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Diagnostic value of FeNO and MMEF for cough variant asthma in children

XIE Yi-bai', LIU Chang—shan?

(1.Department of Pediatrics, Tianjin Haihe Hospital , Tianjin Institute of Respiratory Diseases, Tianjin 300010, China; 2. Department of
Pediatrics, The Second Hospital , Tianjin Medical University, Tianjin 300211, China)

Abstract Objective: To evaluate the diagnostic value of exhaled nitric oxide(FeNO ) and lung function—related indicators in cough variant
asthma( CVA ) and other chronic cough in children with and without allergic rhinitis. Methods: The information of 199 children with
chronic cough who underwent pulmonary function and FeNO examinations in the Department of Pediatrics, The Second Hospital of Tianjin
Medical University from October 2015 to August 2021 were collected for a retrospective analysis. Children with chronic cough were divided
into CVA group(n=86) and non—-CVA (NCVA) group (n=113) according to the published diagnostic criteria. The diagnostic efficacy of
FeNO and pulmonary function-related indicators, including the first second forced expiratory volume (FEV 1), peak expiratoryflowrate (PEF),
maximum mid—expiratory flow rate (MMEF ), maximum expiratory flow rate at 50% of lung capacity (MEF50),and maximum expiratory
flow rate at 25% of lung capacity (MEF25) in predicting CVA in children with chronic cough were evaluated by receiver
operating characteristic (ROC) analyses. Results: After screening, FeNO had the highest predictive value (P<0.001). FeNO, MMEF
and MEF25 might be effective indicators in distinguishing CVA from NCVA (P<0.05). The optimal threshold of distinguishing CVA from
NCVA for FeNO and MMEF was 21.5 ppb (0.916 for AUC; sensitivity,80.16%; specificity,75.92%; PPV ,64.12%; NPV ,87.50% ) and
84.5% expected values(AUC, 0.726; sensitivity ,61.90% ; specificity , 77.66% ; PPV, 75.58% ; NPV , 64.60% ) ,respectively. The optimal
critical value of FeNO combined with MMEF for CVA diagnosis was > 21.5 ppb,and MMEF <84.5%. The cutoff for the combination of
FeNO with MMEF for identifying CVA from chronic cough was > 21.5 ppb,and MMEF <84.5% (AUC =0.988). Furthermore , FeNO
demonstrated different thresholds for differentiating CVA in children with and without rhinitis: 21.5 ppb(sensitivity 95.9% , specificity
81.1%) for rhinitis and 27 ppb(sensitivity 84.6% , specificity 78.3% ) for non—rhinitis. The AUC of rhinitis subjects (0.925) was significantly
higher than that of non-rhinitis subjects(0.871). The AUC of FeNO combined with MMEF for identifying children with rhinitis was 0.989
(sensitivity,95.9% ;specificity,84.4% ). For non —rhinitis participants, FeNO combined with MMEF had an AUC of 0.500 (sensitivity,
47.6%; specificity ,80.0% ). Conclusion: FeNO and MMEF show significant value in the identification of CVA in children with chronic
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cough. The combination of FeNO and MMEF has significantly better predictive value than MMEF alone. FeNO combined with MMEF is

more accurate in predicting rhinitis in children with CVA than those without rhinitis.

Key words chronic cough; cough variant asthma; fractional exhaled nitric oxide; maximum mid—expiratory flow rate; children
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Tab2 Comparison of FeNO values between CVA group and NC—
VA group (ppb)

415 CVA(n=86)  NCVA(n=113) A P
FEARR  55.6(62.5£334) 24.6(182+153) -9.319  <0.001
AEEELA 40.8(48.5+25.8) 17.6(20.6£19.7) -3.660  <0.001

T CVA AR SPEIE NG s NCVA - A ERZIAS SRR ; FeNO - I
H—% L% s ppb: T2 —
2.3 BI3FEA CVA #9acde W ad 8 S ROC
2O IE M 4 B S 506 X 43 CVA FiT NCVA 1) RE
T1o B HRARNT T 25 CVA /9 AUC T 5 A 8 7
B W33, AUC iK% 70% Lk L REbRA 3 4, H
t FeNO %250 CVA 19 I % K (AUC,0916) , H
d5e A3 #0WT {2 215 ppbs H K MMEF (AUC,
0.726; #KT{E :84.5% ), 3 MEF25(AUC,0.708 ; #
Wit : 95.5% ) .
2.4 P BiAAE CVA 89 ROC W& UE—40% FeNO
5/NSIE 28 (MMEF 5k MEF25) 25 & (1) 48 b it
FFROC 2047 (E 1), FeNO B4 MMEF fi) AUC Ky

3 FiERER CVA HI%AE
Tab 3 Indicators to identify the effectiveness of CVA

0.988, FeNO M HAERMWT{E A 21.5 ppb, MMEF 1145
{ERRWTE R 84.5% . KA W Y AUC B & T Eh
W FeNO B MMEF (/) AUC(P<0.05), FeNO B¢
MEF25 f) AUC Jy 0.916, HAEEBIE N FeNO Ky
21.5 ppb,MEF25 Jy 82.5%. #& 1 AUC &
TP AUC, 27 A G271 L (P<0.05)

2.5 BIEAEF CVA P 4508 Kagzeonm A
[FZHY ROC FHZR AT iR T FeNO AKX 5 R %7
A AR SR AZE ARG FHE 5] : 21.5 ppb(f
TN 95.9%, FESEVEH 81.1%),27 ppb (BUR N
84.6% % MR 78.3% ). RS2 T AUC(0.925)
W TR R 21L& (0.871) (K 2A), FeNO B&
MMEF X T2 51 598 UL AUC 4 0.989, U E A
95.9% , FESMEN 84.4%, MIERZHYETI CVA [T
{H FeNO 4 27 ppb,MMEF N 78.5%. X} TAk&48%
RE , FeNO BEA MMEF /i AUC 24 0.500, SUSME R
47.6% , F 510 80.0% . MIEHENZIR G| CVA 1
FeNO FIMMEF Il 5434 21.5 ppb F1 83.5%.,

Eiz N Cutoff AUC(95%CI) SE% SP% PPV(%)  NPV(%) PLR NLR
FeNO(pph) 215 0.916(0.879~0.954) 80.16 75.92 64.12 87.50 3.33 0.26
FEV1(%) 101.0 0.626(0.549~0.703) 60.76 59.24 2226 87.50 1.49 0.66
PEF(%) 124.0 0.579(0.500~0.659) 45.00 57.55 31.40 70.80 1.06 0.96
MMEF(%) 84.5 0.726(0.656~0.797) 61.90 77.66 75.58 64.60 2.77 0.49
MEF50(% ) 82.5 0.688(0.614~0.761) 55.37 75.64 7791 5221 2.27 0.59
MEF25(%) 95.5 0.708(0.637~0.780) 60.42 72.82 67.44 66.37 222 0.54

4 : Cutoff: i FHH ; AUC: ROC 1k T 55 A bt FEL AR A T s SE « SURRME 5 SP R S5 5 PPV - BHE THUINAEL s NPV« BRPEFUIAE s PLR : BHPERISR LL

NLR: FAPERISR b

A ROC [k
1.0
0.8
0.6
H
E 04
024 /
0.0 . : . :
00 02 04 06 08 10
——MMEF
151k ——FeNO
MMEF+FeNO

ROC [if1£&

0.8+

0.6

TR

0.4+

0.24

%o 02 04 06 08 10

——FeNO
15k MEF25
Predicted probability

HAUC: M2 T 1 AL MMEF : f5 R VI A B i i s MER2S : F 32 FVC 1Y 25% 5 FeNO: T H— %L 5 A:FeNO KA MMEF T
CVA [ ROC 14k (n=199); B: FeNO -4 MEF25 #iil] CVA 1 ROC 12k (n=199)

1 ROC Mk
Fig1 ROC curve



555 ) W1, 5. FeNO Hl MMEF X)L W05 S 1 2 0 (2 W i (i 539
A ROC £k B ROC ik
1.0 = 1.0
8
/
/
0.8 0.8
0.6 0.6
H
%
F 0.4 0.4+
024 0.2
0.0 T T T T 0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
=BS54 —Predicted probability -5 __ E{[P%}(‘T‘)F

~FeNO
MMEF

Predicted probability

HAUC: HZE TR FeNO: IFH—4 L% MMER:  FHER I BEIf 5 A:FeNO 121 CVA 11 ROC #4537 ; B:FeNO BEA MMEF 2

CVA 1 ROC fhZ ot
E 2 ROC ghZ&ksr#r
Fig2 ROC curve analysis

3 g

% WK S S5 2 — Tl B 1 A B 503 o A v A
BEMLA , 1052 5 2 V8] (18 N2 0 2 20 Ay XEE LA H 1) N ik
KBAE, EL XA PR R  F BO%
RO LB T2 BB 1 H WAEAR , 7™ EE g i L 2
FIBWHF AN LSS FE Zd 4 4,
DA A I — o SR BLRER, MR X 6 R JC B il
P A, fEJLEH T2 g k. L,
CVA FEJFRRZ — AR 455 /R CVA 29 518
PENZIER R LAY 43.3%, W 25 T4 RN Db X 2
() 41901 35.19%"9,CVA BIZIRR 5T 3 56T
sk 3 36 R S A R R (AR 208 1 i £ 4
CVA LIS BRI FH i S EF IR, i S <
ORI AE R A XA BRI LA B v, R
A5 R ZIR B o) R R Sk AN R RN, V22 L
(EMELATFJE

FENE N ) LB R Ao, 36 o PR A 4
PE LSBT BRATHE T, AT e A 5 TR
i R AE 48 bR FeNO K Jili 3 /< T BE &8 43 19 2 44
MMEF, FE0F X PN PRI A I 7 DTS 1 &g L
I CVA BILIHE . T FeNO 32728 )
PR RIS, AP HALS BT T 4007,
DADFA A8 R M B R A5, SR 2825 R FeNO |
MMEF Fl MEF25 AJ fgJ& X 43 CVA 1 NCVA [FH
SRR

ZERL R FeNO X CVA AOBLEE | R4 FH
P TN AL A IS 1 3500 A6 29 5 S 80.16% .75.92% .
64.129%F11 87.50% o FEMWF{EE 21.5 ppb. A WFIE A
AL W W FeNO J& 24.5 ppb™, 3 Hikh
CVA 5518 Pz 4 51 (1) fe A s SHE > 33.5 ppb!™,

ARHFFE R T AR A B o5 R S, AT REAY
SRR AR N L B E HAEAR RPN 255
AN ASBESE S, CVA 1 FeNO 104 F 0 4R /& T
FHPEF {1 , MMEF \MEF50 K MEF25 (1) FH 4 5
EX T I AE . SXEWE A)LE R Ik
FeNO 5145 5 HEBR P2 g , i fIl MMEF it MEF50 J¢
Ik MEF25 11 8 L5 2 — 25 KAt LA 2 SR A

A o M B R LR DL S e, AR
B RAILE] 5L T R E Ty T S R, 5
DL B 98— 350, ARWF5E Bm CVA 248 B P 5 R
BILI L BLE R T NCVA 2H . —SehiFgy e i A8 i
S R0 W Wi S8 A FeNO A 5y T 3E A8 N S 48 A
G20 M 1 | R A S RE R AR AR/ VG T
TR 3 W i £ A AE / NVSB DD R A o BRI — I3
SR RE L BT 7~22 B EN SAE SCRE R
s 151 BEE TP T TR RS, 258
7 MMEF X 53 1 52 0 AN ) RE BHL2E 1912 Wi ik
BAETF FEVI, Malerba 5575 52 X5 400 45145 1% Wi A
AR A4 BAE B UEAT FeNO 8056 Il ZhAEIN 2 \BHR
R FR S oK A, Ha R UL TiXx—
SR B MMEF A B8 2 S0 e s i bR i . ASF
G/ NGBS AL (MMEF \MEF50 \MEF25)CVA 4 i
LT NCVA 4. $rm/NVBEFRECHZ R A —E
LW E . FeNO 164 MMEF /i AUC A 0.988 (ERKT
{f>21.5 ppb 4 FeNO Fil MMEF<84.5%), B#&E T
FeNO 5, MMEF Bt AUC, FeNO 64 MEF25 )
AUC 24 0.916 (FeNO HY#MT£i>21.5 ppb, il MEF25
<82.5%), IR IS HUR A X CVA 12 E
B A0 T Bk B 240 (P<0.05) . A WF5E i , MEF50
YER/ VB ZE R A I RN E, MEF25



540 AEEPREER

5 28 %

2 S WSS S U B R AR , MEFS0 e <

Wb . 3 RNV IE D) R A fUR (H

2 [ i B2 2 AN A AR S B /NGB T

RERISE™. 5 U AR AR, Ao 32

FEXT LR G], BT )L EE A AR08 25 57 K P A 3

HREAIA], s 465 HAb e bn % i B L2 S0 77

TERHZEMEGE . B T SEAR PRI A B & & 112

W6, ml REAT B T8 PRz 8L CVARYIEI

AR B AR L FeNO JR/KSF-Th s, BRI

A AR TS A CVA BILIEFT T 55— ROC

OIMT BRI FeNO X HEZIK L CVA FA7

U8 WA B 58 RIS T PRI TR 56 B 1y o XM P i

AL CVA FRAE RHE 5 58 1 FeNO S5 fIt AT (8>

21.5 ppb, ARAERPEELA B ILE CVA 518 PEnZ K

HIHfE FeNO Ifi BB A>27 ppb, 21 FeNO Y8 />

PR, HBILLZ A NCVA B2 4 S A EE

AN SRR . TR IZ B LB IZ W CVA (35

{E 4 FeNO J&>21.5 ppb £l MMEF<84.5% ., [K LA

F¥INA FeNO Fil MMEF AJ GEXT 12 %K CVA 1912

WA — s B35 Bl , HEBA PR 00 (B A 1 0 iR Lz

NCVA J5 A BRI HBE . FeNO FI/NESHK

Al X TR L CVA 0 25 0 T 2R

AT — 25

SE 3K

[1] 5278, 2R, BRas. o L3508 4 0o PR R i Lk 22 rpc f
FE) LR, 2012,50(2) - 83-92.

(2] X5 LB A S 1 2 i 9 AL K ag it 1 (] 1l B LR
2k, 2022,49(2) : 96-99.

[3] Ferraro V A, Zanconato S, Baraldi E, et al. Nitric oxide and biologi-
cal mediators in pediatric chronic rhinosinusitis and asthma[J]. J
Clin Med,2019,8(11):1783.

[4] Arnold R J,Massanari M,Lee T A, et al. A review of the utility and cost
effectiveness of monitoring fractional exhaled nitric oxide (FeNO)
in asthma management[J]. Managed Care,2018,27(7):34-41.

[5] SKEE, SKEHES, HHOKAE , 45 09 S — U R BE 5 R VB R L
21 3 RS e R MR X R A S 0 iy 5 SRR S kT UL
TP N B B S W (R (). S PO L O A A
2020,28(1):88-91.

[6] ZFi, FEEHE, F i, 45 1 B R — UL AR I A L3 S <
W My 2 ) A A e B A A2 W e 4 0 ).+ 25 A LR 2%
#2,2022,24(1): 90-95.

[7] MALERBA M,RADAELI A,OLIVINI A,et al. Association of

FEF25 -75% impairment with bronchial hyperresponsiveness and
airway inflammation in subjects with asthma—like symptoms[J]. Res—
piration;2016,91 (3): 206-214.

[8] T )i, Wi Efh  ARmens, S5 M R — AR5/ NV UH I RE BN
Ik 8 S I Wi R SR v SO R L I R R 2K, 2022,
27(2): 169-173,183.

[9] XIANG D,WANG H.Chinese society of allergy guidelines for diag—
nosis and treatment of allergic rhinitis[J]. Allergy Asthma Immunol
Res,2018,10(4):300-353.

[10] ZEHRIE, R, AR L 45 AL IV PG 4RI S AU I 11 ST Ly
AR )] H ETHR HE AR, 2021,21(2):
86-90.

(1] [ BR 25 20 Phae e PR SGE O &l 2 b1 2, o [ e e Tk
W R AR S AR BRI K AR OB P 1236 TN, e v [ e 52 3t
I AP 2205, 2021, 101(38) :3092-3114.

[12] 0] B, Bl A, FE e v [ JL 20 2 I 5 R 7 e e (2013
FEIDIL P ILFLE ,2014,52(3) 1 184-188.

[13] A L L SR i i R DL R, TR S
BNl SR b A R e oA o R o3 W e ES R VA B S O (I T g
TEH (2022 4 BT RO H A H GG sk SR E , 2022,
57(2):106-129.

[14] rhAEBE A2 JLRR Ay S0 A4, (P LRR B ) iR DL 2.
JLE AW SIS B AR S (2016 4ERO[]. A LR,
2016,54(3):167-181.

[15] FRBEPT, XU T 450 H . PR X 202 f51) J L7 0 N ik ) i DX 0
FE] P S AULRRER 2019, 21(5) :37-41.

[16] FRIRESC, By , BRMIL , 25 RS U O e S PO R Y
i AR50 Y e PR 25 B2 25785, 2019, 35(24) : 3187-3189.

[17] CHEN L C,ZENG G S, WU L L, et al. Diagnostic value of FeNO and
MMEF for predicting cough variant asthma in chronic cough patients
with or without allergic rhinitis[J]. ] Asthma,2021,58(3):326-333.

[18] YI F,CHEN R,LUO W, et al. Validity of fractional exhaled nitric ox—
ide in diagnosis of corticosteroid—responsive cough[J]. Chest, 2016,
149(4):1042-1051.

[19] TAKENO S,0KABAYASHI Y,KOHNO T,et al. The role of nasal
fractional exhaled nitric oxide as an objective parameter independent
of nasal airflow resistance in the diagnosis of allergic rhinitis[J].Auris
Nasus Larynx,2018,121(1):75-76.

[20] ZHU Z,XIE Y,GUAN W, et al. FeNO for detecting lower airway in—
volvement in patients with allergic rhinitis [J]. Exp Ther Med,
2016,12(4):2336-2340.

[21] MUNOZ-LOPEZ F,MRIOS-ALCOLEA M. The interest of FEF (25—
75) in evaluating bronchial hyperresponsiveness with the metha—
choline test|]]. Allergol lmmunopathol,2012,40(6) :352-356.

[22] B, BRPC, 52 75 2, 25 Wi (b JL/INSGE S RS I B 3Ty i
JELLTPEBERR 2441, 2019,36(7) - 1198-1201.

(2022-02-04 Witk )



