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B2hg JECOPD{a B B 801 AT R . EIBIMAERE D F£5. BMI. s, WM &L
%k}, DLKFeNO. CaNO. #EIMLEOS. CRP. PCT. MIgESHMELER, WRFHHABRERKRER LHME
GREMANER. RAZSRE TIEHL S TFeNO. CaNOKEOSHIZkAE, It E & IR BRMRIEFE.
PAR-HEFT B LIS FAE AR 2 BT FeNO. CaNO R EOS=AMEHR L. =HRZWrACOMIIGER R BE. B 4h
BMEABRES AR EHN2EMERFANTH, B ERECERE HEFeNO. CaNOKXEOSH] 2
Ro BR: 1) MABRZMER. Fid. BMIERSELHRHHEBRERELHEE (P > 0.05), WERAR
Fid . BAETEE =400/ LB EEFT T X RA(P < 0.05). 2) MEHEEFeNO. CaNOKF K4 A
IEOS. CRP. PCT. BIgE/KTFHEETTIBA(P < 0.05). 3) RAROCH L #FeNO. CaNOK
EOSRER P & Bk (19 5 AT ACOS Wit (E VR, S5 R E7R “FeNO + CaNO” . “FeNO + EOS” P &% “CaNO
+EOS” A THRYEZH T HE—IIRi2H. “FeNO + CaNO + EOS” F7~Ni#% £FeNO. CaNOEOS
HAEZ 20 WHKIE, “FeNO + CaNO + EOS” 2 KTACO SR N98.75%- K7 >497.50%. PPV
N97.53%. NPV N98.73%. EHiE N98.13%. AUCH0.958 (0.715,0.989). “FeNO + CaNO + EOS”
ZWACOKIHME & E R T FeNO. CaNO KEOS# 2 —2HR A . “FeNO + CaNO” . “FeNO + EOS” P & “CaNO
+EO0S” , BB & . 4) WARHE, SHEMELAIFeNO. CaNOKEOS/KFBEH TR E AP <
0.05). %5if: FeNO + CaNO + EOSHIZ BRI RACO B H GRS HTINA M, REBAREREACON L
WrEHi%; FeNO. CaNOXEOSTEACOBEH AABEMBRNMNE, HKAFERENHREELEERF
R, ERAERKSEMER.
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Abstract

Objective: To explore the efficacy of FeNO, CaNO and EOS in the combined diagnosis of asth-
ma-COPD overlap, and to analyze the correlation between FeNO, CaNO, EOS and the severity of pa-
tients’ disease. Methods: A retrospective case-control study was designed, and 80 asthma-COPD
overlap patients treated in Suzhou Kowloon Hospital, Affiliated to Shanghai Jiao Tong University
School of Medicine from January 1, 2018 to January 1, 2021 were selected as the observation
group, and 80 non-asthmatic and non-COPD healthy volunteers enrolled in our hospital during the
same period were selected as the control group. Baseline data, such as gender, age, BM], history of
allergy and smoking, as well as FeNO, CaNO, peripheral blood EOS, CRP, PCT and total IgE, were re-
viewed between the two groups, and the differences in clinical data and examination results were
compared between the two groups. The effectiveness of FeNO, CaNO and EOS was analyzed by us-
ing the subject operating curve, and the optimal critical values of each index were calculated.
Based on the optimal critical values of each index, the clinical efficacy of FeNO, CaNO and EOS for
dual and triple ACO diagnosis was analyzed. In addition, the observation group was divided into
two subgroups: stable stage and acute exacerbation stage, and the differences of FeNO, CaNO and
EOS in patients with different severity of disease were compared. Results: 1) There was no statis-
tical significance in gender, age, BMI and other baseline data between the two groups (P > 0.05),
and the proportion of allergy history and smoking index 2400 in observation group was signifi-
cantly higher than that in control group (P < 0.05). 2) The levels of FeNO and CaNO and the levels
of EOS, CRP, PCT and total IgE in peripheral blood in observation group were significantly higher
than those in control group (P < 0.05). 3) ROC curve analysis was used to evaluate the ACO diag-
nostic value of FeNO, CaNO and EOS in tandem. The results showed that the area under the curve of
“FeNO + CaNO”, “FeNO + EOS” and “CaNO + EOS” were significantly higher than that of single indi-
cator diagnosis. “FeNO + CaNO + EOS” means that any two of FeNO, CaNO and EOS are the diagnos-
tic basis. The sensitivity, specificity, PPV, NPV, accuracy and AUC of “FeNO + CaNO + EOS” for ACO
diagnosis were 98.75%, 97.50%, 97.53%, 98.73%, 98.13% and 0.958 (0.715, 0.989). The diagnos-
tic ACO value of “FeNO + CaNO + EOS” was significantly superior to FeNO, CaNO and EOS# single
index as well as “FeNO + CaNO”, “FeNO + EOS” and “CaNO + EOS”, showing the highest diagnostic
value. 4) The levels of FeNO, CaNO and EOS in acute plus recombination group were significantly
higher than those in stable group (P < 0.05). Conclusion: FeNO + CaNO + EOS diagnostic model is an
effective way to diagnose ACO patients, and can effectively improve the accuracy of ACO diagnosis.
FeNO, CaNO and EOS have high detection value in ACO patients, and their levels are correlated
with the severity of patients’ conditions, which are worthy of clinical reference.
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2014 43R NG 151X (Global Initiative for Asthma, GINA)HMI 4= BR M 4: PH ZE M i 151X (Global Initiative
for Chronic Obstructive Lung Disease, GOLD) AT H iy 44 1 “EERf-COPD H & 255 1E” (asthma-COPD
overlap syndrome, ACOS)4t — ARifs, H g SONFREEMS MR, 8 HA JLMHE 58 A ¢, JEHE&
L COPD A %H— 45 E[ 1] JaoK, HT ACOS £ # 241E & — Rl i e i i, GINA/GOLD $2
H T IBM S — 4N “ B -COPD # & " (asthma-COPD overlap, ACO) [2]. Z I 7t 45 KK ACO H#
PERLE . WSEER R EITAE TS, AR ERE, — BB RBIA[3] [4]. Bk, JREZHEIFT
i ACO B (1993 T %) R 3 IR PRVG 7 AT B B S AW 98 e v 1 [R5 6 HEE 9, #R 9T FeNO
CaNO DL A& i WE R MR 40 Ml (EOS)/K-F ISR MIAE ACO BF IR ZH H &, IF Hi&st 54 1
FeNO. CaNO LK EOS /K55 835 i 18 ™ AR B OAH OCHE, BA RS A IR AR = L, BAHRTM
18-

2. #EREFE
2.1. —f%ER

Vet [ G T HE A 7T, EEL 2018 4E 1 H 1 H~2021 4 1 A 1 HT E#A0 18 KB 24 B IR 75
JUREREIZIEE ACO 3 80 BI/E N MERAH, JHikHL[F AN FR B A 2 i FEBERG JE COPD (1 [F) 4= W8 B fi B
EIEH 80 BIE AN A
2.2. PNFRHE

1) BHELBIFFE 2017 GINA F8FE[5]H KT ACO ZWikriE; 2) BFHIG EE MR T A%
T BAG A DA S LTS WE BRBL A M 1 B 25, 3) 4RI 45~85 A%, 4) B LHFBEXN AW RN, A
JESINFE i FE A
2.3. HERRARE

1) AT HRRA B FIFGER G SRR 2) SHCEY K. Mgk, R A 4Edk ., i
AP PER AR L A R S i A R AR R R 3) AR, BRESAME . W LA R i s AR 1 R
i 4) SIFTEL. I B WIIREAR S EE, 5) IT(G~4 B2 4 SRR R M IR T B .
24. IRERE

1) NHBEBGERZPEEIKIL 10 ml, K525 AT B 0 A0 5~10 min (3%3# A 35 H/min), H E
JEIME . Ar AR AL B8 C RNEA. SRR, mAK. MiE S IgE.
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2) Ml ThAe A Al e S Y Tk A>24 he SR E E K 2 7] Master-screenPET fili 3 e A6 1113
SE A NG B AT UG T RER I, TRV T RS 5557 400 pug, 20 min i3 1 BRI IEA%
UG F s B HE(FEVI/FVC). 58 1 B8 DR S T HE I B 73 LU (FEV %) F )il & o i
THEE 4 H(FVC%)~  WEAE PES A% (peak expiratory flow, PEF) (5 Tl {E 1 H 4 LU (PEF%) 25 F6 A5

3) PRHAREE R AR bR T PR AR A AT — KRG AR A A (0], JRUEM B TR AT 3 /NSy 2E
I E R SIS M RS, TARAET | AN AL AT &Y, AERE. Rl SRH
YA IS AT (SUNVOU-P100, JE#5 T ik EEST B I A IR A 5T IFH A A, FeNO {EIllE
B ISR E A 50 mL/s, CaNO Bl 72 B P 303 15 4 200 mL/s.

25. GtFESH

%] SPSS version 23.0 FREAT HE i H 0 o THECEORI AR 4 EL) [n (%)% R, HAT R,
1] LR ) Mann-Whitney U K56, #F6& IEA AT ETRILL “x £ 87 RRH N EEATECNFEA ¢
%o KH ROC HiZE 2 #T FeNO. CaNO % EOS 2 ACO WAl FHE, F AL HARIG FHE A2 Wi
5% FeNO. CaNO K EOS BRI N =4 KA E, FIKKH FeNO. CaNO K& EOS = /MEhr 9 & 1k &
=ANRFREC G2 ACO 3% RE, 2248 F1fifH (Area Under Curve, AUC) KT 0.5 #on BH 2K i, H AUC
EAKIERIZWNME B S, Youden T8 U RIS XN EATV AEXS X B2 I S LI FHE , Youden fa 4L =
REVE + ¥ERE — 1. P<0.05 NESHHER.

3. 5%
3.1. WBERFRESEREL TR

PIULE % 80 N, Hh W4 53 1 60 151(75.00%), Lot 20 51(25.00%); X HEZH 51 51 41(63.75%),
L 49 $1(36.25%), PHALPER LT Z (P = 0.123); WEAHER 654 + 6.8 &, XHRAMER
66.2+7.5 %, WYLFEHS LRI 035 2 F(P = 0.481); MIEZ4LH) BMI 23.4 + 2.6 kg/m®, Xt HRZH ) BMI 24.3 +
4.3 kg/m*, P2 BMI LT B2 2 (P = 0.116). MELLLH 32 11(40.00%) B A it il s, wHHEZE A 17 51
(21.25%) B a i s, WAERLEA BEZRP =0.010). WELHT 70 $(87.50%) B E [ WAL, Hrh
25 (31.25%) B A WARTEEL > 400; XHIEAL A 20 111(25.00%) 2 E A WRAH 52, Hodr 4 1(5.00%) & AR TR $ >
400, WLEEAHWIH S DL R RHFR 2L > 400 (1 LLGIX B2 m TR R4, ZH IR A2 A Givh 7 5 (P < 0.05).

3.2. WER4E K xERLE B & A ThREHRARATELER
WML B # FEV1/Pred. FEVI/FVC. PEF/Pred ¥R T XL I ERA ST FE (P <
0.05), W% 1.

Table 1. Comparison of lung function indexes between the observation group and the control group (X +s)

F 1. WRE R REBEMINGEIERRIELR(X £5)

Jili ThREFa b MZL4 (n = 80) S HE 2 (n = 80) t P
FEV1/Pred (%) 52.87 +8.19 86.25 +7.58 26.754 0.000
FEV1/FVC (%) 5233+7.52 81.74 + 6.08 27.202 0.000

PEF/Pred (%) 40.53 +9.65 55.92+10.13 9.839 0.000
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3.3. MBAKFRABEFHSKOEIEIRAOLLE
W ELZH B35 FeNO. CaNO 3 m xR AR ZERE G2 = (P <0.05), W% 2.

Table 2. Differences in exhaled air examination indexes between the observation group and the control group (X*s)

2. NEARMBABETHSOEIRFHNERIR(X L)

M AR A AT M EZ4H (n = 80) Tt R4 (n = 80) t p
FeNO (Ppb) 58.55+10.39 20.83 +8.09 25.621 0.000
CaNO (Ppb) 1442 +4.16 458+1.12 20.429 0.000

3.4. WA K FTIRLE B E MELIE=IaFRK R EL S
WELH ¥ BEOS. CRP. PCT. i IgE ¥R E | T XA, A ESARITFE (P < 0.05),
ORMEL ACO AN I p A B w1 EOS B 4E, H BAR S /KT IRMEE 7R, W2 3.

Table 3. Comparison of serum laboratory index levels between observation group and control group (X=*s)

3. WA R X A B E M BRI FHEARK FRILEBI(X £5)

I3 258 %= Fa s M EZ4H (n = 80) St HE 4 (n = 80) t P

EOS (x10° ML) 0.48 +0.33 0.18+0.13 7.565 0.000
CRP (mg/L) 40.88 +8.71 726+ 143 34.068 0.000
PCT (ng/mL) 4.76 +0.95 0.35+0.12 41.193 0.000

4 IgE (IU/mL) 118.85 +32.20 56.23 +22.73 14210 0.000

3.5. FeNO. CaNO X EOS £l ACO Mzl FE 574

SKF ROC HiZ 73 #T FeNO. CaNO & EOS 2 ACO AL #48, FeNO. CaNO /% EOS #] Youden
FEBr 9 0.5. 0.375. 0.5875, AR SR 73 BI%F R Ay 32.8 ppb. 6.72 ppb. 0.25 x 10° /L, W% 4.

Table 4. Optimal critical value analysis of FeNO, CaNO and EOS diagnostic ACO
% 4. FeNO. CaNO K EOS 2l ACO &l E 51

IZLEELN B (%) 5B (%) Youden 6% s S
FeNO (Ppb) 75.00 75.00 0.5 32.8
CaNO (Ppb) 68.75 68.75 0.375 6.72

EOS (x10° 4M/L) 77.50 81.25 0.5875 0.25

3.6. FeNO. CaNO & EOS BE&12HT ACO BRI BE SR
R A G FEAE N2 WHE, KA ROC Bk 414 FeNO. CaNO & EOS SREL P i 8 B i 5 =0t 4T

ACO LW EEAN, 45858 “FeNO + CaNO” . “FeNO +EOS” LK “CaNO + EOS” (£ N
WREEFE TR IR EH. “FeNO+ CaNO” 2§ ACO HIBUKE N 86.25%. Hr /¥ N 81.25%. PPV N
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82.14%. NPV A 85.53%. #EfIJE N 83.75% AUC N 0.823 (0.669, 0901); “FeNO + EOS” i£I§i ACO )
BBURRE N 91.25%. R5 52N 87.50%. PPV 4 87.95%. NPV 4 90.91%. HERASE Ny 89.38%. AUC N 0.859
(0.628,0.875); “CaNO +EOS” iZWr ACO MUK LN 87.50%. 75+ JE N 88.75% PPV /4 88.61%. NPV
N 87.65%- UERFE N 88.13% AUC 4 0.852 (0.631, 0.893). “FeNO + CaNO + EOS” 7~ A /& FeNO.
CaNO J% EOS H AT 2 Ti N2 Wiik#i, “FeNO + CaNO + EOS” Wi ACO FIHBUKEE K 98.75%. i
J%4 97.50%- PPV 24 97.53%. NPV Jy 98.73%. #E#EZ N 98.13%. AUC 4 0.958 (0.715, 0.989). “FeNO
+ CaNO + EOS” &M ACO MM E 38 T FeNO. CaNO J2 EOS ¥#.—F54r A & “FeNO + CaNO” .
“FeNO + EOS” DL} “CaNO+EOS” , Wi, W& 5.

Table 5. Effectiveness analysis of FeNO, CaNO and EOS combined diagnosis ACO
# 5.FeNO. CaNO X EOS BX&12HT ACO HIIRE S 7

277 BURE (%)  FFRE®%) PPV (%) NPV (%)  HEHE (%) AUC (95%CT)

FeNO 75.00 75.00 75.00 75.00 75.00 0.752 (0.636, 0.859)

CaNO 68.75 68.75 68.75 68.75 68.75 0.705 (0.620, 0.827)

EOS 77.50 81.25 80.52 7831 79.38 0.788 (0.625, 0.883)

FeNO + CaNO 86.25 81.25 82.14 85.53 83.75 0.823 (0.669, 0901)
FeNO + EOS 91.25 87.50 87.95 90.91 89.38 0.859 (0.628, 0.875)
CaNO + EOS 87.50 88.75 88.61 87.65 88.13 0.852 (0.631, 0.893)
FeNO + CaNO + EOS 98.75 97.50 97.53 98.73 98.13 0.958 (0.715, 0.989)

3.7. BEBMEAMMERSEE FeNO, CaNO & EOS 7K FhIELEB:

Mg B R A e A AR 3 3L 49 9, 2 nE HE B 31 . 2N 41 FeNOL CaNO. EOS
KPP EZEETREMAH, ZRE%H%E P <0.01), #R FeNO. CaNO K EOS /K15 B Kk
TEE R B A MM, W 6.

Table 6. Comparison of FeNO, CaNO and EOS levels between stable and acute exacerbation patients (X +s)

3= 6. RERAMAMMEREE FeNO, CaNO K EOS /K EHIELE (X +5)

W H R 7 Fa5E i(n = 49) S (0 = 31) ¢ P
FeNO (Ppb) 38.42+12.47 65.71 £15.39 6.895 0.000
CaNO (Ppb) 8.59+4.54 18.27 +5.68 6.641 0.000
EOS (XIO9 /l\/L) 0.27 £0.38 0.63 +£0.45 3.089 0.005
4. THe

ACO H7% [Fli B A BT A1 COPD FIIEIRAFAE, HEARIGIKIAH ACO 2L T Bk 1 COPD [l
W, ERHRTET ACO MW I bRE[6] [7]. S5WH AT COPD #— Ui IAHAM L, ACO
HRARRIRIT R TE R AT R R EAK[8] [9]. MWL B R T ERE R, AR ACO HIE
WIRI REAvRTT LLRRIT R R S .
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HRTHT 7R R ACO S I EEBR N R BB RIR . FIeSE, EMREEREBRIAEXT ACO B#H K
T RIS 52 3 7 BRAERIE ST 2RI [10] [11]. fEASHEFE R 20 8 b S e el a, RN S
PR 60 1], XTRAZHZAN 51 ). ML AR L B3 22 5, HWALE & SR i = F8 B (BMI) 4 5]
PR 2R i LR W] RE R RN PN (3 B 2 58, HON IR A R NP R

1 32 (40.00%) 11 A LR, 70 191(87.50%) (2 A IR B, 40 4511(50.00%) 5 2411475 DR BE RO 23 158
H 25 51(31.25%) BHZWAHFEEL > 400; XA R 17 411(21.25%) B FH AL BEL, 20 41(25.00%) & A

WS, 15 31(18.75%) F a4 a5 (% B ORE ST 158, HLAX 4 51(5.00%) H g IR AE 50 > 400, &4 it
B ROOR S R TROAE ST 5 DA R R FR 2 > 400 1 LR A7 35 B2 T X 2 . Kurashima [12]%5 A WA

[ J A A 7 A T SRR (19>10 4E 1) 256 151 £ 3 (161 145 il b, 95 451 JE il i) R 99 6 3R AR I AT
64 114 CAO {E T LAME A 52 (<10 2) (L BRI N ELAE) AT 537 6] COPD £ (M 2000 ££3 2016 4F) (4% 537
LIS RL 85 2 MUy FHEAT L, RUETE DL ACO B VAN B B X, H BRI 145 18
EARBE SR TS DA o ABJ2 T RARS D0 73 AR HERT ACO 38 T3 15 YAk 2EASHIE 78 o IR 3R AT
X RBATAR ARG BRI T Z—

AREFATI T ACO B35 HIH & 11 B MWL 4 7K ST, R 5 2 6 3 A/ ] 0L TR 4 45 2 v T %k
MR, $ER WSR2 ACO B3 4N E i A BT s e AR (R E TR LA R & B o S AN AT i 5 SR B s L 82 40 i
Ifil T-IgE /KPR & TR, 1gE & RBEERE O —Fh, EENSFHEKBABE KB, EHBh2 kg gk
PR PR E AR, ARG RN ACO B T REAL T BN IR, W BN M T R AR, X
551315 NHRIE 1) 25 R AT

WA SRAN BT A F 72 %3 FeNOL EOS 75 ACO 2 W N - Li [14)% A\ I 7T RV > 8T 7 134
] COPD 5 Fl1 48 il ACO B IR IR TR}, 25 3 WA LEAG WO st 1) 35 v, FeNO IR T 31.5
ppb (AUC = 0.758, 95% CI = 0.631~0.886), [X4; ACO il COPD HIRUEM: N 70.0%, FrRtEN 89.9%. 1
TE ICS i i S i 3, FeNO FIBHERR LM N 39.5 ppb (AUC = 0.740, 95% CI = 0.610~0.870), RET N
58.3%, it 84.9% . FEVA 1CS 8 FH AN A 5L (1) #3571, FeNO (AUC = 0.744, 95% CI = 0.579~0.908)
2 ACO MG FK TN 27.5 ppb, RIELE N 81.8%, KiFtt N 60.7%, RELEAE FeNO 5 EOS 454
R AT A 91.7%. T ASHE SR SRAR G FHEA 32.8 ppb, 5 Li 55 NFIBF S 45 BARST . FHLAHE 7R H

“FeNO + CaNO + EOS#” #HAT2WiI, H 2 BUR & 2 1 98.75, LT Li 58 AKH FeNO 5 EOS
siA MR FAMNEBRM S FeNO 597K EOS 45 &2 WiltERIR A 0.930, 1AW 7L+

“FeNO + CaNO + EOS#” #H TS Wi [ B2 5178 0.958, 878 CaNO FIIIAXT ACO [i2 Wi 2 A 1 25 44
IS o

91 VP FeNO.CaNO [ EOS #£ ACO & & 1A b (A, A oML 82 1 2638 o3 75 I 2 A 155 100
80 il ACO i m i H It 62 #, SHEMEHIEHE 18 #l. SWEIMER EHE FeNO. CaNO. EOS#
KB EZEETXEA, #8 FeNO. CaNO f EOS /K V-5 B iy th ™ B B et . XIpg[16]
LN, SN I EOS /K5 ACO & 2 EINE A5, 4ME ML EOS /KSR ACO
R RN E RS T RGN, SCRE T AR TS k.
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