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Correlation of Exercise-Induced Bronchoconstriction to PCa and Maximal Airway
Narrowing on the Dose-Response Curve to Methacholine

Hyung Suk Lim, M.D., Kyung Ae Yoon, M.D. and Young Yull Koh, M.D.

Department of Pediatrics, Seoul National University College of Medicine, Seoul, Korea

Background: Exercise is one of the most common precipitants of acute asthma encountered in
clinical practice. The development of airflow limitation that occurs several minutes after vigorous
exercise, i. g. exercise-induced bronchoconstriction(EIB), has been shown to be closely correlated
with the nonspecific bronchial hyperresponsiveness,which is the hallmark of bronchial asthma. All
previous reports that assessed the correlation of EIB to nonspecific bronchial hyperresponsiveness
have focused on airway sensitivity(PCyo) to inhaled bronchoconstrictor such as methacholine or
histamine. However, maximal airway narrowing(MAN), reflecting the extent to which the airways
can narrow, when being exposed to high dose of inhaled stimuli, has not been studied in relation
to the degree of EIB.

Methods: Fifty-six children with mild asthma(41 boys and 15 girls), aged 6 to 15 years(mean *
SD, 9.9 12.5 years) completed this study. Subjects atiended the laboratory on two consecutive days.
Each subject performed the high-dose methacholine inhalation test at 4 p.m. on the first day. The
dose-response curves were characterized by their position(PCx) and MAN, which was defined as
maximal response plateau(MRP: when two or three data points of the highest concentrations fell
within a 5% response range) or the last of the data points(when a plateau could not be measured).
On the next day, exercise challenge, free running outdoors for ten minutes, was performed at 9
am.. FEV, was measured at graduated intervals, 3 to 10 minutes apart, until 60 minutes after
exercise. Response(the maximal AFEV, from the pre-exercise value) was classified arbitrarily into

three groups; no response((-) EIB: A FEV,<10%), equivocal response (( 1)EIB:10% < A FEV,
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<20%) and definite response((+) EIB: A\ FEV,>20%).

Results:

1) When geometric mean PCy of the three groups were compared, PCy of (+) EIB group was

significantly lower than that of (-)EIB group.

2) There was a close correlation between PCy and the severity of EIB in the whole group(r=

0.568, p<0.01).

3) Of the total 56 subjects, MRP could be measured in 36 subjects, and the MRP of these
subjects correlated fairly with the severity of EIB(r= 0.355, p<<0.05)

4) The MAN of (+) EIB group was significantly higher than that of (-)EIB group(p<0.01).

5) The MAN correlated well with the severity of EIB in the whole group(r=0.546, p<0.01).

Conclusion: The degree of MAN as well as bronchial sensitivity(PCy) to methacholine is

correlated well with the severity of EIB. The results suggest that the two main components of

airway hyperresponsiveness may be equally important determinants of exercise reactivity, although

the mechanism may be different from each other. The present study also provides further evidence

that EIB is a manifestation of the increased airway reactivity characteristic of bronchial asthma.
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Table 1. Baseline Characteristics of the Sub-

jects
Sex Ratio(M:F) 41:15
Age(year) 9.9+2.5%
Height(cm) 138.1+15.5*
Weight(kg) 36.7+£12.4*
IgE(PRIST)(IU/ml) 338.8(87.1-1318.3)**

Eosinophil Count(/mm3)
Methacholine Challenge Test

416.9(158.5-1096.5)**

Baseline FEV (% Predicted) 97.7+13.6*
PCso(n=53)(mg/ml) 5.37(1.48-19.50)**
MRP(n=36)(%) 33.2+10.3*
MAN(®n=56)(%) 39.4+13.0*

* Meant1 SD
** Geometric Mean(Range of 1 SD)

Exercise induced bronchoconstriction
(% Fall in FEV 1)

\

r=-0.568
p <0.01
n=53
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Fig. 1. Comparison of exercise response and methacholine sensiti-
vity (PC30-MCH). Each point represents one subject. Values
of PCy;0-MCH are plotted on a log scale.



Table 2. Characteristics of the Subjects According to the Response to Exercise Challenge

(—)EIB (+)EIB (+)EIB
Number of Cases 17 13 26
Sex Ratio(M:F) 13:4 7:6 21:5
Age(year)* 9.5+2.3 9.6+23 103427
Height(cm)* 136.6£17.1 137.6+14.2 13934155
Weight(kg)* 362120 3701134 36.9+12.7
IgE(PRIST)(IU/ml)** 288.4 281.8 4169
(66.1~1258.9) (3.2~955.0) (128.8~1349.0)
Eosinophil Count(/mm’y** 407.4 288.4 524.8
(138.0~1202.3) (102.3~812.8) (234.4~1174.9)
Methacholine Challenge Test
Baseline FEV * 101.3£153 98.6+13.1 949+12.6
(% Predicted)
PCoo**(mgfml) 11.24(n=15) 6.17(n=12) 2.96(n=26)***
(2.92~4.26) (2.45~15.49) (1.00~8.71)
MRP number 17 8 i1
MRP*(%) 297+11.6 30.8+10.6 36.4+6.7
MAN*(%) 29.7£11.6 40.0+14.7 45.349.0%**
Exercise Challenge Test
Baseline FEV * 100.5+17.0 97.5+124 95.1+11.2
(% Predicted)
AV *(%) 6.0+2.7 14.8+2.5 32.8+10.1
(Range) (1.5~9.8) (10.7~19.7) (20.7~56.1)

* Mean + 1 SD
** Geometric Mean(Range of 1 SD)

**% p<(.01, significant difference from (-)EIB(ANOVA)

205(139)%01ck. Hdl )% S5 BE Goloil4]
$E & 155 ol 71Zsiek flokse) EIBY) A%
ol k2 FEE Table 29} 7t} L5 GHIAol|A] 7]
#) FEV X th R} (HEIB Foll dekort 2
ob ool olghek 7 F7ke) B, = A, 133,
Az}, A5, IgE(PRIST), F3AG2] Kol 23t

A g3kt

Methacholine -§HER|[@ o] 7|#]| %] FEV & Z}
ZJolg HolA] 99k, PCxool H4E & o JIUW 3
o Algfslar, ZF 77k} PCx2] 718 g Hl
RHokgu, (+)EIBQ 79 PCxn7} (—)EIB]! +FHr}
Folsbl Ystemip =001, (HEIBS F3H= foit
2ol 5 Holx| ekgkrt AN 2] methacholine2] %17+
T9} EIB2}e] A= Fig. 13+ 226, methacholine

PC202} EIB&R:= o3t APt ddckr=—
0.568, p<0.01).

(—EIBQ] 79 EE oo, (DEIBS] A9t
137 3 8wof|A], 22l (HEIBS] 79 2693 1
el MRP7} ZA4s|9wdl, o B 2le 44
29.7(11.6)%, 30.8(10.6)%, 36.46. %o\ om, 7+ T
7k Hole FAKCE fefslA] koK Table 2).
(+)EIBY] F# (HEIBQ TollA MANS| Hix|=
7Fz} 40.0(14.7)%, 45.3(9.0)%°|9l3, (—)EIB]] #&
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A TR} FoA =3 ekp <0.01)(Table 2). Al -
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0.01).

— 169 —



4 ™
60
| r=0.546 . .
p < 0.01 e
5 97 n=s6
g 404
[*]
8 ~
23 7
8]
s 304
=
o = T
§< o
=
£~ ]
@
(2]
S 10
7]
>
5 -
0 f T T T T T T T T T
0 10 20 40 50 60
Maximal airway narrowing(%Fall in FEV1)
. /

Fig. 2. Comparison of exercise response and maximal airway
narrowing to methacholine. Each point represents one
subject. Thirty-six subjects had a maximal response plateau.
Twenty subjects did not reach the plateau.

| &

¥ 7= EIB9] A%9} NSBRO HE g Afr]i=
methacholine A& 2] 2I7E o) MANTLO] Alatal
AE oz} sk

Methacholine FHIRJHE 9% 40 &% §uky)
A 24 9450l Ajsgsi=t, o)) 7S AJA R ol
£ A7t FE5F2%3] methacholine kA4 <)
Aol Yot aatsls Q79 U3koZA(S metha-
choline FHAIES - FHF SUZL AJHolA A8}
7] SlehiAl) 2fsled Z7) wiiEolck S-E-gHkAe) u)
A= A whslx] 9lA] ekAIRE methacholine-§4EA] %)
> 24 AIZEEE 9.F A)7kol] PCyo] =4 Lhe = A
o otejx] rb?. e} B QT RE gt
ol methacholine-fHA13l0] EUat A|7kol] ZA4x|g)
7] el o] 74 A7) EIBS] AEolke] odnk)e
ekl HE AL 512 b Ao A7k,

Methacholine 71 Alol| 41, 3ol PCy 3 T8 % gl
UL, o] 5E F31a 8ollA] X4] M9le} o] gl

PCy(>25mg/ml)-& =3 718 7153 3k MRPE-
Foleln QYdos e Lo WA PSS A
# Zolelar Azbgle) gt A4)3tzke] NSBRE Y
A3 Zo] ol 317 wish okAli(ledE A &
o]Z NSBRo| IA=ch= Huo*?" jhdslA] 25

FEV,2] 50% o]4¢ A3} ellA] ad(plateau)& A
g VA ot 50% ol gl H7lE Avhe 4
sp7loll sl ng 50% oldo] S Aol
methacholine F%}8 Fxlslal o] A]A2] FEV, 9 #]
5 MANSo g A1)

ST H7lsol Mg Zhawle Ak 7 B
ol] e} ezhe] Aol S He| At FFF 5~10% A
o7} TiEIE®*, B AFllA= SHollA HAXE
7158k o7t 74 gk dReAE 8i5E V15

slo] ARE A Uehligich % A TolE S5%

— 170 —



uk$ #7552 W3E FEV, 9] 10%$} 20% #4615 7]
F9o2 (—)EIB, (1)EIB, (HEIBZ -E35}%ict. Ayt
o & FEV,9] 7% 15%A51% 7528 4o} EIB9)
$5E giksle Ao] Sellol)), YRE 20%E 71E
o2 s Ba% gon, B ol EIB9| %l
u}2} PCyolt} MRPO] W3t QleAE Yobiaz
she YE&A4] 3t HEsidck

EIB%} Methacholine PCy2}2] #alAl-2 ofed z|z}
Sof| 2)3] Haslo] gk} Kivilog'¥i= EIB$} metha-
cholineol] tigh wIZt=ol= Feldt At AP} Qdekst
Koo o Chatham -2 EIB7} histamineol] ol
3} uh2-Hrl= methacholineol] Tt HE-S-3} T f-2lgk
At BAE Heloky ¥osieich sEd EIB meth-
acholineol] 3l vLS-8- wH]iisle] R EIBRuvh=
methacholine-8HHA| & o] AA1S Xeksle=d] o] ©f
dlstela oedA] glek Y. B AFlA S (HEIBY]
TollA2] PCx2- (—)EIB]] Foll4l 2] ZAKct f-2lsi]
ugkar, AA| cislolol| 4 9] EIBS] A %9t PCa H
oAl ABAE LFERAZISL, methacholine-fHEA13
oFA(PCy<25mg/ml)o] 56 2 48%olld] Holsl,
EIB9) oF7|58 15% 5 Ze&u)] EIBoRo] s6v%
33uoll4) LA ohE od-Eel At Yxlslgich

NSBR9] tt v}2 Q491 MANL 552] 2=l
EFRSw 7150t B e HAE eI
AR Aglelde vl A2 7| wHidie] el
2 MRP7} G4 Ed] whal’?, 2413katollxl e A3t
71525832 AelellA] MRP7} &A% AL} a1do] A
7] ok, B8l el AgA EAV olsly
NSBR2] ®17}% Z719} MANS] Z7l= #4331 o
FollA A& ohE el geldhs o) 4hg vkdsle=
2 Azt & qitee] ke 7R % 559
25 5L ol B A4 wiiA] 2] 52 2=
o] F7}, e ol AEAVAl 24 St Atsle] A
£ Aog AYzhEar”, MANS 7187 252] 534
(contractility), T=8ol| €lA)(elastic) -2 ZA)(viscous)
Hslload), HubslEe] FAG sl AA= = Ao
2 Az,

ulel4] EIB2] =9} MANZo] #2402, PCy}e)
ke whE ol & Aol B odell4

o5

L

-

fo <z

=3
A

MRP 3432 (—-)EIBY] ¥ 1799] A4, (H)EIBSQ!
-2 137 F 8vol| 4], (H)EIBY] 72 26 % 11|
A JERITH(+) EIB vs (—) EIB, p<0.05).

°o|& 36Hell4] MRP Zk9} EIB Ao #aie
Folgk Al ANr=0.355, p<0.05: A|A| ohE Ha
tl 2 dickre] (HEIB]I 319} el He] (+)EIB
$Hxlol| 4] MRPA)-S- 61A] 9i9k7] wfiiZoll EIBS] X
39 MANS] #4)S dolry| flelide 2 vt
SXE Esl= o] v gtelelel 47zt=lic)l EIB
o] Axel MANS Axy vl delgt A3
(r=0.546, p<0.01)S HJc}

0|9} 7to] EIBQ] A %= methacholined] BI17+s 3
ik olel MAN2| H59b wlAdl kg 71t Q)
k. o] 7= NSBRE] 5714 @471, vlE A
g o} 71H-olA Nk, 5ol ek w5 AAsls 2
o Fashd 2re3he dAgh)

B Ae] Ak AF7HA] E=gte] Bt 9l EIB)
WHAZI A AIAA & o KAl et gk F
EIBS| HHA2 AAZ, 7% Hute] 5 Juto|u} o
EAE Q3 V1A= AHRAl 9] Zolell we} s3ta)
M) R Qe 7|8A] o g AuE| A,
=72, McFaddenol] 2Jsl] 34 wle} o] 5% 7]
57} whE Agd(rewarming) =]uiA] X A13kzle] e
Ax Huksl BA-e] Fap4o] S7iE L, 71EH e
HZo|| ofal] vheh e s4bolet s m Qb o
gha] ekl FA7E MANS s 8459 ot
L}ola, MANS] A%} EIBS] AEel WAst Ak
AE 7MAchs £7-8, EIBS] 7138 gkl 7isdt 74
AF AR F219] 7ol vl ebdslct Azdt
(/DJ\

Macklemol] 2Jei 7= uiel o] XA 3R oA
NSBRe] #H7loll4] R17tEe] wistEr= MANS| %}
2 9JoylE 29l i ol9} odiksl HAE olalsle
o] Fo3lek . sivksiE MANL 42l 7]
57} dupAA] JE 5 s A s FAEE 7tel
7|3 AAS4e] X7 F2 MANe|| oJ3f 2357
ujlEolc}. ule}A] methacholineo|t} histamine -f-HEA]
s o =4 NSBRS =4, H7lthf] PCy 29t op]z}
MRP & MANS®| &4, A7}t $84) Hojof s,

— 171 —



S5 olol] tigh A= HAe] Hell AYefol] it o]s)
o} Ak ol X85 ATl G 719 A

olct.

2 o

ATHHY: 574 AL 5ol JaiA 7R
FHo| Yehte Aoz, dgARNA £ ek
W] Hehz A, 5o Lol Zaskch ol
& LERUA 7IBA SHE vlSolz oz W)
= HoA, Ao g 24 H7lEl+= histamineo|t}
metacholineol] 2J8t BlEo|3 7])38A] wh2-w o} WAl
DAL WY 5 Yok il SAA WEE F
PCpoE FAHE 7= WEs 54 7194
o) RE} vidkeRs 2ol WolA glor, & e
249 o) A5 WA PEe SEPUA A
FE(EIB)2 Awste] Aol theliAe A=l =t
ek

Hid: 56w 2] X4] slolol|A] 1355.2] methacholine
Aol A o] PCy, FHUMESIIU(MRP), Hh7]=
HHMAN)S FA810L FEFEARIAY 57
HH] 7R FAsI ol 58 e VI
A 7o Aol whe} 3708 Adstod, iz
PCz, MRP, MAN 2] Zjol & ot s A chigollA
SEGUA 719 F%9] HE} PCr, MRP, MAN
7}ztate] AABALS Yot

F=FU g

1) 55 73R 0] 20% °]gR1(+) EIB
7] PCao2, 10% ©1311 (-)EIBS] PCoXrt f2fstA|
Jkekp <0.01).

2) )] thAloll4 methacholine PCx02| logX|+&= %
A 718 E) ARt felgt Aule] JAE v}
elAglekr=-0.568, p<0.01).

3) A 56735 367goll4 MRPE 785 U=,
o] 5oll4] MRPS} S5 A4 7134 °5¢] A5+e #
o3t AAAIE Brkr=0.355, p<0.05).
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