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Relationship between Exhaled Nitric Oxide Concentration

and Pulmonary Function/Airway Hyperresponsiveness
in Asthmatic Children

Bong Seok Choi, M.D., Hye Mi Jee, M.D., Yeo Hoon Park, M.D.
Kyung Won Kim, M.D., Myung Hyun Sohn, M.D. and Kyu-Earn Kim, M.D.,

Department of Pediatrics and Institute of Allergy, Severance Children’s Hospital,
Yonsei University College of Medicine, Seoul, Korea

Purpose : Exhaled nitric oxide (eNO) has been proposed as a non-invasive marker for
airway inflammation in asthma. Pulmonary function tests have been widely used in the
diagnosis and management of asthma. Airway hyperresponsiveness (AHR) is one of the major
features in asthma and usually assessed by the methacholine challenge test. The purpose of
the present study was to assess the possible relationship between eNO and pulmonary
function/AHR in asthmatic children.

Methods : There were 121 asthmatic children and 81 controls in the study. The eNO level
was measured, the methacholline challenge test, spirometry, impulse oscillometry (I0S) and
assessment of their bronchodilator responses were performed on all subjects.

Results : The asthma group had a higher eNO value than the control group [28.3 (15-55.75)
vs. 20 (12.35-39.7) ppb, P=0.015]. The eNO level correlated positively with dFEV; (r=0.230, P=
0.001). It correlate inversely with dR5 (r=-0.149, P=0.036), eNO with PCx (=-0.318, P<0.001)
and with FEFzs- (r=-0.17, P=0.015), but not with FEV 1.

Conclusion : This study suggests that eNO values may reflect AHR, as well as airway
inflammation, but not pulmonary function. [Pediatr Allergy Respir Dis(Korea) 2009;19:291-
299]

Key Words : Nitric oxide, Asthma, Children, Spirometry, Bronchial hyperactivity, Impulse
oscillometry
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Table 1. Demographics of Subjects

Characteristics Asthma Control Total
No. of Subjects 121 81 202
Sex (M/F) 76/45 48/33 124/78
Age (yr) 7.642.6° 8.8+2.8 8.1+2.7
BMI 17.4+2.8 17734  175+3.0
FEV, (%pred) 951+149" 101.3t148 97.6x15.1
Atopy (%) 84/89 32/71 116/160
(94.4)" (42.1) (72.5)

Results are indicated as means+SD
"P=0.002, ' P=0.004, ¥ P<0.001 vs. control group
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Fig. 1. Comparision of eNO level between
asthma and control group. Asthma group had
higher eNO values than control group.(=0.015)

eNO level (ppb)

120

100

80

60

40

20

0

(A)

eNO level (ppb)

120

100

80

80

40

20

(B)

Fig. 2. Correlation between pulmonary func -

LA L g
. .

0

20

40 60 80

FEF25-75 (%pred)

100 120 140 160 180

80 100

FEV1 (%pred)

120

tion and eNO level. Exhaled NO values were

correlated negatively with FEF25-75

(%pred)

(r=-0.17, P=0.015, A) but were not correlated
with FEV, (%pred).(B)

Al al

o I

2.

Pl

L= ZHel 20|atstE A9l Hiw

S7)4kEE A Al 4] 283 (15-55.75) ppb

[median (interquartile range)], thZw-o A= 20

(12.35-39.7) ppb® ZHAaollA FoatA =3
oh.(P=0.015, Fig. 1)
3. V|5 BAXILL 7| ASEA0| itk B4

S48t = FEF»s (Y%pred) ot &9 &
Z IAE BRI (r=-0.1702, P=0.015), FEV;
(%pred), FVC (%pred), FEV/FVC (%), PEF
(%pred) ArolddlA= dadAE HolA
t}.(Fig. 2)

o r

[e2 o)
e

4. 10Se B7|AtEA A0 Aty

s e B SEA 9 $2] 5 Hz
Ao Aol WsHdRE) 9 T FHBAE B
Atk (r=-0.149, P=0.036, Fig. 3) R5, R10, R20,
R35, dR10, dR20, dR35%}= A4S HolA| &
ket

5. JISRHEIN B J|SIi AT} STMSEAC)
1Ty A

PCy3t 37108k 2 Fholle froldt 59
#AE Bk (r=-0.318, P<0.001, Fig. 4) 17

eNO level (ppb)

dRs (%)

Fig. 3. Correlation between I0S and eNO level.
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dR5.(r=-0.149 P=0.036)

- 29 -



120

100 ‘.0‘ o
e
. °
= o
2 w0 o:o b
o L3 .
— . .
% D) 0. .
2 60
g g !
% '™

2r0 4‘0 6‘0 B‘O 11;0 1;0
PC,, (mg/dL)
Fig. 4. Correlation between PC2 and eNO level.

eNO values were correlated with airway hyper -
responsiveness.(r=-0.319, P<0.001)

80

eNO level (ppb)

IS
S

20

-10 0 10 20 30 40 50 60
dFEV, (%)

Fig. 5. Correlation between dFEV: and eNO
level. eNO values were correlated positively
with dFEV1.(r=0.23, P=0.001)

AT Wl s PCot 3714081 A7)
S AAAAS HolA gkgtt),

dFEV1(%)< s714bskd 40t Fofsh e &
HAAE BYH.(r=0.23, P-0.001, Fig. 5)

o

[
()]

B dgellA] srtsbd e A el Al
TR FeshAl wektt W rlw el A

=

4oflo 2 BN

BV, 5 02 !
L B8 AL E PCoyRkat 29

pa

I
&
lo,
2

4,
o,
rlo

R

AZ Yepiaz, dFEVY, dRs$F 723 Ja4-S
Ak olde) oy AFSdAE F7)AkE A
H71s7 & AfEA Gevhe Bavt o
A T s sy g s sty sk
olthE ®Hazh $AE 7 s ) akskd
T Atole] Aol digk ATFES AR
6-17412 A2 Zols tdoz g dA+olA
s71hksbd s FEV I dids Rolx] gate
W FEV/FVCH oFdt daAaAE nelva 39
'V ol HARAE es F AT &
7124842271 FEV,, FEV/FVC9 dA#AS 1
o7 ggrom mAe] Ak TAOA 124]
7419 A 450782 IR o AFdAE &
1438} 2 47} FEVy, FVC, FEF2s-7, PEF %34}
AT WolA] ergkeh whd 7-144]9) 34
Fol 37HS Udo® 3 Ay s7)4kskd
27t FEV1 4 FEFs»9 & d#dga 314
02 B Ao A= FEFws ol Al 8.7]2k8 4
Ao okdt 5o AHAAE Belal FEV, & v&
FEAE AHEE e F 3L, ksl AE
17159 AHA oz & dfsa] e oz A
ZHET) A2 A AF3AE AAE HA e Fa

AA
Q1 FEV) 59 2% 53] ZobdaelA u]
jus

Bl oo ff R
5 2
~N
oge B

N

o

o
-

%

W,

i)

=
>
o]

*el 2l
A AN HE Kol dFlskA vhgekA] S
971 wotAd TRsAR” H7)% HAF AT
71%9) d5s ARAoE wgdtr] Bt} )=
o] AL udsls A gely] Wrd 4 gk

N
t
)
=

A 7= T Ald g RAaIEEE,
6-17419] A4 Fold ez g dFtelA &
71243142 E dFEV, (r=0.20, P=0.023) 2 PCx
(r=-0.31, P<0.00D)7 A#-S wrk™ mA
AFste TA A 124744 9] A8 450%-S
O F g AFellA ErEE AT 3 A Eg
& ARESE Z1EA f§E dAkskeE #Eol e A
o7 Buatdrk whd 7-14419) WA o}

He ger 3 dFdMe mrkkslA L)
PCx¥= Aol 9l o

BAT
49 AABAE TFos

O

[eIRE=N
.

Ao,

i1
=
5
&
|

]
rO
-
2
>
rir
=
T
=

- 29 -



o)
H

=
B

HZo|=

Ea

ol fel

=
T

H 4

Aog e

-

L

ol
3

A

i

R

— Bong Seok Choi, et al. : Exhaled Nitric Oxide and Pulmonary Function/Airway Hyperresponsiveness —
e

5}

dMTEE RETHBEABBN Y RHET BB T T Mook B
L o E N R m,x%_zﬁ%_%ﬂw Mo o e
TET a4 TuwFhels RN LDy N R < Mo
T M o woy TN E T W oo R e Ko o o B
st ~ W% H o W R Ao 7 E oo X od ™ %%mﬁi
%5%&% F T H B o oy W oo W Eﬂiﬁuﬂ_tmiﬁ (el et
NN 3 LB N o R
TH oz %%M_M_tuﬁwm%éjﬂ wwoowwwﬁwﬁﬁ ook g
T T W Ny S oy Mgy W GO T S S
N <] o0 = o n o Ho X n < E_ o o ol
bLaTELPRES L0700 2o ly  TER b H o
g iAo Apa T PEEE BN NG, o o 4FE 2
' = B o = =T < i ~ R -~
FE4ZBICRETITEEREL LATRes L miTT
J oy TR o MR , E w B OXoR ) 1)
Ca( L T Eom m R < e I
U g gdT TFRT Ty z2¥%sdrls N
%@W%ﬂ&ﬂn%ﬂﬂ%mrﬂﬂﬂ T oy P oo o gl o W
O IO = Rl T P o % 2 X — T ) o= o
A5 A B RRE T T wmE a4 o
X oo e E S s T oW TR CRSCIEE
l§|17_..A1J £ J.o‘maELPL P T Oos 0 = H.tLlﬂﬁ —_ Laﬁo _“_._ﬁ1g1@|
_ (2 63 1) Ne 4 TN N W o o W T :
oo NN Jo Ko ) W KR WO TR Mo = o S Y
—~y — — — =
L e B N B S O M B S S N - S L T
FaB RO WRPEE RBWHOW _FohTE _ LwmE W
oy = M R ooy By s MBPE NPT LSN  ®e 9 = N e W
Ped T PEYeTXssdewa o8 L B,ERARE 0
— o8 ™~ — o ERSIN 4 ) 0 0 .
BAH §B L REH g Bwy AR I U
T s B s begE EM tﬁwﬁmxd@@h ST T
WS wrFranlan PR EAREN TRy 4
G R A S e o g Fom R
Femw PSP cgmeogas DT alUd@n - Moggex® py
T HBELL® A A PEIEPNTY Tozssd w
P &ﬂ%ﬂ%ﬂwwﬁ> Py @V e E Treqtol 4w
FE P GHL Pacon FEraeid R n®s 2R L
0 2% T e AN & [nrel . . b
® kX SR TR F g p BT ER D e A D
= o} 1.iﬁ_|ﬂr7,u| <7 P w <
R B = N T R = TG ogm Py SN
H._Et m_wo WHLE Zﬂo‘_l&r,lﬂ‘._Nr LEE‘MO MMﬂﬂ/ldM Wﬂﬂ;ﬂonﬂoﬁa%@%ﬂ@vﬂl’.i ﬁﬂ
Ao d%:ﬂ%hﬁiﬁégﬂ%ﬁ B w2 - om
T N s LT S N I ol S o T D B i S 5 F
o o O TR T g O o =1 T A ., | oAy T e
s TapSeaMyTOE ALY R g M W T e
R I T T TR TR R o R P
Mol MT @ RRFTFEFETONT KT PN T ELTT T

spp oM™ apepa
- 296 -

al

ol A
SN )

=

Qg

o1



o % A7) A Sos WUt B AfelA
=0 BoA E/AEA2TL wgEte AE
GZ3 9715 2 lwsbn el dugd e o

ohusiA 319
qh B 20073 6951 20081 10€71A] MlE
22 ofRgdeR Yt d400 Aade
Aok 121954 w818
QRCIEN: EXYIE

59 20AE A8
Y 871 996l A9 A1 A
AT m&o—; s

Y
lo
rO
i
o
é
;V‘.:
:I:‘4
Mz
3:
_|_4
Eﬁ
O
=)
N
N
4,.1
oy M
lo
foi

qu1¥[28,3(15—55,75)
ppblell A ZL[20(12.35—39.7) ppblRt =&
AAg HAT(P=0.015) 37148 H7)s
ArHE FEFos-75 (%pred) ol isiA ek oFek o3t
g Btk (r=-0.169, P=0.022) 7|%=7t94&
El& dFEV: (r=0.23, P=0.001), dRs (r=-0.148,
P=0.044)0l A z7|rksbd ot oid AdadE

B2olrh vetEe 2a b PCodtat 571418}
é‘i‘: +9 AAAAE HArh(r=-0318, P<
0.001)

2 B s/PhsdLsE VEYE B 7ma
e Hhgshs HaEel wAAkRA A A Y
A B mER 88 AR e, #7)
TE AHAeE Mg g sles A
2

1) International consensus report on diagnosis
and treatment of asthma. National Heart,
Lung, and Blood Institute, National Institutes
of Health. Bethesda, Maryland 20892. Publica-
tion no. 92-3091, March 1992. Eur Respir ]
1992;5:601-41.

2)

10)

1)

Bacharier LB, Strunk RC, Mauger D, White D,
Lemanske RF, Jr., Sorkness CA. Classifying
asthma severity in children: mismatch between
symptoms, medication use, and lung function.
Am ] Respir Crit Care Med 2004;170:426-32.
Spergel JM, Fogg MI, Bokszczanin-Knosala A.
Correlation of exhaled nitric oxide, spirometry
and asthma symptoms. ] Asthma 2005;42:879—
83.

Wilson NM, Bridge P, Spanevello A, Silver-
man M. Induced sputum in children: feasibili-
ty, repeatability, and relation of findings to
asthma severity. Thorax 2000;55:768-74.
Crimi E, Spanevello A, Neri M, Ind PW, Rossi
GA, Brusasco V. Dissociation between airway
inflammation and airway hyperresponsiveness
in allergic asthma. Am J Respir Crit Care Med
1998;157:4-9.

Lundberg JO, Nordvall SL, Weitzberg E,
Kollberg H, Alving K. Exhaled nitric oxide in
paediatric asthma and cystic fibrosis. Archiv
Dis Child 1996;75:323-6.

Gaston B, Drazen JM, Loscalzo J, Stamler JS.
The biology of nitrogen oxides in the airways.
Am ] Respir Crit Care Med 1994;149:538-51.
Gustafsson LE, Leone AM, Persson MG, Wi-
klund NP, Moncada S. Endogenous nitric oxi-
de is present in the exhaled air of rabbits,
guinea pigs and humans. Biochem Biophys
Res Commun 1991;181:852-7.
Recommendations for standardized procedures
for the on-line and off-line measurement of
exhaled lower respiratory nitric oxide and
nasal nitric oxide in adults and children—1999.
This official statement of the American Tho-
racic Society was adopted by the ATS Board
of Directors, July 1999. Am ] Respir Crit Care
Med 1999;160:2104-17.

Colon—-Semidey AJ, Marshik P, Crowley M,
Katz R, Kelly HW. Correlation between re-
versibility of airway obstruction and exhaled
nitric oxide levels in children with stable bron-
chial asthma. Pediatr Pulm 2000;30:385-92.
Strunk RC, Szefler S], Phillips BR, Zeiger RS,
Chinchilli VM, Larsen G, et al. Relationship of
exhaled nitric oxide to clinical and inflamma-
tory markers of persistent asthma in children.



— Bong Seok Choi, et al. : Exhaled Nitric Oxide and Pulmonary Function/Airway Hyperresponsiveness —

12)

13)

14)

15

=

16)

17)

18)

19)

J Allergy Clin Immunol 2003;112:883-92.
Franklin PJ, Turner SW, Le Sougf PN, Stick
SM. Exhaled nitric oxide and asthma: com-
plex interactions between atopy, airway res-
ponsiveness, and symptoms In a community
population of children. Thorax 2003;58:1048-
52.

Stirling RG, Kharitonov SA, Campbell D, Ro-
binson DS, Durham SR, Chung KF, et al. In-
crease in exhaled nitric oxide levels in pa-
tients with difficult asthma and correlation
with symptoms and disease severity despite
treatment with oral and inhaled corticosteroids.
Asthma and Allergy Group. Thorax 1998;
p53:1030-4.

Artlich A, Busch T, Lewandowski K, Jonas S,
Gortner L, Falke K]J. Childhood asthma: ex-
haled nitric oxide in relation to clinical symp-
toms. Eur Respir ] 1999;13:1396-401.

Nordvall SL, Janson C, Kalm-Stephens P,
Foucard T, Torén K, Alving K. Exhaled nitric
oxide in a population-based study of asthma
and allergy in schoolchildren. Allergy 2005;60:
469-75.

Silvestri M, Spallarossa D, Frangova Youru-
kova V, Battistini E, Fregonese B, Rossi GA.
Orally exhaled nitric oxide levels are related to
the degree of blood eosinophilia in atopic
children with mild-intermittent asthma. Eur
Respir ] 1999;13:321-6.

van Rensen EL, Straathof KC, Veselic-Char-
vat MA, Zwinderman AH, Bel EH, Sterk PJ.
Effect of inhaled steroids on airway hyperre-
sponsiveness, sputum eosinophils, and exhaled
nitric oxide levels in patients with asthma.
Thorax 1999;54:403-8.

Lim S, Jatakanon A, John M, Gilbey T,
O'Connor BJ, Chung KF, et al. Effect of in-
haled budesonide on lung function and airway
inflammation. Assessment by various inflam-
matory markers in mild asthma. Am ] Respir
Crit Care Med 1999;159:22-30.

Steerenberg PA, Janssen NA, de Meer G,
Fischer PH, Nierkens S, van Loveren H, et al
Relationship between exhaled NO, respiratory
symptoms, lung function, bronchial hyperres-
ponsiveness, and blood eosinophilia in school

20)

21

22)

23)

children. Thorax 2003;58:242-5.

Jatakanon A, Lim S, Kharitonov SA, Chung
KF, Barnes PJ. Correlation between exhaled
nitric oxide, sputum eosinophils, and metha-
choline responsiveness in patients with mild
asthma. Thorax 1998;53:91-5.

del Giudice MM, Brunese FP, Piacentini GL,
Pedulla M, Capristo C, Decimo F, et al. Frac-
tional exhaled nitric oxide (FENO), lung func-
tion and airway hyperresponsiveness in naive
atopic asthmatic children. J Asthma 2004;41:
759-65.

Covar RA, Szefler SJ, Martin R], Sundstrom
DA, Silkoff PE, Murphy J, et al. Relations
between exhaled nitric oxide and measures of
disease activity among children with mild-to-
moderate asthma. ] Pediatr 2003;142:469-75.
Ko HS, Chung SH, Choi YS, Choi SH, Rha
YH. Relationship between exhaled nitric oxide
and pulmonary function test in children with
asthma. Korean ] Pediatr 2008;51:181-7.

24) Nah KM, Park Y, Kang EK, Kang H, Koh YY,

25)

26)

27)

28)

29)

- 298 -

Lee SW, Paek DY. Exhaled Nitric Oxide
Concentration in Children with Asthma and
Allergic Rhinitis : Association with Atopy and
Bronchial Hyperresponsiveness. Korean ]
Pediatr 2003;46:284-90.

Pilacentini GL, Bodini A, Costella S. Exhaled
nitric oxide and sputum eosinophil markers of
inflammation in asthmatic children. Eur Res-
pir J 1999;13:1336-90.

Gibson PG, Henry RL, Thomas P. Noninvasi-
ve assessment of airway inflammation in
children : induced sputum, exhaled nitric oxide,
and breath condensate. Eur Respir J 2000;16:
1008-15.

Lex C, Ferreira F, Zacharassiewicz A. Airway
eosinophilia in children with severe asthma:
predictive values of noninvasive tests. Am J
Respir Crit Care Med 2006;174:1286-91.

Koh YY, Kang H, Nah KM, Kim CK. Absen-
ce of association of peripheral blood eosino-
philia or increased eosinophil cationic protein
with bronchial hyperresponsiveness during
asthma remission. Ann allergy asthma immu-
nol 2003;91:297-302.

Nomura N, Yoshikawa T, Kamoi H, Kanaza-



3D

32)

wa H, Hirata K, Fujimoto S. Induced sputum
analysis in asymptomatic young adults with
bronchial hyperresponsiveness to methacho-
line. Respirology 2007;12:516-22.

Turner S. Exhaled nitric oxide in the diagno-
sis and management of asthma. Curr Opinion
Allergy Clin Immunol 2008;8:70-6.

Kovesi T, Kulka R, Dales R. Exhaled nitric
oxide concentration is affected by age, height,
and race in healthy 9- to 12-year-old child-
ren. Chest 2008;133:169-75.

Spallarossa D, Battistini E, Silvestri M, Saba-
tini F, Biraghi MG, Rossi GA. Time-depen-
dent changes in orally exhaled nitric oxide and

pulmonary functions induced by inhaled corti-
costeroids in childhood asthma. ] Asthma
2001;38:545-53.

Yates DH, Kharitonov SA, Robbins RA, Tho-
mas PS, Barnes PJ. Effect of a nitric oxide
synthase mhibitor and a glucocorticosteroid on
exhaled nitric oxide. Am ] resp critical care
med 1995;152:892-6.

Tsal YG, Lee MY, Yang KD, Chu DM, Yuh
YS, Hung CH. A single dose of nebulized
budesonide decreases exhaled nitric oxide in
children with acute asthma. ] Pediatr 2001;
139:433-7.



