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ABSTRACT

Cigarette smoking is a worldwide major risk factor for the development of atherosclerosis,
coronary heart disease acute myocardial infarction and sudden cardiac death in the younger age
in south Asia. Smoking affects the cardiovascular system by several mechanisms. The present
study was planned to study the effect of smoking on sympathetic nerve activity by isometric
handgrip test in normal healthy young adults. Hundred male subjects in the age group of 18 to 25
years were involved. It included 50 smokers and 50 non - smokers (control group).Sympathetic
nerve activity was assessed by isometric hand grip test.  BMI, hand grip strength, endurance time,
blood pressure before and after hand grip, and diastolic difference were assessed and compared
between both the groups. Statistical analysis was done using SPSS 21. Student t test was performed
to compare the variables between two groups.There was statistically significant increase in
resting systolic pressure (p<0.01), diastolic Pressure (p<0.01), resting Heart Rate (p<0.01),
resting mean arterial pressure (p<0.006), and significant diastolic pressure difference (p<0.001)
in smokers when compared to nonsmokers. This reflects defect in sympathetic vasomotor tone.
Thus the study concludes that smoking possibly has an effect on baroreflex suppression of
sympathetic activation in habitual young smokers. Cessation of smoking is associated with reduced
cardiovascular mortality and morbidity.
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INTRODUCTION

Cigarette smoking is a worldwide major
risk factor for the development of atherosclerosis1

coronary heart disease2 acute myocardial
infarction3 and sudden cardiac death4,5 in the
younger age group in south Asia6. It is considered
to be the leading preventable cause of death in the
world7,8.Cigarette smoke is a mixture of several toxic
chemicals, of which nicotine, carbon monoxide, and
oxidant chemicals are most commonly implicated
in the pathogenesis of cardiovascular disease9.
Smoking or nicotine infusions have been shown to
decrease, to not change, to increase plasma nor-

epinephrine levels10, 11 and to decrease12 or not
change13,14  the directly recorded muscle
sympathetic nerve activity. The effect of smoking on
sympathetic activity is not well understood.

Isometric exercise provides a convenient
and easy way to activate the cardiovascular system
and define the role of the sympathetic nervous
system in the exercise response. Isometric muscle
contraction evokes large increase in mean arterial
pressure, heart rate and muscle sympathetic nerve
activity(MSNA) with a minor rise in central
hemodynamics15-17.The increases in MSNA are
thought to result, primarily from activation of the
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muscle metaboreflex or exercise pressor reflex in
the exercising muscle18-20.This reflex originates in
sensory receptors which appear to be sensitive to
ischemic metabolites generated during muscular
contraction, via small myelinated or unmyelinated
(group III or IV) afferent fibers, and elicits
cardiovascular and vasomotor reflexes21-24.

Most of the studies have been done to
assess the sympathetic nerve activity among the
smokers who were diabetics and hypertensive. Our
aim was to assess the sympathetic nerve activity in
apparently healthy young habitual smokers.

MATERIALS AND METHODS

Prior to the study commencing, approval
for the research was obtained from the institutional
Ethics Committee, SRM Medical college hospital
and research center and informed consent was
obtained from each participant. This was a cross
sectional study conducted in the Department of
Physiology, SRM Medical college hospital and
research center.

A total of 100 male subjects in the age
group of 18-25 years were selected for this study.
Out of these 50 male subjects were mild smokers
and remaining 50 were healthy male volunteers
who served as control. All participants were
physically active and apparently healthy and not
participate in any organized endurance exercise
training program. Only mild healthy smokers were
included in the study group. Smoking index (SI)
was calculated as average no. of cigarettes
smoked/day x Duration (in years). SI = 1-100 were
considered as mild smokers25. Individuals with

known metabolic and cardiovascular diseases and
those taking medications that alter blood pressure,
heart rate and autonomic regulation were excluded.

Anthropometric measurements like height
in meters and weight in kilogram was measured
and the body mass index was calculated. Waist
circumference and hip circumference were
measured using stretchable inch tape and waist-
hip ratio was determined. Participants were
instructed to refrain from food and caffeinated
products for 4 hours and from vigorous exercise
and alcohol for 24 hours before the tests.

Sustained Handgrip Test
The subject was asked to sit comfortably

in a chair with their elbow flexed at 90. The subject
was explained about the test and the procedure.
The baseline BP was recorded by LIPIKIND digital
BP monitor. Then the subject was asked to grip the
handgrip dynamometer (Rolex Hand grip
dynamometer) using maximal isometric force of the
dominant hand .Measurements were taken three
times 2 minutes apart. The maximum value of the
three readings was taken as the maximal voluntary
contraction (MVC) (maximal isometric tension i.e.,
Tmax). Then a mark was made on the dynamometer
at 30% of MVC of the subject and then the subject
was asked to maintain the sustained grip on the
dynamometer up to the mark with uniform intensity
till failure and time was noted (Endurance Time).

After the subject had started the
contraction, the BP was measured on the
contralateral arm at 1st, 2nd 3rd& 4th minute (or any
time just before release of grip if it was less than 4
minutes). One more reading was taken 2 minutes

Table/Fig-1: Shows the demographic profile of non-smokers and smokers.
All were males within the age group of 18-25 years and were non obese.

BMI-Body mass index,  SD- standard deviation.*p<0.05-  significant

Non-Smokers Mild – Smokers T test p-Value
(Mean±SE) (Mean±SE)

Age(yrs) 22.36±0.26 22.04±0.24 0.909 0.365
BMI(kg/m2) 24.59± 0.56 25.29±0.66 1.261 0.100
Waist –Hip Ratio 0.88 ± 0.02 0.90 ± 0.01 1.276 0.205
Mid_arm circumference(cm) 27.62 ± 0.46 28.24 ± 0.44 1.542 0.135
Mid_Forearm circumference(cm) 25.22 ± 0.28 25.20 ± 0.39 2.045 0.144
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Table/Fig. 2: shows the force of contraction and the length of time the
muscle were contracted between nonsmokers and smokers.

There was no statistically difference between 2 groups.*p<0.05- significant

Non-Smokers Mild – Smokers T test p-Value
(Mean±SE) (Mean±SE)

Maximum Right Hand strength(kg) 56.63±6.93 54.73±7.7 1.376 .322
Endurance Time(min) 2.51 ± 0.12 2.21 ± 0.12 1.744 0.084

Table/Fig. 3: Shows the comparison of basal physiological cardiovascular parameter between
nonsmoker and smokers. A statistical significance was found in blood pressure, heart rate,
and mean arterial pressure during rest between smoker and non-smokers.*p<0.05- significant

Non-Smokers Mild – Smokers T test p-Value
(Mean±SE) (Mean±SE)

Resting Systolic Pressure(mmHg) 114.54 ± 0.96 122.58 ± 1.40 4.728 0.0001
Resting Diastolic pressure(mmHg) 70.46 ± 0.92 78.12 ± 1.43 4.508 0.0001
Resting Heart Rate(beats/min) 77.20±8.14 83.167±14.77 4.172 .001
Resting mean arterial pressure(mmHg) 70.79 ± 0.92 92.94 ± 1.35 13.567 0.0001
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[Table/Fig-4]: Shows the comparison of blood pressure at rest and during exercise between two
groups. The mean and standard deviation was depicted for systolic blood pressure (SBP), Diastolic
blood pressure (DBP), heart rate (HR) and mean arterial pressure (MAP) at rest and during exercise

after the release of the grip. Subjects were instructed
to avoid Valsalva maneuver during the isometric
contraction

The BP response was calculated as
Highest DBP during the test - Baseline DBP.

Ranges
≤16 mmHg was taken as Normal.

≤11 -15 mmHg as Borderline
<10 mmHg as Abnormal.

Datas were reported as Mean ± SD.
Statistical analysis was performed by IBM SPSS
software version 21. Unpaired student t test was
used to show the difference between cardiovascular
parameter such as systolic and diastolic blood
pressure, heart rate, pulse pressure, mean arterial
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Table/Fig. 6: Shows the comparison of Diastolic difference between nonsmoker and
smokers. A statistical difference was found between the 2 groups.*p<0.05- significant

Non-Smokers Mild – Smokers T test p-
(Mean ± SE) (Mean ± SE) Value

Diastolic difference (difference between the highest
diastolic BP during the test and resting diastolic BP ) 30.72 ± 1.34 16.10 ± 0.82 9.300 0.0001

[Table/Fig. 7]: Shows the comparison of blood
pressure after exercise between the two groups.
When compared to smokers the healthy
nonsmoker's blood pressure returned to near
normal within 2 min whereas smokers returned
to their near resting blood pressure in 5-10minutes

Smokers Non Smokers
N(%) N(%)

After 2 Minutes 6(12) 50(100)
After 5 Minutes 26(52) 0
After 10 Minutes 18(36) 0

Table/Fig. 5: Comparison of difference between Raise in
blood pressure at rest and during exercise.*p<0.05- significant

Non-Smokers Mild – Smokers T test p-Value
(Mean±SE) (Mean±SE)

Systolic BP difference  between rest
and during exercise (mmHg) 28.44 ± 1.75 19.48 ± 1.40 3.997 0.0001
diastolic BP difference  between rest
and during exercise(mmHg) 27.52 ± 1.48 16.42 ± 0.85 6.496 0.0001
Herat rate difference  between rest
and during exercise(mmHg) 17.4±10.17 13.8±10.9 4.364 0.0001
MAP difference  between rest and
during exercise(mmHg) 42.19 ± 1.41 17.44 ± 0.78 15.356 0.0001

[Table/Fig. 8]: Shows the comparison of Rate Pressure Product at Rest, during
exercise and 2 minutes after exercise between nonsmoker and smokers, there was

a statistical difference between 2 group at rest but  no statistical difference
during exercise and after 2 minutes between the 2 groups.*p<0.05- significant

Non-Smokers Mild – Smokers T test p-Value
(Mean ± SE) (Mean ± SE)

Resting  Rate Pressure Product 8751.74 ± 137.19 9730.84 ± 309.87 2.889 0.005
During exercise 13487.64 ± 382.06 13312.24 ± 377.58 0.327 0.745
After 2 min Rate Pressure Product 9465.22 ± 272.79 9924.58 ± 389.91 0.965 0.337

pressure, diastolic difference after sustained grip
among the control and mild smokers group. The
level of significance was set at p < 0.05.

DISCUSSION

Smoking is one of the important lifestyle
risk factor associated with increase morbidity and
mortality for cardiovascular disease. A group of
researchers observed that nicotine deregulates
cardiac autonomic function, boosts sympathetic
activation, raises heart rate, causes coronary and
peripheral vasoconstriction, increases myocardial
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workload, and stimulates adrenal and neuronal
catecholamine release26 which established
coronary artery diseases.

Numerous factors like age, BMI, waist hip
ratio, force of contraction27 and the length of time
the muscle is contracted (Endurance time)28

influence the sympathetic and pressure response
that increase the arterial blood pressure and heart
rate .In the present study, there was no significant
difference in age, body mass index, waist – hip
ratio, maximum grip strength and endurance time
in the smokers and non-smokers. So in our study
the above factor doesn’t influence the sympathetic
activity.

There was a significant increase in resting
systolic pressure, resting diastolic pressure, heart
Rate and mean arterial pressure in smokers when
compared to non-smokers.

According to Holly R. Middlekauff29 the
effects of tobacco smoke on sympathetic nerve
activity (SNA) depend on the net balance of the
sympathetic excitatory effect of cigarette smoke on
central neural outflow, and the sympathetic
inhibitory effect of the baroreflex, activated by the
increase in blood pressure from smoking. When
the baroreflex is intact, SNA is suppressed, but
when the baroreflex is chronically impaired, SNA
increases.

The prolonged exposure of nicotine and
fine particulate matter in tobacco smoke leads to
increased sympathetic nerve activity, which
becomes persistent via a positive feedback loop
between sympathetic nerve activity and reactive
oxidative species. Regarding the baroreflex role
on the sympathetic nerve activity two hypotheses
has been postulated, one hypothesis states that
the reduction in baroreflex sensitivity which
increases the resting blood pressure, another
hypotheses state that the baroreflex reset takes
place.

Thus in our study the resting blood
pressure, heart rate and mean arterial pressure
increased among smokers which are in
accordance with the previous study30. Resting heart
rate reflects the balance of parasympathetic and

sympathetic influences at the sinoatrial node. It
assess both parasympathetic and sympathetic
activity because of dual innervations of the heart31,

32.

During isometric exercise the systolic,
diastolic blood pressure, heart rate, mean arterial
pressure decreased in smokers when compared
to non-smokers. On an average the increase in
systolic, diastolic blood pressure, heart rate, mean
arterial pressure from resting level was to a lesser
extent in smokers when compared non-smokers
during exercise. . This shows the impairment of
sympathetic nerve activity among smokers.

Smokers showed significant decrease in
diastolic difference (difference between the highest
diastolic BP during the test and Resting Diastolic
BP) when compared to non-smokers. This indicates
that there was a defect in sympathetic vasomotor
tone thus suggesting borderline impairment of
sympathetic activity33. Nicotine is the principle
mediator of chronic effects of smoking on neuro-
cardiovascular regulation. These effects are
mediated through central nervous system as well
as autonomic nervous system34.

Nonsmoker’s blood pressure returned
back to near basal level within 2 minutes where as
20% of the smokers returned to basal level within 2
min, 46.6% of them within 5 minutes, and 33.4%
within 10 minutes. This indicates that there is
baroreceptor insensitivity among smokers.

Rate pressure product is the product of
heart rate and systolic blood pressure which
indicate the myocardial oxygen utilization. The
smokers had a higher rate-pressure product at rest
due to their higher resting heart rate when
compared to non-smoker. But during static exercise,
due to impairment of sympathetic nerve activity, the
rate pressure product was lower in smoker when
compared to non-smoker. After 2 minute of rest the
rate pressure product reached the resting level
where as in smokers the rate pressure product did
not come back to their resting normal rate. This
shows that young mild smokers have an increased
workload on the heart, which affects their cardiac
performance35.
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CONCLUSION

Thus the study concludes that there is
borderline sympathetic impairment among young
mild smokers. This suggests there is baroreflex
insensitivity resulting in sympathetic impairment in

habitual smokers. Previous studies have showed
that baroreflex sensitivity and autonomic function
may be restored after smoking cessation .Thus the
study would convince young mild smokers to quit
smoking
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