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Background: Cigarette smoking increased the risk of acute cardiac events related with endothelial
dysfunction and increased sympathetic activity. Impaired autonomic nervous activity is recognized as
a considerable symptom of cardiac dysfunction and is strongly associated with increased risk overall
mortality.

Methods: A total of 75 healthy habitual smokers (40 female, 35 male, mean age 36.5 ± 8.5
years), and 73 non-smokers subjects (45 female, 28 male, mean age 34.6 ± 7.2 years) were studied.
LF and LF/HF ratio were significantly higher in smokers than in non-smokers. On the contrary,
SDNN, SDANN, RMSSD, and HF values were lower in smokers compared to those in non-smokers.
Not the duration of smoking but the number of cigarettes smoked per day was correlated with the
HRV parameters and NT-pro BNP. Furthermore, the average levels of NT-pro BNP were found to be
positively correlated with LF, LF/HF and inversely correlated with SDNN, SDANN, RMSSD and HF.

Results: As a result, smoking impaires sympathovagal balance and decreases the heart rate vari-
ability in healthy subjects. And even a one cigarette smoking leads to overt sympathetic excitation.
Furthermore, smoking results in an increase in NT-proBNP levels and the changes in adrenergic
nervous system and NT-proBNP levels are well correlated.

Conclusion: These findings could contribute to the higher rate of cardiovascular events in smokers.
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Cigarette smoking may lead to acute cardiac events
such as myocardial infarction, ventricular fibrilla-
tion, and sudden death especially in the presence
of preexisting coronary artery disease.1 The under-
lying trigger mechanisms are endothelial dysfunc-
tion, increased platelet aggregation, increased sym-
pathetic activity, and coronary vasoconstriction.2–5

Assessment of heart rate variability (HRV) may pro-
vide quantitative information about the modula-
tion of cardiac sympathetic and parasympathetic
nerve activities.6 Impaired autonomic nervous ac-
tivity has been recognized as a considerable symp-

Address for reprints: Omer Alyan, M.D., Dicle University, Faculty of Medicine, Department of Cardiology Diyarbakir, Turkey 21280. Fax:
(+90) 412 2488655; E-mail: droalyan@yahoo.com

tom of cardiac dysfunction and is strongly associ-
ated with an increased risk of overall mortality.7,8

Studies have documented alterations of autonomic
function during smoking.9–11 Acute cigarette smok-
ing reduces baseline levels of vagal-cardiac nerve
activity and increases peripheral sympathetic nerve
activity.12,13 Plasma brain-natriuretic peptide (BNP)
and its biologically inactive fragment N-terminal
pro-BNP (NT-pro-BNP) are essential serum mark-
ers of cardiac disease and have been reported to
be useful in the diagnosis of ventricular dysfunc-
tion including isolated diastolic dysfunction and in

C©2008, Copyright the Authors
Journal compilation C©2008, Blackwell Publishing, Inc.

137



138 � A.N.E. � April 2008 � Vol. 13, No. 2 � Alyan, et al. � Effects of Cigarette Smoking

the assessment of prognosis in heart failure.14,15

Although the effect of cigarette smoking on auto-
nomic nervous system has been demonstrated, the
relationship between HRV and plasma NT-pro-BNP
levels has not been studied in healthy smokers.
The aim of this study was to assess the effects of
cigarette smoking on autonomic nerve activity by
HRV analysis and plasma NT-pro-BNP levels and
we also aimed to determine whether there is any
relationship between HRV and NT-pro-BNP levels
in smoker subjects.

METHODS

Subjects

A total of 75 healthy habitual smokers (40 fe-
males, 35 males, with mean age of 36.5 ± 8.5 years),
and 73 nonsmokers (45 females, 28 males, with
mean age of 34.6 ± 7.2 years) were included in the
study. All subjects were selected among outpatients
in our institute. None of the subjects was taking any
medication at the moment of study nor had any his-
tory of chronic disease. The participants were in-
structed to behave in a normal manner with usual
daily physical activity. They were not allowed to
have alcoholic beverages or beverages containing
caffeine during the analysis. An informed written
consent was obtained from all subjects and the trial
was approved by the local ethic committee.

Heart Rate Variability Analysis

All subjects underwent 3-channel 24-hour Holter
ambulatory ECG monitoring (Biomedical System
Century 2000/3000 Holter System, Version 1.32).
Recordings were analyzed by “Biomedical Systems
Century 2000/3000 HRV Package System,” follow-
ing manual adjustment of RR intervals. Analog data
were digitized at 200 Hz and edited by a cardiol-
ogist. The validation procedure consisted of beat
labeling and tagging of noisy regions. The con-
tinuous series of RR (NN) intervals (tachogram)
was obtained and all 5-minute segments with at
most five isolated ectopic beats were retained for
spectral analysis. Recordings with <18 hour of
data or <85% of qualified sinus beats were ex-
cluded. The time and frequency-domain analyses
of HRV were performed according to the recom-
mendation of the task force.6 The mean heart rate,
standard deviation of all NN intervals (SDNN), the
standard deviation of the 5-minute mean RR in-
tervals (SDANN), root mean square of successive
differences (RMSSD) were measured in the time-

domain analysis of HRV. A reduced SDNN has
been considered reflecting diminished vagal and in-
creased sympathetic modulation of sinus node. The
power spectrum of HRV was measured using fast-
Fourier transform analysis in four frequency bands:
<0.0033 Hz (ultra low frequency, ULF), 0.0033 to
0.04 (very low frequency, VLF), 0.04 to 0.15 (low
frequency, LF), and 0.15 to 0.40 (high frequency,
HF). HF was used as a marker of parasympathetic
nervous system and LF was used as a marker of
parasympathetic nervous system and sympathetic
activity.6 The ratio of low-to-high frequency power
(LF/HF) reflecting the sympathovagal balance was
also measured. High values indicate dominant sym-
pathetic activity.16 For frequency-domain parame-
ters, three circadian periods (the complete 24 hour,
the diurnal, and the nocturnal periods defined on
the basis of patient diaries) were considered. Diur-
nal periods were kept at a minimum of 6 hours to a
maximum of 10 hours; nocturnal periods were kept
at a minimum of 4 hours to a maximum of 6 hours.

Measurement of NT-Pro-BNP Plasma
Levels

Peripheral venous blood samples were collected
into tubes containing ethylenediamine-tetra-acetic
acid (EDTA) for each subject at rest. The sam-
ples were centrifuged within 20 minutes at +4◦C.
The plasma was stored at –80◦C until analysis.
Serum NT-Pro-BNP was measured by a double an-
tibody sandwich technique using electrochemilu-
minescence immunoassay kit (Elecsys NT-proBNP,
Roche Diagnostics, Mannheim, Germany). The
results were reported as picogram per milliliter
(pg/mL). The clinicians involved in the study were
blinded to the NT-pro-BNP values obtained.

STATISTICAL ANALYSIS

The results are expressed as mean ± SD. Com-
parisons between the two groups were performed
with the Student’s t-test for numerical variables and
the chi-square test for categorical data. The rela-
tion between the number of years of smoking and
the number of cigarettes smoked per day and HRV
parameters, NT-pro-BNP levels, and hemodynamic
parameters were assessed by Pearson’s correlation
coefficient. Linear logistic regression analysis was
used to assess the independent effect of smoking
on HRV parameters and NT-pro-BNP levels. A P
value < 0.05 was considered statistically signifi-
cant.
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Table 1. Demographic Characteristics of the Study Subjects

Smokers Nonsmokers
Variables (n = 75) (n = 73) P

Age (years) 36 ± 8 34 ± 7 0.1
Gender (females/males) 40/35 45/28 0.2
Body mass index (kg/m2) 20.5 ± 1.6 20.8 ± 1.6 0.3
Duration of smoking (years) 7 ± 5 - -
Number of cigarettes/day 26 ± 7 - -
Systolic blood pressure (mmHg) 128 ± 6 116 ± 9 <0.001
Diastolic blood pressure (mmHg) 80 ± 5 73 ± 5 <0.001
Mean heart rate 79 ± 9 76 ± 11 <0.001
Ventricular premature contraction/day 336 ± 324 36 ± 5 <0.001
NT-pro-BNP 70 ± 16 36 ± 20 <0.001

NT-pro-BNP = N-Terminal- pro-B-type natriuretic peptide (pg/mL).

RESULTS

No significant difference was found between
two groups with respect to age, gender, and body
mass index (BMI, kg/m2). Mean heart rate, systolic
blood pressure, diastolic blood pressure, the aver-
age levels of NT-pro-BNP, and number of average
ventricular premature contractions (VPCs) were
significantly higher in smokers as compared to non-
smokers (Table 1). A comparison of HRV analysis
results obtained from two groups indicates that LF
(day, night, and 24 hours) and LF/HF ratio (day,
night, and 24 hours) were significantly higher in
the smoker group, while lower values of SDNN,
SDANN, RMSSD, and HF (day, night, and 24 hours)
were found in the same group (Table 2). A correla-
tion analysis demonstrated a significant association
between the number of cigarettes smoked per day
(number/day) and SDNN (P < 0.0001, r = −0.484),
LF day (P < 0.0001, r = 0.607), LF night (P < 0.0001,

Table 2. Heart Rate Variability Parameters of the Study Subjects

Smokers Nonsmokers
Variables (n = 75) (n = 73) P

SDNN 54.2 ± 31 138.2 ± 61.7 <0.0001
SDANN 45.3 ± 20.2 116.6 ± 46.2 <0.0001
RMSSD 36.9 ± 18.1 48.7 ± 30.8 0.006
LF day 1520 ± 506 505 ± 431 <0.0001
LF night 1087 ± 416 543 ± 127 <0.0001
LF 24 hours 1313 ± 467 428 ± 325 <0.0001
HF day 263 ± 102 448 ± 404 <0.0001
HF night 319 ± 113 616 ± 138 0.003
HF 24 hours 278 ± 98 438 ± 154 0.005
LF/HF day 6.4 ± 3.0 1.4 ± 1.2 <0.0001
LF/HF night 3.6 ± 1.5 1.0 ± 1.2 <0.0001
LF/HF 24 hours 4.9 ± 1.9 1.2 ± 0.7 <0.0001

SDNN = standard deviation of all NN intervals; SDANN = standard deviation of the 5-minute mean RR
intervals; RMSSD = root mean square of successive differences; LF = low frequency; HF = high frequency.

r = 0.606), LF 24 hours (P < 0.0001, r = 611),
LF/HF day (P < 0.0001, r = 0.429), LF/HF night
(P < 0.0001, r = 450), LF/HF 24 hours (P < 0.0001,
r = 0.465), VPCs (P = 0.03, r = 0.243), and NT-pro-
BNP (P < 0.001, r = 0.579) (Figs A–C). No correla-
tion was found between the duration of smoking
and changes in HRV parameters in smoker sub-
jects, while a significant positive correlation was
observed between the duration of smoking and
NT-pro-BNP levels (P < 0.0001, r = 0.579) and
systolic blood pressure (P = 0.01, r = 0.271).In
addition, the average levels of NT-pro-BNP were
found to be positively correlated with LF (day,
night, and 24 hours), LF/HF ratio (day, night, and
24 hours) and inversely correlated with SDNN,
SDANN, RMSSD, and HF (day, night, and 24
hours) (Table 3, Fig.1D). In addition, in the smok-
ing group, it was found that the VPCs are signif-
icantly correlated with SDNN, SDANN, LF (day,
night, and 24 hours), LF/HF ratio (day, night, and 24
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Figure 1. (A–D) The relationship between the number of cigarettes smoked per day and LF/HF ratio 24
hours (A), SDNN (B), and NT-pro-BNP (C). The correlation between LH/HF ratio 24 hours and NT-pro-
BNP levels (D). SDNN = standard deviation of all NN intervals; LF = low frequency; HF = high frequency;
NT-pro-BNP; = N-Terminal pro-B-type Natriuretic Peptide.

hours), and HF day (Table 3). Moreover, it was ob-
served that even smoking one cigarette leads to an
significant increase in LF/HF ratio day by 0.18 folds
(P < 0.0001, 95% confidence interval [CI], 0.09–
0.27), LF/HF ratio night by 0.10 folds (P < 0.0001,
95% CI, 0.05–0.14), LF/HF ratio 24 hours by 0.13
folds (P < 0.0001, 95% CI 0.07–0.18), and NT-
pro-BNP by 1.3 folds (P < 0001, 95% CI 0.87–
1.72), number of VPCs by 11 folds (P = 0.03, 95%
CI 0.8–22), and a significant decrease in SDNN
by 2.154 folds (P < 0.0001, 95% CI 3.06 to 1.25)
(Table 4).

Linear logistic regression analysis revealed that
the number of cigarettes smoked per day indepen-
dently affects NT-pro-BNP levels (P < 0.001, 95%
CI 0.16–0.31) and SDNN (P < 0.0001, 95% CI 0.13
to 0.10) in the smoker subjects.

DISCUSSION

This study has produced the following out-
comes:1 cigarette smoking causes an increase in LF
(day, night, 24 hours), LH/HF ratio (day, night, and
24 hours), blood pressure, the number of PVCs,
and plasma pro-BNP levels, while a decrease in
SDNN, SDANN, RMSSD, and HF (day, night, and
24 hour).2 The number of cigarettes smoked per day
(number/day) were positively correlated with LF
(day, night, 24 hours), LH/HF ratio (day, night, and
24 hours), PVCs, and NT-pro-BNP and inversely
correlated with SDNN.3 In addition, it was ob-
served that increasing NT-pro-BNP was correlated
with an increase in LF, LH/HF ratio, while this
was correlated with a decrease in SDNN, SDANN,
RMSSD, and HF in healthy smoker subjects.



A.N.E. � April 2008 � Vol. 13, No. 2 � Alyan, et al. � Effects of Cigarette Smoking � 141

Table 3. The Correlation between Plasma N-Terminal pro-B-Type Natriuretic Peptide, Ventricular
Premature Contractions, and Heart Rate Variability Parameters in Healthy Smoker Subjects

Variables NT-pro-BNP VPCs

SDNN r = −0.451, P < 0.0001 r = −0.387, P < 0.0001
SDANN r = −0.523, P < 0.0001 r = −0.416, P < 0.0001
RMSSD r = −0.229, P < 0.0001 r = −0.112, P = 0.2
LF day r = 0.572, P < 0.0001 r = 0.447, P < 0.0001
LF night r = 0.246, P < 0.0001 r = 0.188, P < 0.0001
LF 24 hours r = 0.568, P < 0.0001 r = 0.465, P < 0.0001
HF day r = −0.339, P<0.0001 r = −0.162, P = 0.04
HF night r = −0.167, P = 0.04 r = −0.092, P = 0.2
HF 24 hours r = −0.268, P = 0.005 r = −0.131, P = 0.1
LF/HF day r = 0.623, P < 0.0001 r = 0.394, P < 0.0001
LF/HF night r = 0.542, P < 0.0001 r = 0.349, P<0.0001
LF/HF 24 hours r = 0.640, P < 0.0001 r = 0.443, P < 0.0001

SDNN = standard deviation of all NN intervals; SDANN = standard deviation of the 5-minute mean RR
intervals; RMSSD = root mean square of successive differences; LF = low frequency; HF = high frequency;
VPCs = ventricular premature contractions; NT-pro-BNP = N-Terminal pro-B-type natriuretic peptide (pg/mL).

The assessment of HRV is based on the analy-
sis of consecutive sinus rhythm RR intervals and
may provide quantitative information about the
modulation of cardiac sympathetic and parasym-
pathetic nerve activities. Heart rate variability can
be measured in a number of ways but techniques of
conventional time-domain (statistical and geometri-
cal) and frequency-domain measurements (power-
spectral density) remain predominantly utilized.6

Significantly altered HRV can be found not only
in cardiac diseases but also in a wide variety of
pathophysiologic disorders characterized by neu-
rohumoral activation.7 The instantaneous RR in-
terval depends on the continuous interplay be-

Table 4. Effect of a Single Cigarette Smoking on Heart Rate Variability, Plasma N-Terminal
pro-B-type Natriuretic Peptide, Ventricular Premature Contractions, and Blood Pressure in

Healthy Subjects

Variables B SE Beta t P

Systolic BP 0.250 0.098 0.285 2.541 0.01
Diastolic BP 0.211 0.082 0.288 2.567 0.01
VPCs 11.16 5.215 0.243 2.141 0.03
NT-pro-BNP 1.298 0.214 0.579 6.072 <0.0001
SDNN −2.154 0.456 −0.484 −4.726 <0.0001
LF day 43.4 6.65 0.607 6.525 <0.0001
LF night 35.7 5.47 0.607 6.519 <0.0001
LF 24 hours 39.8 6.043 0.611 6.589 <0.0001
LF/HF day 0.182 0.045 0.429 4.056 <0.0001
LF/HF night 0.099 0.023 0.450 4.307 <0.0001
LF/HF 24 hours 0.126 0.028 0.465 4.486 <0.0001

SDNN = standard deviation of all NN intervals; LF = low frequency; HF = high frequency; SE = Standard
error; BP = Blood pressure; VPCs = ventricular premature contractions; NT-pro-BNP; = N-Terminal pro-B-
type natriuretic peptide (pg/mL).

tween vagal and sympathetic efferent activity to the
SA node and the intrinsic heart rate.17 Increased
sympathetic activity or decreased vagal modula-
tion of cardiac function assessed by HRV anal-
ysis has been associated with an increased risk
of coronary heart disease and mortality18 and an-
giographic progression of coronary atherosclero-
sis,19 as well as arrhythmia and sudden cardiac
death.20

Cigarette smoking is one of the major modifiable
risk factors for cardiovascular disease. In addition
to the harmful effects of chronic use, there are also
harmful effects in the acute period. It possibly has
an effect on various parts in the neurocardiovas-
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cular regulation system, which includes the affer-
ent and efferent division of the autonomic nervous
system and the central nervous system.21 Most of
the acute effects of smoking on neurocardiovascu-
lar regulation can be explained as the effects of
nicotine.22 The mechanisms of the effects of nico-
tine involve both stimulation and blocking of the
autonomic ganglia, liberation of adrenomedullary
epinephrine, stimulation of carotid body chemore-
ceptors and aortic baroreceptors, and direct ac-
tion in the central nervous system.21,23,24 A sym-
pathetic stimulatory effect of nicotine has been
demonstrated in centrally denervated, incubated
cardiac tissue.25 Also, smoking may itself impair
arterial baroreflex function,9,26 by reducing ar-
terial distensibility acutely.27 In addition, Cryer
et al.28 and Hill et al.29 have demonstrated
that plasma catecholamine levels increase within
1 minute after smoking or an infusion of nico-
tine. Thus, the increased LF, LF/HF, VPCs and
decreased SDNN, SDANN, and HF in our find-
ings, suggesting the sympathetic activation dur-
ing cigarette smoking, may be the result of lib-
eration of catecholamines or impaired baroreflex
function. In agreement with our findings, Grassi et
al. 5 have reported that the short-term changes in
LF/HF and HF after smoking may be dependent on
an increased release and/or a reduced clearance of
catecholamines at the neuroeffector junctions. Re-
cently, Barutcu et al.9 have showed that smoking
leads to an increase in LF/HF ratio and a decrease in
SDNN and RMSSD in healthy subjects. Similarly,
Kobayashi et al.13 have reported that LF/HF ratio
significantly increases immediately after smoking
in taxi drivers. Also, our results showed that there
was no correlation between the duration of smok-
ing and changes in HRV parameters, while they in-
dicated a significant correlation between the num-
ber of cigarettes smoked per day and LF, HF, and
SDNN, suggesting that cigarette smoking causes
acute effects on sympathovagal control. Similarly,
acute effects of smoking have also been reported
in smoking cessation intervention,30,31 with a rapid
increase in HRV appearing as quickly as 1 day after
smoking cessation.

Our findings revealed that systolic blood pres-
sure, diastolic blood pressure, and mean heart rate
were higher in smoker than in nonsmokers sub-
jects. They indicated that the effects of cigarette
smoking on blood pressure and heart rate are
in agreement with the previous studies.5,11,32,33

The hemodynamic changes in smoking group are
thought to be as a result of nicotine-dependent stim-
ulation of the sympathetic control and inactivation
of the vagal cardiovascular control,32,33 which are
consistent with our findings. Similarly, Narkiewicz
et al.11 have reported that cigarette smoking causes
an increase in blood pressure and heart rate due
to an increase in sympathetic outflow to skin and
muscle blood vessels.

Natriuretic peptides are synthesized and secreted
by the myocardium as a response to increased atrial
and ventricular tension.34 Therefore, circulating
levels of these peptides are increased both in pa-
tients with left ventricular (LV) hypertrophy and in
patients with LV dysfunction.35 However, cigarette
smoking has been shown to impair left ventricu-
lar diastolic function, to cause temporary rises in
blood pressure and heart rate, to impair microvas-
cular function, and aortic elastic properties.36–38

In this study, we found that pro-BNP levels were
higher in the smoker subjects than the nonsmoker
subjects. Thus, we speculated that increased NT-
pro-BNP levels in smoking group may be attributed
to diastolic dysfunction39 or increased sympathetic
nervous activity. But the effects of hormonal fac-
tors on autonomic nervous system functions are
under debate. Atrial natriuretic peptide (ANP) ex-
erts a sympathoinhibitory action in heart failure
in normal men.40,41 Brunner et al.42 demonstrated
a sympathoinhibitory effect of BNP at concentra-
tions within the physiologic range but systemic
and cardiac sympathetic nervous activity equates
to baseline values with high-dose BNP. Although
there was a significant correlation between the av-
erage levels of NT-pro-BNP and HRV parameters
(reflecting the increased sympathetic activity and
decreased parasympathetic tone) in our study, it
was difficult to say which is the result or cause.
But to our knowledge, our study is the first to docu-
ment the relationships between NT-pro-BNP levels
and HRV parameters in healthy smoker subjects.

As a result, smoking causes a significant increase
in sympathetic activity, impairs sympathovagal bal-
ance, and decreases the heart rate variability in
healthy subjects. And even smoking one cigarette
brings about overt sympathetic excitation and im-
pairs sympathovagal balance. In addition, smok-
ing results in an increase in NT-pro-BNP levels.
The changes in adrenergic nervous system and NT-
pro-BNP levels are well correlated. These findings
could contribute to the higher rate of cardiovascular



A.N.E. � April 2008 � Vol. 13, No. 2 � Alyan, et al. � Effects of Cigarette Smoking � 143

events in smokers. There are other mechanisms by
which cigarette smoking increases cardiovascular
events in smokers.
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