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Abstract
Background Cigarette smoking has been shown to adverse-
ly affect heart rate variability (HRV), suggesting dysregula-
tion of cardiac autonomic function. Conversely, smoking
cessation is posited to improve cardiac regulation.
Purpose The aim of the present study was to examine the
effects of smoking cessation on HRV among a community
sample of chronic smokers.
Methods Sixty-two healthy male smokers enrolled in an 8-
week smoking cessation program involving a nicotine trans-
dermal patch treatment. Participants were assessed at base-
line (while smoking regularly), at mid-treatment (while
using a high-dose patch), and at follow-up, 4 weeks after
patch discontinuation. Both time-domain (standard devia-
tion of normal-to-normal (NN) intervals (SDNN), square
root of the mean squared difference of successive NN inter-
vals (RMSSD), and percent of NN intervals for which
successive heartbeat intervals differed by at least 50 ms
(pNN50)) and frequency-domain (low frequency (LF), high
frequency (HF), LF/HF ratio) parameters of HRV were
assessed at each visit.
Results Successful quitters (n=20), compared to those who
relapsed (n=42), displayed significantly higher SDNN,
RMSSD, pNN50, LF, and HF at follow-up, when both
nicotine and smoke free.

Conclusions Smoking cessation significantly enhances
HRV in chronic male smokers, indicating improved auto-
nomic modulation of the heart. Results suggest that these
findings may be primarily attributable to nicotine discontin-
uation rather than tobacco smoke discontinuation alone.

Keywords Smoking . Smoking cessation . Nicotine . Heart
rate variability . Cardiac autonomic regulation . Autonomic
nervous system

Introduction

Chronic tobacco use is the most preventable cause of mor-
bidity and mortality in the world today [1] and introduces a
variety of adverse health consequences such as cardiovas-
cular diseases (CVD) [2], respiratory diseases [3], and can-
cer [4]. Smoking also increases the risk of ischemic heart
disease and sudden cardiac death [5, 6], conditions which
are believed to be, in part, mediated by smoking-induced
autonomic imbalance (typically characterized by sympathet-
ic hyperactivity) [7]. These adverse alterations in the auto-
nomic nervous system have been associated with heart rate
variability (HRV), which may play an important role in the
relation between smoking and mortality [8]. HRV is an
index of vagal tone and reflects the balance between para-
sympathetic and sympathetic maneuvers. Sympathetic ner-
vous system activation accelerates heart rate (HR) thereby
decreasing HRV, whereas parasympathetic nervous system
activation decelerates HR and increases HRV. Elevations in
HRV are a sign of healthy cardiac function, whereas reduc-
tions in HRV leave the heart vulnerable to arrhythmia and
sudden death [9].

A growing body of cross-sectional data has shown that
smokers, compared to nonsmokers, exhibit dysfunctional
cardiac autonomic function, as evidenced by lower HRV
indices. This has been shown to be the case when HRV is
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measured in both the time domain (i.e., standard deviation
of the normal inter-beat intervals) and the frequency domain
(power spectrum data capturing high-frequency (HF) and
low-frequency (LF) ranges) [8]. Additionally, duration of
smoking has been found to be inversely associated with
HRV [8].

Studies examining the temporal association between
smoking and cardiac dysregulation have provided additional
evidence supporting the adverse impact of tobacco on meas-
ures of HRV. Specifically, smoking appears to acutely insti-
gate cardiac autonomic imbalance [10–12], and isolated
nicotine intake acutely negatively affects HRV in a similar
fashion [13]. A handful of studies have demonstrated the
bidirectionality of this effect by examining the association
between quitting smoking and cardiac functioning. In the
first study to examine the effects of smoking cessation on
HRV, Stein and colleagues [14] showed that, among chronic
smokers motivated to quit, participants demonstrated
enhancements in HRV as a result of quitting smoking and
transitioning to a 21-mg nicotine patch, and continued
improvements once they discontinued patch use and were
completely abstinent. This suggests that both nicotine and
tobacco smoke play a deleterious role in cardiac autonomic
function. Two subsequent studies examining the relation-
ship between quitting smoking cold turkey and HRV have
provided additional evidence to this effect [15, 16].

The purpose of present study was to examine the effects
of smoking cessation on HRV among a community sample
of chronic male smokers, without a history of myocardial
infarction (MI) or CVD. It was hypothesized that successful
quitters, but not unsuccessful quitters, would display signif-
icant across-time enhancements in HRV. We additionally
hypothesized that these differential changes in HRV would
result in successful quitter showing significantly higher
HRV parameters at follow-up, when both tobacco-free
(i.e., cessation of smoking) and nicotine-free (successful
completion of nicotine patch treatment), compared to un-
successful quitters.

Method

Participants

Participants were adult male smokers recruited through both
community and online advertisements. All data presented
herein were taken from a nonrandomized intervention study
examining the association between smoking cessation and
sexual health indices in men [17]. Inclusionary criteria were
comprised of being an adult between the ages of 23 and
60 years, and smoking at least 15 cigarettes per day for a
minimum of five consecutive years. Exclusion criteria were
as follows: (a) use of nicotine replacement therapies and/or

non-nicotine smoking cessation medications within
3 months prior to enrollment (bupropion, varenicline); (b)
use of non-cigarette tobacco products; (c) medical condi-
tions that could make nicotine administration unsafe (e.g.,
history of MI, stroke, heart arrhythmias, angina, or uncon-
trolled hypotension or hypertension); (d) history of severe
drug or alcohol abuse during the past 12 months (≥16 points
on the Alcohol Use Disorders Identification Test (AUDIT)
[18] and≥6 on the Drug Abuse Screening Test (DAST-10)
[19]); and (e) a body mass index<18.5 kg/m2 or>35 kg/m2.
Given the sexual nature of the parent study [17], other
exclusion criteria included: use of medications or report of
medical conditions known or believed to affect sexual or
vascular functioning; self-report of a sexually transmitted
infection; and not being currently sexually active. A detailed
description of the participant flow can be found in Harte and
Meston [17]. Of the 65 men who were enrolled in the
original study, three individuals reporting CVD were re-
moved, resulting in a total sample size of 62 participants
for the current report.

HRV Measures

All cardiac data were measured using a three-channel electro-
cardiograph (ECG). Signals were collected at a rate of 80
samples/s, low-pass filtered (to 0.5 Hz), digitized (40 Hz),
and recorded using a Model MP100WS data acquisition unit
(BIOPAC Systems, Inc., Santa Barbara, CA, USA) and the
software package AcqKnowledge III, Version 3.73 (BIOPAC
Systems, Inc.). Normal-to-normal (NN) intervals were collect-
ed manually using the AcqKnowledge peak finder function,
and artifacts were identified and removed manually. After
cleaning ECG recordings, mean NN interval and mean HR
were derived. Both time- and frequency-domain HRV indices
were calculated using Kubios HRV Analysis Software
(Biosignal Analysis and Medical Imaging Group, University
of Kuopio, Kuopio, Finland). Time-domain measures includ-
ed the standard deviation of NN intervals (SDNN), the square
root of the mean squared difference of successive NN intervals
(RMSSD), and the percent of NN intervals for which succes-
sive heartbeat intervals differed by at least 50 ms (pNN50).
Frequency-domain parameters of HRV were calculated using
fast Fourier transform to derive the spectral distribution.
Indices included (in millisecond squared) LF power (0.04–
0.15 Hz), HF power (0.15–0.40 Hz), and the ratio of these two
indices (LF/HF), which reflected sympathovagal balance [20].

Procedure

For a full description of the procedure, we refer the reader to
the parent study [17]. In brief, adult male smokers who
expressed motivation and commitment to quit were recruited
through both community and online advertisements. During
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an initial telephone interview, prospective participants were
screened for inclusion/exclusion criteria, and those meeting
eligibility criteria were scheduled to present to the laboratory
for three separate visits: at baseline while smoking regularly,
4 weeks later while using a high-dose nicotine transdermal
patch (mid-treatment), and 4 weeks after completing the patch
intervention (follow-up). All participants received an 8-week
nicotine transdermal patch treatment administered in a step-
down fashion and were monitored weekly via telephone for
patch compliance and tobacco use. At the first visit, partic-
ipants completed self-report questionnaires assessing socio-
demographic information (age, education level, income,
ethnicity, and marital status) medical history (e.g., medical
condition(s) and current medications), current activity level
(average number of days per week during the past month that
a participant engaged in aerobic activity for≥30 min per
occasion), substance use (per the AUDIT and DAST), affect
(per the Positive and Negative Affect Schedule (PANAS [21])
and smoking characteristics (current smoking frequency,
smoking duration, age when smoking was initiated, and nic-
otine dependence (assessed via the 6-item Fagerstrom Test for
Nicotine Dependence [FTND; [22]])). At every visit, anthro-
pometric (height, weight) indices, ECG data, blood pressure,
and physiological and subjective sexual arousal responses
were assessed. To bolster the validity of self-reported cigarette
consumption, participants provided saliva samples and were
spuriously told that these would be assayed for nicotine con-
tent. ECG data were collected during spontaneous breathing
for all participants individually while sitting upright in a
comfortable chair in a quiet, private, internally locked room.
During data collection, participants were asked to watch a 3-
min documentary film presented on a television screen ap-
proximately 10 ft in front of them. The ECG recordings were
assessed between 11 a.m. and 3 p.m. in an attempt to reduce
circadian variation of HRV parameters [23]. Three ECG limb
leads were attached to disposable electrodes and were placed
on the participant’s upper right chest, lower left chest, and
right ankle. ECG parameters were collected for 12 consecu-
tive minutes, which consisted of an initial 3-min baseline
period (documentary film presentation), immediately fol-
lowed by an 8-min erotic film presentation designed to facil-
itate sexual arousal responses. For the purposes of the current
study, only ECG data from the initial 3-min baseline period
were examined.

All participants were asked to refrain from using any
illicit substances and/or alcohol before entering the labora-
tory. Participants were allowed to enter the laboratory at
their preferred nicotine levels; however, they were not
allowed to smoke during the testing session. On average,
participants reported smoking 7.19 cigarettes (SD=4.79;
range=1–20) before the onset of the session, and reported
an average duration of 29.50 min (SD=18.59; range=5–90)
since smoking their last cigarette. At the completion of the

third laboratory visit, participants were provided $30 and
were mailed a detailed report of their laboratory assess-
ments. All participants provided written, informed consent,
and the protocol was approved by the university institutional
review board.

Statistical Analysis

Smoking cessation efficacy was determined by using a 1-
week point prevalence abstinence rate. Participants report-
ing 0 cigarettes and ≥1 cigarettes during the prior 7 days at
follow-up were classified as successful quitters and unsuc-
cessful quitters, respectively. Pack years were calculated by
multiplying the number of packs of cigarettes smoked per
day by the number of years smoked. Missing values for each
HRV index were imputed using full information maximum
likelihood estimation (FIML) [24], which produces more
accurate parameter estimates compared to per protocol anal-
yses or last observation carried forward techniques [25].
Total number of cigarettes smoked throughout the study,
as well as number of cigarettes smoked at follow-up was
estimated similarly; outcome status (successful quitter, un-
successful quitter) was based on these imputed values.
Successful and unsuccessful quitters were compared at each
time point for all HRV parameters using general linear
modeling (in the form of repeated measures ANCOVA
models). For these analyses, the interaction effect of
group×time was of primary interest. Statistically significant
interaction effects were examined using planned comparison
F tests for adjusted cell means to assess between-group
differences at each time point. Baseline variables that dif-
fered between successful and unsuccessful quitters (i.e.,
drinking severity), as well as variables that differed between
study completers and dropouts (i.e., race, smoking during
enrollment), were entered as covariates in all analyses.
Additionally, smoking status at second visit (smoke-free,
relapsed) was entered as a covariate. Comparisons between
successful and unsuccessful quitters at baseline, as well as
comparisons between study completers and dropouts, were
compared with t tests or Pearson χ2 tests, as appropriate. All
analyses were performed using SPSS statistical software
version 20.0 (SPSS Inc., Chicago, IL, USA).

Results

Participant Characteristics

The total sample (N=62) ranged in age from 23 to 58 years
with a mean age of 38.27 years (SD=10.62). The majority
of the sample was White (88.7 %); breakdowns of other
races/ethnicities were as follows: 3.2 % Black/African-
American; 3.2 % Latino; 3.2 % Asian; and 1.6 % “other.”
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With respect to baseline smoking characteristics, participants
reported a mean of 22.54 pack-years (SD=15.27), were smok-
ing an average of 20.95 cigarettes per day (SD=7.31), and
reported a moderate level of nicotine addiction as per the
FTND (M=5.44; SD=1.96). Eight participants reported tak-
ing medications at the time of enrollment (mood stabilizer, n=
3; antidepressant, n=1; anticonvulsants, n=1; benzodiaze-
pine, n=1; serotonin modulator, n=1; H2 blocker, n=1; anti-
histamine, n=2) and four participants reported a current
psychiatric diagnosis (major depressive disorder, n=3; bipolar
disorder, n=1). Neither medication use, χ2(1)=.22, p=0.64,
φ=0.06, nor psychiatric diagnosis status, χ2(1)=2.04, p=
0.15, φ=.18, differed between successful and unsuccessful
quitters. No participants reported a history of MI or current
CVD, and none were taking cardiac/cardiovascular
medications.

Regarding participant flow, 17 participants dropped out
after the initial visit, and an additional 12 after the second
visit, resulting in a total of 33 participants who completed
the study (53 % of the initial sample). Study completers
versus those who discontinued treatment differed with re-
spect to race and smoking throughout enrollment.
Specifically, those who withdrew were more likely to be
non-White, χ2(1)=4.81, p=0.03, φ=.28, and reported
smoking more cigarettes throughout study enrollment,
t(60)=3.11, p=0.001, d=1.26. Those who completed the
study versus those who dropped out did not differ with
respect to any HRV parameters. With respect to treatment
efficacy, 36 % (22 of 65) and 68 % (42 of 65) of men were
considered relapsed at mid-treatment and follow-up, respec-
tively. Comparisons between successful (n=20) and unsuc-
cessful (n=42) quitters indicated that these groups differed
at baseline only with respect to drinking severity, with
unsuccessful quitters reporting less alcohol use compared
to successful quitters, t(60)=3.00, p<0.001, d=0.82.
Additional baseline data can be found in Table 1.

Analyses of HRV

Results of the 2 (group: successful vs. unsuccessful quitter)×3
(time: baseline, mid-treatment, follow-up) repeated measures
ANCOVAs revealed a significant group×time interaction ef-
fect for SDNN, F(2,112)=3.92, p=0.02, η2=0.07; RMSSD,
F(2,112)=5.29, p=0.01, η2=0.09; pNN50, F(2,112)=3.44,
p=0.04, η2=0.06; LF power, F(2,112)=2.97, p=0.05, η2=
0.05; and HF power, F(2,112)=5.20, p=0.01, η2=0.09. More
detailed exploration of these interaction effects indicated that
unsuccessful quitters did not demonstrate across-time changes
with respect to these HRV parameters (SDNN, F(2,76)=.79,
p=0.46, η2=0.03; RMSSD, F(2,76)=.47, p=0.63, η2=0.02;
pNN50, F(2,76)=1.64, p=0.20, η2=0.06; LF power,
F(2,76)=.66, p=0.52, η2=0.02; HF power, F(2,76)=.46, p=
0.63, η2=0.63), whereas successful quitters showed

significant across-time increases in HRV (SDNN, F(2,32)=
2.96, p=0.05, η2=.10; RMSSD, F(2,32)=.3.91 p=0.03, η2=
0.13; pNN50, F(2,32)=4.93, p=0.02, η2=0.14; LF power,
F(2,32)=.2.95, p=0.05, η2=0.10; HF power, F(2,32)=5.58,
p=0.01, η2=0.17). Additional post hoc tests of between-
subjects contrasts revealed that SDNN, RMSSD, pNN50,
LF, and HF were significantly higher among successful quit-
ters compared to unsuccessful quitters at follow-up (SDNN,
p=0.05, d=.53 (Fig. 1); RMSSD, p=0.01, d=.68 (Fig. 1);
pNN50, p=0.05, d=.50 (Fig. 2); LF power, p=0.05, d=0.51
(Fig. 3); HF power, p=0.01, d=.73 (Fig. 3)), but not at
baseline or mid-treatment (all p values>0.05).

Successful quitters, but not unsuccessful quitters, showed
significant across-time changes in NN intervals and HRs.
Specifically, successful quitters demonstrated larger NN
intervals across time, F(2,76)=3.20, p=0.05, η2=0.10, and
lower HRs across time, F(2,76)=3.49, p=0.04, η2=0.11;
however, this did not result in group×time interaction
effects, nor did successful and unsuccessful quitters differ
on these measures at any of the three time points. Finally,
there were neither main effects nor interaction effects with
respect to LF/HF ratios.

Covariation Between Affect and HRV Parameters

Additionally, across-time covariation between changes in
affect and HRV measures was examined to rule out the
possibility that enhancements in cardiac tone were a byprod-
uct of the alleviation of negative affectivity (a common
feature of nicotine withdrawal). To this end, within-
participants difference scores (baseline minus follow-up)
were derived for all HRV measures, and for positive affect
(PA) and negative affect (NA) scores of the PANAS, and
then entered into separate regression models. Results indi-
cated that there were no associations between either PA or
NA change scores and any HRV parameter for either suc-
cessful or unsuccessful quitters (all p values>0.05). This
suggested that alterations in HRV were not epiphenomena
of affect change as a result of cessation success.

Discussion

The current study examined changes in cardiac autonomic
activity (assessed via HRV) as a function of quitting smok-
ing among long-term male smokers without CVD. Results
indicated that participants who successfully quit smoking,
compared to those who did not, exhibited a graded pattern
of improvement, characterized by increases in HRV param-
eters as a result of stopping smoking and transitioning to
using a 21-mg nicotine patch, and further enhancements
once patch use was discontinued and participants were fully
abstinent from tobacco. Conversely, HRV indices of
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unsuccessful quitters remained generally unchanged across
time. These differential across-time changes as a result of
smoking status resulted in significantly higher SDNN,
RMSSD, pNN50, LF, and HF among successful quitters at
follow-up (approximately 4 weeks after nicotine patch dis-
continuation). Furthermore, successful quitters (but not

unsuccessful quitters) showed increases in NN intervals
and decreases in HRs across time; however, the magnitudes
of these changes were not sufficient to result in group×time
interaction effects. Taken together, these findings suggest
that smoking cessation is associated with decreases in sym-
pathetic tone and enhancements in autonomic cardiac

Table 1 Characteristics of the participant sample

Characteristic Successful quitters (n=20) Unsuccessful quitters (n=42)

Mean (SD) n (%) Mean (SD) n (%) ESa

Age (years) 34.90 (9.65) 39.88 (10.80) 0.49

Education (years)b 15.47 (2.04) 14.46 (2.24) 0.47

Ethnicity

White 19 (95.0) 36 (85.7)

African-American 0 (0.0) 2 (4.8)

Latino 0 (0.0) 2 (4.8)

Asian 0 (0.0) 2 (4.8)

Other 1 (5.0) 0 (0.0) 0.29

Marital status

Single 13 (65.0) 19 (45.2)

Married/cohabiting 4 (20.0) 17 (40.5)

Divorced 3 (15.0) 6 (14.3) 0.21

Substance use measures

Alcohol usec 6.85 (3.13) 4.24 (3.24) 0.82**

Drug used 0.70 (0.98) 0.60 (0.80) 0.11

Smoking measures

Age at smoking onset (years)e 16.05 (2.37) 16.65 (5.33) 0.15

Smoking duration (years)e 17.90 (10.03) 22.10 (11.15) 0.40

Pack years 18.18 (14.02) 21.67 (15.88) 0.23

Current smoking frequency (cigarettes/day) 19.00 (5.09) 21.88 (8.04) 0.43

Nicotine dependence levele, f 5.35 (1.84) 5.49 (2.04) 0.07

Current medication use 2 (10.0) 18 (90.0) 0.06

Psychiatric diagnosis 0 (0.0) 4 (9.5) 0.18

Aerobic activity≥30 min (days/week)e 4.45 (2.15) 3.80 (2.38) 0.29

BMI (kg/m2) 25.86 (3.67) 25.75 (4.68) 0.03

Cardiac function

Resting HR (bpm) 80.35 (14.55) 79.50 (12.25) 0.06

Systolic BP (mm Hg)e 124.85 (21.82) 131.50 (12.77) 0.37

Diastolic BP (mm Hg)e 85.65 (16.32) 84.52 (11.75) 0.08

BMI body mass index, BP blood pressure, bpm beats per min, ES effect size, mm Hg millimeters mercury, HR heart rate
a Effect sizes reported as Cohen’s d and Cramer’s φ for continuous and categorical variables, respectively
b Data missing for two participants
c Assessed with the Alcohol Use Disorders Identification Test [18]. Possible score range from 0 to 40, with higher scores reflecting increasing levels
of problematic drinking
d Assessed with the Drug Abuse Screening Test, 10-item [19]. Possible score range from 0 to 10, with higher scores indicating greater substance
abuse severity
e Data missing for one participant
f As per the Fagerström Test of Nicotine Dependence [22]. Possible score range from 0 to 10, with higher scores indicating greater dependency to
nicotine

*p<0.05; **p<0.01
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function. These findings are in concert with prior studies
demonstrating increases in both time- and frequency-
domain measures of HRV as a result of smoking cessation
[14–16].

From a pharmacological standpoint, results may suggest
that improvements in cardiac autonomic tone are chiefly
attributable to nicotine discontinuation (as evidenced by
between-group differences in HRV parameters at follow-
up, when successful quitters were both nicotine-free and
tobacco-free), rather than tobacco smoke discontinuation

alone (i.e., lack of between-group differences at mid-
treatment, when individuals ceased smoking and initiated
nicotine patch treatment). These findings are consistent with
a growing body of literature showing that isolated nicotine
deleteriously affects HRV [13]. However, these interpreta-
tions are only speculative, given that there was no assess-
ment of plasma nicotine concentrations. In fact, it has been
shown that plasma nicotine levels during high-dose nicotine
patch use are often only approximately half the levels gen-
erated by heavy cigarette smoking [26].

There were several strengths inherent to the current study.
First, to the authors’ knowledge, this was the first longitu-
dinal study examining the effects of transdermal nicotine
patch use and smoking cessation on HRV parameters that
incorporated a comparison quasi-control group (unsuccess-
ful quitters), thereby enhancing internal validity. Additional
strengths included: (a) multiple assessment points in order to
gain a better understanding of the pharmacological effects of
tobacco smoke and isolated nicotine on cardiac functioning;
(b) examination of a variety of HRV parameters, both in the
time and frequency domain; and (c) exclusion of individuals
with a history of MI, CVD, and use of cardiovascular
medication, all of which are conditions that have been
associated with cardiac autonomic imbalance [27, 28].

Despite this investigation’s novel findings, several study
limitations warrant mention. First, this was not a randomized
trial, and therefore results must be interpreted with caution.
However, the present study did enable for between-group
comparisons across time, whereby unsuccessful quitters
served as a quasi-control group. Second, smoking status was
assessed via self-report rather than via biochemical verifica-
tion. However, at each visit, participants provided saliva

Fig. 1 Across-session changes in SDNN and RMSSD as a function of
smoking status. Upper and lower asterisks represent significant results
of between-group comparisons (successful versus unsuccessful quit-
ters) at each time point for SDNN and RMSSD, respectively. Error
bars represent standard errors of the means. Means have been adjusted
for baseline drinking severity, race, total cigarettes smoked throughout
enrollment, and smoking status at second visit. SDNN standard devia-
tion of normal-to-normal intervals, RMSSD square root of the mean
squared difference of successive normal-to-normal intervals, HRV
heart rate variability. *p<0.05, **p<0.01

Fig. 2 Across-session changes in pNN50 among successful and unsuc-
cessful quitters. Asterisks represent significant results of between-group
comparisons (successful versus unsuccessful quitters) at each time point.
Error bars represent standard errors of the means. Means have been
adjusted for baseline drinking severity, race, total cigarettes smoked
throughout enrollment, and smoking status at visit 2. pNN50 percent of
normal-to-normal intervals for which successive heartbeat intervals dif-
fered by at least 50 ms, HRV heart rate variability. *p<0.05, **p<0.01

Fig. 3 Across-session changes in LF and HF among successful and
unsuccessful quitters. Upper and lower asterisks represent significant
results of between-group comparisons (successful versus unsuccessful
quitters) at each time point for LF and HF, respectively. Error bars
represent standard errors of the means. Means have been adjusted for
baseline drinking severity, race, total cigarettes smoked throughout en-
rollment, and smoking status at visit 2. LF low-frequency power, HF
high-frequency power, HRV heart rate variability. *p<0.05, **p<0.01
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samples and were spuriously told that these would be assayed
for nicotine content and cross-referenced with their self-
report. This “bogus pipeline” technique has been shown to
produce reliable and accurate estimates of smoking [29]. In
fact, a meta-analysis of 36,830 participants showed that self-
reported smoking behavior was highly concordant with bio-
chemical verification of smoking activity [30]. Third, sponta-
neously breathing was not controlled for in the present study.
It has been shown that breathing rate is associated with HRV
via the respiratory sinus arrhythmia mechanism [31], and
therefore the potential confounding covariation between
smoke/nicotine cessation and changes in depth and/or rate of
breathing could not be ascertained. A fourth limitation was the
dropout rate before the follow-up session, a problem that is
notorious in longitudinal smoking research [32]. Specifically,
53 % of the sample completed the 1-month follow-up. To
enhance the reliability of the reported effects, data were im-
puted using FIML data estimation [24]. This technique pro-
duces more accurate parameter estimates compared to per
protocol analyses or last observation carried forward techni-
ques [25]. Additionally, it has been suggested that FIML
methods can be reliably employed when up to 90 % of data
are missing for a particular variable [24, 25, 33]. A final
limitation was with respect to the sampling rate and digitiza-
tion of the ECG data. Given that the current report com-
prised secondary analyses of available data from prior
studies, ECG data were originally recorded at a rate
(40 Hz) below what is recommended by the Society
for Psychophysiological Research Committee on Impedance
Cardiography [34] (500–1,000 Hz). It has been shown that
frequency-domain measures of HRVare more strongly affect-
ed by digitization rate compared to time-domain measures
[34]; however, the fact that both time- and frequency-
domain indices showed significant across-time changes as a
function of smoking status provides some tentative sup-
port to the possibility that sampling rate did not induce
spurious results.

In conclusion, results of the present investigation
indicated that quitting smoking significantly enhances
cardiac autonomic function in chronic male smokers
without a history of MI or CVD. These findings add
to the growing body of literature demonstrating the
variety of health benefits associated with smoking ces-
sation. Cessation-induced improvements in HRV may
explain the lower likelihood of adverse cardiac events
among individuals who quit smoking compared to those
who continue to smoke. However, it remains to be
determined whether improvements in HRV indices
resulting from quitting smoking are associated with re-
duced cardiac/cardiovascular risk in the long-term. Future
research in the form of long-term follow-up designs is neces-
sary to determine whether these immediate health benefits
translate to reduced adverse health events.
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