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Abstract : This study aimed to explore the association between obesity index and heart rate
variability (HRV) in college—aged male smokers. A total of 85 male college students (> 10 cigarettes per
day for at least 3 years) were participated in this study. According to a standardized protocol, body
mass index (BMI), percent body fat (%BF), waist circumference (WC), and waist—to—hip ratio (WHR)
were taken as obesity indices. Resting r—r interval was monitored for HRV analysis as an indicator of
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cardiac autonomic regulation. Compared with low WHR subjects, high WHR subjects had
significantly lower values of rMSSD, pNN50, HF, and SDI, suggesting decreased parasympathetic
activity. No such differences in LF/HF ratio were found between the WHR—-based subgroups. Bivariate
correlation analysis showed that obesity indices of WC, WHR, and %BF were significantly associated
with rMSSD, pNN50, HF, and SDI, with a tendency for correlation coefficient to be higher with
WHR than with WC or %BF. No significant association was found between BMI and HRV
parameters indicative of parasympathetic activity. This study suggest that central obesity is significantly

associated with decrease in parasympathetic activation, independent of BMI as an indicator of obesity,

in male college smokers.

Keywords : Cigarette smoking, Central obesity, Autonomic nervous system, Heart rate variability,

Parasympathetic activity

1. M8

gHE A A YFZE(nicotine) E §7E A4AR
WA= AR PA=4A (fine particulate matter)
TY A Y2 B4 e AR wFA
7d(vagus nerve) ZotE fEsto] Qb Al Al
(resting heart rate, RHR)E Z7FAIZItH1]. E3]
FdoR op|EE wHAlFE/d S (sympathetic
activation) 2 FE w75k parasympathetic
withdrawal) = A&7 Bt (cardiac
autonomic imbalance)& s, 43 A4S
ZRRE RE ARTRIC] SFE et TR 2]
St AdbHol X (heart rate variability, HRV)+&=
A A= (electrocardiogram) @] QRS EgtAollA R
waveo] ItA  HolE Fol AAAEATA
(autonomic nervous system)& B7F5tE 71H O]
ch, AA o]yl A+ (Framingham Heart
Study)oll Al 184]] o]/ AIdd 1,882 tde
2 124 7+ 34 AR 23 HRVE a8 dg
9 27 ] et dlS ] EelH 3], HHl
Sdol ot SAA A AAAeAdxd ¥

oFE WEsH] 9%t A AlkollA Ee olgH

H|PH(obesity) A] AHEAIAA W of7|sh=
2% aQlomA, HgERolA] &3] TEEE ¢
9 APAS e @ 2onuyzd
(norepinephrine) W& £7te 841742 Fko}
A FEAA AT A 9 A2g dro] 9F
E S7HE ZAdTHs5]. 53] Hlgke] ogh AeAl
A71% 2] HFIAE HRV 240 AEHS]
ou. AA 39-604 APl JAHUE o=

HE AT AREISE olgd AWFAS
(body mass index, BMI) 31-52 kg/m?*2] gt 3
S(n=52)7 BMI 17-27 kg/m?9] H|H|qH
(non—obese) H(n=28)°] HRVE EASt A}
Atz HRV SAEE Wgst= SDNN  (the
standard deviation of normal-to—normal r-r
intervals)o] HITH oA F-ol51A FAH o=
e THG].

2016 TAAHXSAAR[T]o] w2H  30th
(46.3%) 2 40tH(46.5%) ‘gl Hls] ¥ £3
219k 20d) o]at AJJAEF ] FHES 44.3%° F
She Ao= yepgth #at opyet 20t EAd el
HIREE A 35.8%=2 A HITHE 34.9%¢] =]
Jo2 HAUEIh 20161 EaAyel tisky
66.3%[812 =W 20t HA & dishe]
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MY FAAE SR EElE 2 v e A
H7h Bad Aol
Ao BMI, 512l &2 (waist

circumference, WC) @ 3]g]-dgo] H|(waist to
hip ratio, WHR) 9] HFIAHEL2 44 9I¥
I JAstE Aoz dA IeH10]. 55 A
& ANHY HeeE Wrgshe BMI B AlEel o
g AR oA @32 BlEAA ] vl W2 B
o] lem[11] AA 9,047 (aged 1674 years)=
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ez 435 Scottish Health Survey®] 42
= HFAAt] vl Ed BEoA BMI
A @2 Aer HuEr12].

1w ¥0

219, FuEAE HHlEde ERANEAS
Asle] F4A H|9Hcentral obesity)S =g}
AA 299~ 2ZHLausanne)ol] AFsH= 35-754]
Aol Aoldyd 6,123HS diez S9d
CoLaus Aoll4 EAxF= HIZARt] Hls| WC,
A AYE(body fat percentage, %BF) H BMIZt
FolotA  HgolE EFSh dY SdF
(cigarettes smoked per day)ell Wt WC 9 %BF
7t 37t AR UEt13]. 59 SAAAE
) HTRE AAEA AR d T BAgE A et
B-u|oteA| -4 Z[hypothalamic—pituitary—
adrenal (HPA) axis]2 A5t FugA3Ss
Asts 23t &4 7)15 Al Zlofste ],
HE Hgke] a8l WHRS F7h= HPA
axis®] ZAANE oIt Aor deA ot
[14]. Z0]E7%= Barrett—Connort Khaw[15]9]
AFANA HrjgAET WHRE §3F-7H3 oA
(dose—response relationship)& 245 21}, &4
2= HEAAe] B ntE Aol Eot
BMIS} 53202 gl g S7te ohet WHR
o] F7IEE AoE Uehgom, AA 25-844]9]
A7 Aoldd 22,059WS tiAter £y

Greek EPIC cohort 23 WHRI 44 =)
EA=F 7re] Aol YegTH6. &, &
2= 92 BMISF =2 HBF H|gholgt= Bo] 7

o] HgalEE RolA s, @A A
o WHRE Zga 25 ugholael Ag2He4l
A2 70l AP Bl Bt Aue F
grom 4 gD &

ol
ol
0,
ikt

2.1, AFHY R BY

& A9 20149 69 ~ 20159 6€ 3t
FAA 22 K st FHle[AE o]8al A
mgstgon], Hoxks2 Ha 349 ol <

e e o

10708 ool Blgae Aot HEA 9
o)l o5 WA 674Uzt 714 LFE
ol Sashal gk 4S8, HRY
24 A e uA 5 9 9, 44 2
g4 a9l Hastels] Sle) e Yy o

)
ArERe] G 20~294] Atole] W e
= stk

B ool 3E £~ G*Power(version 3.1.9.2,
Heinrich ~ Heine  University, Dusseldorf,
Germany) Z2IHE o]gste] Absglrh
Cohen®] %7+ &3 F7|(medium effect size=.3)
E U o2 o|fAsF ATEA (a probability=.05,
Power=.8)2 $¢t X 4 A& Z3t F sample
sizet= 847gol¢len, | HFtdt HRV A& 7t
AEBAE ZARE Yadav S[17]9] AFolA&=
30t Al F 5992 o= WHRI ¢H A
AFRNTAAS S F 7 S Ry

o] HIF O R & A= & YTt T
907 9] ¥zt 7hedl 18 Y 7] (systolic blood
pressure, SBP > 140 mmHg; diastolic blood
pressure, DBP » 90 mmHg)S Z35t 51 A<
s A% 8592 o A= SUad. o
9 FAAR Aer|EL a2t Atk

D diArder 9 A gkt

2) HElE 71 &

3) 2 2 AT 715 E 7 &

4) F 1d W 4714 of=E& 5835 H7lol 9

= #
5 11 9] A7t RARtelth . waE= 2}

_,4
1o

H A3E= K st 229193 (institutional
review board)@] 4¢1(2014-0066)=2 Hro} A&
g 9 HAHS FEF5t] AlFEHoH, AT
2 Ao B gt uteE= YEAAE 1A
stal AP otol] ek FolAlo M-S WGt

2.2, TEWQ U S
4 A F B9 Rt 9 FAFS 7185
1, @ejgE=S wWrs]  gls CDS-12

(12-item scale labelled the cigarette dependence
scale)E o]8stATH18, 19]. AAxYS =EFst
HRAE 57 9 ASAEYEHPES 4 484
A ARG AAEEE ARtSt X4 24431
A g2 37 Sl srAFE SR A
gz A=A B 544 FALHE lst
7] 18l &A= 7]1(piCO+Smokerlyzer, Bedfont
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Scientific Ltd., Kent, United Kingdom)& &3l &
7] W LArSterA (carbon monoxide, CO) ¥ 2
Areter 49 2 24 (carboxyhemoglobin, COHb
o m3legs EAstelen, AT WEds
FAagtclr] Qe e 542 24 oA AFA

FEe T SHEAH.

=

N

221, v E 9 RG] HHel

Y FE 5 A% 0.1 cm ¥ AF 0.01 kgZtA]
rteE  ASAFAFTAGL-150,  G-tech
international, Korea)& AHgslo] 4% g9 W
AR A% 9 Al Aok, ol v eR
BMIE 4t&Estatt. AAIRA7](World Health
Organization, WHO)2] @A et SAHE
o]-&a] v (umbilicus) oA FETE WCeH
dgolo] 71 W2 FE(the widest portion)ollA]
545 dgolEdhip circumference)E ©]-8-H
WHRS  AXSIACH20].  %BFS  ACSM
(American College of Sports Medicine) 7te]=ak
Je HEOe=R HAHE ofdRIA A
(skinfold caliper, Dynatronic CO., Salt Lake
City, USA)E ©ol8&sto 7h&(chest), EH
(abdomen), thE|R(thigh& 22t =4 & A= 3t
< ©]-&3l Jackson} Pollock®] FAlol whaf 414
Ak (body density)E T3t &, Siri WAEAE Fol
%BFE AMESHATH21].

SHH, 12A1F FE AHIE 208 ol M ¥
P2 AR AFBLESH7I(UA-T772C, A&D,
Japan)E °|-&3ll SBP 9 DBPE =745kl o] & Ht
goz HidFWMemean arterial pressure, MAP
= 1/3(SBP) + 2/3(DBP)]- AF&35}t).

222 Aol

RHRI @ Ae07zde #ie o2
HRV &42 A7) 4 &34 aglo| or& W
4L HAI] S8 24 9-11A] AEA HE
T 25 22-24° C&F FX 40-50%=2 Aod =
S5kl oF-2 AAA oA gt AR =5
=3t

A48 Polar RS800CX (Polar Electro Oy,
Kempele, Finland)E ©]-&3] 1,000 HzZ 10&7F
9] mean HR ¥ r-r interval2 7|Z235}g o, ¢
Al dlo]H+  Pro—trainer Polar 5 software
(version 5.40.171, Polar Electro)el 9]3} text file
(hrm)Z & % HRV analysis software Kubios
(version 2.1, 2012, Biosignal Analysis And
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Medical Imaging Group, University of Kuopio,
Finland, MATLAB)e] o]Jsatqict. At Fop4
9 vy 2A¢=E AFESH7] A artifact correction
& B9l 0|24 beatE HiAISIY @7|XF HRV &
FA S5 min) ZR2EZ| Wt 256 points/Hz 2]
A&4A<Q IBIs (interbeat intervals)E A¥H F
Smoothness priors (A/500) 7| o]8s & 73
3F3hH (detrended method)& Fsll AFEsHaAtt
[22].

A A7t ¢4=E IBIsE ol 8o Fugdilsd &
TS WYt AP YA tMSSD  (the square
root of the mean squared differences between
successive r-r intervals) E pNN50 (NN50
divided by the total number of r-r intervals)<
ArEstglom,  a&ge]o]  WeH(fast  Fourer
transform)¥-& -85t TYJAHEHI L (power
spectral density, PSD) £4& 5a) way Fug
A7 E59 EFAE LF (low frequency power,
0.04-0.15 Hz) @ EagA4842% HF (high
frequency power, 0.15-0.4 Hz)& A@Es}ch
LFe} HFC] H|(LF/HF ratio)= m@A1EE4dste]
Axg ZgEI ArH23].

g BdEd AAMSE HIAR/d(on-
stationary)< WEst7] ol X HAF7|H 9
FaAo] tiFHLT glom, 55 &3 HRV &
(5 min)oll A-§ 7F52t Poincaré plot w240] &
257ty Poincaré plote A&AHQ r-r
intervals 7+9] AWAGE ZAEste] 7tRE -4
Z(transverse axis) ¥°]& UEH= SD13 A2
% - ZFZ(longitudinal axis) Hol& UElE SD2
Sl AeAldzES siMshe ZIHelt24].
12 FugalAel Aux2, SD2+ v ¢ B
A7) e mg 77t defA 9lew SD1i
SD2¢] H](SD1/SD2 ratio)= HuZAAZAR| 4
= olg5rh

S

2.3, 2N

£ A= A= SPSS (Statistical Package for
the Social Sciences, version 22.0, SPSS Inc.,
Chicago, IL, USA) T2 13-& AMgslo] ZF %
H MW (mean)¥ HZFQA(standard error of
mean, SEM)E 4F&Eoi¥lty. WHRE F9l4
(median)E 7|F0=2 A9 9 steld=e] HRV
2187k A5 Hriolr] Qe EHEE ~3F
(independent sample rtest) AAISIATE A=
o] AT AAS Y3l Shapiro-Wilk tests AA]
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st WHRS Z@eh HRHsSa HRV AE 2
HAGES FRlstr] Holl Azl HfExe] wat
mo]¢~(Pearson's) EE  Anojgt  AMA S
(Spearman's correlation coefficient)S AH&E5IA
ot BE BAA fo4F =05 njtte g d7gst

k.

3. dygn

3.1, WHR =Z0f| M2 ARCH &KL
WHR®] F94E 7leo=z Ao High
WHR)#} 3] At Low WHR)CE BE&EHS o
Ak 7F Aol Folgk 2tol7t gllZole st
T %S % BMI, WC ¥ %BF} 22 H|gt
xS Az FAZRJ] Aol7b UEhdT
(p<.001) (Table 1).
dxAo=r g 7t RHR&

% MAPSL e BRASA AR 7 o8 Aol
£ veh QTR 05). BE UFET, F
A7 U FAYEES} g WAA FAAk
ot 27 W Qustets @ QustEAdmIEy
= FAH SQHHINE e 7 5A
S|

94
Lol YIS (py.05) (Table 1).

3.2, WHR &0l [}E HRV X|&E Z} X}0]|

ATt A2 o] Ru g2 4= tMSSD 2
pNN500l4 WHRE| <ol whet shejfitho] 4
Aol Hs) A4z folstA &2 w2 HErd
thp<.05) (Fig. 1A, 1B).

SMEYRAN RugAABES Wgshe
DF0} 4R HFS WHRS| 50] wet o910

o] Aol v FAXHCE =2 S UEY
AcHp<.05) (Fig. 10).

a8y wfdAAEAAS4 LE/HF ratios AT
Zr st zpolzt bR oktH(p>.05) (Fig.
1D).

Table 1. The difference between Low— and High groups in clinical information and smoking

status followed by WHR value

(n=85, median=0.86)

Variables Low WHR (n=45) High WHR (n=40) p
Clinical information

Age (years) 228 £ 0.3 234 £ 0.3 .194
Height (cm) 1743 £ 0.8 176.2 + 0.8 .106
Weight (kg) 66.9 =+ 1.2 782 + 1.4 <.001
Body mass index (kg/m?) 2202 =+ 0.36 25.17 + 0.41 <.001
Waist circumference (cm) 76.73 £ 0.73 86.97 + 0097 <.001
Hip circumference (cm) 9224 £ 0.75 9727 + 0.83 <.001
WHR 0.83 £ 0.01 0.89 =+ 0.01 <.001
%BF (%) 1515 =+ 0.74 20.54 £ 0.63 <.001
SBP (mmHg) 11436 =+ 1.35 116.60 =+ 1.54 274
DBP (mmHg) 7196 + 1.38 73.30 + 1.46 506
MAP (mmHg) 86.09 + 1.27 87.73 =+ 1.30 370
RHR (beats/min) 63.86 =+ 1.06 66.61 =+ 1.27 .097
Smoking status

Cigarette consumption (no./day) 14.02 =+ 0.59 14.08 + 0.73 955
Duration of smoking (years) 527 £ 0.23 585 + 0.37 173
CDS-12 (score) 35778 =+ 0.91 3552 =+ 1.00 .851
Carbon monoxide (ppm) 7.98 + 0.61 8.83 £ 0.80 .399
Carboxyhemoglobin (%) 1.92 =+ 0.10 2.05 + 0.13 413

Values are means + SE.

WHR, the ratio of the circumference of the waist to that of the hips; %BF, percent body
fat; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure;
RHR, resting heart rate; CDS-12, 12-item scale labelled the cigarette dependence scale.

p values were calculated by independent—samples ¢—test.
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Fig. 1. The differences between Low— and High WHR in HRV indices.

WHR, the ratio of the circumference of the waist to that of the hips; rMSSD, the
square root of the mean squared differences between successive r—r intervals; pNNS50,
NN50 divided by the total number of r—r intervals; HF, high frequency power
(0.15-0.4 Hz); LF/HF ratio, the ratio of LF (low frequency power, 0.04-0.15 Hz) to
HF; SDI1, the standard deviation of the instantaneous beat—to—beat r—r interval
variability (minor axis of the ellipse); SD2, the standard deviation of the continuous
long—term r-r interval variability (major axis of the ellipse), SD1/SD2 ratio, the ratio
of SD1 to SD2.

p values were calculated by independent —test. “p<.05.
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Poincaré plot®] HuZA4&d=]4 SD1 9
SD1/SD2 ratiox= WHR®] 40| utat shjA
o] A Hls| &4t FAHOCR w2 e W
e AeH(p<.05) (Fig. 1E, 1F).

ro,
i_(“
lo,
R
r
2
=
=
ki

£ ¥rgst= BMIE= HRV
o] Azt Futr 9 HlAP | 4E3 TRgo] et
Uz okt gizdoez WC, WHR 9 %BF:=
HRVe] BwzAggdx4=E3 - #A4S Y
Efyiolct, FAHoR HufgdAdEE Rrgsh=
A7+ e 24 rMSSDE WHR (r=-.331, p<.01),
WC (r=-.311, p<.01), ¥ %BF (r=-.279, p<.05)
oz 747t g9 AWTAE YeRArHTable
2). gt pNN50 4] WHR (r=-.329, p<.01),
WC (r=-.306, p<.01), ¥ %BF (r=-.280, p<{.01)
oz 77t o AT|TAE et AcH(Table
2).

HRV 2#Ed 223, ng448444
LF/HF ratio= WHRS Zgsh AT =3 &

ot TedAdo]l UehA] g2 v, RugiAdg
A4 HF= WHR  (r=-.255, p<.05), WC
(r=-.229, p<0D), ¥ %BF (r=-.230, p<.01) =2
B 247 2o AHEAE Hetlidick(Table 2). F
DAAAEES Hrd5HE Poincaré plote] SD1 &
Al WHR  (r=-.331, p<.01), WC (=-.311,
p<0D), ¥ %BF (r=-.279, p.05) &£2=2 J9] 4

wHAE e AtH(Table 2).

P4e st Beor saHrt.

F¥ A7Ans o 2ok 34, WHR
o utet BRE F9luT S8 7 9
I 9 ARelH SAH Aol golA,
SIS sheIzige] Hls) o A ¥
F5ozol ga® A0 vehi,

ok >

=
T
-

El
N
N
do @ &l 32 1o 1o 0N 1o @ FN

d

2

ek

o = BN
o 2 H
ox 19 T ol
;_{j IO
T
i % ay
<%
>
ﬁ 2 5 )
o — N
T ™
Bl Lo o
2 g 1o
BN sk
_ILIN-‘ Oﬁ (e E]Oll
o ng r2
o2 yg g i
Bel e $’ g2 ol
i e R 18 o

o >

HES WIS BMIE ¢V A HRV 4
ofgt Aol Uepa] sk,

@Y wedungel ke Wy
o gl 0|3 AAATe] g ikl B4 s
& OFSHAA RURUALEL A1 H(25)

A (ean), ¥=4 H|TH(peripheral obesity, PO)
= F H|9H(central obesity, CO) JHo=2 &
Fe W A8 Aot flleol: &Sk

Table 2. The correlation between obesity index and indices of HRV (n=85)
Variables BMI (kg/m?) WC (cm) WHR %BF (%)
r p r p r p r p
rMSSD (ms) -.188 .084 -.311 .004 -.331 .002 -.279 .010
pNN50 -.182 .095 -.306 .004 -.329 .002 -.280 .009
HF (ms?) -.145 184 -.229 .035 -.255 018 -.230 .035
LF/HF ratio .082 457 147 178 131 230 138 209
SD1 (ms) -.188 .084 -.311 .004 -.331 .002 -.279 .010

BMI, body mass index; WHR, the ratio of the circumference of the waist to that of the hips;
%BF, percent body fat; rMSSD, the square root of the mean squared differences between
successive r—r intervals; pNN50, NN50 divided by the total number of r-r intervals; HF, high
frequency power (0.15-0.4 Hz); LF/HF ratio, ratio of LF (low frequency power, 0.04-0.15
Hz) to HF; SDI1, the standard deviation of the instantaneous beat—to—beat r—r interval

variability (minor axis of the ellipse).

Coefficients (r) and p values were calculated by Spearman's correlation coefficient.
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CO% lean ¥ PO°J H|s§ WHR 4=F°] §25HA|
EE B oofde @4 L=y myo] {5t
A 2 7S HEAR26].

Indumathy S[27]9] AolA 18-404] A<l
22382 e z2 Control (BMI 18.50-22.99
kg/m?), Pre—obese (BMI 23.00-27.49 kg/m?) U
Obese (BMI > 27.50 kg/m?) 0 & BFsto] H|w
eF Ayt WHRoA et 7F FoJ_t Zpol7t vyt
on, kY Al ARtFHL] RuAAAHBG2]5
rMSSD & pNN50%} AHER-Z]4 HF nu, LF
nu ¥ LF/HF ratio®] f2J3t 2po|7} vrepyde}, &2
Aol Ao WHRE] A2 st ol
Hlgl] ~HEHS HF #qt ofyzl Aj7tge] ¥
Poincaré plot®] FugAl@@24E0] Fot
Al Facks Ao® yehdnh Teiv wyn]E4l
74 A (sympathovagal balance)E ¥rgste= &
BEwe] 4ot 2k T LE/HF ratiod|d Aot
7 foJRt atol= glgith AvH o g WHRe &
7he RFAREE dAaA7IH, 56 A AR
AdoM= T2 Fugildes59] Aots f8s
of AAAENE715S Fael Zlofste o=
wehEh

b HRR2 AT 22 EHeA el vl
S [28], Azt A B HRh FAHE 1Ho
FrofRt AAEEAIZE Harse] QleH1s]. 2y £
Aol A AA Al 34 o 4 10774

i)

oM ERL ST ALl A% Fe
dHoz sstdrks Aol gtk ol s
MR Se] SRS Wolshd Wl Eits] o
VAT MR F FA UL HhlelEmet

not shown). Z1&j4t BMIE ALt WC, WHR
9 %BFe| F7t= 2847 At WRstA
ot ARAEAA Y] TVeHAaE AEY AfeR
g AMYES S7HA7l= dl HOPE (Heart
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