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— Abstract —

Effects of Volatile Organic Compounds, and For maldehyde on
Heart Rate Variability among Elderly Peoplein Seoul

Jeong-Cheol Seo, Mo-Yeol Kang, Soo-Hun Cho, Youn-Hee Lim®
Jin-Hee Kim?, Jong-Ryeul Sohn®, Yun-Chul Hong

Department of Preventive Medicine, Seoul National University College of Medicine,
Department of Biostatistics and Epidemiology, Graduate School of Public Health, Seoul National University?,
Institute of Environmental Medicine, Seoul National University Medical Research Center?,
Department of Environmental Health, College of Health Sciences, Korea University?

Objectives: The purpose of the present study was to investigate the effects of volatile organic com-
pounds, and formaldehyde on heart rate variability among elderly people who are vulnerable to ambient
pollution.

Methods: From May to August of 2009, 57 subjects older than 60 years were recruited in this study.
Indoor air pollutants (volatile organic compounds and formaldehyde) were measured by a personal pas-
sive sampler. Heart rate variability (HRV) was measured in the sitting position for five minutes and
assessed by time-domain and frequency-domain.

Results: Multiple linear regression analysis showed significantly less low-frequency (LF) and high-fre-
quency (HF) associated with elevated benzene levels. Exposure to toluene was associated with decreases
in the Standard deviation of the NN intervals (SDNN) and LF. SDNN and LF were negatively associated
with the increment of ethylbenzene levels.

Conclusions: An adverse effect on cardiovascular function caused by volatile organic compounds was
observed among the elderly people of Seoul even though indoor air pollutant levels were lower than the
yearly average guideline for indoor air quality in Korea.

Key words: Heart rate, Indoor air, Volatile organic compounds
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< 109, ZELHREE 7Y Bt AU S-S AA
o

stk R w=F 242 3320099
5220099 8¥)ol 31 S Widez AAEAT
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EOR 582 AMSHA| @ol Alm AFH7E Agste, m
= G5 B AR T4 7] &

AHEEI S Stk B mljo] Aol ARk oy
AP el AHgEHn At IR H
VOC-SD passive sampler (supelco, USA), Z
tsl=& DSD-DNPH 7FE#]A] (supelco, USA)S A}
g3}, Passive samplerd] A&7} £ HE 3%
25t¥ W VOC-SD passive samplere 47.64
mL/min, DSD-DNPH 7}E&Z]x]+= 71.9 mL/min®
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High frequency(0.15~0.4 Hz, °]3} HF), Low
frequency(0.04~0.15 Hz, °|3} LF)E =333t}
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Pttt EAEA S SAS 9.2 #A Z=ad

Mo MT el
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AT hAAks F 57 How Wi dEe 69.164%
3L 60th7E 3478 (59.7%), 70Tzt 2378 (40.3%) <A
A B oAdo] 449 (77.2%), '2780] 139 (22.8%)
Aok, ARFA T P (18.56=<~(25)°] 298 o=
7P wskon, Hwt(=25)°] 27 (47.4%), AAFT
((18.5)°] 18 (1.7%)°IA0v. AgFd WA= v
Z7F 557 (96.5%) & WF-ES ARSI, &5
A3l 18] o) dvt= g7t 369 (63%) 2= st
2 e A 217(36.8%) Brh B3ttH(Table 1).

°|

c

o r&

d S - M2 LF XY LRSI FLMFIIEEED ZELHSI =0} dESHolof ojxE dg

g/m’) oAUtk XHEY
= At

AR dgAE ez @ dgo HaS 95.66
mg/dl flen, FZE2HE, HDL Z@2HE, LDL
Ze~HEY F9AEE 47 147.1 mg/dl, 52.4
mg/dl, 106.5 mg/dl 228la 147.1 mg/dl & ==
o Yo e #5571 2 oojghy] dgtol 128.5
mmHg¢t 74.88 mmHgellth. 8% FEU] Hde
103.2 ug/g cre o|dom, AubgHol 25| gk
< SDNN 31.05 msec, RMSSD 27.49 msec, LF
208.87 msec’, HF 192.76 msec’ ©11tH(Table 3).

A 37 LAEAC] Aukgrold] nRe Fake <l
sl7] SlaliA A", A, AWAAY, AAFAF, 85 2
Hd, dsh, @9, Aol mAWAE BAse thgd]
AL S A cHTable 4). 3HAR7138E 5 Al
o 3t w=Zo] F71eE LEF (coefficient=-1.2456, p-
value=0.023), HF (coefficient=-1.440, p-value=
0.022)7F frelatAl shasisith. EF<ldd tigh wZo] F
7}kl w2t SDNN (coefficent=-0.2706, p-value=
0.012), LF (coefficent=-0.7218, p-value= 0.008)7}
oatA AAastict. dEuAlel s SDNN (coefficent=
0.2748, p-value=0.023), LF (coefficent=0.6904, p-

)
o
I

= 23.1 pg/m’e 2 =%

Table 1. Genera characteristics of subjects (N=57)

Variables N %

Age (years) 60-69 34 59.7
70-79 23 403

Sex Mae 13 228
Female 44 77.2

Body massindex (kg/m?) <185 1 17
18.5<-<25 29 50.9
>25 27 47.4

o Alcohol drinking Drinker 15 26.3
Table 2= 7H1E AWl 7] e9ed w=2d<= A Non-drinker 42 737
stz Atk FIHWER7ISEES] FEe 172 wg/m’=E Smoking status Current smoker 2 35
depstth, A ARdar1sE 5 Bl 51.0 4 Non-smoker 55 965
/Mo 1Y BRW, m/pALNG.8 uy/m), g Deeledencyuedd Tone 2 ne
WA (6.3 #g/m’), o-ALA: (4.1 #g/m’), MA(3.8 u —
Table 2. Summary statistics for the indoor air pollution exposure in personal sampler
Median Mean SD* GM' Min Max
TVOC! (pg/mv) 159.6 247.4 267.4 172.0 239 1384.7
Benzene (1g/m?) 3.7 41 15 38 19 7.8
Toluene (xg/m?) 43.2 76.5 89.4 51.0 8.6 439.4
Ethylbenzene (1g/m?) 51 8.4 79 6.3 11 355
o-Xylene (xg/nm?) 39 5.4 44 41 1.0 237
m/p-Xylene (xg/m?) 6.6 89 8.4 6.8 0.8 535
Formal dehyde (xg/m?) 252 29.8 22.4 23.1 2.0 130.5

* standard deviation, ' geometric mean, * total volatile organic compounds.
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Table 3. Summary statistics of the cardiovascular risk factors
and the parameter of heart rate variability

xeoke] fofdt TAZE HEE A Furt.

Table 5& 3AH718tgEe] F=7F AHESS WS
(interquartile range) ¥3}e u] Aulgo]gs
stal itk WAl FErF ARESIG HeRkE

W, LF¢t HF= 27t 35.0%, 39.2% %43k,
Z

A
Mean SD*
ale] 749 SDNN# LF7F 26.9%. 56.7% 7Fastidt.
Glucose (mg/dl) 95.66 12.39 sl oeulAle] wsl AlEolZ: Woua =y A
Total cholesterol (mg/dl) 187.9 36.44 v LE S F JIHT ) i;‘: e ’ ;
Trlglycerlde(mg/dl) 147.1 80.28 SDNNJ’]' LF7]' snfenl 219/0, 46.3% UJ‘O]-/V\q-. 1%
HDL cholesterol (mg/dl) 52.43 14.18 12 e 71895 Auksde] A5 1t 34 7
LDLTchoIesteroI(mg/dI) 106.5 36.05 TE HoFr), 747 RE A FEo| EAACR F9s5}
SBP' (mmHg) 1285 1574 2= kolor} AMAHol ATEE Buby o slE R =
DBP' (mmHg) 74.88 9.485 1= W““i}'m;; v i: ”0]“4‘; °OT ]gtiﬁjﬁ °
I k1 A=
Cotinine (ug/g cre) 103.20 907.88 Zhel webx] Abge] kel Ay sl Aa sl
HRV parameters A
SDNN?# (msec) 31.05 20.85 ini &l
RMSSD' (msec) 27.49 25.40
LF*" (msec?) 208.87 361.26 6 tr 1 = o -
HF** (msec?) 192.76 357.30 FEle o 7 el AlRbs AdlelM 2] W
o] Al 3'_7;(1_% 2171—0] j] © Z_g_é‘l, Oﬂ%‘k,&u;ﬂ A
* standard deviation, ' systolic blood pressure, ! diastolic ] ET ° ]EEO - & j;;uT]o _0 ¢ EN ] _,1:} Cj
blood pressure, * standard deviation of the NN intervals, ' ¢ d Beh e A=A Aol AW 37] 2
square root of the mean squared differences of successive NN AEH] gl Ad 3] LAdEAY AU B
intervals, "low frequency, **high frequency. e 3o YTt By gREY A3 EX
Table 4. Regression coefficients of indoor air pollutants to heart rate variability parametersin multiple linear analysis
log log log log log log log
(TVOC) (benzene) (toluene) (ethyl benzene)  (o-xylene) (m/p- xylene) (formaldehyde)
log (SDNN) -0.0924 -0.4054* -0.2706" -0.2748" -0.0638 -0.1227 0.0608
log (RMSSD)  -0.1037 -0.5678* -0.2670* -0.2446 -0.0836 -0.1331 0.1936
log (LF) -0.4741* -1.2456" -0.7218" -0.6904" -0.2039 -0.4647 0.0180
log (HF) -0.1733 -1.4400' -0.6083* -0.5920* -0.2049 -0.5195 0.5840

* p<0.1, ' p<0.05, ! p<0.01, log (SDNN): log transformation of the standard deviation of the NN intervals, log (RMSSD):log trans-
formation of square root of the mean squared differences of successive NN intervals, log (LF): log transformation of the low frequen-
cy component, log (HF): log transformation of the high frequency component, log (TVOC): log transformation of the total volatile
organic compounds, log (benzene): log transformation of the benzene, 1og (toluene): log transformation of the toluene, log (ethylben-
zene): log transformation of the ethylbenzene, log (o-xylene): log transformation of the o-xylene, log (m/p-xylene): log transforma-

tion of the m/p-xylene.

Regression coefficient fand p value adjusted for age, sex, past medical history, body mass index, urinary cotinine, blood pressure,

blood glucose, seasonal variation, particul ate matter.

Table 5. Percentage changesin 5 min heart rate variability indices resulting from interquartile range changes in indoor air pollutants

TVOC Benzene Toluene Ethylbenzene o-Xylene m/p-Xylene  Formaldehyde
SDNN(%) -9.15 -13.07* -26.91" -21.941 -7.92 -9.10 4.82
RMSSD(%) -10.21 -17.81* -26.60* -19.78 -10.25 -9.83 16.17
LF(%) -38.89* -34.97" -56.66" -46.32' -23.19 -30.33 1.40
HF(%) -16.48 -39.20" -50.57* -41.34* -23.29 -33.24 57.17

* p<0.1, ' p<0.05, * p<0.01, SDNN: standard deviation of the NN intervals, RMSSD: square root of the mean squared differences of
successive NN intervals, LF: low frequency component, HF: high frequency component, TV OC: total volatile organic compounds.
The values are presented as percentage changes for interquartile range changes after adjusting for age, sex, past medical history, body
mass index, urinary cotinine, blood pressure, blood glucose, seasonal variation, particulate matter.
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Fig. 1. 95% Confidence intervals of regression coefficients* of indoor air pollutants to heart rate variability para-
metersin multiple linear analysis.

*Regression coefficient g adjusted for age, sex, past medical history, body mass index, urinary cotinine, blood
pressure, blood glucose, seasonal variation, particulate matter.
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