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— =Abstract=

Nitric Oxide Correlates with Exercise-Induced
Bronchoconstriction in Asthmatic Children

Hey-Sung Baek, MDI, Yoo-Ra Park, MDZ, Joo-Hwa Kim, MDZ,
Jae-Won Oh, MD?, Ha-Baik Lee, MD?

'"Department of Pediatrics, Hallym University Gangdong Sacred Heart Hospital,
Hallym University College of Medicine,
ZDepartment of Pediatrics, Hanyang University Seoul Hospital,
Hanyang University College of Medicine, Seoul, Korea

Purpose : Exercise-induced bronchoconstriction (EIB) affects daily activities as well as school
performance in children. Exhaled nitric oxide (eNO) is a noninvasive test that measures airway
inflammation in asthmatics. The aim of this study was to address the relationship between eNO
and childhood EIB.

Methods : Our study consisted of 101 children aged 6 to 18 years belonging to one of three
groups, asthmatic children with EIB (n=31), asthmatic children without EIB (n=28), or healthy
controls (n=42). After children were taken off drugs that treated their asthma, baseline (pre-
exercise) eNO and biomarkers of inflammation were measured. All subjects underwent spirometry
and the bronchial challenge by methacholine inhalation and outdoor free running.

Results : eNO levels in asthmatic children with EIB were significantly greater than those in both
asthmatic children without EIB (P=0.012) and controls (P<0.001). The median eNO (interquartile
range) levels were 26.0 (15.0 to 46.0) parts per billion (ppb) in asthmatic children with EIB, 16.0
(12.5 to 28.0) ppb in asthmatic children without EIB, and 12.0 (10.0 to 15.3) ppb in controls. Post-
exercise decrease of forced expiratory volume in 1 second correlated positively with eNO (=0.637,
P<0.001; r, partial correlation coefficient adjusted for age and height). The cutoff value for predic-
tion of significant EIB was 20 ppb, and the overall sensitivity, specificity, positive predictive value,
and negative predictive values were 61.3%, 80.0%, 57.6%, and 82.4%, respectively. The area under
the receiver operating characteristic curve was 0.767 (95% confidence interval, 0.661 to 0.874).

Conclusion : Baseline eNO levels correlate with the post-exercise decrease of forced expiratory
volume in 1 second, suggesting that eNO may be a tool in the prediction of EIB. [Pediatr Allergy
Respir Dis(Korea) 2011;21:99-107]
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ety) 8] 7=l w2} Masterlab spirometer (Jaeger Co.,
Freiburg, Germany) 2 A188l1,? At)57)1& %9} FEV,
TAE 33 o]} ST w5 P H=2 FAE "t
olEkE 2 F3lel 98t 71 AF LA EL Chai 179 Y
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20% o1 7ra% we] wEeEd w55 Asick old
PCy 16.0 mg/mL °olak] 3¢5 F28 7| eahldS& 7t
A Aoz fasle] xaksigict? w8t 0.2 mg Master-
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SEFEIAE: SEFEAIEL 22-26C, FiFE 50
% 5715 SHFAA 63 B 2elA A Ee)r] %
= 3o, dIE Hdi Aut 2] 85% o) [(220-4e)) X
0.9] EE3lEs S7HAATE &5 A 71AA], &5 F 137,
3, 5, 1083 1563l 242} FEV & F7g3t0] 83 el
Z1AA9) 15% oVd Hash A5 5 7= e

= W

[¢}

3. LE=T] HAM

718 de27] AANEA "% F Immunoglobulin E
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AT} ARF- £ 0 2= Tamhane testE 533300k B
4= chi-square test 4= Fisher exact test& 53
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101828 YA} 638(62.4%), 1=+
v, B3t AL 9.93+2.484190ck A
2]¢] F5 5= GINA Guidelineoll w2l 5979 25k}
F % 184 A4 994 (5 asthmatics with EIB and 4
asthmatics without EIB), A% A& 2] 15W (7
asthmatics with EIB and 8 asthmatics without EIB), &
5% A47d A4 357 (19 asthmatics with EIB and 16
asthmatics without EIB)e$aL F 2] o+ Fhef #-2J8k
2to)7F §dek. 2F T dRte] A, A, A8 Al F
B9 FAEe o8t Zjol7t §ISith &2 3L FYUE
2HEO|E AR, A2, olET RIGE 7 WA 7
el f2gt Zfol7t Uit (Table 1) 3 7158AF &
FEV1, FEV/forced vital capacity (FVC), forced expi-
ratory flow, midexpiratory phase (FEFs5-75) % 2T

oA SER )BT bl 3
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ol Bl 28 Skl BDRA 8} PCopd 2ol A
T A2 T kel fos Aot itk S REAIE §
FEV,9] 74 3= 504 7| EajwlAdo] Qi Al Tte)
A FR7Y 27.7% (19.6-32.9) 0197 - 7| =3
Aol gle Aol HA7F 9.0% (4.7-10.6) 013t
(Table 1)

F

2. 8Y 5 IgE ¥ Y27 50| IgES
&3 ECP

A7) ABEA dF & IgE, I SAM o}
ECP, g% 224 50| IgEx+= A4 thzxtol nlal 2
2ol QA =oke ] Mol 5

S 7=

§14 S ) 02 ol 9191k (Table 1) eNO 273
Ao WA BAT 5, F IgE 7H9) 242} okl A3 ¢

AS Bk (r=0.508, P<0.001; r=0.475, P<0.001;
Table 2)

Table 2. Partial
Asthma Subject

Correlation Coefficients in

Exhaled nitric

oxide (ppb)

r P-value
FEV1, pred % 0.160  0.227
FVC, pred % -0.111  0.537
FEV/FVC ratio -0.307 0.018
FEFg5.75, pred % -0.369  0.002
Postbronchodilator A FEVy, pred % 0.322  0.029
Methacholine PCyo, mg/mL -0.223 0.132
PB eosinophil, /mL 0.508 <0.001
ECP, ng/mL 0.202 0.138
Total IgE, IU/mL 0.475 <0.001

ppb, parts per billion; FEV;, forced expiratory volume in
1 second; pred %, predicted %; FVC, forced vital
capacity; FEFo5-75, forced expiratory flow, midexpiratory
phase; PC20, provocative concentration of methacholine
inducing a 20% fall in FEV,; PB, Peripheral blood; ECP,
eosinophil cationic protein.

Spearman s correlation coefficients. Analysis is adjusted
for age, and height.

Table 1. Characteristics of Children Studied, Baseline Values and Biomarkers

Asthmatics Healthy controls p- *
- - - - (n=42) value
With EIB (n=31) Without EIB (n=28)
Age (yr) 10.3£2.0 9.6£2.6 9.9+2.2 0.970
Sex, male (%) 68.4 69.6 56.4 0.312"
Parental smoking (%) 19.3 16.7 14.3 0.124F
Clinical features (%)
Prior ICS use 54.8 46.4 NA 0.078"
Allergic rhinitis 61.3 50.0 NA 0.097F
Atopy 84.2 82.6 NA 0.707F
Baseline
FEV,, pred % 86.2+14.9 84.3+21.1 99.3+11.8 0.548
FVC, pred % 98.749.5 95.5+11.3 97.5+12.4 0.029
FEV,/FVC ratio 80.0+9.2 83.8416.5 92.045.3 0.019
FEF25.75, pred % 68.3+23.2 72.0+27.2 92.5+15.0 <0.001
Postbronchodilator A FEVy, pred % 11.245.3 11.745.9 NA 0.964°
PCy, mg/mL 4.844.9 11.745.97 NA <0.001°
Post-exercise decrease in FEV; 27.7 (19.6-32.9)’ 9.0 (4.7-10.6) 7.7 (5.1-10.0) <0.001
PB eosinophil, /mL 480 (245-780) 300 (140-467) 125 (95-175) 0.002
ECP, ng/mL 33.2 (23.5-63.4) 23.7 (14.1-51.2) 111 (5.6-23.1) <0.001
Total IgE, TU/mL 446.9 (205.3-995.0) 225.0 (80.0-394.3) 55.9 (28.2-141.5)  0.002

Data are presented as absolute numbers, mean+SD, or median (interquartile range).

EIB, exercise-induced bronchoconstriction; ICS, inhaled corticosteroid; FEV,, forced expiratory volume in 1 second;
pred %, predicted %; FVC, forced vital capacity; FEF, forced expiratory flow, midexpiratory phase; PCs, provocative
concentration of methacholine inducing a 20% fall in FEV;; PB, peripheral blood; ECP, eosinophil cationic protein; NA,

not applicable.

Kruskal-Wallis test. Chi-square test.

"Fisher’s exact test. "Mann-Whitney U test. ! P<0.05 vs. asthmatics without EIB.
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S7|MEEALR I 7S, PCoo,
237w 7|=atpldatel & atd

A2 eNOSARES T4l 19.0 ppb (14.0-
34.00 2 A4 dzae] F4%k 12.0 ppb (10.0-15.3) ]
H]3) S2)alA =9k (P<0.001, Fig. 1A) €% 7]
) A2 FAdgkE 26.0 ppb (15.0-
SERL T ERNES B e AT
%43k 16.0 ppb (12.5-28.0) Kt} 28k =tk (P=
0.033, Fig. 1A) eNO Z4%2 FEVI/FVC, FEFzs7s
(predicted [pred] %) £} 247t 2] 43 #AE BRYlov
(r=-0.307, P=0.018; r=-0.369, P=0.002; r, partial
correlation coefficient adjusted for age and height),
FEV; (pred %) FVC (pred %) AlololMi= AaaiE B
o] 2] )T} (Table 2) eNO Sk PCood} 723+ A
AE HolA] ehSARt -5 F FEV, Z4sh= #1293 4
#HIAE Bl (r=0.637, P<0.001, Fig. 1B)

!

4. 2SRYE 7|=22Y =S et
SI|1MEEL REY
eNO F7gho] 572 712 SHleh Al
A LR 7RIS FRkebA ke ATt He]
o SAH R fFefsiAl T7HH0 SleiA, ol& S7dgkel o

& A=) [e)

st ROC 54 #4918
(e}

=g o,

(positive

SH3ITE eNO S 4ke] 20 ppb Xt}
Eo|% 80.0%, WHE 61.3%, 45X

predictive value) 57.6%, +/3°15*] (nega-

gt sk —

tive predictive value) 82.4%, eNO &
=5 v, 5°]% 60.6%,

46.3%, =

SIS &

(ROC =4 af ¥4

d%ke] 15 ppb K.
VA% 80.6%, FJASH]
JoA5R] 87.2%% eNO SHI> 52 7]
ol B 5 e o FHIth
=0.767, P<0.0001, Table 3, Fig. 2)

-]
1]

2 Aol 57 l*&@r@*(eNO) =R 25 %ﬁg 7]
T SR )

=
striction)& #2187} As 9L sl W 5] 425o] %
W5 dAHor V)% AFe] F7F Hol A AFAL

Table 3. Diagnostic Properties of eNO Predic-
ting Exercise-Induced Bronchoconstriction at
Cutoff Point in Study Subjects

95% CI, % (range)

Cut-off PPV NPV
value o @ @)
(ppb)  Sensitivity Specificity
61.3 80.0
N 20 576 82.4
eNO a370) (6293 OO 8

ppb, parts per billion; CI, confidence interval, PPV,
positive predictive value; NPV, negative predictive value;
eNO, exhaled nitric oxide.

P<0.001 754
I 1
P=0.033 P=0.005 3“.5‘ 65 - .
I 1T \ =
20 o E 55 .
80 P
© 45 -
70 @ -
% -
Esﬂ . o 35 . - &
a 50 8 .
6’40 " ‘A. o 254
= g < @ : a
@ 30 e ot g 159
20 - Irly = "
10 - 11t £ 513 .
H i (34 s =
0 o 5 —_—
) . 0 10 20 30 40 50 60 70 80 90 100
Asthmatics Asthmatics Healthy
with EIB without EIB control
(A) (n=31) (n=28) (n=42) (B) eNO (ppb)

Fig. 1. (A) Exhaled nitric oxide (eNO) levels of study subjects. (B) Association
between post-exercise decrease of forced expiratory volume in 1 second (FEV1)
and eNO levels (r=0.637, r=partial correlation coefficient adjusted for age and
height, P<0.001). ppb, parts per billion; EIB, exercise-induced bronchoconstriction.
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Fig. 2. Receiver operating characteristic curve
for exhaled nitric oxide (eNO) predicting exer-
cise-induced bronchoconstriction with represen-
tative values. AUC, area under curve; SE, stan-
dard error; CI, confidence interval.
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