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Effect of a Combination of Mental Activity with Experimental Subway Noise on Hematology.
Seok-Cheéol Choi*, Kyung-Yae Hyun' Jae-Hyun Park and Heun- -Young Kwon. Department of Clinical
Laboratory Science, College of Health Sciences, Catholic University of Pusan, Busan 609-757, Korea. Department
of Biomedical Laboratory of Science, Inje University, Gimhae 621-749, Korea — The present study was sought
to clarify whether the combination of mental activity with subway noise affects hematological
variables. Fifty-six healthy volunteers participated in this experiment and underwent a stress task con-
sisting of combination.of mental.activity (mental.arithmetic) with subway noise for 50 min and-60 -
min of recovery after the end of the stress task. Venous blood samples were collected for measuring
CBC, prothrombin time (PT), activated partial thromboplastin time (aPTT), erythrocyte sedimentation
rate (ESR), fibrinogen concentration, D-dimer and high sensitive C-reactive protein (H-CRP) levels be-
fore (baseline), 50 min of stress task (S-50m), and 60 min of recovery (R-60m). Total leukocyte, neu-
trophil and lymphocyte counts significantly increased at R-60m compared with baselines. RBC count
at S-50m was higher, while monocyte counts at 5-50m and R-60m were lower than those of baselines.
aPTTs shortened at 5-50m and R-60m, but PT reduced at R-60m as compared with baselines. D-dimer
and H-CRP levels at S-50m and R-60m were significantly higher than those of baselines. These find-
ings imply that a combination of mental activity with subway noise may cause leukocytosis, hemo-
concentration, shortened PT and aP’TT, decreased ESR, and raised D-dimer and H-CRP levels, suggest-
ing possible development of inflammation and prothrombogenic reaction attributable to a subway

environment.
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M E

2ol gol Qo 2EAAE AW HZ BT + 8l
£ e BAZ 20959 A8 Aok AN A EE B
A% PAH 2Ed2E ANS, BY, 3F AHS0HD B
o9 37kt 2e 493 BRAFAY W3 e PIAIEY,
2], #45H FYL 5B A2VR F7H2] 3 AEAY
REgRe M3E FEITH] 53 Had a7E o
FH 2EYLZ QS YA WEt JYBAB B
o DAL JER A% BATH) BYL BLORA 2
Edz BY 9799S 0% ¥ 7hm geH5142324]

qEu ol @ HAATEY P FE BYF TE
844 £, 344 TE JAAYES 99, 93 #Ad
2EY. Fo Rop) 479 2¥E RO I

95 ARAE olv] 399 UFLEFS $ROE A
S0 Qo 9¥ AEe 1 P vt 288 A
o1& 7% Ao} AR £g2EH2 2002 A4
2 9ok Ask W $e 2 BHolG 7hE L olg A

*Corresponding author
Tel : +82-51-510-0564, Fax : +82-51-510-0568

E-mail : scchoi@cup.ac.kf

f ot N o2

Tojol whet @A Aol g Hol7l dh, oj $HEY F
%‘TJr O Eat ?llﬂ'%‘%, a3 AshE A H oz Ay
H7AA &5 T2 #98 2EYL /AR FEE 5 A
o o2 g A& stellM $AE F BA, AREY), BT F
o 22 AF #5& BY3L e AT 47T A
Jgex E7eta Aekd $743 #dy dFRay A
Ardle A9 gle AAoln mebA o)) g WA A

Fodtth £ A7e A 287 shiX o A &
o] gty Wy g ofd dFE vAEAE 246}
& AAstAct

R

EH’éP
A &A) P Ague] Y o A F2 I E
(O& L}o] 22.38+4.024), ¢ 19-264)) 7}-3-H Xgﬂ (et
A A %7 8¢e 130mmHg olsh, &7 ke
90mmHg o}sh)e] 77 FUE LA AYE ol A7
oz AAAG 49 A gzt ANQ B e 1%2
B3 Ashd ol & K&, 3¢ HF Ak o| & AT, EA
# B 54 4B A71H B& £5& 2ABIAY of
28 XYz F 453 A%, ¥ 28, 4 Qg A7 2

rm\

¢ l

|

w,

i



@, 9uA A9, A g3
Et 84 92905 Pl gl 2
o g Aol = A9, F= 1Y
S Agel 9E 2%, 283 949
7o) QY AL, Curg T FE7h1
& YUl a8 ANz
% &% wE 2EY 2

B4 obd Ak bl B, F9,
$< A7 A7 AR I3A 9
5690193 o9 8% BT A5
B89 0-1208)0] A THTable 1)

2 o =4

327 Ad Ao 5o
TR ARt gad %A
o)

47 FAe A shack

dlo
0,
jatad
ret
HE
-4
(o)
X
of~
i
it
o

%
nft
K

o)

il

e
o o

T
-°

i
"o
I:I-'-'r

E(‘ixe‘uﬁ'
g

M >,
T

o g dn

>
ok
B

A2 ok > do ki X omfe - O oo = P
o F
(an]
e
fit
-0,
n tlo gy o8 ﬂz

ot g

to
e
Oft
o
=
N

EHYAA A

LEH A 237 BRFH W v

SEREEEBEL!
NAN BEEE ol§3iel @
2o BY 528 ¥ 43
HEg 22540 9 4R
#9434

2
il
lo o

o

o2

v oH‘[ HH }‘>‘

[
oX
=

o]

£
T

o

ot

o

—

>

e
> do o
2y N e
K

&
N

L

oy 2k g

>

N
flo o
oy O

2

ot}

o) [t
ol [,
"

ofl ru
e

aul
SO
dfo

ko

Table 1. Demographic characteristics in 56 subjects
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Variable Mean SD
Age (years) 22.38 4,02
Sex {male to female) 10 : 46
Height (cm) 165.68 10.05
Weight (kg) 56.24 10.18
‘TUS (min) 3146 42,50
Menstruation none
Disease none
Drug use none

Data were expressed as meanzstandard deviation (SD).

Abbreviation: TUS, time using subway in a day.
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37 93] 5 d¥Rel Hule] 24 gauge BD IV catheter
(Becton Dickinson Korea Ltd., Korea)E vl 4435t 24
3 5 2EYA g23 A HEA), HA] 508(5-50m),
£2 7 0RR60m) A A7) AU 22t 15 miy
AZeta okgle) WFES $AHAT.

CBC &

7190 A A7l Al FH S AP d 3 mlE EDTA FH
FYste F £ F Cell Dyne 1600 (Abbott Lab,
America) 71718 o] &3td CBCE ZAst4d

]

|

HET H2IE
AY LA} E L Westergren & o] §-3510) 2R3540}
2EY A HA] A, A 508, £8 5 608 AHE 72t

@) 2 miZ 74% EDTA FHo] Y1
2 FA3 5 Westergren
pipeto] EDTA @948 03742 33317 A$- racke] &
of F2Oo8 AE U 08T WA 5 EF £0|&F mm'E
d=3t ok '
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gtk Reck A S3HA 422 A

PT ¥ aPTT

ZEH 2 AA A, A4 502, T F 60% 77 AHT
Y 4 mlE 085% FANUEF FHo| Wolx & zad
¥ 44y s REd ¥48& 506XM2053 (Organon
Teknika Co., Americal) 1] 2 PT9} aPTTE A Y L o]
W AFEE AjFe PA <K (ThromboMAX with calcium,
Lyphilized extract of rabbit brain with buffer, stabilizers
and calcium chloride, Sigma Diagnostics. Inc, America), C
Al 2F(CaCl, 0.025 mol/], Organon Teknika, America), AA] 2
(Ellagic acid, CaCl,, RAL Tecnica Para Laboratorio, S.A.,
Spain)°] 91t}

Mwad

ZE#H 2 QA A, AA 508, T8 F 608 2tz A AT
Y 3 mig 32% FANUEF KA FYste] £ &
¥4 %7 3ok STAR-fibrinogen ® kit(Diagnostica
Stago, Bayer, France)E ©]&3}o STA Compact #H|
(Diagnostica Stago, Bayer, France)2 d#498 2459
o o] Wol o HiAde) F1AE 191406 mg/dle]t}.

D-dimer

2EH A HA A, A 508, T8 F 0% 47 A%
g9 3 mig 32% TAMUEF FHA F4std Edtn
P4 S AR T WYgEeE4 H(Immunoturbidimetric
method) 0.2 D-dimerE 2331t} AFS-3 kite} vl 2zt
7+ HiSens D-dimer reagent (HBI Co., Ltd, Korea)$} Hitachi
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Table 2. Hematological changes following stress task

Variable Period Baseline $-50m R-60m
Total WBC (x 10°/ ut) 559 +1.35 569 1.52 6.74 180
Neutrophil (x10°/ ) 3.76 +1.02 3.94 £1.00 458 +1.17 ™
Lymphocyte (x10°/ u0) 1.39 £0.71 136 +0.68 176 0.84
Monocyte (x10°/ ) 045 =0.02 038 +0.01" 037 £0.01°
RBC (x10°%/ ut) 436 +0.44 445 +049 440 +038
Hematocrit (%) 37.90 347 38.67 +4.26 38.10 £3.97
Platelet (x10°/ x0) 285.43 +48.53 272.63 +40.75 262,97 +37.40°

Data were expressed as mean+SD.

*, p<0.05 (compared with baseline); +, p<0.05 (compared with 5-50m). Abbreviation: baseline, before stress exposure; S-50m, 50
min of stress exposure; R-60m, 60 min of recovery after the end of stress task; WBC, white blood cell; RBC, red blood cell.

7600 (Hitach Co., Japan)e] it}
3R E <01 pg/mlelth,

o] ¥hof ¢& D-dimere]

T C-HHSTHY(H-CRP)
2E2 AN W, AN 508, £5 F 60%0) 247} A2
GALAE AR 32 F 44 ol
2% (Immunoturbidimetric method)o.2 117}
W (high sensitive C-reactive protein, H-CRP)-& 4
gt B ALE-8 kits} A= Z4zb CRPLX Tina-quant
@ C-RP (Latex)(Roche/Hitachi, Germany)®} Hitachi 7600
(Hitachi Co., Japan)o[Sit}. o] @dl &g Fu )= 0-05
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CBC

F WY7F 5FF F£E S50m A7) © 7]FA o e
ozt Agetg o BAA F94E& fdAL(p>0.05) R-60m
A7) @ 712X 9} S-50mB.Th f2J81A = 3kTh(p<0.05, Table
2). %E% F 94 R-60m A] 7]& X 9} S50mE Tt fo% &
7HE B o u(p<0.01), G+ 49 AL S50mT} R-60m ufj=

FARG A% 245 Yl ATHp<0.05, Table 2). 3

7]

27 $E S50m 9 NEARY §ol% F7hE nRey
(<005) 7 £ 22 EE S50m3} | R60m @ 7)ZHs 5y
6;‘.’ 7“’01 _133_0]7( ol-ol—[:}(p>0 05 A 4 5 S-50m HH ok

e A ALE HYouy BAA foAol 919 R-60m
W 71FX ) vla) §o8 7AZ BPTH(p<0.05, Table 2).

PT ¥ aPTT

PTE R-60m m(1353+1.01 sec) 7)%(15.06:140 sec).
t ©®EHJY D (p<005), aPTT= S-50m(21.96i4.10 sec) %}
R-60m(22.03+3.86 sec) F Al7] Wl EF 7]5X)(24.40+3.07
sec)ol B3] RFAS =S ES{iE}(p<0.05, Fig. 1.

HNaTadE
AYTYFEE S50m H(9.55:0.93 mm)ol& #23 ©
3}7b dgley R60m (9101065 mm)dlEs  7]EA

(10.00+1.02 mm)o] w3} 2B {3 ZAE HYY
(p<0.05, Fig, 2).

S-50m R—60m

Fig. 1. Changes of prothrombin time (PT) and activated partial
thromboplastin time (aPTT) following stress task. PT
was shortened in R-60m compared with baseline (¥,
p<0.05). aPTTs at S-50m and R-60m were shorter than
baseline (*, p<0.05). Baseline, before stress task; 5-50m,
50 min of stress task; R-60m, 60 min of recovery after
the end of stress task.

Baseline



(24321£37.90 mg/dl) BF 7]%](252.89:51.06 mg/dl)sh
#94% HolZ HolA Wekrh(p>0.05, Fig. 3).

D-dimer &

D-dimer FEv S$50m(0.23:0.04 pg/ml# R-60muj
(0.23+0.03 yg/ml) 25 7]F2](0.07+0.01 yg/mlEt} F23
%718 Jeh Ath(p<0.01, Fig. 4).

ESR (mm)

Baseline S-50m R-60m
Fig. 2. Change of erythrocyte sedimentation rate (ESR). ESR
was shortened in R-60m compared with baseline(*,

p<0.05).

—~ 350 1 @ Fibrinoge :}
D300 -]

Baseline® S-50m R~60m
Fig. 3. Change of fibrinogen concentration following stress
task. Fibrinogen concentration was not significantly
changed at any sampling time (p>0.05).

D-dimer (ug/mL

S-50m

Fig. 4. Change of D-dimer level following stress task. D-dimer
levels were significantly increased at 5-50m and R-60m
compared with baseline (**. p<0.01).

Baseline R-60m
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H-CRP &

H-CRP ¥%E%& S-50m(0.07+0.01 mg/dl)} R-60m(0.07+
001 mg/dl) F A7) BF 7)2%}(0.05:0.00 mg/dl)e) ¥}
§ol8HA & QTH(p<0.05, Fig. 5).
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TER AF FEY ZolAH FAE S T Bolx ot
Mischler 5[14]& #8291 F4 HANH 2E#H 27 45
Zo plA e Gl Bat Aol 138 2EHA AF
ASRE 2 WY 5, JxF &, A4 SrfEIE, 2
7 7 Bad T B

F, AP 4, HEAEY AL FEE 7|EAEY O
A3tE At Bastgt). Zgraggen F[27] GA] 13&7He]
AEY 2 P23yt dviEIgE, da4, EASIUAE,
von Willebrand factor antigen(VWF), D-dimer2] <)%t &

0.09 r
0.08
0.07
0.06
0.05
0.04
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0.02
0.01

0

H-CRP (mg/dL)

S-50m R-60m

Fig. 5. Change of high sensitive C-reactive protein (H-CRP)
level following stress task. H-CRP levels were sig-
nificantly increased at 5-50m and R-60m compared
with baseline (*. p<0.05).

Baseline
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7HE frestEtin Bast A B A7 A 2EHA | 719 2A ERFEE AAAIH AR DX A8
23 AN 508 A% 557 7Y F7t 7198 F HE P Z{arteriosclerosis)& Y2711, RAANFAY AT 29
9] 7} Aol ey BAHOE fode] g & 359 F71¢ 8 4% 59 FAE VMHYY B
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2 H2A3 FE F 60F .23 7[R BAFoEH Aele Fe TS uAL ¢ F AUk
4% 5 A Y FE Yy HFEe) uE 1 B A7 #28 ® g Avde 2Ega) €29
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ggtRo g HA3 22 WETF Z7F, HYE F o 5 F 087 A 71EX G d5 ¥ Z7e D-dimer
7VE, BaBEETH 22L& U8 7S 75 (polycytosis) S oF FEY fEf 2 nE A&H F7t A4 AT 2EH L
ZWN7le ALg AAHT YTl 48 dF2E5ES 43 7194 g3 g4 4 FAYA s HE s 7
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olg|g 2EH 2 V|94 d¥FFIIE § EdFE dA D-dimero]® MY S AAtete 8 AdxA Aot
< AAAYA 4 2EH 27 B 45 S fESY T2 % D-dimers #4459 239 73 EJF o &310]7]
EAEF Ul A4A(hydrostatic pressure)2] F71& 7Fx & T 3th6]. von Kinel (233 Zgraggen S[27] HA] ¥ &
og8 ZAEBUY PR A F(interstital B AP 2EF2 HE wn A7 2 gz} Boldg
spaces)© 2] o[Fo] dojupi 12 U FFELHY Fa& s AAY 2EY2E 93] YSLAE S48
EE 559 2342 49H1 AoH1317,18]. EFAELe o} # D-dimer FZ9 93 F718 A4 HagogH
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7 @ (pore) & T3] B oz £FH o]Fo) 2EY 2 k2o 42 A3 &43 EA9 3
BI7bsaith8]. 22y olv] Aed il Zo] Ao ¥¥ YR ATLAEL YA F ok BAH A QA7ko] Aold7) ¢
A7ETe) 718 FRIL S FR 2RSS EHY 2 g B f'& Aste] EHog A3y 9tk &, o] 2EH2 &
A7) oo gAY AEY X HAd £5 F 0F of 47 2 % % =& 39 7535 Ae (hypercoagulable state)
T Zrhe o]E V)€Y AT EH B A7 AHEH 2E 7b R g Ee Ti(fight-or-flight)” & Mesjo} = P
g2 s A1, e gy 4] tEe 71918 4 A8 oA AHE RS W A SPERE AR AF
o] AAY %= ROy T thE AHM 9 nFol féﬂ EY AR E Bodte 283 Fdo] & At dAs}
3ty 2Eg 2 Blaz A4 508 ) oju] AFA R} Hast I ATHI9]
T RS 8 4P S FAHCE §98 o] & Hol a2} ARad T2 S " FHANGE FEA
Agdsto, B Ao HEH AH 22 a0 & of W&} fofs ‘%iﬁ} 7} A 22 M Zgraggen 5[27]9 AT
A3 E fEdtd a0 BE 4P AR BE 3 Ba ok dAIstt von Kanel 5[23,24]3 Brydon $[5]9] 4+
d 7bsAS 1Hs £ Favt Uk 29 g8 d3AEe 7349}% At ﬂr T AFaFY Ay 2EYL =50
AAA, £23 2EH 27} s gty BulE ZIAIA 0E €% AF4d FEY 3718 Rusiged d7E 7
2% A4 E frdld 4 2asy £35S 74 o] ole{gt Aol l EHEH gL F 9 e d+E B 75T
718[9], 53] 944 2Ef e 4% wheo FUte ARa a7t o
S A A8 U] Ha o] & o A FAYY £ A7 JEFALEY 4 2EHX FTE F 608
& 70T FAsa AoH20). &45tE A & of 71EANRT §3 FAE HPon ol& ofnf 2EYA
Y AollA EENS APA7IH S4BYEE 579 2 71078 84 eZo2 % d9d Ao Ji4dy 9 o
Aol o3 48E FPFHI. =g o7 AFAE[011] Be A48 5% 7139 o] 22 Ao Avdy
A FAF 2E 20 a@BA ] AFE T #F& A £ dF9A £438 H-CRP(2 7= C-ibged) 23y 2
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