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ORIGINAL ARTICLE

A comparative study of arterial stiffness indices between
smokers & non smokers
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Abstract: Background & Objective: Arterial stiffening is recognized as a critical precursor of cardiovascular
disease (CVD). CVD is the leading cause of mortality and morbidity worldwide. Smoking is one of the
modifiable risk factor for CVD. Lifestyle modification is clinical efficacious therapeutic interventions for
preventing and treating arterial stiffening. Arterial stiffness can be measured from Digital Volume Pulse which
is economical, easier, non-invasive & less time consuming method (Finger Photoplethysmography). Hence, the
current study is designed to compare the Arterial Stiffness Indices between smokers & non smokers. Materials
& Methods: The study involved fifty five non smokers & fifty five smokers within the age group of 30-50
years. Subjects’ height, weight and baseline value of Blood pressure, Pulse rate and Peripheral Pulse Wave
were recorded in both non smokers & smokers. From Peripheral pulse wave, arterial stiffness indices were
calculated.

Arterial Stiffness Index (SI) = Patients Height (h)/ Transit time (XTpyp)

[Transit time (XTpyp) — Time delay between systolic peak & Diastolic peak]

Reflection Index (RI) = Magnitude of Diastolic peak / Magnitude of Systolic Peak x 100

Results: Arterial Stiffness Index & Reflection Index were highly significantly in smoker than non smokers,
p<0.001. Conclusion: The increased arterial stiffness indices in smoker suggests that the cigarette smoke
damages vascular endothelium, which can lead to increased arterial stiffness and consequently to overall
deterioration of the cardiovascular system condition. Non invasive measurements of arterial stiffness will aid
the optimal stratification of CVD risk in an apparently healthy population.
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Introduction deaths increases with increasing exposure to
cigarette smoke, as measured by number of
cigarette smoked daily, the duration of
smoking & the degree of inhalation & the age
of initiation. The relative risk for CVD is
substantially greater in early adult life than in
old age & is associated more strongly with the
cigarette smoke than other forms of tobacco.
The pathophysiological changes in smoking
are due to the changes in vascular
endothelium, induction of coronary
vasoconstriction and changes in basal nitric
oxide (NO) or endothelial nitric oxide
synthase production. Lifestyle modification,
aerobic exercise and sodium restriction appear
to be clinical efficacious therapeutic
interventions for preventing and treating
arterial stiffening.

Cardiovascular disease (CVD) is the leading
cause of mortality and morbidity worldwide [1].
Arterial stiffness and wave reflection exerts
adverse effects on cardiovascular function.
Arterial stiffening is recognized as a critical
precursor of CVD and is independent predictors
of cardiovascular events. Arterial stiffening is a
major factor in cardiovascular disease because of
the reduced capacity in blood vessels and the
concomitant rise in pulse pressure and fall in
shear stress [2]. Therefore, assessment of arterial
stiffness is believed to be useful in the prevention
of cardiovascular disease.

Smoking is one of the modifiable risk factor for
CVD [3]. Tobacco, especially cigarette smoking
is a major cause of CVD, responsible for about
one third of CVD deaths. Chronic cigarette
smoking has been shown to be associated with
increased arterial stiffness [4-5]. The risk of CVD

Arterial stiffness can be measured using
invasive and non-invasive methods. Pulse
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wave analysis is one of the methods used to
assess arterial stiffness. The most popular non-
invasive methods are based on pletysmographic

principles [6]. Others include computer
oscilometry, ultrasonography and applied
tonometry. Large artery stiffness can be

determined by Pulse wave velocity which is a
standard method [7]. But it is difficult, time
consuming and expensive. These factors have
fostered the development of simple methods to
record arterial stiffness. These techniques are
much simpler, non-invasive, economical and
easier to apply. We can also measure Arterial
stiffness Indices from Digital Volume Pulse
(DVP) which is economical, easier, less time
consuming, non-invasive method. So the present
study is designed to record Arterial Stiffness
Index, Reflection Index by wusing Finger
Photoplethysmography & to compare it with
smokers and non smokers.

Material and Methods

The study was conducted in a sample of one ten
subjects in Salem. They had been divided into
fifty five non smokers (control group) & fifty five
smokers (study group) within the age group of
30-50 years. Subjects were selected based on
inclusion and exclusion criteria.

Inclusion criteria [control group]: Fifty five
normal healthy non smokers between 30 and 50
years were included.

Inclusion criteria [study group]: Fifty five
smokers between the ages 30 and 50 years were
included.

Exclusion criteria [control group]:

History of Smoking

History of Hypertension

History of Diabetes Mellitus

History of Cardio vascular disease
History of Peripheral vascular disease
History of Other drug treatment

SNk L=

Exclusion criteria [study group]:

History of Hypertension

History of Diabetes Mellitus

History of Cardio vascular disease
History of Peripheral vascular disease
History of Other drug treatment

Nk L=
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Methodology: The subjects were selected by a
detailed history & thorough physical
examination. They were asked to fill a
questionnaire to assess their smoking habits.
The experimental protocol was fully explained
to the participants to allay apprehension. They
were refrained from smoking for 12hours
before the test. Informed consent was taken
from all the subjects. The study was approved
by Institutional Ethical Committee.

Experimental design: Data was collected by
recording the DVP. Subject’s weight was
measured using calibrated weighing machine
in light clothing and bare feet. Height was
measured in meters. All experiments were
performed at room temperature. Baseline
pulse rate, Systolic, Diastolic & pulse pressure
were measured in sitting position after 5 min
of rest by using mercury sphygmomanometer.

Finger  Photoplethysmography: Digital
Volume Pulse was measured by an instrument
known as Finger Photoplethysmography,

using Infra-red light with wave length of 940
nm; placed on the right index finger of the
subject. The signal from the instrument was
digitalized by digital converter with a
frequency of 100 Hz; which was connected to
the computer. The main principle of this
device is conversion of pressure changes to
voltage 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

[6].

Subject is initially acquainted with the
instrument and a trial is given before
performing for the study. DVP recording was
done with the help of software virtual
oscilloscope which was provided by national
instrument which can be freely distributed for
academic purpose. 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.
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The shape of the pulse wave is determined by a
number of factors, age, sex, body height, pulse
and physical fitness [8]. Length of this travelling
wave is usually proportional to the subject’s
height (h). The time delay between systolic peak
& diastolic peak is called Pulse transit time (PTT
or AT), is inversely proportional to arterial
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/second. SI is comparable to
the definitive measure of arterial stiffness, the
pulse wave velocity (PWV). RI is a measure of
vascular tone. It is calculated by dividing the
amplitude of the systolic component by the
amplitude of the diastolic component. This ratio
is expressed as a percentage.

The parameters and their definitions are shown in
Figure 1. These parameters were measured by
software Image tool.

Fig-1: Pulse wave contour and definitions of
evaluated parameters

Rl = S¥STOLIC PEAK/DIASTOLIC

[ st = h/aoue ]

; AT, e

pulse volume

tirme

Arterial Stiffness Index (SI) = Patients Height (h)/
Transit time (XTpyp)

[Transit time (XTpyp) — Time delay between systolic
peak & Diastolic peak]

Reflection Index (RI) = Magnitude of Diastolic peak /
Magnitude of Systolic Peak x 100

Statistical analysis: The results were expressed as
mean + standard deviation (SD). A p value of
<0.05 was considered statistically significant.
Statistical analysis was performed using the
statistical package for social & sciences. Students
unpaired‘t’ test was applied to compare between
the parameters.

Results

Fifty five normal healthy non smokers in the age
group of 30 and 50 (36.85 £ 4.99) years and Fifty
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five smokers in the age group of 30 and 50
(37.29 £ 4.76) years were subjected to DVP
recording. Arterial stiffness was estimated
from the pulse wave analysis. Both SI (11.74
+4.12) meters/second & RI (75.64 = 12.35) %
in smokers were significantly higher at 95%
confidence interval than non-smokers SI (5.72
+ (0.28) meters/second & RI (48.19 +9.51) %,
p< 0.001. The results are shown in the table 1.

Table-1: Comparison of stiffness indices
between Smokers & Non-smokers
en?
Parameters Non Smokers p
Smokers value
Stiffness
index (m/s) 5(')72281 12'71‘51 <0.001
(mean * sd) ’ ’
Reflection
index (%) 489' 1591 * 7152'6345;—' <0.001
(mean =+ sd) ’ ’
Discussion

Measuring arterial stiffness provides good
data on the endothelial condition. Cigarette
smoke enhances the atherosclerotic changes
by several mechanisms. 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.
The major health effects of cigarette smoke
include: cancer, noncancerous lung diseases;
atherosclerotic diseases of the heart and blood
vessels; and toxicity to the human
reproductive system. Despite the damaging
effects of tobacco use; quitting smoking has
immediate and long term health effects such
as improved circulation and fall in heart rate.

Smoking cessation is an important lifestyle
measure for the prevention of cardiovascular
disease, and patients with myocardial
infarction may experience as much as a 50%
reduction in risk of re-infarction, sudden
cardiac death [9]. Quitting in late in life also
has positive effects. The toxins from cigarette
smoke can go everywhere as the blood flows.
Chronic tobacco smoking is associated with
endothelial dysfunction. Smoking not only
accelerates endothelial dysfunction in the
large arteries but it is also responsible for
changes in the physical properties of arterioles
and small arteries [10]. Vascular endothelium
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produces a number of mediators including nitric
oxide (NO) which regulates arterial wall stiffness
owing to smooth muscle tone changes [11].
McWeigh et al showed that cigarette smoking
triggers NO production damage [12]. Basic
structural factors determining arterial stiffness are
predominantly collagen, elastin and transmural
pressure.

The mechanisms involved in amelioration in
arterial stiffness with smoking cessation may
include lipid-soluble smoke particles [13],
endothelial dysfunction [14], or vascular
inflammation [15], because smoking cessation
leads to reduction in levels of inflammatory
markers [16]. Although it may take more than a
decade to reverse these vascular changes, and the
effect is relatively small, smoking cessation helps
to reduce cardiovascular events through
amelioration in arterial stiffening.

Willett et al reported that cigarette smoking
affects cholesterol metabolism, it lower levels of
the protective high-density lipoprotein (HDL)
cholesterol [17] and Rabkin et al reported
smoking cessation raises HDL cholesterol [18]. In
animal models, cigarette smoke can damage the
inner lining of blood vessels, thus enhancing the
transfer of low-density lipoprotein cholesterol
particles across the arterial wall and into the
developing cholesterol-laden  plaque [19].
Cigarette smoking also can affect the blood
clotting system, including adherence of blood
platelets to the lining of arterial blood vessels
[20] and the formation of blood clots that block a
narrowed artery.  Selley et al reported that
Acrolein in cigarette smoke may be partly
responsible for its platelet-adhering effects [21].

Cigarette smoke also causes spasm of the
coronary arteries. Many chemical components of
cigarette smoke have been found to accelerate the
development of atherosclerotic disease. Nicotine,
the major psychoactive component of smoke,
causes powerful changes in heart rate and blood
circulation. Nicotine appears to cause injury to
the arterial lining [19]. Sheps et al reported that
Carbon monoxide in cigarette smoke binds to the
hemoglobin in red blood cells, thereby reducing
the oxygen-carrying capacity of the blood [22].

Smoking causes tissue injury induced by
oxidative stress. Free radicals in cigarette smoke,
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which are highly reactive oxygen products,
are damaging to the heart muscle cells.
Studies have reported dermal applications of
cigarette smoke in laboratory animals
demonstrated chemicals in cigarette smoke
underwent covalent binding with heart tissue
DNA [23]. Van Schooten et al reported that
cigarette smokers showed that the heart tissue
contained more DNA adducts than that from
nonsmokers and linear relationship between
DNA adduct levels and daily cigarette
smoking [24]. Furthermore, higher DNA
adduct levels were associated with a higher
degree of coronary artery disease.

In our study we used SI which substitutes
pulse wave velocity (PWV). It has been
proved that SI positively correlates with PWV
[7]. SI 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 arteries [7, 25]. For
smokers we detected significant higher values
of SI than non smokers, p < 0.001, which
indicates increased arterial stiffness. To
determine vascular tone we used the
parameter RI. RI was also significantly higher
in smokers compared to non smokers, p <
0.001, indicating vascular tone is increased.

Conclusion

1. There is pronounced increase in SI and RI
indicating increased arterial stiffness. This
suggests that even young smokers have
damaged vascular endothelium.

2. Arterial stiffness determined by Digital
Volume Pulse is simpler, less time
consuming, economical, easier to apply
and non-invasive method.

3. Non invasive measurements of arterial
stiffness will aid the optimal stratification
of CVD risk in an apparently healthy
population.

4. Chronic smoking is a leading risk factor
in development cardiovascular diseases.
DVP can be used to assess how chronic
smoking impairs arterial elasticity by
evaluating SI and RIL.

Scope for the study

Additional study including detailed evaluation
of endothelial factors & measurement of
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arterial stiffness by Pulse wave velocity is needed
to clarify whether initial changes of cardiac

impairment exists with early initiation of
smoking.

Acknowledgements
I express my feeling of gratitude, respect and

appreciation; I thank my brothers Mr. V. Prasad & Mr.
S. Mukesh for their keen support in collecting the data

10.

11.

12.

Prabha V et al

and helping in completion of this project on time. I

also thank Dr.

Maruthi, Professor & Head,

Physiology, Annapurna Medical College for the
instrumentation. I sincerely thank all the subjects

for

their participation & kind co-operation.

Authors acknowledge the immense help received
from the scholars, editors & publishers of all those
articles, journals and books whose articles are cited
and included in references of this manuscript.

References

Yambe T, Meng X, Hou X, Wang Q, Sekine K,
Shiraishi Y, Watanabe M, Yamaguchi T, Shibata M,
Kuwayama T, Murayam M, Konno S, Nitta S. Cardio-
ankle vascular index (CAVI) for the monitoring of the
atherosclerosis after heart transplantation. Biomed
Pharmacother, 2005; 59(Supp 1):S177-S179
[PubMed].

Kiyohara Y, Ueda K, Fujishima M. Smoking and
Cardiovascular-Disease in the General-Population in
Japan. J  Hypertens, 1990; 8:5S9-S15. doi:
10.1097/00004872-199006002-00003. [PubMed]

Teo KK, Ounpuu S, Hawken S, Pandey MR, Valentin
V, Hunt D, Diaz R, Rashed W, Freeman R, Jiang L,
Zhang X, Yusuf S, on behalf of the Interheart Study
Investigators. Tobacco use and risk of myocardial
infarction in 52 countries in the Interheart study: a case-
control study. Lancet, 2006; 368:647-658.

Li H, Srinivasan RS, Berenson GS. Comparison of
measures of pulsatile arterial function between
asymptomatic younger adult smokers and former
smokers: the Bogalusa Heart Study. Am J Hypertens,
2006; 19:897-901.

Mahmud A, Feely J. Effect of smoking on arterial
stiffness and  pulse  pressure  amplification.
Hypertension, 2003; 41:183-187.

Binder S, Navratil K, Halek J. Chronic smoking and its
effect on arterial stiffness. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub, 2008; 152(2):299-302.
Millasseau SC, Kelly RP, Ritter J]M and Chowenczyk
PJ. Determination of age related increases in large
artery stiffness by digital pulse contour analysis. J
Clinical Science 2002; 103:371-377.

ORourke MF, Pauca A, Juany X-J. Pulse wave
analysis. British Journal of Clinical Pharmacology,
2001; 6:507-522.

Critchley JA, Capewell S. Mortality risk reduction
associated with smoking cessation in patients with
coronary heart disease. JAMA, 2003; 290:86-97.
Auerbach D, Hammond EC, Garfi nkel L. Thickening
of walls of arterioles and small arteries in relation to age
and smoking habits. The New England Journal of
Medicine, 1968; 278:908-984.

Wilkinson IB, Qasem A, McEniery CM, Webb DJ,
Avolio AP, Cockcroft JR. Nitric Oxide Regulates Local
Arterial Distensibility In Vivo. Circulation, 2002;
105:213-217.

McVeigh GE, LeMay L, Morgan DJ, Cohn JN. The
effect of chronic cigarette smoking on endothelium-
dependent responses in humans. The American Journal
of Cardiology, 1996; 78:668-672.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Zhang JY, Cao YX, Xu CB, Edvinsson L. Lipid-
soluble smoke particles damage endothelial cells
and reduce endothelium-dependent dilatation in rat
and man. BMC Cardiovasc Disord, 2006; 6:1-9.
Celermajer DS, Sorensen KE, Georgakopoulos D,
Bull C, Thomas O, Robinson J, Deanfield JE.
Cigarette smoking is associated with dose-related
and potentially reversible impairment of
endothelium-dependent dilation in healthy young
adults. Circulation, 1993; 88: 2149-2155.

Mahmud A, Feely J. Arterial stiffness is related to
systemic inflammation in essential hypertension.
Hypertension, 2005; 46:1118-1122.

Bakhru A, Erlinger TP. Smoking cessation and
cardiovascular disease risk factors: results form the
Third National Health and Nutrition Examination
Survey. PLoS Med. 2005; 2: e160.

Willett W, Hennekens CH, Castelli W, Rosner B,
Evans D, Taylor J, Kass EH. Effects of cigarette
smoking on fasting triglyceride, total cholesterol,
and HDL-cholesterol in women. American Heart
Journal 1983; 105(3):417-421.

Rabkin, SW. Effect of cigarette smoking cessation
on risk factors for coronary atherosclerosis: a
control clinical trial. Atherosclerosis 1984,
53(2):173-184.

Krupski WC, Olive GC, Weber CA, Rapp JH.
Comparative effects of hypertension and nicotine
on injury-induced myointimal thickening. Surgery
1987; 102:409-415.

Pittilo RM, Clarke JM, Hams D, Mackie IJ, Rowles
PM, Machin SJ, Woolf N. Cigarette smoking and
platelet adhesion. British Journal of Haematology
1984; 58(4):627-632.

Selley ML, Bartlett MR, McGuiness JA, Ardlie
NG. Effects of acrolein on human platelet
aggregation. Chemico-Biologicallnteractions 1990;
76(1):101-109.

Sheps DS, Herbst MC, Hinderliter AL, Adams KF,
Ekelund LG, O’Neil JJ, Goldstein GM, Bromberg
PA, Dalton JL, Pallenger MN, Davis SM, Koch
GG. Production of arrythmias by elevated
carboxyhemoglobin in patients with coronary artery
disease. Annals of Internal Medicine 1990; 113(5):
343-351.

Reddy MV, Randerath K. A comparison of DNA
adduct formation in white blood cells and internal
organs of mice exposed to benzol[a]pyrene,
dibenzo[c, g]carba-zole, safrole and cigarette smoke

© 2014. Al Ameen Charitable Fund Trust, Bangalore 211



Al Ameen J Med Sci; Volume 7, No.3, 2014

24.

condensate. Mutation Research. 1990; 241(1):37-48
[PubMed].

Van Schooten FJ, Hirvonen A, Maas LM, De Mol BA,
Kleinjans JCS, Bell DA, Durrer JD. Putative
susceptibility markers of coronary artery disease:
association between VDR genotype, smoking, and
aromatic DNA adduct levels in human right atrial

25.

Prabha V et al

tissue. FASEB ~ Journal. 1998;  12(13):1409-17
[PubMed].

Woodman RJ, Watts GF, Kingwell BA, Dart AM.
Interpretation of the digital volume pulse: its
relationship with large and small artery compliance.
Clinical Science, 2003; 3:283-285.

*All correspondences to: Dr. Prabha V. Assistant professor, Department of Physiology, Vinayaka Mission’s Kirupananda Variyar Medical
College & Hospitals, Sankari Main Road, (NH-47), Veerapandi Post, Salem- 636308, Tamil Nadu, India. E-mail: prabhavsetty @ gmail.com

© 2014. Al Ameen Charitable Fund Trust, Bangalore 212



