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Abstract

This study examined the effectsof acute tobacco smoking on cerebraloxygenation and

autonomic function in 28 male,habitual smokersof shorter (YSM )or longer (M SM )smoking

history. Following baseline testing, participantsundertook a smoking protocolinvolving the

consumptionof two cigaretteswithin 15min. M easuresof cerebraloxygenation and

autonomic function were collected before,during and Omin,30min,1h, 4h post-smoking.

Tissue saturationindex (TSI) forM SM was greaterthan YSM during cigarette consum ption

(p<0.05). Moreover,M SM observed significantwithin-groupchanges for TSI during and

postcigaretteconsum ption (p<0.05). Further, M SM observed an increasein low frequency

(LF) band from 30minto 1h post-consum ption,followed by a decline;whereas, an elevations

above M SM were observed in YSM at 4h (p<0.05).Both M SM and YSM showed a decrease

in high frequency (HF) band post-cigarette,whileincreased LF/HF ratiopost-consum ption

was observed in YSM . A declinein the standard deviationof RR intervalspost-cigarette

consum ption was evidentin M SM (p<0.05). Moreover,therootmean square of R-R interval

in both groups similarly decreased following cigaretteconsum ption (p<0.05). Acute smoking

affects heartrate variability,suggestive of vagal withdrawaland may indicate an effectof

smoking history. Additionally,prolonged smoking history alterscerebral microcirculatory

responses to acute tobacco exposure in M SM .



Introduction

Active or passive exposure to tobacco smoke exposes multipleorgans, particularly
those of the pulmonary and cardiovascularsystem sto repeated chemicalinsult,lwhereby
profound effects on many biologicalsystem s can ensue.” As a resultunderlying
pathogenesisof chronic diseasesincluding cardiovasculardisease (CVD), cancers,
pulmonary diseasesand diabetes can develop.“‘5 Systemic diseases resulting from regular
exposure to tobacco smoke are thought to occur viaincreased vascularpermeability,reduced
endothelium —dependentvasodilatation,a-eprolonged increases in blood pressure and heart
rate,and changesin cerebraland peripheralhemodynam ics.”®These cardiovascular
outcomes are accompaniedby an imbalance between oxidant stressand anti-oxidantdefence,
increased plateletaggregation,increased cellularadhesion molecules,inflam m ation and sheer
stress.a’loCollectively,the above mentioned factorscan increase the risk for cardiovascular
events.'" W hile the role of chronic tobacco sm oking on endothelialdysfunction and
autonomiccontrol have been well docum ented,lz'”itis notwell known whether the
mechanismsprecipitating such changes can be attributed to age and smoker history or

whether these changes are a resultofthe acute responses to repeated smoking exposure.

Amongstnotable physiologicalchanges from tobacco smoking is the disruptionof
normal autonomicnervous system (ANS) balance,characterised by sym pathetichyperactivity
and attenuated parasym pathetic activity.“This autonomicimbalance may be attributed to
nicotine exposure,lswhich stimulatestherelease of catecholamines,epinephrine and
norepinephrine,7'15subsequently stimulating cardiovascularevents.ls'leInturn,this
sym pathetic stimulation also increasesmyocardialcontractility,cardiac output,stroke volum e
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and peripheralvasoconstriction.” Although the autonom ic effects of chronictobacco



12,16,18 .
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smoking have been studied extensively,the acute effectsare less well known.
the unfavourable effectsof tobacco smoking on cardiovascularhealth,particularly autonom ic
regulation,itseem s importantto determinethe acute microcirculatory and sym pathetic
responses to smoking. M oreover,given the absence of longitudinaldata,a comparisonof
acute autonomicresponsesto smoking in those with a longercom pared to shorter smoking

history may provide insightinto the pathophysiologicalpathways contributing to

cardiopulmonary disease.

In addition to nicotine,tobacco smokers are exposed to a myriad of chemical
compounds,which may impose many deleterious effects on cardiovascularfunction.' The
presence of compounds such as carbon dioxide and nitric oxide exertvasodilatory effects,
whereascompounds such as nicotine act as a vasoconstrictor.lgConsequently smoke
exposure issuggested to altercerebral hemodynamics,increasing the risk of cerebrovascular
disease. Previous literature from transcranial Doppler ultrasound,zonear—infrared
spectroscopy (N IRS)9 and positronemissiontom ographylgsuggestthat regional cerebral
blood flow velocity isincreased in response to tobacco smoking P20 and tem porarily reduces
vasom otorreactivity.zoAdditionally,tobacco smoke has been reported to reduce peripheral
microcirculation.”Such changesin cerebraland peripheralhemodynamicsmay presentas a
precursor for early endothelialinjury,ultimately predisposing to the developmentof
atherosclerosis.gHowever, despitethe abundance of literatureconcerning the many
deleteriouseffectsof tobacco smoking on aspectsof cardiovascularphysiology,the effectsof
tobacco smoking on cerebraloxygenation are lessunderstood and could prove pivotalin

advancing knowledge about smoking and the progression of systemicdisease.



The acute sym patheticand hemodynamicresponses to tobacco smoking are
associated with adverse cardiovascular events.“'“Currently there is limited literature
describing the acute effectsof tobacco smoking on autonom icregulation,particularly in
regards to the length of smoking history.lzAdditionally,the acute effectsof tobacco smoking
on microcirculation as determined by NIRS are lessunderstood. Collectively,itisunknown
whether the acute changes in sympatheticactivity and microcirculation are influenced by the
length of smoking history as a surrogate for the lack of longitudinaldata. Therefore,the aim
of this study was to determine the effectof acute tobacco smoke inhalationon measuresof
microcirculation and autonom ic function. A further aim was to determinewhether a longer
smoking history alters the aforementionedresponsescompared to a relatively shorter
smoking history.It was hypothesised thatsmokers with a longer smoking history would
presentwith greater autonom icimbalanceand reduced microcirculationcomparedto those

with a shorter smoking history.

M ethods

Participants

The study cohortconsisted of 14 smokerswith a relatively shortsmoking history
(YSM; 22.0 + 1.6y of age; 2.86 + 1.91 pack-years)and 14 smokers with alonger smoking
history (M SM ;33.3 + 7.7y of age; 12.15 + 9.61 pack-years).The delimitedage ensured
groups would have differencesin smoking history,butwould stillbe of a similarstateof
health to ensure differencesin fitnessand other variablesof aging were notconfounding
factors.Participantsreported as apparently healthy and free from any known metabolic,
cardiovascularor pulmonary disease,immunologicalirregularitiesorotherconditions. Any

participantthatwas confirmedas having any of these conditions or taking potentially



confounding medications was excluded from the study. The self-reported smoking history for
the YSM and M SM populations were 5.2 + 1.7 and 14.6 + 6.5y of smoking and 12.3 + 6.8
and 15.8 £+ 7.3 cigarettesper day, respectively.Priorto thecommencementof the study all
participantswere required to provide written and verbalconsent following an outline of all
procedures and measures. Thisstudy conformed to the Declaration of Helsinkiand was

approved by the Research in Hum an Ethics Com m ittee at Charles Sturt University.

Study Overview

Priorto involvementin the study, participantswere requiredto undergo a medical
screening,completed an adultpre-exercise screening system (APSS) healthy history
questionnaire and the Fagerstrom test fornicotine dependence.22 If participants satisfied the
study inclusion criteria,they were then enrolled into the study. Participantscom pleted an
initial fam iliarization priorto a baseline testing session,which included anthropom etry, a
graded exercise text (GXT), spirometry,and a dual-energy x-ray absorptiometry (DX A) scan.
Following approxim ately 7d rest, participantsreturned to the laboratory and were required to
partake in a single testing session. Participantswere instructed to successively smoke two
cigarettes of the same brand (W infield Blue, 12m g tar 1m g nicotine) within 15 min; with
heartrate,blood pressure and cerebraloxygenation measured throughoutthe smoking period
and before and after (Omin,30min,1h, 4h) cigarette consum ption.To ensure standardised
responses, following the smoking protocolparticipantsremained in the laboratory with the
researchersuntil 4h post-measuresina fasted and rested state,with no additionalexposure to

tobacco smoke (i.e.environmental).



Baseline Testing

Following a prior fam iliarisation with all procedures, participants reported to the
laboratory between 0530 h and 0800 h, rested and fasted for a baseline testing session.
Stature (Stadiometer:Custom ised,Bathurst, Australia), body mass (HW 150 K, A & D,
Bradford, M A, USA), and waistand hip circum ferences (steeltape, EC P3 metricgraduation,
Australia) were obtained for analysisof body com positionbased on standardized techniques.
Body massindex (BM 1) was calculated from mass and stature,whilstwaistand hip
circum ferencesprovided a waistto hip ratio.In addition,a supine dual-energy x-ray
absorptiometry (DX A) scan was conducted for the determ inationofbody composition
(XR800, Norland, Cooper SurgicalCompany, Trumbull,CT, USA). Scanning resolution and
speed were set at6.5 x 13.0mm and 130 mm 's-l, respectively. W hole body scans were
analyzed (Illuminatus DX A, ver.4.2.0, USA) for totalbody lean mass and total body fat m ass

and are reported in absolute and relative term s.

Resting blood pressurewas measured through a commonly used indirecttechnique
involving the use of an aneroid sphygmomanometerand stethoscope (W elch-Allyn,Arden,
North Carolina),while participantswere also fitted with a heartrate (HR) monitor
(Rs800cx,Vantage NV, Polar, Finland) to obtain a measure of resting heartrate. Additionally,
a baselineblood sam ple was collected to determ ine fasting glucose and totalcholesterol.
Participantsthen underwentspirometry procedures.Participantswere instructed to perform a
maximalinhalation followed by a maximalexhalation for the durationof 6 seconds, data
collected provided force vital capacity (FVC), forced expiratory volume in one second
(FEVi10) and FEV i1, as a percentage (FEV 104) atbaseline (Spirometer20.600, Vitalograph

Ltd. Buckingham ,England).



Participantsthen performeda GXT on an electronically-brakedcycleergometer
(LODE Excalibur Sport, LODE BV, Groningen, The Netherlands) forthe determ inationof
V O3 peak- The younger population began the incremental GXT at100 W and increaseby 25 W
every minute until volitionalexhaustion,whereas,the middle-aged populationbegan the
GXT at 25W and increase 25W every minute. A measure of HR was obtained every minute
until the com pletion of the GXT. Pulmonary gas exchange was measured by determining O ,
and CO, concentrationsand ventilationto calculate VO, using a metabolicgas analysis
system (Parvo-M edics, True2400, EastSandy, UT, USA). The system was calibrated
according to the manufacturer’s instructions. This involved the pneum otachom etercalibration
using a 3L syringe. The gas analyzerswere calibrated using a two-pointfully autom ated
processinvolving room airand gas calibration for fractionalgas concentration with a

gravimetric gas mixtureof known concentrations (CO,, 4.1 (0.1)% ;0,,15.7 (0.2)% ).

Experimental Protocol: Cigarette Consum ption

Participantsreported to the laboratory between 0530 h and 0800 h in a fasted and
rested state for the com pletion of the smoking protocol. Participantswere instructed to smoke
two filtered cigarettes (W infield Blue,12m g tar 1m g nicotine)within 15 minin a privatebut
open areanear the laboratory.Participantsremained seated throughoutthe protocol with nno
or minimalmovementsto ensure standardised measurements. Normalsmokingbehaviour
was encouraged during the consum ption of the two cigarettes, adequacy of smoking ensured
by visualobservationby the research team . The selectionof the acute smoking protocol was
chosen based upon previousresearch by Van der Vaart etal.”>who adm inistered two
cigarettes of the same brand within 30min. Given the lack of acute smoking research, this

was the guideline for selection of the smoking protocolused here. Further,selectionof the



brand of brand of cigarette was also based upon research published by Van der Vaartet al.23,
involving two cigarettesof 12m g tar,1m g nicotine.The selected brand in the currentstudy is
considered average intermsofnicotine dose, and prior questioning regarding smoking habits

deemed this brand an appropriate brand and nicotinecontentamongstthe selected group.

Near-infrared Spectroscopy (NIRS)

A continuous wave NIRS instrumentwas used as a non-invasivetool for measuring
microcirculatory changesin oxygenated ([HbO,]),deoxygenated ([HHb]) and totalcerebral
haemoglobin ([THb]) concentrations (Artinis M edical System,Oxymon M KIII, Zetten, the
N etherlands). NIRS data were recorded at 10 Hz for the duration of the smoking protocol; a
further3minrecording was obtained at30min, 1h and 4h post cigaretteconsum ption. During
all NIRS sam pling participantswere required to be seated in an uprightpositionand
following a 5min stabilisation period,norm alised breathing patternswere ensured. NIRS data
collected during the acute smoking protocolwas normalized againstapproximately 120s of
baseline data, collected prior to each measurementin a rested state,seated in an upright
position.For each time point,the NIRS probe was placed over the leftprefrontalcortex
between Fpl and F3 (international EEG 10-20 system )and placementwas adjusted
approximately < 5mm forindividualvariance. The NIRS probe was affixed with double -
sided adhesives and the inter-optode distance was fixed at3.5cm via a black plastic spacer. A
modified Beer-Lambertlaw was applied to determineoxygenated and deoxygenated haem
concentration,based on the absorptioncoefficientofcontinuous wavelength infrared light
(856 & 794nm ) and age-dependentdifferential path-length factors. Totalhaemoglobin was
calculated via the sum of oxygenated and deoxygenated haemoglobinconcentrationsto give

an indication ofregional blood volume.Further, tissue saturationindex (TSI)was calculated



as a ratioof oxygenated to totalhaem oglobinconcentrations.

Heart Rate and Blood Pressure

Participantsworea HR monitor (Rs800cx, Vantage NV, Polar, Finland) for the

attainmentof HR and heartrate variability (HRV ) during the testing protocol. The collection

of HRV was paralleled with the collection and timing of NIRS variables.HRV was collected

throughoutthe smoking protocoland for 3min ateach subsequentpost-measure,following a

5min stabilization period.Following recording, HR files were downloaded to Polar software

(Polar Protrainer5, Polar Electro Oy, Professorintie5,90440 Kem pele, Finland) via infra-

red; after visualinspection, occasionalectopic beats were identified and replaced with

interpolated (linear)adjacentR -R intervalvalues. HRV analysiswas performed using HRV

software (Kubios 2.1, Biosignal Analysis and M edicallmaging Group, Finland). Both time

and frequency-dom ain analyseswere performed.The mean RR interval,the standard

deviation of RR interval (SDNN), and the root mean square of R-R interval differences

(rM SSD)were analysed. A power spectralanalysisusing W elch’s periodgram provided

frequency -dom ain parameters (Kubios 2.1, Biosignal Analysisand Medicallmaging Group,

Finland). Components of power spectrum were computed with the following bandwidths:

high frequency (HF) (0.15 to 0.4 Hz),low frequency (LF) (0.04 to 0.15 Hz), thus providing

the LF/HF ratio.D ata are expressed as raw values for both frequency and timedom ain

parameters.

Blood pressure was obtained through acommonly used indirecttechnique involving

the use of an aneroid sphygmomanom eterand stethoscope (W elch-Allyn, Arden, North
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Carolina). The cuff was placed on the upper arm over the brachialartery,and above the
antecubital fossa. The head of the stethoscope was placed over the antecubitalfossa. The cuff
was inflated to occlude the brachial artery then gradually deflated while the assessor listens
forthe appearance of Korotkoff sounds, using the firstand fifth stages as systole and diastole.
The measurementwas repeated following sufficientrest,and the two readings averaged to

. . . 24
provide an individual’s blood pressure.

Statistical Analysis

Normal distribution was determ ined by Shapiro-W ilk’stestand non-norm ally
(rM SSD,LF & HF) distributed data was logarithmically transformed priorto analysis All
data are reported as mean + standard deviation (SD). Repeated measuresanalysisof variance
(ANOVA) (condition x time)was used to determ ine within-and between-group differences.
W here a group interactionwas noted, one-way ANOVA testswere applied to determine the
source of significance.Significancewas setatp<0.05. All statisticalprocedureswere
performedusing Predictive Analytic Software (PASW ) (StatisticalPackage forthe Social

Sciences for Windows version 18.0, Chicago,IL, USA).

Results

Baseline variables for anthropom etric variablesand smoking history are reported
in Table 1. The M SM group had significantly (p=0.001) greatersmoking history intermsof
years of smoking and pack-yearsthan YSM . However, the dependence level (based upon the
Fagerstrom Test for Nicotine Dependence)zzand volume of cigarette smoke did not differ

between groups (p=0.19). There were no differencesbetween the groups for VO zpcak
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(p=0.26), though the M SM group demonstrated greaterabsolute and relative fatm ass than

YSM (p=0.00). Further, YSM had higher FVC and FEV atbaselinecomparedto M SM

(p=0.007;p=0.027).

There wereno observed differencesbetween groups for HR or BP atrestor across the

protocol (Fig.1). Additionally,there were no within-conditionchangesin SBP for YSM or

M SM . However, an increasein DBP from pre-to post for YSM (p=0.043) was observed, that

was not presentin M SM , despitea declinein DBP from 1h to 4h in M SM (p=0.041). No

between group differenceswere observed forHR. However, both groups showed a within-

condition increase for HR from pre-to postcigaretteconsum ption followed by a decline at

30min,which continued only for YSM to 1h post (p=0.00-p=0.022).

The time-dom ain parameters forheartrate variability are presented in Fig 2. There

were no baselinedifferencesin rM SSD or SDNN between YSM and MSM .M SM showed a

significantdeclinein SDNN post-cigaretteconsum ption (p=0.009), which was notsignifica

in YSM .Both groups showed elevationsin SDNN at30min post-consum ption (p=0.04;

p=0.004). Further,rM SSD in both groups decreased following cigarette consum ption

(p=0.04;p=0.01). The frequency-dom ainparametersare presented in Fig 3. Despite no

significantbaseline differencesforHF, LF or LF/HF,only M SM observed a decrease

immediately postcigarette consum ption followed by an increase LF from 30minto 1h post-

consum ption,followed by a decline thereafter (p=0.04; p=0.02); conversely, YSM observed

higher values for the raw power of LF at4h comparedto M SM (p=0.02). Both groups

observed within-group changes for HF, with a decrease from pre to immediately post

(p=0.02; p<=0.05), followed by an increaseat30min (p=0.01;p=0.00) and only a decline

nt
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observed for M SM (p=0.04). For LF/HF, an increasein YSM was observed from pre to post

(p=0.00), which was notobserved in M SM (p=0.54), although both groups observed a

decline from immediately postto 30min (p=0.00; p=0.01). Further, M SM observed a

significantincrease from 30min to 1h post, (p=0.03) which occurred later for YSM (1h-4h).

Values for YSM remained above pre at4h (p=0.01).

In regardsto NIRS responses,there were no significantdifferencesin [HbO,],

[HHDb] or [THDb] between groups atbaseline or throughoutthe protocol (Fig 4). However, for

M SM TSI was greaterthan YSM during consum ption of the second cigarette (p= 0.048; p=

0.01). W hileYSM showed within-group changes from pre to startof firstcigarette in TSI

(p=0.05), thiswas notdifferentto M SM (p=0.25. Further,while YSM showed no within-

group change for [HHDb], values for M SM increased im mediately from pre to startofcigarette

consum ption followed by a decrease to post cigaretteconsum ption (p=0.023;p=0.002;

p=0.002). Following cigaretteconsum ption,elevationsin [HHb] to baseline were observed to

l1h in MSM (p=0.021), however werenotobserved in YSM . Finally,no within-group changes

were observed for eithergroup for [HbO ,].

Discussion

This study aimed to elucidate what effects acute tobacco smoking had on autonom ic

and hemodyamicchanges in smokers, with particularrespectto com parisonof shorterversus

longer smoking histories. The findingsrevealed thatacute cigarette smoking may resultin

prolonged vagal withdrawal which may be indicative of sym pathetic hyperactivity thiswas

evidenced in YSM by decreasesin HF and an increase in the LF/HF ratio. A further finding
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indicatesthatacute tobacco smoking increases TSI and [HHb] during the cigarette
consum ption,followed by declines postcigarette consum ptionamongstin [HHb] amongst
M SM ,butnot YSM ,which also suggests an effectof smoking history on cerebral

hemodynamics (Fig.4).

W hile the adverse effects of tobacco smoking are many,changes in autonomiccontrol
and hemodynamicsmay be amongstthe mostimportantfor the determinationof
cardiovascularrisk. Chronic tobacco smoking is known to augmentsym patheticdom inance'®
and reduce vagalmodulation;zsconsequently such alterations inautonomic balance have been
associated with adverse clinicaloutcom es.leHowever,despitethe abundance of literature
concerning the chronic effectsof smoking on heartrate variability, only a few studies have
reported on the acute effectsof tobacco smoke on autonom ic control.ls'”Mendonca,etal.lg,
reported both raw high and low frequency power to decrease following smoking, with the
LF/HF ratio increased,suggesting sym patheticdominance. Findings from the currentstudy
reveal thateven briefexposure to tobacco smoke produces notablechanges in sympatho-
vagal balance,as reflected by decreases high and low frequency power and elevated LF/HF
ratio in YSM following cigarette consum ption.Further,the sympatheticresponse was
delayed, or inhibition of parasym pathetictone was presentin YSM following acute smoke
exposure (asrepresented by the delayed LF/HF peak when comparedto M SM ). Our study
observed similarfindingsto thatof Karakaya etal.'®who reported acute smoking increased
the LF/HF ratioand reduced mean RR intervals, SDNN and rM SSD within5 minof smoking
a cigarette. Further,time-dom ainparameterssuggestreduced vagal modulation,particularly
amongstM SM ,who similarly to Karakaya etal.'®observed a reductionin SDNN post-
cigaretteconsum ption. Additionally,rM SSD decreased following cigarette consum ption in

both groups,which isindicative of reductionsin the parasym pathiccomponentof autonomic
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control.?® ™ oreover,inastudy by Hayano etal.’’ concerning HRYV parametersin heavy,
moderate and non-smokers, taking into accountthe respiratorycomponent, suggested that
heavy smoking (~12 years and >25 cigarettesper day) resultsin acute and transientdecreases
in vagal cardiac controland that heavy smoking resultsin long term reductionsin vagal

cardiac controlin habitualsmokers with a shorter smoking history.

Tobacco smoke has powerful excitatory effectsof the SNS,11 which may be a direct
effectof nicotine via the stimulationand blocking of autonomicganglia or directimpairment
of baroreflex function.> *®Increased sym patheticactivity has pro-arrhythmic,atherosclerotic
and thromboticactionswhich may be involved in the elevated cerebrovascular risk observed
insmokers.”’ Consequently,results from the current study are reflective of acute vagal
withdrawal which may be suggestive of sym pathetichyperactivity.W hilethe precise

mechanism behind sympatheticdom inance remains elusive,acute responses may be usefulin

understanding how tobacco smoking resultsin the disruptionof autonom icbalance.

Smoking is animportantrisk factor for cerebrovasculardiseases.. W hilechronic
tobacco smoking is associated with reduced cerebral blood flow, literatureconcerning the
acute responses to smoking is inconsistent.”* Previous studies have reported thattobacco
smoking decreasesregional cerebralblood flow (rCBF), as measured by transcranialDoppler
sonography;g‘”however, the effects of tobacco smoking on cerebral microcirculation as
determined by NIRS remain lesswell known -although this methodology could assistin
elucidating microcirculatory changes associated with the heightened cerebrovascularrisk in
smokers. W hile Terborg etal.greported no change in deoxygenated hemoglobin with
smoking,Pucci, Stepanov and Toronov,30 reported deoxygenated hemoglobin to increase

after 5 min of smoking,and additionally observed concom itantincreasesin oxygenated
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hem oglobin. The currentstudy revealed that despite the initialincreasein TSI in YSM itwas
com paratively greaterduring cigarette consum ptionin smokers with a longer smoking history
(M SM).Furthermore,smoking induced increasesin [HHb] in M SM during the cigarettes
followed by declines, butno notable changesin YSM . In contrastto the presentstudy Siafaka
etal.’ reported no change in peripheralhaemoglobin saturationas a  resultof smoking.
However, we found that [HbO ;] remained unchanged, whilst[HHb] was increased during the
consum ptionof cigarettes followed by a decrease [HHb] in M SM . Such a finding would
indicate thatsmoking induces a transientdesaturationin the M SM . If thisis the case, an
increasein [HHb] in the prefrontalcortex withoutsimultaneousincreasesin [HbO,] might
compromiseneuronal activity in this group of M SM . In the presentstudy,the observed
increasein TSIl and [HHDb] in M SM during cigaretteconsum ption may be attributed to carbon
monoxide (CO) exposure,which due to the high affinity of CO to haemoglobin,causes a
leftward shiftin the haemoglobin-oxygen dissociation curve.BMoreover,during cigarette
smoking approxim ately 5-22mg of CO are emitted,“consequently given thatthe absorption
of carboxyhemoglobinby red lightisofa similarwavelengthto [HbO,], the presence of CO
may interfere with readingsof [HbO ,]. W hile the acute effectsof smoking reportconflicting
findings, previous literature did not define groups based upon smoking history,which could
be a limiting factor. The younger smoker group in the presentstudy observed no significant
changesin cerebralhemodynamic parameters,suggesting when isolated by age, long-term

smoking may alter cerebraloxygenation and the associated hemodynam ics.

W hile previous studies have reported tobacco smoking to increase cerebralblood flow
. . . 20 . .
velocity and reduce vasomotorreactivity asdemonstrated by trancrainialDoppler
9 . . . . . .
sonography given the changes to autonomiccontrol, itseemsimperativeto determine

whether the changes to autonomiccontrol are reflected in changes to cerebral
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microcirculation. W hilean increasein sympatheticdominance was resultantfrom acute
cigarette smoking, these effectswere notreflected in cerebraloxygenation of eitherYSM or
M SM . Previous vasomotorstudies using NIRS methodology suggestthatchanges in cerebral
oxygenation are representative of changes in cerebralblood flow.’? However, in the present
study, despite the observed increase in sympatheticdrive,elevationsin cerebraloxygenation
did notoccur,which may be attributed to com pounds such as CO or the reduction of
bioactive nitric oxide thatactas a vasodilator,and is reduced by chronic sm oking.“'34
Granted the effectof tobacco smoking on the vasculaturecan be influenced by multiple
biochemicaland hemodynamic factors,the determ inationofmicrocirculatory and autonom ic

age-based responses to smoking may further our understanding,particularly inregards to the

negative longitudinal effectsof smoking.

Despite these findings, certainlimitationsmustbe acknowledged. The respiratory rate
of smokersmay presentas a lim itationto the currentstudy as there is an established
relationship between breathing frequency and heartrate variability parameters. Brown et al.®®
reported areduction in the absolute power of LF and HF components,suggesting that
breathing may have an effecton parametersof HRV . As a meanstocontrol this, participants
were seated in an uprightposition,where breathing patternswere norm alised before the
collection of data. Further, while the authors acknowledge the LF/HF ratio data can indicate
highercoefficientofvariation“itmay provide indicationsand directions for future research
in the area. A furtherlimitation to the study is the age of the M SM ,while an older population
isdesirable, many presented with pre-existing medicalconditions,thus the M SM on average
maybe younger than desired. However, despite age being a limitation,the M SM had

comparable health statusto YSM , thus eliminating any age-related constraints.

17



In conclusion,the presentstudy indicatesan acute effectof tobacco smoking on both

the frequency and time-dom ainparametersof HRV, suggestiveof sympatheticdominance,

and may furtherindicate an effectof smoking history,particularly inregardsto LF/HF in

YSM . A furtherfinding is the observed changes in [HHb] and TSI in M SM which may

suggestthatprolonged tobacco smoking alterscerebral microcirculatory responsesto smoke,

which ultimately may increase the risk of cerebrovasculardisease and suppressed neuronal

activity atspecific instances. W hile the measuresare noveland representa smallportionof

the physiologicalresponses to tobacco smoking,these findingsmay provide future direction

into the acute microcirculatory and sym pathetic effectsof smokerswho presentwith different

smoking histories.
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Table 1. M ean + SD Baseline descriptive, anthropom etric, dual-energy x-ray

absorptiometry (DX A), biochem istry, aerobic fitness and smoking variables within

the young smoker (n=14) and middle-aged smoker (n=14) populations.

Anthropometric & Descriptive D ata YSM OSM

Age (years) 22.0 £ 1.57 33.27 £ 7.75*
Height (m) 1.82 + 0.07 1.77 + 0.07
W eight (kg) 81.78 + 12.07 81.22 £12.87
VO:zpeak (mL'kg "min™h) 36.67 + 3.06 33.93 + 8.74
Final stage W atts (G XT) 275 + 36.69 230 + 46.48
W aist Circumference (cm) 84.46 + 8.44 87.67 + 8.92
Hip Circumference (cm) 98.22 + 5.95 101.54 + 8.34
W aist to hip ratio 0.86 + 0 .05 0.86 + 0.06
% Fatmass 15.62 * 5.78 24.75 £ 6.76*
Lean M ass (kg) 63.03 + 9.05 59.02 +6.61
Fat M ass (kg) 12.37 + 5.32 20.68 * 6.83*

Smoking Variables

Years of smoking

Cigarettes per day

Pack years

Fagerstrom score

5.21 £ 1.72 14.62 = 6.55*

12.31 +6.81

15.79 + 7.34

12.15 £+ 9.61*

2.48 £ 1.28

*Denotes significantly different(p<0.05)to YSM
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