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Correlation of Exercise-Induced Bronchoconstriction to PCyx 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, 1. 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, 9.912.5 years) completed this study. Subjects attended 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 tesponse 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 valuey was classified arbitrarily into

three groups; no response((-) EIB: A FEV,<10%), equivocal response (( £)EIB:10% < /A FEV,

Bk WA sob o
of R 1992 AgeHtti R QAT HITUE: 9294 103)9] BAR olFo] HE.



<20%) and definite response((+) EIB:/ FEV,>20%).

Results:

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

significantly lower than that of (-)EIB group.

2) There was a close correlation between PCs 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(PCa) 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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Methacholine(Sigma Chemical)-$- 24 Meglalsi4
of] ol 7} 50,075, 0.15, 0.3, 0.625, 1.25, 2.5, 5,
10, 25, 50, 100, 150mg/mi)E 3]4&)9)31 Rosenthal-
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A s6739] 3ot F 399] Mol wFke

methacholine -§RIAEOAE PCyrZ 243 5 99
2v(F MRP7} 20% ol8h), ol& E33t 8v<] 3lojol]

A& PCywol 2p7] 4] widol] £33 25mg/ml o]
g vERIEE MRP= 361504 $4¢ 4 Qlle
™ HH(ISD)> 33.2(103)% o9, o5 I3t
ARcsolollA] MANE 39.4(13.0)% ©]3tiTable
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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(/mm”)
Methacholine Challenge Test

416.9(158.5-1096.5)**

Baseline FEV(% Predicted) 97.7%13.6*
PCy(n=53)(mg/ml) 5.37(1.48-19.50)**
MRP(n=36)(%) 332+10.3*
MAN®M=56)(%) 39.4413.0%

* Meant1 SD

** Geometric Mean(Range of 1 SD)
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Fig. 1. Comparison of exercise response and methacholine sensiti-
vity (PC2-MCH). Each point represents one subject. Values
of PCy-MCH are plotted on a log scale.



Table 2. Characteristics of the Subjects According to the Resp(mse to Exercise Challenge

(—)EIB (+)EIB (+)EIB
Number of Cases 17 13 26
Sex Ratio(M:F) 13:4 7.6 21:5
Age(year)* 95+2.3 9.6:+2.3 10.34+2.7
Height(cm)* 136.6+17.1 137.6-+14.2 1393 +15.5
Weight(kg)* 3624120 3704134 3694127
IgE(PRIST){IU/ml)** 288.4 281.8 416.9
(66.1~1258.9) (3.2~955.0) (128.8~1349.0)
Eosinophil C()um(/mm")”‘* 4074 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 9494126
(% Predicted)
PCa0**(mg/ml) 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 3 11
MRP*(%) 29.7+11.6 30.8+10.6 364167
MAN*(%) 29.7+11.6 40.0+14.7 453 £9.0%**
Exercise Challenge Test
Baseline FEV * 100.5+17.0 975+124 95.1+11.2
(% Predicted)
AV *(%) 6.0+2.7 148+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)
**% n<0.01, significant difference from (-)EIB(ANOVA)

20.5(13.9)%l3ck HY 7= 22 ZE 3lo MW
+E ¥ 158 ol 7155]9)ek slolEe] EIB] 3

of] wh& JLELO Table 29} 7} & QukA|EollA] 7l
A FEV %|%= th& FHr} (HEIB Toll4] Ygkor) 2}
ol& frlaiA] ektel 7 wke) B4, & Adnl, W,

PC207} EIBSH= $ol3t AmatAbt gl

0.568, p<0.01).
(—EIBY] 98¢ &

139 = 8ujolld], 12l3
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£ Sololldl, (HEB B9
(HEIBQ! 7= 26mF 11
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A4, AIE, IREPRIST), F3A<re] Holi= frofet

A g¥skel.
Methacholine -§2EA|312} 7)=]X] FEV,-2- 2} F-7hol|

Aol 5 HolA] QIkal, PCypol 4L & F ggid 3
e Alelsla, 7+ F7ke] PCoo 7Is1TS nlazsl

Hokgu), (HEIBQ 79 PCy7} (—)EIBS] FiRr}
FrelstAl Yokomi(p<0.01), (HEIBY 3= f-2j8t
AolE KHolA) gkt Al 49 methacholine] W17+
5o} EIBokel #hAl= Fig. 13} 722, methacholine

29.7(11.6)%, 30.8(10.6)%, 36.4(6.7)% 0]} 0H, 2}
7o Aol AR F9slA] glgkiTable 2).
()EIBR! 77 (HEIBQ! Tl MANS] X
Z47¢ 40.0(14.7)%, 45.3(9.0)% 019131, (—)EIBQ] &
29.7(11.6)% 2 4], (HEIBC]l F¢] MANX|7} (—)EIB
ol FHr} §93lA =9vp <0.01)(Table 2). KA
ol|x] MANZ} EIB2] #Hl= Fig. 29} 7+24), MAN-2
EIB9] A5} )3l AiAlE Rolrir=0.546, p<
0.01).
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r=0.546
p <0.01
n=56

Exercise induced bronchoconstriction
(% Fall in FEV 1)

.

Maximal airway narrowing(%Fall in FEV1)

J

Fig. 2. Comparison of exercise response and maximal airway
narrowing to methacholine. Fach point represents one
subject. Thirty-six subjects had a maximal response plateau. -
Twenty subjects did not reach the plateau.
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mg/ml ]2} PCyxg VR 89 5 69elldl= 74k
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oI9lek. 919} & TSl AHolE 7ok 20
oAl MRPE 738 Jiaiedl, ol 5 delie
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o|7} BRI, 2 ool SEAlA HAXES
7155 <l7h 7hg B@E dRelAE 8ESE VIE

stof FARE AIHE vehigic # el 5

— 170 —



uky d7)5e] #istE FEV2] 10%$} 20% #1357
F902 (—-)EIB, (+)EIB, (+)EIBE FE30c) Uut
A 03 FEV,9] 3% 15% 4342 7% 202 Ao} EIBY
55 aelsl= Aol Salol”, YRE= 20% 5 71E
o sk e glonf™, B o= EIBS| thAjl
ulz} PCyoltt MRPE] W3y} QleAlg doprsz
ke QEEA] 3uhAlR Rl

EIB2} Methacholine PCy%b0) AL o] zjx}
Zof] 2J3] Busle] gk Kivilog'Y: EIB9} metha-
cholineo] gt 1ol folgt At AP} Qicka

3193 2 Chatham S-2 EIB7} histamineoi] o]
gk uh3-H k= methacholineol] Ot ¥h53t v f-elgt
Ak BANE Belcka Roarslglct w3k FIB2} meth-
acholineel] w3l vh&-& wlirslo] ¥uwl EIBXuh-
methacholine-tAIglo] HALE Zgksli=dl o] vl
alsbobar gedz] Y. B odgellA % (+)EIBY
TollA) PCyp (—)EIBQ Foll A 2] AR} §2jsiA
Jokar, HAl| idstolol|42] EIB] A8} PCxd f
ofstA ARAE VRS, methacholine AT
obA(PCa<25mg/mlyo] 56W 5 48Holl4] Holal,
EIBY] FA713S 15% 2 3wl EIBFAlo] 5695
3304 viehlA] chE od-pEe] Zdatet Ux|slgict

NSBR9| It th# 9491 MANE tiswel xb=iol|
EFE) Vet A 7 e HAE vkele
RoF Aol vl A-e- 7= djele) Ahelioll
A MRP7} A4sl=e) dhalf®, AAskellxE A%k
7155s49] Aefellx] MRP7} A=A 5190] A
w7 gherf. 2y eL A 24 s
NSBR] wizhe Z7lel MANS| Zvhe #agh I
HollA] A& cohE Hlef iz e o) whdsh= Ao
2 A & qIRkee] Svke 73] S5 550
2= 7L ol B A5 vVl AR 32 g%
o] F7k W ol AeA Al =4 Gt A=} gl
£ A0 AZET, MANL: 7|34 59] 434
(contractility), 5ol €Fi(elastic) T2 HA)(viscous)
Fslload), Hulsl5e] SISl ool A= Zle
2 A7,

utbA] EIBS] A 59F MANZ}S] HadAd-2, PCyo¥}e]
P w2 Felok 3 FhAlolcl B dollA]

MRP 3412 (—)EIBY] ¥~ 179¢] A (HEIBY
2 137 F 89ollAl, (HEIBY] T+ 267 F 11o]]
A VEReH(+) EIB vs (—) EIB, p<0.05).

o] 363014 MRP A%%} EIB Ko BaAde
frolgh Ak PAlr=0.355, p<0.05: AlK] QHHE He]
o mrefu} oieke) (HEIBS] 3k} Q14-2] (+)EIB
ghatell Al MRPHA]E 1A ¢kgh7] ulliol] EIB2] Hx|
FE9 MANS] JAlS dolily] eiiale o) vt
X5 E3hsle o] v delHolzt A=t EIB
o] Axel MANS Axe vl Folgh gkl
(r=0.546, p<0.01)E 2r}.

o)9} 7to] EIBS] AX+ methacholine?] wi7t% ¥
gk ohzl MANS] el gt 45hade 7HAa )
glr}. o) Al NSBRO| F704 @47} vE 4]
2 ohg 7)ol A, gl ek whe-& B 2
ey FashA Aaehs ARk

B dte] Al AF7A =8ho] ElaL gl EIB9]
7T QARAIA & wll Al vt ok S
EIBS] #HA2 AR 2, 7|2 gute] - Foh} of
EAZ QR |EAute] A4 9] Z7lel] whe) st
el WER A AWA FEo ARSI
72, McFaddenol] sl 2451 wie} ghe] 353 7]
%7b whE A (rewarming) =il A Ajgiate] 2pE
A5l datsl BAlEgo] o] sl 71 e]
Rl ole) Vel siadolet Amsls oo,
ghA] Aetsls A7 MANS Zdshe 24359 ¢
vo]3t, MANS| A=} EIBS] Aol et s
AL FPAci=s 278, EIBY] 7142 glell 71538 7}
A% AR 3240 7ol o el A4d &
ek

Macklemol] 284 7kz251 wle} zho] HAlgkAlollA]
NSBR®] #7lell4] wlztEe] Wishhirk= MANS| st
2 Qo) 29l wi= oj9} gyl A4S oldhele
Aol s, ks MAN-2 AAjgkAell4] 7]
S} AR g e A s S Tkl
7)aL Ao A%yl 7 MANel| 2@l 277
wjFolck. welA] methacholineo]L} histamine -F3kA]
3o zH NSBRE 24, 571l PCy ¥+ ohiet

MRP & MAN®] 24, 5717} 524] Hlojof #v],
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Sk A%t W X2 AN Ak Tl ¥ A
olek

2 o

AN 54 AL 5ol 2aliA YR
5o vehle Ao, A4t Ea] ZHdss
HApRte] el s, B Lol o3} o))
g T ZIBA L v|BolF oz uhgr
Ao, 84402 24, 715 histamineo]L}
metacholinecl] 2J3t 50l 7)33A] vkSE9} W43}
HAE ALY F Yok vE)H sEA Whew 2
PCpo2 FAEE 7|5 9i7tes 54 7laA
52| ket vlelshs Zo] WA glor), w
£49 Ho 7= G| A5e} SEA )R
TEHEIB)2] Axote] el il A7l wl
ik

g 5619l 24 3lololl A 31%-%.9] methacholine
FREAIeN A S] PCy, HoMFETU(MRP), Huly|=
FHMAN S FAske, SERIAGA 258
WA 7ATEE A6 o5 £EUA V)
WA 2] Aol wl} 37082 FHsle], Zh7ke]
PC, MRP, MAN 9] Xlo|& <o}i 51 2] tidollA]
TR J18A 5e] A58} PCy, MRP, MAN
ZH24e] AAAE Yolrgtr).

Zak:

D 5524 7184 $3%0] 20% ol4<l(+) EIB
T2l PCo, 10% ©J31R1 (EIBS) PCukir} fojsiA)
Ygktkp <0.01).

2) A ol methacholine PCx09) logX)i= £
A 71BAeEe] 29} foigtk dulel] BAE
EhAglchr=-0.568, p<0.01).

3) A 56H%F 36904 MRPE 7<= 9Jgit=4),
o] 2okl MRP2} 2574 7187 °30] AE= &
o3&t AaAlE B.9rkr=0.355, p<0.05).

4) (HEIBS! ¢} MAN-2 (—)EIBF9] MANKL}
frefebA w9k

%

5) AA didollAd MANS S5k 713A) %
o] Zeot felgh Huld] JAE ehilrkr=0.546,
p<0.01).

B A 713A 52 H =+ methacho-
line- L AALE. 24 % PCo3} 2k o2} MANS] A
S} folgh AuAE vehligic) o) A= v
Eo|H 7132 HheEE ARsle 2714 247 ulE
MZ ThE ZPdolRRE, 5ol ozt uke-2 RS
g9lo g FawiA 289k AT 3 NSBRE
H7hghd] PCo¥at ohlgl MRPS-> MANS] 54o]
7Fe3t Eis]ojof glolrk

g8

1) Hendrickson CD, Lynch JM, Gleeson K: Exer-
cise-induced asthma: A clinical perspective. Lung
172:1, 1993

2) McFadden ER Jr, Gilbert IA: Exercise-induced
asthma. N Engl J Med 330:1362, 1994

3) Bierman CW, Kawabori I, Pierson WE: Inci-

~

dence of exercise-induced asthma in children.
Pediatrics 56:847, 1975

Anderson S, Tessier P, Smith CM, Malo JL: Part
V, Nonspecific bronchial challenges, In Allegra
L, Braga PC, Negro RD(Eds.) Methods in Asth-
mology, 1st Ed., p281, Berlin, Springer- Verlag,
1993

5) Boulet LP, Legris C, Turcotte H, Herbert J:

Prevalence and characteristics of late asthmatic

4

—

responses to exercise. J Allergy Clin Immunol
80:655, 1987

Speelberg B, Panis EAH, Bijl D, Van Herwaar-
den CLA,Bruynzeel PLB: Lat asthmatic respon-

6

~

ses after exercise challenge are reproducible. J
Allergy Clin Immunol 87:1128, 1991

7) Bar-Yishay E, Godfrey S: Chapter 47, Exercise-
induced asthma, In Weiss EB, Stein MS(Eds.)
Bronchial Asthma. Mechanism and Therapeutics,
3rd Ed., p 612, Boston, Little, Brown and Co,

- 172 —



8)

9

-’

10

11

o

12)

13)

14

-

15

-

16)

1993

Sheffer AL: Guidelines for the diagnosis and
management of asthma. 1. Definition and diag-
nosis. J Allergy Clin Immunol 88:427, 1991
Woolcock Al, Salome CM, Yan K: The shape of
the dose-response curve to histamine in the
asthmatic and normal subjects. Am Rev Respir
Dis 130:71, 1984

Sterk PJ, Timmers MC, Dijkman JH: Maximal
airway narrowing in humans in vivo. Histamine
compared with methacholine. Am Rev Respir
Dis 134:714, 1986

Sterk PJ, Bel EH: The shape of the dose-
response curve to bronchoconstroctor agents in
asthma and in chronic obstructive pulmonary
disease. Am Rev Respir Dis 143:1433, 1991
Bel EH, Timmers MC, Zwinderman AH, Dijk-
man JH, Sterk PJ: The effect of inhaled
corticosteroids on the maximal degree of airway
narrowing to methacholine in atopic asthmatic
subjects. Am Rev Respir Dis 143:109, 1991
Sont JK, Bel EH, Dijkman JH, Sterk PJ: The
long-term effect of nedocromil sodium on the
maximal degree of airway narrowing to meha-
choline in atopic asthmatic subjects. Clin Exp
Allergy 22:554, 1991

Kivilog I. The correlation between exercise-
induced bronchoconstriction and bronchial meth-
acholine sensitivity in asthma. Pediatrics 56:908,
1975

Chatham M, Blecker ER, Smith PL, Rosenthal
RR, Mason P, Norman PS: A comparison of
histamine, methacholine and exercise reactivity
in normal and asthmatic subjects. Am Rev Respir
Dis 126:235, 1982

American Thoracic Society: Definition and clas-
sification of chronic bronchitis, asthma, and pul-
monary emphysema. Am Rev Respir Dis 85:
762, 1962

17)

18)

19)

20

—

21

~

23)

24)

25)

26)

— 173 —

%7300, 9 AT 9% A B Sehbet %3]
obze] #H7ls A 8 AEX. sokt 36:25,
1993

Chai H, Farr RS, Froelich LA, Mathison DA,
McLean JA, Rosenthal RR,, Sheffer L, Spector
Si, Townley RG: Standardization of bronchial
inhalation challenge procedures. J Allergy Clin
Immunol 56:323, 1975

Heaton RW, Gilett MK, Snashall PD: Morning-
evening changes in airway responsiveness to
methacholine in normal and asthmatic subjects:
Analysis using partial flow volume curves.
Thorax 43:727, 1988

Platts-Mills TAE, Tovey ER, Mitchell EB,
Moszoro H, Nock P, Wilkins SR: Reduction of
bronchial hyperreactivity during prolonged aller-
gen avoidance. Lancet 2:675, 1982

Kerrebijn KF, van Essen-Zandvliet EEM, Neijens
HI: Effect of long-term treatment with inhaled
corticosteroids and beta-agonists on the bronchial
responsiveness in children with asthma. J Allergy
Clin Immunol 79:653, 1987

Godfrey S, Silverman M, Anderson SD: The use
of treadmill for assessing exercise-induced asth-
ma and the effect of varying severity and dura-
tion of exercise. Pediatrics 56:893, 1975
Eggleston PA: The cycloergometer as a system
for studying exercise-induced asthma. Pediatrics
56:899, 1975

Lin CC, Wu JL, Huang WC, Lin CY: A
bronchial response comparison of exercise and
methacholine in asthmatic subjects. J Asthma
28:31, 1991

Mellis CM, Kattan M, Keens TG, Levison H:
Comparative study of histamine and exercise
challenges in asthmatic children. Am Rev Respir
Dis 117:911, 1978

Sterk PJ, Daniel EE, Zamel N, Hargreave FE:

Limited bronchoconstriction to methacholine



using partial flow-volume curves in nonasthmatic
subjects. Am Rev Respir Dis 132:272, 1985.

27) Moreno RH, Hogg JC, Pare PD: Mechanics of
airway narrowing. Am Rev Respir Dis 133
1171, 1986

28) Sterk PJ, Bel EH: Bronchial hyperresponsivenss:
the need for a distinction between hypersensi-
tivity and excessive airway narrowing. Eur
Respir J 2:267, 1989

30) Macklem PT: A hypothesis linking bronchial
hyperreactivity and airway inflammation: impli-
cations for therapy. Ann Allergy 64:113, 1990

31) Lee TH, Assoufi BK, Kay AB: The link between
exercise, respiratory heat exchange, and the mast

cells in bronchial asthma. Lancet 1:520, 1983

32) Finnerty JP, Holgate ST: Evidence for the roles
of histamine and prostaglandins as mediators in
exercise-induced asthma: the inhibitory effect of
terfenadine and flurbiprofen alone and in com-
bination. Eur Respir J 3:540,1990

33) McFadden ER Jr: Exercise-induced asthma: asse-

—

sment of current etiologic concepts. Chest 91:
151, 1987

34) McFadden ER Jr: Hypothesis: exercise-induced
asthma as a vascular phenomenon. Lancet 335:
880, 1990

35) Macklem PT: The clinical relevance of respira-'
tory muscle research. Am Rev Repir Dis 134:
812, 1986

— 174 —



