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ABSTRACT

A vast number of studies have demonstrated that passive smoking (PS) generates a
number of unfavourable health effects, including an increased risk for stroke, multiple
cancers, lung cancer, emphysema, and heart disease. Heart rate variability (HRV) is a
straightforward and cost effective technigue to foresee health problems of
cardiovascular nature and may be used to predict in advance smoking-induced health
effects that may arise in the future. The aim of this study was to examine the PS
effects and their duration on HRV. METHODS: Nineteen healthy adults (10 male, 9
female: age 32.8+5.9 years, BMI 23.5£3.1 kg/m2) volunteered. On two separate days,
participants arrived at the laboratory to complete, in a random order, an experimental
and a control trial. HRV measurements were taken using a Polar PS800CX (Polar
Electro Oy, Kempele, Finland) throughout the control and exposure trials. Data
collected during each exposure were split into six 10-min intervals. Moreover, data
collected from 0-10, 30-40, 60-70, 120-130, 180-190, and 240-250 minutes following
the exposure each trial were used to derive HRV for the different time. The HRV
indices studied were the root mean square of differences of successive RR intervals
(RMSSD) and the percentage value of pairs of RR intervals that differ more than 50
ms (pNN5O0) for the time domain as well as the low (LF) and high (HF) frequency and
their ratio (LF/HF) for the frequency domain. RESULTS: A factorial [sex (male,
female), trial (control, PS), time (12 time points)] multivariate analysis of variance
demonstrated main effects of sex on FF/HF and RMSSD (P0O.05), oftrial on pNN50
(P<0.05), and of time on FF/HF (P<0.05). Interaction effects of trial*time on FF/HF
and RMSSD (P0O.05) and of sex*trial*time on RMSSD (PO.05) were also detected.

CONCLUSIONS: PS influences the normal autonomic system functioning, as



measured by HRV by increasing the activation of the sympathetic nervous system

which may indicate abnormalities in cardiovascular function.



MNEPIAHWH

MeydAoC aplBuog gpeuvwv €xel Oeigel OTI To TAONTIKO KATviopa (MK) TIpoKaAei
TIOAAEG QVETTIBOUNTEC TIOPEVEPYEIEC OTNV UYEID TOU AvBPWTIOL, OTIWG TIPOJIABEDT YO
EYKEPAAIKO ETIEICOOI0, OlOQOPOUC TUTIOUC KOPKIVOL, gU@UONUO Kol KOpSIOyYEIOKN
vooo. H petaBAntotnta touv KapdiakoU 1aAuol (MKIT) sival évag deiktng mou pag
BonBdel va dlOyvVWOOUUE KOPJOIOAOYIKA TIPOPBAARUOTA  ULyeEig Kol UTIopEi  va
XpnotyottoinBei yia va TpoBAe@O0oUV TIPOPBANUOTA TIOU TIPOKUTITOUV OTIO TO KATIVICUO.
O1 atdx0ol TG TAPOLCACg €pyaaiag NTav va €EETACEL TIG emIdpacel Tou MK kal tn
dlapkela avtwv otn MKI. MEGOAOZ: A¢ka gvwvéa Lyleiq €Belovieg (10 avdpeg, 9
yuvaikeg . nAlkiag 32.845.9 etwv, BMI 23.5£3.1 kg/m2). & d00 EEXWPIOTEC NUEPEC Ol
€0eAOVTEC TIPOONABOV GTO €PYOOTAPIO VIO VO TIPAYUOTOTIOI|)OOLY UETPAOCEIC TN Mia
Qopa pe €kOBeon o€ TOONTIKO KATIVIOUA (TIEIPOUOTIKO TIPWTOKOAAO) Kol TNV GAAN
QOpPA YIO TIPWTOKOANO eAéyxou. Oi petpnoelc tng MKI Tpayuotomomeénkav ue
KapdloouxvoueTpo Polar PS800CX (Polar Electro Oy, Kempele, Finland). Oi
METPNOEIC KATA TN JIAPKEID TNG £kBeonC oto MK dlaxwpiotnkav ge €1 TUAUOTA TWV
10 AEMTWV KOl OTO TIEIPAPATIKO TIPWTIOKOAAO KOl OTO TIPWTOKOAAO €AEYXOU.
MEeTPNOoEIC ETTIONG TIPAYUATOTIONONKAY UETA TNV €kBeon oto MK og tunuata twv 10
Aetwov oto 0-10, 30-40, 60-70, 120-130, 180-190, koi 240-250 AemtO KOl OTO
TIEIPOUOTIKO KOl OTO TIPWTOKOAAO eAéyxou. Ol deikte¢ MKI mou peAeTAONKav Atav N
MEON TETPAYWVIKA pia Twv dla@opwv HETAED OladoXIkwy dlacTnudtwy RR
(RMSSD), 1o m0000T0 twv {euyapiv RR dl00TNUATWY TIOU dIA@EPOLY TIEPITCOTEPO
amé 50 ms (pNN50), n xaunAn (LF) kai n vgnAn cuxvotnta (HF) Kal o Adyog Toug
(LF/HF). AMOTEAEZMATA: Mia TapayovTikp avaAucon Jdlakopavong [@uAo
(aGvdpag, yuvaika), dokipaaia (eAéyxouv, MK), xpodvog (12 Xpovikd onueia)] evioTioe

KOPIEC €TIIOPACEIC TOU PUAOU oToug Ocikte¢ LF/HF kou RMSSD (P <0,05), KOpleg



eTIOPACEIC NG dokiyaaiag oto pNN50 (P <0,05), Kal KUPIEC ETTIIOPACTEIC TOL XPOVOU
oto LF/HF (P <0,05). Emiong mapatnpndnke aAAnAeTtidpacn tng dOKIHAGIOG Kal TOU
Xpovou yia 1o LF/HF kat RMSSD (P <0,05) kabw¢ €Tmiong Kol Tou @UAOL HE TO XpOVO
yla 1o RMSSD (P <0,05). ZYMMNEPAZMATA: To MK emnnpeadel T Asltoupyia 10U
OIUTOVOHIOU VELPIKOU CUCTAMOTOC OTIWC OUTH METPNONKe pe TNV MKI, avéavovtag
TNV EVEPYOTIOINGN TOU GUUTIOONTIKOU VEULPIKOU CUCTAMUOTOG TIOU  UTTIOJEIKVUEL

OVWMOAIEC TNV KapdIakKr Asitoupyia.
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INTRODUCTION
A vast number of studies have demonstrated that active smoking generates a number
of unfavourable health effects, including an increased risk for stroke, multiple
cancers, lung cancer, emphysema, heart disease (Anon 1996; World Health
Organisation 2002; Flouris, Vardavas et al. 2010). Based on recent evidence, there
will be more than 8 million smoking-related deaths every year by 2030, while the
total smoking-induced deaths during the 21st century will reach one billion (World
Health Organization 2008). This is because, despite the adoption of stricter
antismoking campaigns in many countries, more people smoke today than during any
other time in human history [estimated to >1.25 billion adults]. (World Health
Organisation 2002; WHO and Disease 2009) Indeed, the prevalence rates of smoking
are steadily increasing (World Health Organisation 2002; Substance Abuse and
Mental Health Services Administration 2007) primarily among young girls (Flouris,
Faught et al. 2008; Warren, Jones et al. 2008) and a further global expansion of the
tobacco epidemic is projected in the near future (World Health Organisation 2002).
Given the widespread incidence of smoking as well as its deleterious health effects, it
is crucial to examine practical and cost effective prognostic markers assessing the
impact of smoking on health. This is particularly relevant for passive smoking (PS),
the inhalation of smoke, called second hand smoke or environmental tobacco smoke,
from tobacco products used by others. It occurs when tobacco smoke permeates any
environment, causing its inhalation by people within that environment.

Heart rate variability (HRV) is a straightforward and cost effective technique
to foresee health issues of cardiovascular nature and can be used to predict in advance
smoking-induced health effects that may arise in the future (Hayano, Yamada et al.

1990). HRYV describes the variations ofthe RR (NN) intervals (i.e., the time elapsing



between two consecutive R waves in the electrocardiogram) and can be used as a
trustworthy expression ofthe many physiological factors modulating the normal heart
rhythm (Anon 1996; Niskanen, Tarvainen et al. 2004). However, to our knowledge
the evidence linking smoking with changes in HRV and, in turn, cardiovascular
abnormalities have not been critically investigated. Moreover, it is also crucial to
examine the existing biological evidence regarding the effects of passive smoking on
HRV and their associated cardiovascular problems and to summarize fundamental
information on the various HRV indicators and their diagnostic significance. This
information will be valuable not only to physicians and scientists, but also to those

interested in personal or public health, politics and economics.

Purpose
The aim ofthis study was to examine the PS effects and their duration on a variety of

HRYV indices.

Null Hypothesis

PS will not affect the HRV indices studied.

Alternative Hypothesis
PS will affect the HRV indices studied. Based on the limited published evidence in
humans (Pope, Eatough et al. 2001) and mice (Chen, Chow et al. 2008), it is

anticipated that PS will reduce HRV.



LITERATURE REVIEW

The aim of this literature review is to examine the existing biological evidence
regarding the effects of passive smoking on HRV and their associated cardiovascular
problems. In addition, | summarize fundamental information on the various HRV
indicators and their diagnostic significance. | envisage that the information provided
will be valuable not only to physicians and scientists, but also to those interested in
personal or public health, politics and economics. In order to achieve the above, a
comprehensive search in Pub Med was conducted using MeSH terms that are germane
to active and passive smoking, HRV, autonomic function, and health effects
(particularly of cardiovascular nature). The search also included the articles cited in

the identified papers.

AUTONOMIC NERVOUS SYSTEM

HRYV is calculated based on the time difference between repeated heart beats (Anon
1996; Niskanen, Tarvainen et al. 2004). As such, it characterizes changes in the
activation of the autonomic nervous system which comprises of a neural network that
automatically controls a number of bodily actions (e.g., circulation, digestion) through
a series of positive and negative feedback loops (Kristal-Boneh, Raifel et al. 1995;
Neal 2002; Niskanen, Tarvainen et al. 2004). The autonomic nervous system is
divided anatomically into the sympathetic nervous system (SNS) and the
parasympathetic nervous system (PNS). A number of organs, including the heart, are
innervated by both SNS and PNS, which generally have opposing actions. The
transmitter substance at SNS nerve endings is norepinephrine, while some
preganglionic sympathetic fibres pass directly to the adrenal medulla that can release

epinephrine. Both norepinephrine and epinephrine activate effector organs by acting
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on a-, BI-, or Pz-adrenoceptors (Neal 2002). On the other hand, the nerve endings of
the PNS fibres release acetylcholine that acts on the different effector organs by
activating muscarinic receptors (Neal 2002). The actions of SNS and PNS stimulation

on a variety of organs are summarized in Figure 1.

Fig 1. Autonomic nervous system and the actions of the sympathetic (SNS) and

parasympathetic (PNS) subsystems stimulation on a variety of organs.

AYTONOMIC NERVOUS SYSTEM

PARASYMPATHETIC NERVOUS
SYSTEM

Acetylcholine

SYMPATHETIC NERVOUS
SYSTEM

Norepinephrine Postganglionic

nerves
Action Effects Action Effects
a (+) salivary glands T thick saliva secretion (+) salivary glands T thin saliva secretion
a (+) pupil radial muscle pupil dilation (+) circular iris muscle pupil constriction
82 (+) blood vessels vasococr;.Ttrl_ctlon {+) ciliary muscle near vision accomodation
vasodilation ) lacrimal gland tear secreation
pi {+) heart T rate and force ) heart 4, rate and force
a (+) gut sphincters -
BUB2 () gut wall «I- motility and tone - gut wall
) ) gut sphincters Tmotility and tone
P2 () lung airways bronchodilation (+ gut secreations
) glycoge nolysis . bronchoconstriction
a%?2 <> liver gluconeogenesis *) lung airways bronchosecreation

(+) andrenal medula epinephrine exocrine and endocrine

pancreas

B2 (-) bladder detrusor relaxation secreation T
a (+) bladder sphincter contraction (+)  bladder detrusor ) »
. . micturition
contraction () bladder sphincter

(2 w uteruS relaxation +) rectum defaecation

+) vas deferens . . .

- ] ejaculation penis .

(+) seminal vesicles (NO co-release) erection

+) sweat glands muscarinic sweating
a (+) pilomotor muscles piloerection

Note: (+) = excitation; (-) = inhibition.
In the sympathetic system (+) and (-) generally correspond to a- and B- receptors, respectively.
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HEART RATE VARIABILITY (HRYV)
HRV describes the variations of the RR (NN) intervals (i.e., the time elapsing
between two consecutive R waves in the electrocardiogram) and can be used as a
trustworthy expression ofthe many physiological factors modulating the normal heart
rhythm (Anon 1996; Niskanen, Tarvainen et al. 2004). As shown in Figure 1, the SNS
acts to increase heart rate and plays a essential role in cardiovascular regulation in
both health and disease (Sinski, Lewandowski et al. 2006). On the other hand, the
PNS acts to lower heart rate (Neal 2002). Based on this mechanism, the heart rate
rhythm and the contraction strength of the cardiac muscle are a consequence of the
opposing influences exerted by the SNS and the PNS (Acharya, Joseph et al. 2006).
At rest, the activation of the two systems must be comparable (Kristal-Boneh, Raifel
et al. 1995; Acharya, Joseph et al. 2006). Increased SNS activation or decreased
parasympathetic tone during periods of rest predispose to ventricular fibrillation and
may indicate abnormalities such as hypertension, diabetes, cardiovascular diseases, or
psychological problems (Kristal-Boneh, Raifel et al. 1995; Tsuiji, Larson et al. 1996;
Acharya, Joseph et al. 2006) and have been proposed as mechanisms explaining the
associations of reduced HRV with increased mortality (Kleiger, Miller et al. 1987;
Bigger, Fleiss et al. 1992; Tsuiji, Larson et al. 1996). On the other hand, increased
PNS activation at rest is an indicator of physical prowess, overall health and young
biological age. It is evident, therefore, that HRV provides us with evidence that may
predict heart abnormalities and it is linked with cardiovascular mortality (Kleiger,
Miller et al. 1987; Bigger, Fleiss et al. 1992; Anon 1996; Tsuiji, Larson et al. 1996).
Previous research has shown that active and passive smoking affect
cardiovascular function by disrupting normal autonomic nervous system functioning

(Acharya, Joseph et al. 2006). Indeed, HRV measurements have shown that active
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(Hayano, Yamada et al. 1990) and passive (Zeskind and Gingras 2006) smoking
generate both acute and chronic changes in autonomic cardiac control. Generally,
active and passive smoking appear to decrease HRV and increase cardiac
vulnerability (Hayano, Yamada et al. 1990; Niedermaier, Smith et al. 1993; Acharya,

Joseph et al. 2006) and arrhythmia susceptibility (Chen, Chow et al. 2008).

INDICA TORS OF HRVANAL YSIS

Wolf et al. (Wolf MM, Varigos GA et al. 1978) first recognized that reduced HRYV is
linked with an increased risk for post infarction mortality. Consequently, power
spectral analysis of heart rate fluctuations was introduced to quantitatively evaluate
beat-to-beat cardiovascular control (Akselrod, Gordon et al. 1981). These analyses
provided with indicators that enhanced knowledge regarding the autonomic
background of RR interval fluctuations in the heart rate record (Pomeranz, Macaulay
et al. 1985; Pagani, Lombardi et al. 1986). At present, measurements of HRV are very
common and are obtained usually through electrocardiography or specialized heart
rate monitors (Anon 1996; Gamelin, Berthoin et al. 2006; Gamelin, Baquet et al.
2008; Nunan, Jakovljevic et al. 2008; Vanderlei, Silva et al. 2008). HRV recording is
performed by an algorithm counting system which provides indicators connected with
the autonomic nervous system activity with regards to the activation of the SNS and
PNS. The various indicators of HRV are based either on the calculation of time
difference between successive RR intervals (i.e., time-domain methods) or on the
distribution of power (variance) as a function of frequency of the time difference

between successive RR intervals (i.e., frequency-domain methods).
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Time-Domain Methods

Time-domain methods are the simplest form of HRV analysis and are based on
determining either the heart rate at any point in time or on the intervals between
successive normal complexes. Using a continuous ECG record, each QRS complex is
detected and the normal-to-normal (NN) intervals (i.e., intervals between adjacent
QRS complexes resulting from sinus node depolarizations) or the instantaneous heart
rate is determined. The time-domain methods provide with a number of HRV indices
that derive from statistical or geometric analyses.

Statistical Indices

The statistical indices are based either on direct measurements of the NN
intervals/instantaneous heart rate or on the differences between NN intervals. The
most commonly used statistical indices include:

1. Standard deviation ofthe average NN intervals [SDNN; in milliseconds (ms)]
calculated over successive short-period recordings with a normative SDNN
value of 141+39 ms (Anon 1996; Niskanen, Tarvainen et al. 2004). Since
SDNN is largely dependent on the duration of monitoring period, the common
methodology used to derive SDNN values is to separate 24-h recordings into
short term 5-min monitoring periods (Anon 1996). SDNN values reflect all the
cyclic components responsible for variability in the period of recording and, if
calculated based on 5-min recordings, it characterizes the PNS component of
autonomic function. (Anon 1996; Karakaya, Barutcu et al. 2007).

2. SDANN, the standard deviation of the average NN intervals calculated over
short-period recordings (usually 5 minutes) and it is driven by PNS activity

(Anon 1996; Karakaya, Barutcu et al. 2007).
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3. The root mean square of differences of successive NN intervals (RMSSD; in
ms) with a normative value of 27+12 ms is driven primarily by PNS activation
(Anon 1996; Niskanen, Tarvainen et al. 2004; Karakaya, Barutcu et al. 2007).

4. Count number of pairs of NN intervals that differ more than 50 ms (NN50)
indicating PNS activity (Anon 1996; Niskanen, Tarvainen et al. 2004).

5. The percentage value of pairs of NN intervals (pNN50%) that differ more than
50 ms characterizing the PNS component of autonomic function (Anon 1996;
Niskanen, Tarvainen et al. 2004).

Geometric Indices

The geometric indices derive from converting the time-domain series of NN intervals
into a geometric pattern such as the sample density distribution of NN interval
durations, sample density distribution of differences between adjacent NN intervals.
Thereafter, the variability of the resulting pattern is assessed based on the geometric
and/or graphic properties. The most commonly used geometric indices include:

1. The integral of the sample density distribution of NN intervals divided by the
maximum of the density distribution (NN triangular index) with a normative
value of 37+15 ms (Anon 1996; Niskanen, Tarvainen et al. 2004). This
indicator characterizes overall HRV measured over 24 hours and it is driven
primarily by SNS but it is also influenced to some degree by the PNS (Anon
1996).

2. Baseline width of the minimum square difference triangular interpolation of
the maximum of the sample density distribution of NN intervals (TINN; in
ms) that characterizes primarily the SNS but may be also influenced to some

degree by the PNS (Anon 1996).
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Frequency-domain methods

The frequency-domain indicators of HRV are based on the distribution of power
(variance) as a function of frequency of the time difference between successive NN
intervals, also known as power spectral density. The methodologies used to estimate
the latter are classified into parametric and nonparametric which, in most cases,
provide comparable results. A detailed discussion of the advantages and
disadvantages of parametric and nonparametric methods is beyond the scope of the
present review and can be found elsewhere (Anon 1996). The most commonly used
frequency-domain indices distinguished in a spectrum calculated from short-term
recordings of 2-5 minutes (Sayers 1973; Akselrod, Gordon et al. 1981; Hirsh 1981,
Pagani, Lombardi et al. 1986; Malliani, Pagani et al. 1991) are:

1. Very Low Frequency (VLF) in the range of 0.0033 - 0.04 Hz. (Niskanen,
Tarvainen et al. 2004; Haensel, Mills et al. 2008). The physiological
interpretation of VLF in relation to autonomic function warrants further
elucidation.

2. Low Frequency (LF) band in the range of 0.04—0.15 Hz is driven primarily
by SNS but it is also influenced to some degree by the PNS (Anon 1996;
Niskanen, Tarvainen et al. 2004; Felber Dietrich, Schwartz et al. 2007;
Haensel, Mills et al. 2008).

3. High Frequency (HF) band in the range of 0.15—0.40 Hz is driven by
respiration and appears to mainly indicate PNS activity (Anon 1996;
Niskanen, Tarvainen et al. 2004; Haensel, Mills et al. 2008).

4. The ratio of LF and HF frequency band powers (LF/HF), with normative
values of 1.5-2.0 indicating the balance between SNS and PNS (Anon 1996;

Niskanen, Tarvainen et al. 2004).
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5. The total variance of all NN intervals, called total power, corresponds to the
sum of all spectral bands (i.e., 0.0—0.5 Hz) (Anon 1996; Niskanen, Tarvainen

et al. 2004; Haensel, Mills et al. 2008).
It is important to note that frequency-domain indicators can be also used to
analyze the sequence of NN intervals of the entire 24-hour period. In this case,
however, the result also includes an ultra low frequency (ULF) band (in addition to

VLF, LF, and HF components) between 0 and 0.0033 Hz (Anon 1996).

ACTIVE SMOKING AND HRV

Chronic Effects

The influence of chronic active smoking on HRV has been studied extensively. The
first published evidence was provided by Penny and Mir (Penny and Mir 1986)
demonstrating a decreased HRV in chronic cigarette smokers compared to non-
smokers. In the following years, a number of epidemiological studies were conducted,
the vast majority of which confirmed that HRV is decreased in chronic active
smokers. Specifically, Hayano and colleagues found a decreased vagal activation in
heavy smokers compared to non smokers or moderate smokers (Hayano, Yamada et
al. 1990). Levin and colleagues found that the HRV of heavy smokers was
significantly lower than that of non smokers (Levin, Levin et al. 1992). Kupari and
colleagues observed that HRV was lower in individuals who smoke <10
cigarettes/day compared to a non-smokers or to smokers who smoke >10
cigarettes/day (Kupari, Virolainen et al. 1993). In line with these findings, Eryonucu
et al. showed that the total HRV parameters were significantly lower in smokers than
in non-smokers (Eryonucu, Bilge et al. 2000) which was confirmed by a recent study

showing that regular healthy smokers demonstrate increased LF and LF/HF as well as
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decreased HF compared to healthy non-smokers (Alyan, Kacmaz et al. 2008). Chronic
active smoking has been also shown to reduce HRV during pregnancy of both the
mother (Filer, Fingers et al. 2009) and the offspring (Thiriez, Bouhaddi et al. 2009)
with detrimental effects to the child’s health (Fifer, Fingers et al. 2009) The decrease
in HRV caused by chronic active smoking has been also supported by studies
showing that HRV is dramatically decreased in smokers but not in non-smokers when
exposed to air pollution (Xu and Wang 1998; Pope, Burnett et al. 2004; Min, Min et
al. 2009). Further confirmation ofthe diminishing effect of chronic active smoking on
HRYV is provided by studies demonstrating that smoking cessation increases HRV
within 7 days in chronic active habitual (Minami, Ishimitsu et al. 1999) as well as
heavy (Yotsukura, Koide et al. 1998) smokers.

It is important to mention that, although the majority of published evidence
suggests that chronic active smoking is associated with decreased HRV, some studies
failed to find such a relationship. Murata and colleagues did not observe an
association between tobacco consumption and HRV in healthy male and female
smokers (Murata, Landrigan et al. 1992). Similarly, Kageyama did not find a link
between current smoking status and HRYV, although PNS modulation among heavy
smokers tended to be lower than that among non-smokers (Kageyama, Nishikido et al.

1997).

Acute Effects

The literature presents with five studies investigating the acute effects of active
smoking on HRV. The first experiment was conducted by Hayano and colleagues
who assessed HRV in smokers before smoking one cigarette as well as 3, 10, 17 and

24 minutes after smoking (Hayano, Yamada et al. 1990). Results demonstrated a
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reduced PNS modulation within three minutes after smoking (Hayano, Yamada et al.
1990). Similarly, Niedermaier and colleagues found that PNS activity to the cardiac
muscle is reduced by active smoking (Niedermaier, Smith et al. 1993). Interestingly,
this study also revealed that active smoking differentially affects SNS outflow to
various target organs. Specifically, smoking was found to increase SNS traffic to the
skin, heart, and adrenal glands but to reduce SNS traffic to the musculature
(Niedermaier, Smith et al. 1993). A subsequent study also found that habitual smokers
demonstrate a marked disturbance of the neural control of the heart as compared to
non-smoking controls characterized by SNS predominance and reduced PNS
modulation and overall HRV (Lucini, Bertocchi et al. 1996). In line with these results,
Kobayashi and colleagues found that SNS activity increases and PNS activity
decreases within five minutes from smoking one cigarette in smoker taxi drivers
during work (Kobayashi, Watanabe et al. 2005). Finally, Karakaya and colleagues
measured HRYV in 15 smokers 5 minutes before as well as 5, 10, 15, 20, 25, and 30
minutes after smoking one cigarette (Karakaya, Barutcu et al. 2007). The results
demonstrated that smoking reduced the LF/HF, the mean NN interval, the SDNN, and

the RMSSD within the first 5 minutes (Karakaya, Barutcu et al. 2007).

PASSIVE SMOKING AND HRV

Chronic Effects

To the best of my knowledge, only one study has assessed the chronic effects of
passive smoking on HRV. In this experiment, Felber Dietrich and colleagues
measured HRYV through 24-h electrocardiogram recordings in 1218 non-smokers aged
>50 years (Felber Dietrich, Schwartz et al. 2007). The results demonstrated that

individuals who were passively exposed to smoke at home or at work for more than 2
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h/day revealed decreased total power, LF and LF/HF as well as increased HF. These
results suggest that chronic passive smoking at home and work is associated with

lower HRV (Felber Dietrich, Schwartz et al. 2007).

Acute Effects

until relatively recently, we were unaware of the acute influence of passive smoking
on HRV. However, two germane experiments have been conducted during the past
decade both showing that HRV is decreased by acute passive smoking. Specifically,
Pope and colleagues evaluated the effects of acute passive smoke exposure in a
commercial airport on HRV in 16 adult non-smokers via ambulatory
electrocardiographic monitoring for 8-hr periods while participants alternated 2 hr in
non-smoking and smoking areas (Pope, Eatough et al. 2001). Results demonstrated
that acute exposure to passive smoke significantly reduced HRV as indicated by
changes in VLF, LF, HF, triangular index, and SDNN indices (Pope, Eatough et al.
2001). These findings were recently confirmed by a study in mice using a 6-hour
exposure to passive smoke for three consecutive days (Chen, Chow et al. 2008). The
results demonstrated that the passive smoking exposure decreased HRV not only
during but also beyond the exposure period. Moreover, acute passive smoking was

associated with an increase susceptibility for arrhythmia (Chen, Chow et al. 2008).

MECHANISMS

As observed in the previous sections, the vast majority of evidence provided to date
suggests that acute and chronic active and passive smoking generate marked
disruptions in the normal autonomic nervous system functioning characterized by

increased SNS drive and reduced PNS modulation and overall HRV. Two main



20

mechanistic pathways have been proposed to explain this smoking-induced effect on
neurocardiovascular regulation. The principal biomarker in the first mechanism put
forth is nicotine, the main constituent of tobacco smoke. Indeed, nicotine up-regulates
catecholamine release generating potent acute and chronic effects on cardiovascular
regulation mainly through SNS activation (Karakaya, Barutcu et al. 2007). This is
confirmed by evidence showing that plasma catecholamine levels increase within one
minute after smoking a cigarette (Hill and Wynder 1974; Cryer, Haymond et al. 1976;
Trap-Jensen, Carlsen et al. 1979; Baer and Radichevich 1985; Grassi, Seravalle et al.
1994). Interestingly, some evidence suggests that the smoking-induced adrenergic
activation does not originate centrally and it is independent of ganglionic sympathetic
transmission stimulation (Grassi, Seravalle et al. 1994). Indeed, smoking has been
suggested to act on peripheral sympathetic sites to augment catecholamine release
and/or to reduce its clearance at the neuroeffector junctions, although the mechanisms
involved in the central sympathoinhibition have not been elucidated (Grassi,
Seravalle et al. 1994).

While much of the smoking-induced effects on autonomic function have been
ascribed to the nicotinic pathway, research has shown that nicotine patches generate a
much smaller reduction in HRV compared with smoking, suggesting the involvement
of other factors (Lucini, Bertocchi et al. 1998). In this light, a second mechanistic
hypothesis has been proposed according to which respirable particles affect neural
control of the heart (Stone and Godleski 1999). Indeed, suspended particles, resulting
from the incomplete cigarette combustion may play an important role in the smoke-
induced reduction in HRV (Pope, Eatough et al. 2001). While this notion requires
further exploration, it is supported by several animal (Godleski 2000) and human

(Liao, Creason et al. 1999; Pope, Verrier et al. 1999; Gold, Litonjua et al. 2000; Pope
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and Dockery 2006) studies demonstrating that exposure to particulate matter,

especially in the fine and ultra fine range, is linked with a decreased HRV.

CLINICAL IMPLICATIONS

The mechanism(s) by which the smoking-induced reduction in autonomic function
contributes to cardiovascular-related mortality is not well understood. A recent study
in mice suggests that the smoking-induced reduction in autonomic function increases
arrhythmia susceptibility (atrial fibrillation, ventricular fibrillation or tachycardia),
abnormalities in cardiac electrical conduction, and AV block (Chen, Chow et al.
2008). This may account for the findings in the epidemiological data linking active
and passive tobacco smoking to cardiac arrhythmias and sudden cardiac death (Kritz,
Schmid et al. 1995; Bamoya and Glantz 2006; Bhatnagar 2006; Metsios, Flouris et al.
2007; Flouris, Metsios et al. 2008; Flouris, Metsios et al. 2009; Flouris, Vardavas et
al. 2010). Lower HRYV is also associated with an increased risk for coronary heart
disease, (Dekker, Crow et al. 2000; Sinski, Lewandowski et al. 2006; Flouris, Faught
et al. 2008; Flouris 2009; Flouris and Oikonomou 2010) cardiovascular morbidity and
mortality (Anon 1996; Acharya, Joseph et al. 2006; Thayer and Sternberg 2006;
Carrillo, Metsios et al. 2009; Faught, Flouris et al. 2009; Metsios, Flouris et al. 2009)
as well as on-going subclinical inflammation (Lanza, Sgueglia et al. 2006; Haensel,
Mills et al. 2008). As such, low HRYV has been proposed as an indicator of disease
(Anon 1996; Thayer and Sternberg 2006) given its prognostic attributes myocardial
infarction (Bigger, Fleiss et al. 1993) and chronic heart failure (La Rovere, Pinna et al.
2003) patients. Moreover, increased SNS activity has been proposed as an indicator
for hypertension, diabetes, and cardiovascular diseases (Hayano, Yamada et al. 1990;

Flouris and Scott 2009). Therefore, the reductions in HRV induced by both acute and
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chronic active and passive smoking supported in the majority ofthe published studies
to date may have serious clinical implications characterized by marked disruptions in
the normal autonomic nervous system functioning which, in turn, impair cardiac

electrical conduction with confirmed detrimental long term effects.

LITERA TURE REVIEW CONCLUSIONS

Overall, the vast majority of published evidence suggests that acute and chronic active
and passive smoking generate marked disruptions in the normal autonomic nervous
system functioning characterized by increased SNS drive and reduced PNS
modulation and overall HRV. This phenomenon is partly attributed to an up-
regulation of catecholamine release by nicotine generating potent acute and chronic
effects on cardiovascular regulation mainly through SNS activation. In addition,
suspended particles resulting from the incomplete cigarette combustion have been
also hypothesized to play an important role in the SHS-induced reduction in HRV.
The reductions in HRV similar to those induced by acute and chronic active and
passive smoking are associated with an impaired cardiac electrical conduction with
confirmed detrimental long term effects. Thus, it seems logical to postulate that the
smoke-induced HRV reductions may account, at least in part, for the findings in the
epidemiological data linking active and passive tobacco smoking to cardiac
arrhythmias and sudden cardiac death.

Since the first study that assessed the effects of tobacco smoke on HRV,
research in this topic has spread into different areas and new scientific evidence
continues to accumulate. However, many germane studies are inherently limited. For
instance, a large number of epidemiological studies base tobacco smoke exposure on

self-report without an objective measurement of exposure, they adopt a cross-
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sectional design, and they provide little data on the duration of the exposure or
tobacco use. On the other hand, many mechanistic studies rely on animal models
which are inherently limited, particularly in relation to the level and duration of
tobacco exposure and use, as well as their relevance to humans. Nevertheless, the
literature also contains outstanding experiments that have provided valuable evidence
effects oftobacco smoke on cardiac autonomic regulation.

Notwithstanding the increased attention on the effects of tobacco smoke on
HRV and the excitement for the continuously emerging discoveries in this area, we
remain largely naive to issues as critical as the mechanisms causing the smoke-
induced decrease in HRV. Furthermore, a standardization of the HRV indicators used
in future research should be conducted, as studies thus far tended to evaluate different
HRYV indicators making their results difficult to compare. Finally, future research
should address the effects of acute and chronic passive tobacco smoke on HRV given

the dearth of published data on this topic.

METHODS
Participants
Nineteen healthy adults (10 male, 9 female: age 32.8+5.9 years, BMI 23.5+3.1 kg/m2)
volunteered. Exclusion criteria included: smoking, pregnancy, evidence of cardiac or
pulmonary disease, and previous disease and medications. The experimental protocol

was approved by the ethical review board at the University of Thessaly.

Experimental Design
On two separate days, participants arrived at the laboratory (9 a.m.) to complete, in a

random order, an experimental and a control trial. They were welcomed by an
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investigator and, during their first visit, they were subjected to height and weight
measurements. Thereafter participants were asked to put on a Polar PS800CX that is
capable of measuring HRV indices. The subjects were exposed for 60 min to PS
during the exposure trial and to normal room air during the control trial (fig 2).
Following the exposure, participants were monitored for 4 hours. Throughout their
stay in the laboratory and to minimize influences on HRV values, participants were
instructed to remain silent and as calm as possible throughout data collection. For
both trials, subjects were given a small sandwich consisting of (30% fat, 55%
carbohydrate, and 15% protein) (Michailidis, Jamurtas et al. 2007) exactly | hours
following the exposure. All participants arrived at the laboratory following a 10-hour
fast, and were instructed to refrain from strenuous physical activity and other

excessive stressors for 72 hours prior to each trial.

Fig 2: Experimental protocol.
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PS Exposure

The PS exposure was achieved by cigarette combustion from a variety of popular
brands and was adjusted at known carbon monoxide concentrations for
bars/restaurants (Flouris, Metsios et al. 2008). The concentration of carbon monoxide

was measured to 23 ppm by a CO analyzer (Martindale Electric, Watford, England).
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During the exposure to PS participants rbtoaingefseated at rest for ! hour inside a
6X5X4 m environmentally controlled chamber (air temperature: 24°C; air velocity:

0.05 m/s; humidity: 45%).

HR V Measurements

HRV measurements were taken using a Polar PS800CX (Polar Electro Oy, Kempele,
Finland) throughout the control and exposure trials. Data collected during each
exposure were split into six 10-min intervals. Moreover, data collected from 0-10, 30-
40, 60-70, 120-130, 180-190, and 240-250 minutes following the exposure each trial
(fig. 2) were used to derive HRV for the different time points.

The heart rate monitor signal was transferred to the Polar Precision
Performance Software (release 3.00; Polar Electro Oy), and R-R intervals were
exported under ASCII format. Both frequency domain and time domain measures
were analyzed using HRV analysis software version 1.1 (Finland: Biomedical Signal
Analysis Group, Department of Applied Physics, University of Kuopio, Finland
2002). The root mean square of differences of successive RR intervals (RMSSD) and
the percentage value of pairs of RR intervals that differ more than 50 ms (pNN5O0)
were studied for the time domain and the low (LF) and high (HF) frequency and their

ratio (LF/HF) for the frequency domain.

Statistical Analysis

Given the sexual dimorphism, in which has been found difference between men and
women (Flouris, Metsios et al. 2008), it was examined the effect of PS on HRV, a
factorial [sex (male, female), trial (control, PS), time (six 10-min intervals)]

multivariate analysis of variance (MANOVA) was conducted for RMSSD, pNN50,
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LF, HF as well as LF/HF. All statistical analysis were completed using SPSS 15.0 and

the level of significance was set at P<0.05.

RESULTS

The HRYV indices studied prior to, during and following the exposure are shown in
figures 3 to 7. An increase is observed in HF values during the PS exposure mostly in
women (fig 3). A significant decrease is observed in LF/HF values, in both sexes
during the PS exposure, especially in the last 20 minutes (fig 5). Furthermore, a
reduction is apparent in pNN50 values in both sexes in post exposure time (fig 6),
whereas no changes are observed in LF values (fig 4). An increase in RMSSD values
was found during the PS exposure for the men and a reduction in post exposure for
women (fig 7). In addition, the MANOVA detected main effects of sex on LF/HF
(fig.5) and RMSSD (fig.7) (PO.05), of trial on pNN50 (fig.6) (P0O.05), and of time
on LF/HF (PO.05). Interaction effects of trial*time on LF/HF and RMSSD (P<0.05)
and of sex*trial*time on RMSSD (PO.05) were also detected.

Fig 3. HF HRV Index

* . significant difference between trials for the same time point (P<0.05).



Fig 4. LF HRV Index

»Exposure IVien

Fig 5.LF/HF HRV Index

Exposure IVien

* . significant difference between trials for the same time point (P<0.05).
T . significant difference from baseline within the same trial (P<0.05).
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Fig 6. pNN50 HRV Index
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Fig 7. RMSSD HRYV Index
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DISCUSSION AND CONCLUSIONS

The purpose of this study was to examine the acute effects of moderate passive
smoking on HRV measurements. To the best of my knowledge this is the first
experiment to use a standardized experimental protocol in order to examine the effects
of PS and their duration on the cardiovascular function in healthy non-smokers. |
found that PS influences the function of the autonomic system, as measured by HRV,
and more specific the activation of SNS which may indicate abnormalities in
cardiovascular function (Kristal-Boneh, Raifel et al. 1995; Tsuiji, Larson et al. 1996;
Acharya, Joseph et al. 2006) and has been proposed as a mechanism explaining the
associations of reduced HRV with increased mortality (Kleiger, Miller et al. 1987;
Bigger, Fleiss et al. 1992; Tsuiji, Larson et al. 1996). Specifically, in this study it was
found that PS significantly alters LF/HF and HF as well as that the latter effect is
subject to sex. This finding mirrors recent evidence (Flouris, Metsios et al. 2008)
showing that PS is accompanied by increased IL-lb and thyroid hormone secretion as
well as higher systolic blood pressure only in men. Further investigations are required
in order to understand the reasons for the observed sex differences which relate to the
cardiac and hormonal responses during and after exposure to PS.

LF/HF data supports the hypothesis that HRV was disrupted during and 4-
hours after exposure to PS. This finding shows that acute exposure to PS significantly
reduces HRYV as indicated by changes in LF/HF ratio, an important HRV index, which
is associated with an increased susceptibility for arrhythmia (Chen, Chow et al. 2008).
However, reduced HRYV is also connected with cardiovascular function by disrupting
normal autonomic nervous system functioning (Acharya, Joseph et al. 2006; Zeskind

and Gingras 2006).
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In conclusion, the evidence supports that PS disrupts HRV and therefore
increases cardiac vulnerability (Hayano, Yamada et al. 1990; Niedermaier, Smith et
al. 1993; Acharya, Joseph et al. 2006) as well as arrhythmia susceptibility. Future

studies should examine the chronic effects of PS on HRV.
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