A tonometer
with pump is connected to negative input and this enables
regulation of compensation pressure to pulse point. The
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measuring probe consists of metal tube with a diameter
of 10 mm. There is a thin elastic membrane attached on
its end which has a convex form as a result of the in-
ternal pressure of liquid media. The membrane of the
measuring probe is pressed down to the pulse point on
artery and volume differences are transformed to voltage
and then transmitted to measuring card which is plugged
into a computer. Generated pulse waves are analysed in
a programme that was created in LabVIEW software. A
sampling frequency is 500 Hz and time of recording is
30 second.

Subjects

Measurements in our study were conducted on the
radial artery in a group consisting of young smokers who
have been smoking for 5-10 years. These results were com-
pared to the results of measurement carried out on group
of non-smokers of the same age. According to WHO,
smoking is classified as mental and behavioural disorder
due to use of tobacco (diagnosis F17). The male/female
smokers smoked an average of 13, respectively 9 ciga-
rettes per day. An average period of smoking male smok-
ers was 7.2 = 1.5 year for male smokers and 6.1 + 1.1 year
for female smokers. The first group of smokers included
45 probands (19 males and 26 females) and the second
group of non-smokers included 42 subjects (17 males and
25 females). None had ever suffered from cardiovascular
disease or had taken medicine with effects on the cardio-
vascular system. All respondents were acquainted with
the measuring method and subscribed to the informed
consent. To prevent contamination of the results of the
influence of acute smoking all subjects were asked to ab-
stain from smoking at least 12 hours before measurement.
Each subject was left 5 minutes resting in a quiet room
to stabilize the values of blood pressure and heart rate.
The blood pressure and heart rate recordings were then
measured by cardiomonitor LVM 130. The results of an-
thropometric, blood pressure and heart rate values are
summarized in Table 1. The left radial artery was used
for measurement of pulse wave. The measuring probe was
placed on a palpation spot on the artery and as soon as
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the signal was strong enough a 30 second recording of
signal commenced.

Analysis

We designed a simple programme for assessing pulse
wave characteristics. In our study we used four param-
eters, reflection index (RI), stiffness index (SI), interwave
distance (IWD) and crest time (CT). All parameters and
their definitions are shown in Figure 1. The time differ-
ence between the peaks of the two components, known
as the reflection time, is inversely proportional to arte-
rial stiffness. To correct for the size of the subject, the
reflection time is divided by the height of the subject. The
resultant value is SI, which is expressed in meters/sec-
ond. SI is comparable to the definitive measure of arterial
stiffness, the pulse wave velocity (PWV). Rl is a measure
of vascular tone. It is calculated by dividing the height
of the systolic component by the height of the diastolic
component. This ratio is expressed as a percentage. IWD
is defined as a ratio of width of the systolic peak in 2/3 of
its height from the bottom to total time duration of one
single pulse wave and is expressed as a percentage. The
last examined parameter is CT which is defined as a time
of pulse wave propagation from the start until it reaches
the systolic peak. From every recording we obtained ten
values, averaged them and found the standard deviation.
The data in Table 2 present averaged values and the stand-
ard deviations of all recordings for both groups. To test
statistical significance we used the Student t-test for inde-
pendent samples.

Results

The demographic and hemodynamic profiles of smok-
ers and nonsmokers are shown in Table 1. We found no
significant differences in blood pressure or heart rate
between smokers and nonsmokers. RI was significantly
higher in smokers (42.49 = 6.71 %, versus 35.46 + 0.06 %,
P <0.001) than in non-smokers. The interwave distance
IWD value for non-smokers was 8.01 £ 0.13 %, in smokers
we found a 16 % increase to 9.21 £ 0.83 % (P <0,001). SI
corresponding to pulse wave velocity was 0.64 m/s higher

Table 1. Subjects® baseline characteristics. Data are expressed as means # standard deviation

Nonsmokers Smokers
Sex [males/females] 17/25 19/26
Age [years] 20+ 1 24+ 2
Body height [cm] 175.3+6.2 1775+ 5.1
Weight [kg] 69.0£9.5 70.6 +9.4
BMI [ kg/m2] 22.5+£2.8 22.6+2.3
Brachial systolic pressure [mmHg] 119 £ 8 120+ 9
Brachial diastolic pressure [mmHg] 74 + 8 77 £7
Heart rate [min] 75+8 76 £ 8
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Fig. 1. Pulse wave contour and definitions of evaluated
parameters

in smokers than in nonsmokers (7.25 £ 0.53 m/s versus
7.89 £0.73 m/s, P<0.001). The last evaluated parameter
was CT. We detected a small increase in smokers com-
pared to non-smokers (0.09 = 0.01 s versus 0.10 £ 0.01 s,
P <0.005).

Discussion

Endothelial damage is a central feature in the evolution
of vascular disease induced by cigarette smoking and may
act as a precursor for future atherosclerosis. Measuring
arterial stiffness provides good data on the endothelial
condition. Arterial stiffness can be analyzed using the
technique of pulse wave analysis. One of the many risk
factors associated with endothelial dysfunction is smoking
which is presumed to be responsible for development of
cardiovascular disease. Chronic smoking damages skin
microcirculation independently to endothelium and is
linked with skin vasodilatation. Even in light smokers who
do not smoke more than 20 cigarettes per day can be de-
tected changes in arterial elasticity’. Recent research in
this field suggests that vascular function is improved even
after six months after quitting smoking?®. Rehill et all claim
that positive changes in arterial elasticity can be seen even
after 4 weeks of cigarette abstinence’. The influence of
chronic smoking on arterial stiffness and wave reflection
can be several-times higher combined with caffeine. Barua
et all assume that the extent of damage of endothelial
vasoregulation activity and NO biosynthetise pathways
does not depend on the number of smoked cigarettes per
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day™. In our study we used SI which substitutes pulse
wave velocity (PWYV). It has been proved that SI positively
correlates with PWV!, ST values are mainly influenced by
large artery stiffness but they can be also affected by wave
reflection from peripheral sites as well as from large arter-
ies'" 12, For smokers we detected higher values of SI which
indicate increased arterial stiffness. To determine vascular
tone we used the parameter RI. Peripheral vasodilatation
increases with decreasing RI. The use of vasodilatator
GTN (glyceryl trinitrate) causes decrease in RI values so
it can be assumed that nicotine as vasoconstrictor could
have an opposite effect on changes in tone of small arter-
ies'. We registered 20% increase in smokers compared
to non-smokers which shows increased vascular vasocon-
striction and pressure wave reflection'. Other assessed
parameters were CT and IWD. Pathological changes to
the cardiovascular system can be detected by means of
CT. Oliva and Roztocil used CT in studying obliterated
atherosclerosis and smoking is also a risk factor™. It was
also proved that CT prolongs in diabetic patients with
neuropathy®. We monitored only 10 % increment there-
fore this parameter does not predict any marked deteriora-
tion in arterial wall caused by chronic smoking. IWD can
be also used in evaluation of vascular system condition
and it has been proved that risk of cardiovascular system
impairment multiplies with age and number of smoked
cigarettes™. IWD in smokers demonstrated 17 % incre-
ment in comparison with nonsmokers.

CONCLUSION

Chronic smoking is a leading risk factor in devel-
opment cardiovascular diseases. We used non-invasive
measuring device to assess how chronic smoking impairs
arterial elasticity. In our research we evaluated four param-
eters, SI, RI, CT and IWD. Our data showed pronounced
increase in SI, RI and IWD indicating increased arterial
stiffness. This suggests that even young smokers have dam-
aged vascular endothelium, which can lead to increased
arterial stiffness and consequently to overall deterioration
of the cardiovascular system condition.
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Table 2. Evaluated parameters of pulse wave for nonsmokers and smokers.
Data are expressed as means + SD

RI[ %] IWD [% ] SI [m/s] CT [s]
Nonsmokers 35.46 + 0.06 8.01 +0.13 7.25+0.53 0.09 +0.01
Smokers 42.49 + 6.71 9.21 +0.83 7.89+0.73 0.10 + 0.01
P- values <0.001 <0.001 <0.001 <0.005
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