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Fractional exhaled nitric oxide in Korean children with allergic rhinitis

Seung Hyun Moon," Hae Ji Jang,” Yoon Sung Park,> Woo Yeon Lee,> Dae Hyun Lim,"? Jeong Hee Kim'?

'Department of Pediatrics, Inha University School of Medicine, Incheon; *Environmental Health Center for Allergic Rhinitis, Inha University Hospital, Incheon,
Korea

Purpose: Fractional exhaled nitric oxide (FeNO) is useful for the diagnosis of allergic rhinitis (AR) as well as bronchial asthma (BA).
However, FeNO may differ according to race, age, and other determinants. There have been few studies about FeNO in Korean chil-
dren with AR. The aims of this study were to evaluate the value of FeNO in AR and to compare FeNO, and determinants of FeNO lev-
els between AR, BA, and combined AR and BA.

Methods: This study included 647 children aged 5 to 17. The children were classified into 5 groups after performing the skin test,
FeNO measurement, the pulmonary function test, and the methacholine challenge test: those with nonallergic rhinitis (NAR), those
with AR, those with BA, and those with combined AR and BA, and healthy controls,.

Results: The values of FEV; (forced expiratory volume in one second) %predicted were 94.4% + 12.6%, 93.8%+ 20.7%, 90.0% + 17.4%
in AR, BA, and combined AR and BA, respectively. The values of FeNO in AR (32.3+ 25.0 ppb), BA (31.1+20.5 ppb), and combined AR
and BA (34.5+ 30.4 ppb) were significantly higher compared to those of NAR (16.8 + 13.5 ppb) and controls (15.9+ 12.5 ppb). There
was no significant difference in FENO among AR, BA, and combined AR and BA. FeNO was significantly higher in patients with >4
positive results (36.6 + 29.2 ppb) than in those with <4 positive skin test results (27.6 £ 20.7 ppb). When the receiver operating char-
acteristic curve analysis for prediction of AR showed 0.756 of area under the curve, the cutoff level of FeNO was 16 ppb.

Conclusion: In this study, children with AR had increased levels of FeNO. It is suggested that AR may have eosinophilic bronchial in-
flammation without BHR or clinical asthma. (Allergy Asthma Respir Dis 2015;3:439-445)
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Bt FeNO 42 32.3 4 25.0 ppb (parts
Bt FeNO k2 31.1£20.5 ppb, &3
271H|g-HA] F8kE 6242] Hat FeNO 7 34.5+ 30.4 ppb=
A7yt 3457 2] Hat FeNO % 159 +12.5 ppb2} H| L 27
H|H o 837 2] 4t FeNO 7k 16.8 +13.5 ppbo]| BI5}o] 52517
EUTHP<0.001). Fef| =7]8|H} AT (P=0.821), U =7
H|Ht | 271H]Y-4 S (P=0.607), AT} o=
7 E-2] SR (P=0.577) ARolofl= BAIA L= I3t Ato]
5 HOJA] Q3UTH(Table 1).
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(69.6%)°|3Th. AP H == 25 (5-114))-> 23778(36.6%), Z- ddzdo A9z 273 o, 253, S5, 1%
SFAI(12-14A4))-2 2257 (34.8%), =Y (15-174))-2 1857 (28.6%) AL 7171 907 (26.1%), 1357(39.1%), 1207H(34.8%)0]%.om, <
ojle}. At T AT ETS 34578011 B B MY =[Gl 2 657H(46.8%), 427H(30.2%), 3278(23.0%),
Table 1. Subject characteristics
Characteristic Control (n=2345) NAR (n=83) AR (n=139) Asthma (n=18) AR+asthma (n=62) P-value
Sex
Male:female 66:279 31:52 58:81 711 35:27
Age (yr) 128+2.7 11.3+29 114431 126+3.1 112432
Height (cm) 1514145 1451+138 1465+14.8 152.3+15.8 146.2+200
Weight (kg) 46.7+13.1 N7+137 4244133 4914168 436+176
Body mass index (kg/m?) 200+33 194+38 191+39 206+35 19.7+36 0211
Past histary of AD 0.963
Yes - 24 36 5 16
No - 59 103 13 46
Past history of sinusitis 0.461
Yes 15 35 3 17
No 68 104 15 45
Pulmonary function test
FEV: %predicted 944+125 930+17.3 94.4+12.6 938+207 90.0+174 0418
FVC %predicted 94.3+15.0 929+15.7 926+125 933+188 88.6+16.4 0.333
FEVi/FVC (%) 101.6+109 100.0+11.3 102.6+12.3 100.7£10.2 101.4+93 0.585
FEF2s06-750 (%) 82.0+£22.8 835+25.3 88.3+24.7 823+27.2 794+231 0.198
FeNO (ppb) 159+125 16.8+135 32.3+250*' 31.1+205* 345+30.4*

Values are presented as mean + standard deviation.

AR, allergic rhinitis; NAR, nonallergic rhinitis; AD, atopic dermatitis; FeNO, fractional exhaled nitric oxide.

*P<0.05 vs. control. "P<0.05 vs. nonallergic rhinitis.
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Table 2. FeNO values according to age and sex
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S Control (n=345) NAR (n=83) AR (n=139) Asthma (n=18) AR+asthma (n=62)
arae No. FeNO (ppb) No. FeNO (ppb) No. FeNO (ppb) No. FeNO (ppb) No. FeNO (ppb)

Age (yr)
511 0 147496 46 16.7£149 65 288 +242 5 224+133 31 30.4+25.1
12-14 135 16.0+£12.3 22 183+124 42 36.8+26.4 7 321+232 19 36.3+17.0
15-17 120 16.7+£14.6 15 149+107 32 33.3+24.6 6 37.0+£228 12 425+52.9
Pvalue 0.544 0.756 0.269 0520 0.488

Sex
Male 66 16.4+99 31 17.0+16.3 58 334+268 7 3914216 35 3454229
Female 279 15.8+13.1 52 16.7+£11.7 81 315+238 1 259+189 27 346+384
P-value 0.709 0.903 0.662 0.189 0.989

Values are presented as mean + standard deviation. There was no significant difference in FeNQO values according to age and sex.

FeNO, fractional exhaled nitric oxide; NAR, nonallergic rhinitis; AR, allergic rhinitis.

AT A= 212} 57H(27.8%), 75(38.9%), 678(33.3%)0]aL, T Table 3. FeNO values according to BHR in AR

Zgto] FHHE ol Al= 22} 317(50.0%), 19%8(30.6%), 127 ARwith BHR(1=40)  ARwithoutBHR (1=99)  Pwalue

(194%)01%it}. A7t 2wte] Aol| w2 et FeNO= 22t 14.7 FeNO (ppb) 350309 3124223 0.414

+ 9.6 ppb, 16.0 £12.3 ppb, 16.7 % 14.6 ppbZTHP = 0.544). H|2 2|
279+ 247} 16.7 +14.9 ppb, 18.3+12.4 ppb, 14.9+10.7
ppbtHP=0.756). G| 27]8|H+2] Aol W HF FeNO gt
S 717} 28.8 +24.2 ppb, 36.8 +26.4 ppb, 33.3+24.6 ppbF L
(P=0.269) 4]7-& Z}Z} 22.4£13.3 ppb, 32.1+23.2 ppb, 370+
22.8 ppbtHP = 0.520). 2| 2 7|H|F-HA] FHkL0] dgol up=
Bt FeNO 7+ 712} 30.4 £ 25.1 ppb, 36.3 4 17.0 ppb, 42.5+ 52.9
ppbAH(P=0.488) Zt 0] Agof| w2 F+t FeNO 71§44
.2 frofet Aol & LER|A] 9 R TH(Table 2).

H%PEHZE%% R EREE o) FeS 6678(19.1%), I8}
2 , OFE T8 ZH7F 10075 (45.7%), 119
l % °*Eﬂ§7lﬂl°§%% Z¥7} 5874 (41.7%), 81'3
& 717} 77(38.9%), 11'(61.1%), Y| 27]8]F-A
578(56.5%), 27"8(43.5%)°| it} A 2o A
of ©h2 Hat FeNO+= 242} 16.4+ 9.9 ppb, 15.8 +13.1 ppb&iTh
(P=0.709). B 274G+ ZH2} 17.0 £16.3 ppb, 16.7+11.7

HCHP=0.903). el =27]8]H-9] Aol w2 Bt FeNO 7k
S 77} 33.4 £ 26.8 ppb, 31.5+ 23.8 ppbA (P =0.662) 4]
T2 717} 3914 21.6 ppb, 25.9 £ 18.9 ppbFTHP=0.189). LY =
71H] Q-4 FREEY] Aol whE HF FeNO gh 217t 345+
22.9 ppb, 34.6 + 38.4 ppb%] 1 (P=0.989) Z} o) A]¢] Aol wh
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Values are presented as mean + standard deviation.
FeNQ, fractional exhaled nitric oxide; BHR, bronchial hyperreactivity; AR, allergic rhinitis.

5, 7= o2l R0 HE FeNO

U =7 ]Gt HEbE AR A PCy gL 16 mg/mLE
7|52 2 kel A& 7|%= WA (bronchial hyperreactivity,
BHR) G4, o/l A5 7%= uld S22 Aofsiqict
BHR /<1 4| 271891} BHR 2/4¢1 G| = 7189
FeNO 71 B F& of BHR /¢l FE|=7]n]9 4079
FeNO 7} 35.0 +30.9 ppb% 2.1, BHR 34J¢1 L& 2 7]8|H+
998 9] FeNO %k 31.2+22.3 ppb= BHR Aol A AR
TF =2 FeNO gh& H3loH BAA O 2§23t Aol & HolR]=
OFQITH(P= 0.414) (Table 3)
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HE7] AT (n=204)2 33.4%26.9 ppb, X5 FAT(n=42)

2 35.8427.5 ppb, IHE-5F o“é;}(n 60)2-32.7+19.5 ppb, S5

2 ppbl.om 7} 3t 710] FeNO 71
EAA O E GoJgt z}ol= EOI A &FQITHP=0.932) (Table 4).
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Table 4. FeNO values according to inhaled allergen in patient with atopy

Allergy Asthma Respir Dis AARD

House dust mite* (n=204)

Mold (n=42)

Pollen (n=60) Animal hair' (n=52) Pvalue

FeNO (ppb) 334+269

358+275

32.7+195 345+312 0.932

Values are presented as mean + standard deviation. There was no significant difference in FeNO values according to inhaled allergen.

FeNO, fractional exhaled nitric oxide.
* Dermatophagoides pteronyssinus, Dermatophagoides farina. 'Dog hair, cat fur.

Table 5. FeNO values according to number of sensitization and FeNO value

Nonsenstized Mono-sensitized Poly-sensitized
(n=428) (n=115) (n=104)
FeNO (ppb) 16.1+127 31.0+242 35.3+28.6

Values are presented as mean +standard deviation. FeNO in nonsensitized group
showed significant difference than that in mono- and poly-sensitized group (P<0.001).
FeNQ, fractional exhaled nitric oxide.

Table 6. FeNO values according to wheal size and FeNO value

Wheal size
>4+ (n=129)
36.6+29.2 <0.001

P-value

3+(n=93)
276+207

FeNO (ppb)

Values are presented as mean +standard deviation.
FeNO, fractional exhaled nitric oxide.

Table 7. Diagnosis validity of FeNQ for prediction of AR among rhinitis patient

Cutoffvalue  Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
10 89.93 31.33 68.68 65.00
15 75.54 62.65 71.21 60.47
20 58.27 78.31 81.82 52.85
25 51.08 85.54 85.54 51.08

FeNO, fractional exhaled nitric oxide; AR, allergic rhinitis; PPV, positive predictive
value; NPV, negative predictive value.

At} oAt Tl f-oIg ZfolE e A] Fotthp=
0.735) (Table 5).

8. &2 Z[cH WX 2710l HE FeNO

WSROI A 342 Tn=93)9] B FeNO FHe 2764
20.7 ppb?i_l—’_, 4+ 0)AFel F(n=129)2] 4t FeNO Z1-236.6 +29.2
ppb: 5 219] B3t FeNO Zhe BAH0 2 918 Aol vt
WCHP<0.001) (Table 6).

9. Y2 7|H|He| o= CIXIZ M 2| FeNO 2}

el 2710183 o122 I ROC 4 1418 318 1] FeNO 22o]
16 ppb}T} =& w] ROC AIEHHAL- 0.756 (95% confidence in-
terval, 0.694-0.811, P<0.001)= o]t RI71 73.4%, E0]% 67.5%,
OFA| 2% 79.1%, 2AdZE 60.2%= LERHTE Cutoff value”}
25 ppb¥d ] Aol S 85.5% 5 LFEFIHTH(Table 7, Fig, 1).
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Fig. 1. Receiver operating characteristic curve analysis for prediction of allergic
rhinitis among rhinitis patient. FeNO, fractional exhaled nitric oxide.
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0.2 5He AR 7|12 Agto|ch? et ok

RN IZSA=E
7)1z 57 713l =ekel Aol obd TE7 (Aol dxl A4l
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