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Abstract
Our aim was to compare the effect of smoking on cardiac automaticity between pre- and postmenopausal
women by using heart rate variability (HRV) parameters. Thirty three premenopausal (mean age; 32.4 ± 9.2
years) and 29 postmenopausal (mean age; 49.0 ± 6.1 years) smoker women were enrolled. Basic clinical,
echocardiographic, Holter parameters and HRV values were compared between the two groups. The high
frequency (HF) and low frequency (LF) power spectrum of HRV and HF/LF were significantly higher (p< 0.05)
and standard deviation of the averages of NN intervals in all 5-min segments of the entire recording (SDANN)
from the time-domain criteria was significantly lower (p< 0.05) in postmenopausal smokers. Linear logistic
regression analysis revealed that smoking duration, oestrogen level and age were significant and independent
factors for impaired HRV parameters in postmenopausal smoker women (OR=3.142; 95% CI = 2.78–6.89; p =
0.001; OR=2.394; 95% CI = 1.1–4.9; p = 0.03; OR=1.4; 95% CI = 1.03–2.03; p = 0.04, respectively). Smoking
impairs cardiac autonomic function both in pre- and postmenopausal women, while the effect is more prominent
in the latter group. Smoking together with aging and decrease in oestrogen levels might be related with a higher
degree of cardiac autonomic alterations.
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Introduction
The smoking habit is an important and independent
risk factor for development of atherosclerosis,
coronary heart disease, acute myocardial infarction,
and sudden cardiac death for both genders (1, 2). We
know from previous studies that cigarette smoking
increases the risk of cardiac arrhythmias (3, 4).
Cigarette smoking causes acute increases in plasma
catecholamine levels and in cardiac norepinephrine
spill over, which are potentially arrhythmogenic (5).
Smoking has also been correlated with sympathetic
hyperactivity, leading to an increased pulse rate, high
blood pressure, and ventricular premature contraction
(VPC) (6). Menopause, which is characterized by the
presence of reduced oestrogens in circulation, leads
to various effects in different organs and systems in a

woman. Previous studies demonstrated an increased
the risk for developing cardiovascular disease and
arrhythmias in the postmenopausal period (7, 8).
Oestrogen deficiency has been proposed as the
mechanism of this relationship although there are
also some epidemiologic studies which have shown
that oestrogen has cardioprotective properties (8, 9).
Interestingly, results of some previous studies
indicate that women who smoke cigarettes have an
early natural menopause, because of relative
oestrogen deficiency (10, 11). Heart rate fluctuations
of are indicators of sympathetic and parasympathetic
contributions from the autonomic nervous system to
the heart rate. Spectral analysis of heart rate
variability (HRV) has shown at least two distinct
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regions of periodicity in heart rate (12, 13). HRV is
assessed noninvasively by some parameters obtained
from a 24-h ambulatory (Holter) recording and is
used to evaluate cardiac autonomic function (14, 15).
Previous studies have shown that HRV
measurements are useful for the prediction of sudden
cardiac death and ventricular arrhythmias in healthy
individuals (16, 17). To our knowledge, no previous
study has compared cardiac autonomic function
between pre- and postmenopausal women smokers.
In this retrospective study, we aimed to investigate
the effects of smoking on cardiac autonomic function
using HRV parameters in healthy pre- and postmenopausal women.
Materials and Methods
Patients
This study was performed by the retrospective
analysis of the medical, laboratory and holter
recordings of women patients that had undergone a
24 hour holter recording at the outpatient clinics of
Abant Izzet Baysal University Cardiology
Department and Duzce State Hospital Cardiology
Department between 2010 and 2013. Thirty three
premenopausal smoker women (mean age; 32.4 ± 9.2
years) and twenty nine postmenopausal smoker
women (mean age; 49.0 ± 6.1 years), in the previous
laboratory records around the dates of holter
recordings of whom an oestrogen level studied in our
hospital was also present, were included in our study.
All smokers had a history of incessant smoking for at
least 1 year. All enrolled postmenopausal women had
their last menstrual period at least one year before
their inclusion to the study. In addition, information,
including age, race, height, weight, physical
examination result, echocardiographic measurement,
menopausal status, age at menopause, and use of
postmenopausal hormones, was ascertained from the
medical recordings. Routine 12-lead electrocardio
graphy (ECG) of the patients was also evaluated.
Height and weight had been measured for the
calculation of the body mass index (BMI = weight
(kg)/height2 (m2)). Laboratory test results, including
fasting glucose, high density lipoprotein cholesterol
(HDL-C), low density lipoprotein cholesterol (LDLC), total cholesterol (TC), triglycerides (TG) and
oestradiol level were investigated from medical
recordings. Congestive heart failure (CHF), moderate
or severe degrees of any valvular regurgitation or coexistent valvular stenosis, previous MI, angina or
angina-like symptoms, hypertension, hyperlipidemia,
diabetes mellitus, obstructive sleep apnea and being
on any medical therapy at the time of clinical
evaluation were accepted as exclusion criteria. Those
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patients with pacemaker rhythm, atrial fibrillation
(AF), left bundle branch block, right bundle branch
block, any sign of ischemia on the initial ECG and
echocardiographic evidence of LV hypertrophy,
systolic dysfunction, wall motion abnormalities or
pericardial disease were also excluded from the study.
Echocardiography
Results of the echocardiographic examination of the
included patients were also revealed from the medical
records. For the echocardiographic exclusion of
structural heart disease, all patients had been
evaluated by transthoracic M mode and two
dimensional (2D), pulsed-wave (PW), continuous
wave (CW), colour flow and tissue Doppler imaging
(TDI) modalities. All examinations had been
performed with the GE- Vivid-3 system (GE
Vingmed, Horten, Norway) with a 2-4 MHz
transducer at a depth of 16cm. Two-dimensional,
Doppler echocardiographic examinations and Mmode measurements were performed according to the
recommendations of the American Society of
Echocardiography. Systolic dysfunction was defined
as an ejection fraction of < 55%.
Measurement of Heart Rate Variability
The 24-hour holter recordings of all patients were
analysed to obtain the HRV parameters. Standard
deviation of all NN intervals (SDNN), SDNN index
(SDNNI), square root of the mean of the sum of the
squares of differences between adjacent NN intervals
(RMSSD), standard deviation of the averages of NN
intervals in all 5-min segments of the entire recording
(SDANN) from the time-domain criteria and the
proportion of differences in successive NN intervals
greater than 50 ms (pNN50) were calculated. Spectral
analysis of HRV is obtained by summing the powers
of each frequency band: very low frequency (VLF)
<0.04 Hz that is thought to be influenced by the
thermoregulation of vasomotor tone; low frequency
(LF) 0.04–0.15 Hz that is affected by the
baroreceptor reflex and is thought to reflect
sympathetic and parasympathetic tone; high
frequency (HF) 0.15–0.40 Hz that is influenced by
respiratory frequency and thought to reflect
parasympathetic tone. LF and HF powers were
expressed in normalized values in our study. In all
patients, the LF/HF was calculated (12).
Statistical analysis
Parametric data were expressed as mean ± SD, and
categorical data as percentages. All statistical
procedures were performed using SPSS 15.0.

137

European Journal of Medical Sciences
Parametric data were compared using Student’s t-test
and categorical data with the chi-square test Relation
between the cigarettes per day, smoking duration and
HRV parameters were assessed by Pearson’s
correlation coefficient. Variables, found to have
significant differences in univariate analysis (p<0.1)
were evaluated for multicolinearity and then enrolled
into linear logistic regression analysis (stepwise
forward LR). A p-value ≤0.05 was considered to be
statistically significant.
Results
Clinical characteristics of both groups are shown in
Table 1. The baseline resting heart rate, systolicdiastolic blood pressure, and BMI were not
significantly different between groups. As expected,
oestrogen level in postmenopausal women was
significantly lower than in premenopausal women
(13.4 ± 7.2, 142.2 ± 62.1; p<0.001). When HRV
parameters were compared, HF, LF and HF/LF were
significantly higher in postmenopausal smokers
compared to the premenopausal smokers (HF [ms]
979±112, 219±45, p=0.001; LF [ms] 362±94, 119±51,
p=0.011; HF/LF [ms] 3.11 ± 0.73, 1.66 ± 0.32,
p=0.034). In addition, SDANN was significantly
lower in postmenopausal smokers compared to the
premenopausal smokers ([ms] 103.62 ± 32.13,
193.59 ± 65.34, p=0.002). Other parameters of HRV
were lower in postmenopausal smokers than in
premenopausal smokers, but this difference was
statistically insignificant (SDNNI [ms] 108.79 ±
48.14, 121.31 ± 55.13; p=0.094; SDNN [ms] 131.56
± 51.12, 142.29 ± 76.13, p=0.112; pNN50 [%] 11.63
± 8.31,14.31 ± 7.89, p=0.143; RMSSD [ms] 92.78 ±
55.41, 98.12 ± 60.07, p=0.211; TRIA [ms]451.82 ±
156.07, 487.51 ± 188.99, p=0.301; postmenopausal
and premenopausal, respectively).
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in terms of smoking duration and cigarettes per day
(p=0.017, p=0.031; respectively). There was a strong
significant positive correlation between smoking
duration and the value of SDNNI, SDNN and
SDANN in postmenopausal smokers (r: 0.789; r:
0.822; r: 0.897; p< 0.001 respectively). In addition,
there was a positive correlation between cigarettes
per day and all HRV parameters in postmenopausal
smokers, but this correlation was statistically
insignificant (p> 0.05). HRV parameters of
premenopausal women showed no significant
correlation with the smoking duration and cigarettes
per day (p> 0.05). After adjustment for other
variables (including age, systolic blood pressure,
diastolic blood pressure, BMI, oestrogen level, TC,
HDL-C, LDL-C, cigarettes per day and smoking
duration) through linear logistic regression analysis
for the verification of determinants of impaired HRV
parameters, smoking duration, oestrogen level and
age were found to be significant and independent
factors for impaired HRV parameters in
postmenopausal smoker women (OR=3.142; 95% CI
= 2.78–6.89; p = 0.001; OR=2.394; 95% CI = 1.1–4.9;
p = 0.03; OR=1.4; 95% CI = 1.03–2.03; p = 0.04,
respectively).

The mean value of cigarettes per day in the group of
postmenopausal smokers was found to be 16.3 ± 8.1,
while the mean value of smoking duration was 7.98 ±
6.31 years. Also, the mean value of cigarettes per day
in the group of premenopausal smokers was found to
be 10.3 ± 8.1, while the mean value of smoking
duration in this group was 4.87 ± 2.83 years. There
was a significant difference between the two groups
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Table 1. The comparison of the basic clinical, echocardiographic, Holter parameters and HRV values
between pre- and postmenopausal smoker women.
Pre-menopausal smoking
women

Post-menopausal smoking
women

(n=33)

(n=29)

Age(years)

32.4 ± 9.2

49.0 ± 6.1

<0.001

Weight (kg)

64.12± 7.82

66.13±8.12

0.413

BMI(kg/m2)

24.2 ± 3.1

24.5 ± 3.2

0.173

Systolic BP (mm/hg)

123.3 ± 6.4

125.5 ± 7.3

0.232

Diastolic BP (mm/hg)

68.7 ± 7.2

68.3 ± 6.9

0.631

Heart rate (bpm)

79.3 ± 6.7

81.9 ± 7.4

0.104

LVEF(%)

59.9 ± 5.2

56.3 ± 5.6

0.098

LVEDD (cm)

4.12 ± 0.31

4.22 ± 0.31

0.172

Cigarettes/day

10.3 ± 8.1

16.3 ± 8.1

0.031

Smoking duration (years)

4.87 ± 2.83

7.98 ± 6.31

0.017

Estrogen (pg/ml)

142.2 ± 62.1

13.4 ± 7.2

p value

<0.001

SDNNI [ms]

121.31 ± 55.13

108.79 ± 48.14

0.094

pNN50 [%]

14.31 ± 7.89

11.63 ± 8.31

0.143

RMSSD [ms]

98.12 ± 60.07

92.78 ± 55.41

0.211

TRIA [ms]

487.51 ± 188.99

451.82 ± 156.07

0.301

SDANN [ms]

193.59 ± 65.34

103.62 ± 32.13

0.002

SDNN[ms]

142.29 ± 76.13

131.56 ± 51.12

0.112

HF/LF [ms]

1.66 ± 0.32

3.11 ± 0.73

0.034

HF [ms]

219±45

979±112

0.001

LF [ms]

119±51

362±94

0.011
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Discussion
This study has several important findings. Firstly,
HF, LF, HF/LF and SDANN were significantly
impaired in postmenopausal smokers compared
to the premenopausal smokers; this means that
postmenopausal smoker women have more
impaired cardiac autonomic function then
premenopausal smoker women. Secondly, the
smoking duration had a significant positive
correlation with the value of SDNN, SDNNI and
SDANN in postmenopausal smokers; this means
that smoking duration has a direct effect on the
cardiac autonomic function in postmenopausal
smoker women. Thirdly, smoking duration,
oestrogen level and age were statistically
significant independent factors for the
verification of impaired HRV parameters in
postmenopausal smoker women.
In this study, we found that postmenopausal
smoker women have more impaired cardiac
autonomic function then premenopausal smoker
women. Similarly; some previous studies on
comparison of HRV of premenopausal women
with that of postmenopausal women found that
postmenopausal women have more impaired
HRV parameters then premenopausal women,
with the possibility of ovarian hormonal
influences on cardiac autonomic function (18,
19). Moodithaya et al. revealed that just age and
difference in oestrogen levels were the important
confounders, responsible for the differences in
all the components of impaired cardiac
autonomic function between the pre- and
postmenopausal groups (18). They concluded
that both ageing and declined oestrogen levels
are associated with the autonomic alterations
seen among postmenopausal women. Several
studies have shown reduction in autonomic
modulation with ageing in both genders (18, 20,
21). These studies concluded that, ageing is
associated with an increased dependency on
sympathetic control of cardiac responses and
reduced vagal responsiveness. Previous studies
also demonstrated that decline in the level of
oestrogen causes a decrease in vagal and
increase in sympathetic action (22-24). This
study, together with previous reports indicates a
reduction in cardiac autonomic modulation in
post-menopausal
women
compared
to
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premenopausal women. In addition to these, we
concluded that smoking duration was as much
important as other factors for reduction in
cardiac autonomic modulation, especially in
postmenopausal smoking women.
The second important aim of this study was to
show the effect of smoking on cardiac autonomic
function in the pre- and postmenopausal period.
In our study, HF, LF and HF/LF were higher;
other parameters were lower in postmenopausal
women than in premenopausal women, similar to
the results of the previous studies (18, 19). These
results might be associated with smoking. Most
previous studies have focused on the effect of
cigarette smoking on the cardiac autonomic
system and HRV. Eryonucu et al. (25) showed
that the total HRV parameters were significantly
reduced in smokers compared to non-smokers.
Kupari et al. (26) assigned their subjects to two
groups according to the number of cigarettes
smoked per day, and found that HRV was lower
in people who smoked ten or more cigarettes per
day than in both the non-smoker group and in
people who smoked fewer than ten cigarettes per
day. Barutcu et al. (27) found that the time
domain parameters of HRV (SDNN and RMSSD)
were decreased in heavy smokers compared to
non-smokers. This study showed that smoking
together with ageing and declined oestrogen
levels have more adverse effect to the cardiac
autonomic function; also this condition can cause
a wide spectrum of cardiac rhythm disorders;
including
transient sinus arrest and/or
bradycardia, sinus tachycardia, atrial fibrillation,
sinoatrial block, AV block, and ventricular
tachyarrhythmia’s, and sudden cardiac death.
Together with these previous results, our
findings suggest that impairment of the
cardiovascular
autonomic
system
in
postmenopausal smoker women may contribute
to the other deleterious effects of smoking. It is
already known that smoking has anti-oestrogenic
effects which can occur by several mechanisms
(28). Some of these include a negative effect on
ovarian function and blockade of the aromatase
enzyme which leads to decreased conversion of
androgens to estrogens (29), and increased
metabolism of estrogens in the liver in a pathway
that leads to peripherally inactive forms of
oestrogen (30, 31). As we mentioned before,
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decreased oestrogen levels in menopause has
adverse effects in cardiac autonomic function in
the postmenopausal period and one of the
mechanisms for the adverse effects of smoking
on cardiac autonomic functions may be its
contributions
to
this
hypo-estrogenic
environment. The main limitation of our study
was the small sample size. A small sample size
can result in a low statistical power for
equivalency testing, leading to false-negative
results. However, establishing a smoking group
in pre- and postmenopausal women without comorbidities (e.g., diabetes mellitus, hypertension,
and cardiovascular or renal disorders) is very
difficult. Secondly, we did not assess the impact
of cyclic hormonal changes that occurs in
different phases of the menstrual cycle in
premenopausal women on the parameters that we
evaluated during the study. Thirdly, we did not
assess the impact of circadian variation. Diurnal
fluctuations in autonomic tone make it difficult
to calculate HRV over 24 h. This may also have
influenced our results. Another limitation of the
study was its retrospective nature and the need to
rely on previous patient records during such
studies.
Our data indicate that autonomic modulation of
the heart is reduced in pre- and postmenopausal
smoker
women,
but
especially
in
postmenopausal smoker women. Smoking
duration, aging and decreased oestrogen levels
increases deleterious effects of smoking in
postmenopausal women all of which in turn
increase the risk of arrhythmias and sudden
death in this patient population. To achieve a
meaningful reduction in the societal burden of
deleterious effects of smoking, cigarette smoking
among all age groups and especially among
postmenopausal women, must be reduced.
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