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=Abstract=

Relevance of Exhaled Nitric Oxide Levels to Asthma Control Test Scores
and Spirometry Values in Children with Atopic Asthma

Jeong-Ok Kim, M.D., Sung-I1 Woo, M.D. and Youn-Soo Hahn, M.D.

Department of Pediatrics, College of Medicine, Chungbuk National University, Cheongju, Korea

Purpose : Fractional exhaled nitric oxide (FeNO) has been proposed as a tool for assessing
airway inflammation in patients with atopic asthma. We evaluated the relationship between FeNO
with asthma control test (ACT) scores and spirometry values in children with atopic asthma.

Methods : One hundred twenty—six children with atopic asthma, 8—16 years of age, were
included in the study. None of the participants received regular controller therapy for at least 4
weeks before the study. The ACT (for children >12 years of age) or the Childhood Asthma Control
Test (C—ACT; for children between the ages of 8 and 11 years of age), FeNO measurements
and pulmonary function tests were performed.

Results : : The geometric mean of the FeNO in children with atopic asthma (16.1 parts per billion
[ppbl; 95% CI, 14.5—17.8 ppb) was significantly higher than that healthy controls (7.5 ppb; 95%
CI, 7.0—8.1 ppb; P<0.001). ACT or C—ACT scores were >20 in 82% of enrolled patients and
correlated with the %#FEV:, FEV1/FVC, and %FEFs5-75. However, FeNO was not related to %FEVj,
FEV1/FVC, %FEF25-75, and scores for asthma controls. FeNO levels in asthmatic children were
not significantly different with respect to age, gender, BMI, and tobacco exposure.

Conclusion : FeNO was not related to the spirometry values and scores for asthma control.
Measurement of FeNO may be a complementary tool in the assessment of asthma control. [Pediatr
Allergy Respir Dis(Korea) 2011;21:24—-31]
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Table 1. Characteristics of the Patients

Characteristics

Age, years 11.8+2.6
8—12 years, n (%) 73 (58)
>12 years, n (%) 53 (42)
Sex (Male:Female) 91:35
Exposure to smoke, n (%) 45 (36)
BMI 19.6£4.0
FEV1% predicted 92.6x£12.9
FEV,/FVC 84.7+£6.7
FEF95-75% predicted 86.0+22.6

Asthma control test (ACT)

Childhood ACT score (range) 25.3£2.0 (18-27)
ACT score (range) 22.7+2.9 (14—-25)
Geometric mean FeNO, ppb (95% CI) 16.1 (14.5—17.8)

Data of age, BMI, spirometry values are presented as
mean=£SD.

Abbreviation : BMI, Body mass index; FEV;, Forced expi-
ratory volume in 1 second; FVC, Functional vital capacity;
FEFo5-759, Forced expiratory flow between 25% and 75%
of functional vital capacity; FeNO, Fractional exhaled
nitric oxide; CI, Confidence interval

o, dol7} 939 (74%), o1o17} 337 (26%) ©12{ Tt (Table
1) AAAAGFE Bt 19.644.0 kg/mPlrk. #7115
ALl FVC, FEV), FEFzs-7502] 74 787431l djt o
-89 %FVC, %FEV), %FEF25-7502] B ZH2} 96.7
+13.4%, 92.6+12.9%, 86.0+22.6%%1.°H, FEV,/ FVC
T H 84.716.7%°130 k. C-ACTHS2} ACT A5
B 247t 25.342.0 A 22.742.9 A olSit) B AT
g iz 2ol it A 11,620,540, AJH]
T ot 207 (67%) 11 0%0}7} 109 (33%) o122,
AAAZA G B3t 19.644.0 kg/m’R oFET] HA] g4}
T oSt ApolE Holx gty #H7IEAAlAE
%EVC, %FEV1, %FEFs5-75, FEVI/FVC= B3t 103.4+
10.8%, 100.3+10.3%, 97.9+23.3%, 86.6£6.3 %= Ul
A AA Zols BAHCR o3 AJolS WP
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2. OIEL| XAl AOIST
Al0|2] FeNO X}0]

olEy] 2] AoktelA] FeNO9 71818ty 2 16.1
ppb (parts per billion) (95% confidence interval [CI],
14.5-17.8)2 A ZolrelAe] 7.5 ppb (95% CI
7.0-8.D) ¢l vl frelahAl &8k (P<0.001, Fig. D).
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Fig. 1. Comparison of FeNO between patients with
atopic asthma and non—atopic healthy controls.
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A= RFEV) (r=0.365, P=0.007), %FEF25-750 (r=
0.481, P=0.011), FEV/FVC (+=0.397, P=0.003) 2}
fost AHAE UERISITE (Table 2B) Z1#u C—
ACT A4 5= ACT A8} FeNO Alolofli= f2l3t 4zt
A7} BREA] gk}, 1 FeNOE %FEV), %FEFs;-
% FEVY/FVCSEE fejgt AaATAE vHuA] 249k
t}. (Table 3)

4, OIEm| A AOOf|IA LIO|, &', AMHIZIZX|,
2o £90| FeNO Okl &k

gxje] Yo] = BMI z—score 2} FeNO Afo]ofli= f-2

Table 2. Correlation of C—ACT Score (A) and

ACT Score (B) with Spirometric Values and
FeNO in Children with Atopic Asthma

A

Correlation coefficient 7 value
FEV1% predicted 0.257 0.028
FEV1/FVC 0.311 0.007
FEF25-75% predicted 0.324 0.005
FeNO -0.137 0.249
B

Correlation coefficient 7 value
FEV1%predicted 0.365 0.007
FEVI/FVC 0.397 0.003
FEF25-75% predicted 0.481 <0.001
FeNO 0.120 0.391

Abbreviation : FEV;, Forced expiratory volume in 1
second; FVC, Functional vital capacity; FEF25-75¢, Forced
expiratory flow between 25% and 75% of functional vital
capacity; FeNO, Fractional exhaled nitric oxide

Table 3. Correlation of FeNO with Spirometric
Values, Age, and BMI in Children with Atopic
Asthma

Correlation coefficient P value

FEV1% predicted -0.091 0.294
FEV/FVC 0.051 0.294
FVC% predicted -0.129 0.150
FEF25-75% predicted —0.020 0.827
Age (years) 0.103 0.251
BMI z—score —0.087 0.335

Abbreviation : BMI, Body mass index; FEV), Forced expi-
ratory volume in 1 second; FVC, Functional vital capacity;
FEF25-75%, Forced expiratory flow between 25% and 75%
of functional vital capacity; FeNO, Fractional exhaled
nitric oxide
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Table 4. Relevance of FeNO to Gender and To-
bacco Exposure

FeNO" ppb
(95%CI)

Gender Male 19.8 0.451
(17.7-22.3)
Female 17.8
(13.6-23.2)
Tobacco exposure Yes 20.8 0.055
(18.0—24.0)
No 16.1
(14.1-19.6)

P value

Data of FeNO" are expressed as geometric means.
Abbreviation : CI, Confidence interval



—Jeong—0Ok Kim, et al.: Relevance of FeNO to Asthma Control Test and Spirometry Values in Asthmatic Children—

15 ppb ©lstd 73-9- okET] HA <] Tls/do] A Ao R,
A7 Ty B ATl gk g 2ol 571 27
wjiol] =] Aofel|x] ofET] 3124 8] Xde] FeNOE ©]&-
s7] s o B W Aokl Amrt e Aow 3t
Sal=
A2 Bt tigk A5 RS AAske = o8y
= Global Initiative for Asthma (GINA) 7}o] =212 3}
2] 5243} A7) %584 A o) gk e Fdo]
NI A7 s AL Godel7] whitel 2 2= vk
WP 5 T WS AlEelA Ve gFo] dEEna
BuHTE ™ o]9} 2 AL #219] St H7)6H
AF A7} 32Le] 79 HHGEHA
71E8] A5 Tlolegle] AI7F A
Alsttt, AAR S w715 33AE daE
o] A7¥ Fxkrtel vls] FeNO 3o
@4’* TAR %«] a9 s #/] A5 W QO] A%

owoﬂﬁb ACT % #7} 20xq oo w o] 7 24w
AElE 3 352 40%0114 FeNOZ| 25 ppb ©]/de]
ok 7% d50] Q= A 2olEelM Q] FeNO7F 25
ppbE ¥A gh=ths BV E 27 8 o B o)A
A 248 A 2AEQTh T I E A RS F A
3 U] AtEolA 7|EdToe] NS 7Fsdo] Ak
upbA o)F SR E 7|5 950 AR
3 olef digh X Z7t AlEA] ekl Ao g
et TEv S s A Aviks A
2 7afok h=A] olUm FeNOZ o] Axslo] =
Aol gt A4S U] s 9w
stk
959 Aol FEV, #ho] Bl S4 % dxjolx
ACT A5t C-ACT 4% Soithar Bars]glow 172
ol e S 71 w3 Alele] ATAIE ISk
2 AFelrs dA715 A4 351 BFEV), %FEF25-750,
FEV)/FVCE ACT A5 C—ACT H59) fro) 3t At
AL HERASICE b 2 AFeME gxte] S48 7%
2] Afole]] Aol slrh= ARdS ERIE 4= Qigich 1
el WA 24 Apel 71574 A FeNOS} 134
< YA gt 1 ol AT diidelld ks &
Z70] 2 \gltha #gH FREC] vlgo] 81%= Hirth
o] gakge] M xdo] # Egivkal I E Exk50I37]
iz o & AYzbEI) Halo] 2AE A ke SAbsolA 32

ol
2L

o

X
o

W o
% o 4y

to

of

2 2

4

7

22 3% 9 A7V 3AL Ak} FeNO Alole] Qighg e 4
Z% Baro] glort ¥ ol HAo] 2AHA o

gzke] 71 Ao ou] Q)= Avg =&Y 5 oldich

#2e] Aol FeNOgF 212 224 45 = o7 )s
AAL A} Aol 2] Al A SUde) Aol oz 4%t
7] 220w AekE fA5
ol=glelel Wt A7 ¢l HA 2Ho] & ¥ xEelA
B wEEA) ggitta B Fgk?Y webs S} 97
AAZE Z24o] ¢t B Ha] Al 7% A5E o=
Z4o) & ¥ A ARl M= 7=
e, 3 Zlo® FHr), ek M2 A
7} A8 B gaklel nlsl FeNO $571 28k
Al Eths ATAH E Aajo] 24E SRSl S
o A7l HAPY A @RlelA] sk w95 vk
SHA] Eetths ARlE AL

2 Aol A FRE2] FeNOE Yol *éﬂé , ﬁiﬂé‘%ﬁl
F] QIS WA ik A Aot A
oz gt o=l At m Aol *Jxﬂ AR5
FeNO$} Aa#A7} gl A o% Buse] 2 79 A}
g} AAATE ) TRy Y oleS Tz A8
B 959 AFeAE Yo7t BESE FeNO7}F S71sh=
Ao Hslo] L Ae] Autel xjo|2 w1
o7} B&55 FeNO7} $7Fh= 21 7159 W) A4
o] uk2 NO synthase A% 71}k dedo] Qlokar Az
Ik 2 A Ake) 9ol 9] A Ay} Alo]o] xjo)
7F AR AL A tde] Jo] wiiEoz Azbdct. 9=
o] ATelMi= A AoleS o E Yo Frlel uhe
FeNO 717} 2= oL, E Aol = Aqtof E3HE
Aolgo] B ofEy] HAlE Zhal QIgl7] wiitel] -t
ofET]e] oJgt JFE o2 3| 1fo]e] uE FeNO XPOM
WA okgke Aoz A7hEck

7J2d Zofollr] FAell thet &3} FeNO Aleo] 2] i3
& ZHEA) QA 2 ube] 22 20ls gpow
9]=e] AFEolM= FAol tigt =Fo] FeNOe| w|A]i=
3ol tisi A= % Aso] B et
2o} X2 FxpollA] Fdell thgh mFo] FeNOE 7454
A1 o™ ZHaAl7eAel sl AEo] e x1A] w9k
o} 2 Ao A= FR7F FAxel A @5y 18X
&2 FALE Aol {23 FAISHA Ao)7} fiet. 2t
H)5 5ASH onji= glgl o) FE7E ERIA] AolEe
A FeNOZ} H] & o] #aE o] Fdof tfgh 2he =
Zo] FeNO A5l 71918 7Fs7de] glom & 3 &z}

by
rlr
™o
o
)
R
o)
9]
Z
>
N
N

_1>~
rlr
H
o
alu

O

™ o

w



— 77385 1 ok obEv] W4 Bl 571 NO sk A4 28 A5 9L A5 D3t Aole] ek —

FeNO %3] Qgkgel ofeh o e v} e7an.
Q0] AR E Aol LR BAE F Ae] =
gl

= 7o =
2hA o5 el o A Aute) Aol A4 S A
2 AzkEd:

Agsow Fe) ohs) 214 ol FajolA FeNOL

BA15o] A4 24lo0] 2 B BAEIQY] WMo w e
o, Wb 2o] 2 Hgirka W8 WA LolEelt
A2 24 gt AL Ak 71E g 4

dRsh Bsie, o) F B A4 2 B
L AR B 71 95 welshs FeNO
feg Aoz Yrak

o oF
0 =

S H:FeNOE 12 BelM] 7% 952 wgshs 2
o7 dejA Qi o] el FeNO9F A4 =4 A4
w3735t A3k Aol o] elakel tlsl ok At 519
c}.

U 8 ol2] M oR AdH T AT AR A FY &
HEo|=5 4 1709 o ARESEA] ¢k 841 o1 164]
nRke] Ao} 12372 o ® aRlth 8—1241 AotellA
+ childhood asthma control test (C=ACT) 845 12
A 0]24Fe] Zolol| A= asthma control test (ACT) 5=
S7slolon], B Lolel thal #17)5 A}t FeNO 7
= AT

4 BhiolEy] WA Aolold FeNOQ 715kl 3
(19.2 parts per billion [ppb]; 95% CI, 17.2—21.4)
A2k Zok= (7.5 ppb; 95% CI, 7.0—8.0) <l Hlall #-2) &t
Al =3 (P<.001) ACT #57u C-ACT A= =
Zroke] 82%0lM 204 oldelslem, %FEVi, FEVY/
FVC, %FEFss-7508}F 28t 2ddaAlE vehiigict. 12
U FeNO= 24 28 5 w71 s a3AT d3el -3 4

PRAZ 2ol ke Vol, AP, AARBAS, i

3

Mo

=
-

]

A o o] W FeNOS| Aol #Hahe]x] ottt
=

4 B: o} ofEd] 2] $AlellA FeNOE A2 24

At A7) 57 Aol AR wolH) Sgt. wh

sro}

olEs) A4 Bl A4 24 A5 ZHol 7]

SHAL B 7% GF AEE HIgskE FeNOS] 70l

i o)
=2t

D

2)

3)

4)

5)

6)

7)

8)

9

stcha ek,

m

T ol

MO

Crimi E, Spanevello A, Neri M, Ind W, Rossi
GA, Brusasco V. Dissociation between airway
inflammation and airway hyperresponsiveness
in allergic asthma. Am J Respir Crit Care Med
1998;157:4-9.

Gibson PJ. Monitoring the patient with asthma:
an evidence—based approach. J Allergy Clin
Immunol 2000;106:17-26.

Lundback B, Dahl R. Assessment of asthma
control and its impact on optimal treatment
strategy. Allergy 2007;62:611-9.

Green RH, Brightling CE, McKenna S, Harga-
don B, Parker D, Bradding P, et al. Asthma
exacerbations and sputum eosinophil counts: a
randomized controlled trial. Lancet 2002;360:
1715-21.

Pijnenburg MW, Bakker EM, Hop WC, De
Jongste JC. Titrating steroids on exhaled nitric
oxide in children with asthma: a randomized
controlled trial. Am J Respir Crit Care Med
2005;172:831-6.

Smith AD, Cowan JO, Brassett KP, Herbison
GP, Taylor DR. Use of exhaled nitric oxide
measurements to guide treatment in chronic
asthma. N Engl J Med 2005;352:2163—73.
Shaw DE, Berry MA, Thomas M, Green RH,
Brightling CE, Wardlaw AJ, et al. The use of
exhaled nitric oxide to guide asthma manage-
ment: a randomized controlled trial. Am J
Respir Crit Care Med 2007;176:231-7.
Szefler SJ, Mitchell H, Sorkness CA, Gergen
PJ, O'Connor GT, Morgan WJ, et al. Manage-
ment of asthma based on exhaled nitric oxide
in addition to guideline—based treatment for
inner—city adolescents and young adults: a
randomized controlled trial. Lancet 2008;372:
1065-72.

Payne DN, Adcock IM, Wilson NM, Oates T,
Scallan M, Bush A. Relationship between ex-



—Jeong—0Ok Kim, et al.: Relevance of FeNO to Asthma Control Test and Spirometry Values in Asthmatic Children—

10)

1D

12)

13)

14)

15)

16)

17

18)

19)

haled nitric oxide and mucosal eosinophilic
inflammation in children with difficult asthma,
after treatment with oral prednisolone. Am J
Respir Crit Care Med 2001;164:1376—81.
Jatakanon A, Lim S, Kharitonov SA, Chung KF,
Barnes PJ. Correlation between exhaled nitric
oxide, sputum eosinophils, and methacholine
responsiveness in patients with mild asthma.
Thorax 1998;53:91—5.

Jones SL, Kittelson J, Cowan JO, Flannery EM,
Hancox RJ, McLachlan CR, et al. The predic-
tive value of exhaled nitric oxide measure-
ments in assessing changes in asthma control.
Am J Respir Crit Care Med 2001;164:738—43.
Kharitonov SA, Donnelly LE, Montuschi P,
Corradi M, Collins JV, Barnes PJ. Dose—de-
pendent onset and cessation of action of in-
haled budesonide on exhaled nitric oxide and
symptoms in mild asthma. Thorax 2002;57:
889—-96.

Jones SL, Herbison P, Cowan JO, Flannery
EM, Hancox RJ, McLachlan CR. et al. Exhaled
NO and assessment of anti—inflammatory ef-
fects of inhaled steroid: dose response rela-
tionship. Eur Respir J 2002;20:601—8.
Kharitonov SA, Gonio F, Kelly C, Meah S,
Barnes PJ. Reproducibility of exhaled nitric
oxide measurements in healthy and asthmatic
adults and children. Eur Respir J 2003;21:
433-8.

Ko HS, Chung SH, Choi YS, Choi SH, Rha YH.
Relationship between exhaled nitric oxide and
pulmonary function test in children with asth-
ma. Korean J Pediatr 2008;51:181—87.
Nathan RA, Sorkness CA, Kosinski M, Schatz
M, Li JT, Marcus P, et al. Development of the
Asthma Control Test: a survey for assessing
asthma control. J Allergy Clin Immunol 2004;
113:59-65.

Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom
N, Burgess S, et al. Development and cross—
sectional validation of the Childhood Asthma
Control Test. J Allergy Clin Immunol 2007;
119:817-25.

Hankinson JL, Odencrantz JR, Fedan KB. Spi-
rometric reference values from a sample of
the general U.S. population. Am J Respir Crit
Care Med 1999;159:179-87.

American Thoracic society. Recommendation

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

for standardized procedure for the on—line and
off—line measurement of exhaled lower res-
piratory nitric oxide and nasal nitric oxide in
adults and children—1999. Am J Respir Crit
Care Med 1999;160:2104—17.

Sivan Y, Gadish T, Fireman E, Soferman R.
The use of exhaled nitric oxide in the diag-
nosis of asthma in school children. J Pediatr
2009;155:211-6.

Buchvald F, Baraldi E, Carraro S, Gaston B, De
Jongste J, Pijnenburg MW, et al. Measure-
ments of exhaled nitric oxide in healthy sub-
jects age 4 to 17 years. J Allergy Clin Immunol
2005;115:1130—6.

Global Initiative for Asthma (GINA). Global
strategy for asthma management and pre-
vention. Available at: http://www.ginasthma.com
/Guidelineitem.

Schatz M, Sorkness CA, Li JT, Marcus P,
Murray JJ, Nathan RA, Kosinski M, et al. Asth-
ma Control Test: reliability, validity, and res-
ponsiveness in patients not previously follow-
ed by asthma specialists. J Allergy Clin Immu-
nol 2006;117:549—-56.

Piacentini GL, Peroni DG, Bodini A, Bonafiglia
E, Rigotti E, Baraldi E, et al. Childhood Asthma
Control Test and airway inflammation evalua-
tion in asthmatic children. Allergy 2009;64:
1753-17.

van Den Toorn LM, Prins JB, Overbeek SE,
Hoogsteden HC, de Jongste JC. Adolescents in
clinical remission of atopic asthma have ele-
vated exhaled nitric oxide levels and bronchial
hyperresponsiveness. Am J Respir Crit Care
Med 2000;162:953-7.

Leung TF, Li CY, Lam CW, Au CS, Yung E,
Chan IH, et al. The relation between obesity
and asthmatic airway inflammation. Pediatr
Allergy Immunol 2004;15:344—50.
Santamaria F, Montella S, De Stefano S,
Sperl F, Barbarano F, Valerio G. Relationship
between exhaled nitric oxide and body mass
index in children and adolescents. J Allergy
Clin Immunol 2005;116:1163—4.

Franklin PJ, Taplin R, Stick SM. A community
study of exhaled nitric oxide in healthy child-
ren. Am J Respir Crit Care Med 1999;159:
69—73.

Latzin P, Griese M. Exhaled hydrogen peroxi-



30)

3D

— 3393

|

de, nitrite and nitric oxide in healthy children:
decrease of hydrogen peroxide by atmosphe-
ric nitric oxide. Eur J Med Res 2002;7:353-8.
Warke TJ, Mairs V, Fitch PS, Ennis M, Shields
MD. Possible association between passive
smoking and lower exhaled nitric oxide in
asthmatic children. Arch Environ Health 2003;
58:613-6.

Dinakar C, Lapuente M, Barnes C, Garg U. Real

32)

: o} obw] 1A BN £/ NO s 14 21 95 L A7l At Alole] Aw —

—life environmental tobacco exposure does
not affect exhaled nitric oxide levels in asth-
matic children. J Asthma 2005;42:113-8
Barreto M, Villa MP, Martella S, Ronchetti F,
Darder MT, Falasca C. Exhaled nitric oxide in
asthmatic and non—asthmatic children: influ-
ence of type of allergen sensitization and ex-
posure to tobacco smoke. Pediatr Allergy Im-
munol 2001;12:247-56.



