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[(FZ] B PRI 5~14 2R LENE < hE £ 2S5 & Zapletal R =AU HE Y H 5>
Eb, Rl AR R Al < S REAR ARG . ik WA RIAT 5~14 @)L 702 4, Hoh 5 352 4, 40350
% o KM Jaeger IR E MG R (FVC) | 55 | HAMFSAER (FEVL) | 1R (FEVI/FVC) | %
KAAIFA i ( MMEF ) 30 25% i s B 152 i i 5 FEF25 ) 30, 509% i fE i g s i 2 FEFS0 ) |
FHIVER, 75% Rl it (FEF75) | fem WU (PEF) | S8 GBS E (MVV) |, 2L 9 THFEHR,
VING I REAL PR BEAY Zalpetal T 20 2CAH 1 A BBV o B B8 )L A BB, TR S0IE 5 O HE R &
. &8 75702 4 JLES, FindSIEE EEBHPEF, FVC, FEV1, FEVI/FVC., MVV S2E 5 #HE i 2
Fe BB 43 S 50 T 102%~114% . 94%~108% . 98%~113% . 98%~107% . 141%~183%., ‘B i#IEbrIfiES
¥ FEF25. FEF50, FEF75. MMEF SCI{E &7 36 & 53 40 il 0% 3 F 98%~116% . 85%~102% . 71%~98%
83%~100%. 4$ZH( PEF. FVC, FEVI, FEVI/FVC, MVV, FEF25, FEF50, FEF75. MMEF 32 {E (5 Zapletal
IR A T 43 H A TR 351K 88.2% . 88.4% . 92.0% . 94.4% . 118.5%. 82.9%. 70.0%. 62.1% . 70.1%.
it RWIMLIX 5~14 2 LENGE T BESBUK T 5 Zapletal Ty Pl (0 IEH (A AF7E— & 25 75 b IX
I AE U7 B B ek B L 38 il i < B BE S 8 PEF . FVC., FEV. FEVI/FVC, MVV. FEF25, FEF50, FEF75, MMEF
SEAE & THE E A L TR E S5 IR 5 I8 Bl 88.2% . 88.4% . 92.0%. 94.4%. 118.5%. 82.9%.
70.0% . 62.1%. 70.1%. [ FESRILRIZRZER, 2020, 22 (12) : 1313-1319]
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Pulmonary ventilation function parameters of children aged 5-14 years in Kunming,
China: a comparative analysis of measured values versus predicted values based on
Zapletal equation

YANG Jie, FU Hong-Min, BAI Tao-Zhen, WANG Fan, ZHANG Ou, ZHANG Shu-Dong, NIE Wen-Sha. Department of
Respiratory and Critical Diseases, Children's Hospital of Kunming Medical University, Kunming 650032, China (Email:
yangjiehk75@sina.com)

Abstract: Objective To study the percentage of the measured values of the main pulmonary ventilation function
parameters in their predicted values based on Zapletal equation among healthy children aged 5-14 years in Kunming,
China, and to provide a basis for accurate judgment of pulmonary ventilation function in clinical practice. Methods
A total of 702 healthy children aged 5-14 years (352 boys and 350 girls) from Kunming were enrolled. The Jaeger
spirometer was used to measure the nine indices: forced vital capacity (FVC), forced expiratory volume in one second
(FEV1), ratio of forced expiratory volume in one second to forced vital capacity (FEV1/FVC), maximal mid-expiratory
flow (MMEF), forced expiratory flow at 25% of forced vital capacity (FEF25), forced expiratory flow at 50% of forced
vital capacity (FEF50), forced expiratory flow at 75% of forced vital capacity (FEF75), peak expiratory flow (PEF), and
maximal voluntary ventilation (MVV). The values obtained from the Zapletal equation of predicted values provided by
the spirometer were used as the predicted values of children, and the percentage of measured values in predicted values
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was calculated. Results

In the 702 children, the percentages of the measured values of the main pulmonary ventilation

function parameters PEF, FVC, FEV1, FEV1/FVC, and MVV in their predicted values fluctuated from 102% to 114%,
94% to 108%, 98% to 113%, 98% to 107%, and 141% to 183% respectively. As for the main airway velocity parameters,
the percentages of the measured values of FEF25, FEF50, FEF75, and MMEF in their predicted values fluctuated from
98% to 116%, 85% to 102%, 71% to 98%, and 83% to 100% respectively. The percentages of the measured values
of PEF, FVC, FEVI, FEV1/FVC, MVV, FEF25, FEF50, FEF75, and MMEF in their predicted values had the lower
limits of normal of 88.2%, 88.4%, 92.0%, 94.4%, 118.5%, 82.9%, 70.0%, 62.1%, and 70.1% respectively. Conclusions
There are differences between pulmonary ventilation function parameter levels and normal values provided by Zapletal

equation in healthy children aged 5-14 years in Kunming. As for the pulmonary ventilation function parameters of PEF,
FVC, FEV, FEV1/FVC, MVYV, FEF25, FEF50, FEF75, and MMEF in these children, the lower limits of normal of
measured values in predicted values may be determined as 88.2%, 88.4%, 92.0%, 94.4%, 118.5%, 82.9%, 70.0%, 62.1%,

and 70.1% respectively.

[Chin J Contemp Pediatr, 2020, 22(12): 1313-1319]
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HET 4~18 % JL# Zapletal HUTEA L, AT REAL
i T35 1 FH IR (forced expiratory volume
in one second, FEV1 ) F1FH 77 fifi 1F & (forced vital
capacity, FVC) ", HIf TG EJLEMTIHE, W
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(HALS: 20170914 ) , REEFEBAIEFRZEA.
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<5% FVC 8¢ 0.15 L; MR TCH I, e, gk
RS2 2 PATE] <65, TUFE 28 A — B fa] i
28 R BT IR AR & FLEF ] >1s0 R - A5
HHZR PR P o PG 2 S5 WA TS AL, 32
RE W 3k, A8k, FVC REEYs
UAEMA R 22 5% <100 mL.

(2) MVV (B I TG [B] 1, 380 A< i
FELOPAR, BRIV TR 60% Ml ik, I
B 60~80 UK /min, FFZE 10s; /b #bfT 2 1K,
RZE/INT 10%, HEBOL AR 1R,

1.6 SHITEHHT

KM SPSS 23.0 AT 8 40T . FFEIES
Gy BRI DA EL = BRdEZE (Rxs) FoR, 4l
FLBER FHIAREAS ¢ K55 JEIE 2S5 A0 5d LA v 4%
(DU LRI ) [M(Pys, Prs)] 227, 20 1H] HE B ]
JEZHA K (Mann-Whitney U K55 ) . P<0.05 Jy

A E L A AB0E T B 95%
R, RIS 5 Eor gL (Ps) o

2 #R

21 —RER

AR ILEE 766 B, HERRECAFEEE 2, A
ANFN A b v BRGI od F p  BRAT B 9% K HL A T
WE R, LT E IS ZRE 702 4], Hrh 5
352 %5, Z£ 350 9l 13 % ~ 4. 14~<15 B H 5 3
B TLE (P<0.05) , HAFEAES 7 L#E
ARG FE L (P>0.05). 7% ~4H . 9% ~4 .
14~<15 S H B EARE & T (P<0.05) , HAh
SRS B A L EE A 22 S g L (P>0.05) .
W 1,

F1 7020RRILESSNEENEE

CESON Q1D

HE (x+s, cm)

NG (& +s, kg)

L 5 7 53 7 5 L
5% ~ 34 35 113 4 113+£4 18+2 18+2
6% ~ 36 37 119+4 120 + 4 22+3 22+3
78 ~ 36 36 126 +4 125+ 4 2643 23 43"
8% ~ 34 34 130+5 132+5 28+5 27+3
9% ~ 35 35 137+5 136 £5 32+6 29 +3°
10 % ~ 33 34 140 +7 142+6 33+5 32+5
1%~ 35 34 1517 151 +4 428 39+6
2% ~ 36 35 156 +7 156 +6 43+6 46 +7
13% ~ 37 36 161 +6 156 +4° 52+ 10 48 +7
14~<15 % 36 34 166 + 5 159 +5° 57 +7 52+ 6'

H: amSHEILE, P<0.05,

22 AEEHEUIILEMBESIIAESHLIE
&1 Zapletal FEAFHEB S

Jifi 38 <) fig £ 2 S 8 PEF. FVC., FEVI,
FEVI/FVC, MVV 5Z U A 7 Zapletal J5 & =X 7
THE A 4 b 0y ¥ 18 53 51 0% 2 T 102%~114%
94%~108% . 98%~113% . 98%~107% .
141%~183%.

6 % ~ 21 PEF BEMEE T L HE (P<0.05) ;
12% ~# FVC . FEV1 B #HIHEAM T #( P<0.05 );
14~<15 % 4 PEF B &l E T4 (P<0.05) ,
FVC L #EMER TH#E (P<0.05) . FEVI/FVC 5

MHE S PO E A HEO S ~ . 105 ~4. 11
B~ 128 ~4, ZEWETHE, ERA5%
P L (# P<0.05) o 5% ~HBEMVV KT
L (P<0.05); 8%~ ., 105 ~4H . 11 %5 ~4,
12% ~4, 13% ~ 4, 14~<15 B H B EMVV &
T (¥ P<0.05) . W2,
23 AREREMIIILEREEFRSHTNES
Zapletal FREAXFIHER S L

S 1B i R bR V) B 2 8L FEF25., FEF50,
FEF75, MMEF SEME & B HE & 43 sy il s
98%~116% . 85%~102% . 71%~98% . 83%~100%.
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AR 4H FEF25, FEF50. FEF75. MMEF 5%
DOAEL 5 BOTHE A 53 B AEAS A 44: 1 [8) 6 bE 7, 6
B -HBESTLE (P005); 7% ~HH %
FEF75 & T % % (P<0.05) ; 10 % ~ %1 FEF50.
FEF75. MMEF B #{L T4 # (P<0.05) ; 12 % ~
2 FEF50., FEF75 3 # K T % 3 (P<0.05) 5 1M
14~<15 % 41 FEF25 MMEF % # &5 T4 #( P<0.05 ),
L 3,

24 EMMEBESIESEHELNES Zapletal AR
Pt EBE S LR TR

Xof Jili 38 ST RE A S8 R A A E0E T R
P AERIERE FBR (lower limits of normal, LLN )
B SHIN LLNAE B R . 225801 MVV i,
FEV1, FEVI/FVC ¥({i#f, FVC. PEF A%,
R/ NSGEDIRER) FEFS0, FEF75. MMEF 52 {4
A T 4 H ) LLN WA, W3 4.

®2 FREFEHKRSEANILEMESINESHIMNES Zapletal FREXBITEBESLL (x5, %)

AEIR A PEF FVC FEV1 FEVI/FVC MVV
5%~

B 109 + 12 105+9 111+11 104 +7 141 + 45

7 108 + 13 108 + 10 110+ 8 104 £5 167 £ 19"
6% ~

[ 111+16 103+ 10 110+ 11 106 5 170 + 39

I 103 + 10" 106 +9 109 +9 104+6 171 +29
7%~

5 105+ 12 105+ 11 109 + 11 103+6 156 + 38

s 102+ 12 103+ 10 106 + 10 105+ 4 168 + 27
8% ~

5 106 + 14 102 =8 106 +9 103 +6 184 +29

‘8 104 + 11 104+9 108 + 10 105 +5 167 +27"
9% ~

5 106 = 13 104 = 8 106 = 8 100 =6 160 = 21

L 106 = 12 101+ 10 103 =11 104 = 5" 159 + 24
10 % ~

5 107 = 11 105 = 8 104 +9 98 +6 165 + 30

8 104 + 11 102 + 10 106 +9 105 + 5" 150 = 17"
1%~

B 107 £ 11 101+ 10 104 +9 1016 155+23

o 103 +8 102+6 104 £5 104 + 4 142+ 17"
12% ~

i 101 +9 9448 98+ 8 104+5 161 20

i 102+ 10 102 + 8" 107 + 9" 107 +5" 146 +21°
13 % ~

5 109 + 13 102+9 105+9 105+ 6 165 + 21

& 105+ 10 102 +8 107 £ 10 107 £5 147 £22°
14~<15 %

5 114+ 13 102+7.5 109 = 8 107 =6 160 + 24

L 103 +6° 108 = 10" 113+ 10 106 + 6 145 + 14"

e a R SHEEHE, P<0.01; b 5HEEL, P<0.05, [PEF] SRR [FVC] MG [FEVI] 1 B ESER; [FEVL/

FVC] 1A [MVV] AR5 Rl Ut
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®3 AEFRSERILEREIEFSHINES Zapletal FRRXTBITEBSLL  [M(Pys, Prs), %]

AR FEF25 FEF50 FEF75 MMEF
5% ~

Ei 10093, 111) 93(78, 102) 81(70, 96) 94(83, 103)

7 103(92, 118) 96(84, 109) 78(71, 90) 90(80, 103)
6% ~

B 109(103, 117) 98(87, 113) 84(75, 105) 95(86, 115)

I 102(95, 109)" 89(78, 98)" 78(72, 84)" 91(82,97)"
7% ~

b 103(88, 108) 87(79, 101) 81(77,95) 88(80, 103)

7 98(89, 110) 91(78, 100) 77(67, 86)" 90(77, 99)
8% ~

% 98(88, 118) 88(74, 99) 75(66, 95) 86(74, 94)

'8 101(94, 109) 88(79, 110) 82(69, 105) 89(78, 107)
9% ~

# 100(96, 106) 86(80, 99) 81(73, 89) 86(78, 98)

7 98(90, 108) 86(77, 98) 79(71, 93) 88(79, 99)
10 % ~

[ 10291, 107) 85(78. 96) 71(67, 82) 83(75, 95)

g 108(98, 117) 97(85, 105)" 79(71, 95)" 93(83, 103)"
11 % ~

5 102(95, 110) 85(80, 97) 73(68, 88) 86(79. 99)

7 101(96, 106) 90(81, 101) 77(71, 94) 89(80, 99)
12 % ~

E 102(93, 113) 87(77, 99) 76(66, 87) 84(76, 97)

Z© 105(95, 112) 102(85, 115)" 88(73, 104)" 95(80, 105)
13% ~

B 111(98, 121) 90(85, 110) 80(73, 106) 88(80, 109)

7 109(102, 113) 97(84, 106) 97(87, 106) 87(82, 98)
14~<15 %

% 116(101, 128) 99(96, 111) 97(91, 108) 100(95, 110)

e 100(96, 104)* 96(90, 104) 98(83, 108) 93(84, 103)°

an GHEILE, P<0.01; baRS5HEIE, P<0.05, [FEF25] JH IR 25% fifi i & BRI 7 &5 [FEFS0] RS 50% ilivis 4
Hﬂ?ﬂiﬁj‘mz, [FEF75] FH AR 75% MlidG it i it s [MMEF] Sk i e i i

R4 BIGBEBSIWEESHSNE S Zapletal FREXFIHEESLLH TR (%)

215 PEF FVC FEV1 FEVI/FVC MVV FEF25 FEF50 FEF75 MMEF
HE 87.5 87.7 91.1 91.7 109.8 83.2 68.6 62.2 69.1
LE 88.2 88.9 92.4 96.8 120.6 80.9 70.3 62.0 70.5
Zr 88.2 88.4 92.0 94.4 118.5 82.9 70.0 62.1 70.1

: [PEF] S KA [FVC] TGS ; [FEVL] 1 BPHIMERAERL [FEVI/FVC] 1 RRR; [MVV] AR08 Gl < ; [FEF25] H

jJ”T'W 25% Jiti e e B WS A 5 [FEFSO0] 10, 50% Wil ot B eI A i 5 [FER75] 30, 75% M ok isf B sl 3 o 5 MMEF NG RN

WA

3 itig T LEE T RE AN J5 3%, A P X R T
THEA —Let5E, [HRRS —BE & EILE M IE
JUZE il < REAS N B [ AR iz BT WOBOHE. B IE A A B (R X

1317



2% 12
2020 4F- 12 A

b E %A ILA R E

Chin J Contemp Pediatr

Vol.22 No.12
Dec. 2020

FEREE, JFHEEWIEEN2HE. BRrERG|
FHE A A 2 BEASF 20%, 36 L IE # H
FR B e o R LBMG T A A3 209%™, [EIFR I,
2012 AE i T g 2 BRAB L TAEAL A A0 T 2 FPj
3~95 % NS HE, B8 T —ERE. I
AR eI 2 25 A mT ) 0 H TR E R L
Rt D RE R 1) 2= BE )55 38 £ Zapletal T3 HEZA
AAF RN TE,  FLIG R AR SEE &7 it
EH A AE e, ¥ B L IR bR,
EOURRT I RS (91 2 A7 0352, R 45 2R 5 3R E
By BELEE 0 Bl D) RES DL T REAF7E 25 57, TR 5Y
Sy BT 5~14 2 fid B )L % il i < 2h e 2 4L
i Zapletal FUHAE E 5 HAE B0 5 A & 4 Hei)
LLN, Tl S 2 aem B HE R i 22 5
XTI PR = M o ff . & O SR, RV B ZE Pk
R 2 [ A B e W VA8
RSN, S4FER4 FVC, FEVL, PEF 5%
WA 5 B0HE B oy e B L R He, X 12
ZULFILER UL, T8 h5 8 2 0 T L3
14~<15 % 4 SRS 48 45 55 38 0 38 v T4 1 13
B 3 T AR 5 L LR R e OE B 2
SN AR 44 R R0 225 5 B R PEA A )
20 % BN LIRERGN IR B, 5T, FE A,
BOMOSE (WAL ) & TR A B3 KA
Il T REMZE R, BRI . MRS & B BB A TR
HAREMAL, Wt W& 13 B
JLE FEVI FMFVC EA TR, HBE TS T
2 E, Al RER i T IX AN A AT R
1M L Bl & B LB s " AR s,
XTI 5~14 2 JL# K UL, PEF. FVC /Y LLN
(LI Tk o S AL B Dl e & 2 R Y L
#A U e " M IE W K. EHARE B,
FEV1/FVC AE Ay B ZEPE 590 o 1 0 W7 1) — A~ B 2L
febr, HbruERSIE, XFRmASH. i &
BITRCR TP SC RE K, PRl FRHER,
S ZEME PR RS Bt BE ST, 4 BRI B
IHANL 2019 s Ha i, f@F M FEVI/FVC i@ 5
H 75%~80%, JLFEF KT 909%™, WL HIAL H H X
— IR SE 45 5 R L E FEVI/FVC S2{H 7 90%
AeA M, el BN A 2 E A FEVI/FVC 52
1 = 80% V& Ry 1E & I S B 35 A T 0 W7 BH ZE 1 e
s A7 e ) TR L3 A S i 4R R AT 3 0

FEVI/FVC SEAE & HE E 5 = 92% 1E 8 IE
W, BT 92%, W FEVI/FVC 52 I0H & it
H >80%, WIFG4hA HAabdshr, %R EA7rf%E
PRIAS . AAFSY FEVI/FVC S2ME & 5 E 45
() LLN } 94.4%, 530473 B Ll T 545 g Jk
AP, BT/, 9% ~. 108 ~, 11 % ~,
12 % ~ £ 40 FEVU/FVC SEIE & B0 HE 4> &
HHRERTRE, SR g R—8 ",
FEVI1 BEE& i S8 2 5S8R A7ER
FEVEYNG MOLHZE R B o E A R L,
L i U RE 48 B HE7E FEV IE % {8 R = 80% T
THE ", AR A EMIX FEVL & HHE A
b LLN 5 92.0%, & THEmfErE(E. MVV & —Ti
ZEA TP M S I RE A A B A T SR SR AR, AT RAR
WL it 2H 20 %) s . S B T R S s R i
WU it AR 8% ~ 104 ~, 114 ~, 12
B~ 138~ 14~<15 B EZAHTEMVV BEH
T, B AR e S D R4 5w
T, MVV SEAE & 0 HE B 5 L YE B sh
1419%~183%, LLN N 118.5%, 4&/~3& 11 MVV IE
WAEFRUET] e T Zapletal A T 43 obRifE
ARG il 8 S 2 BE I S B AL AT T A R
WFoE, HE5RS Fikhinm S T RE F 268405 | 43 H oy
MG EA 8, WL EIFRERET R TH
BRI M H 6 2 AL il S T R4S I R Y
WP ERERTLE, ERA%IT¥ENL, It
MGAEVAERGE AR, J&A TR R A7,
Frpit—atsr. FREJLEM e R R i
SFrh MMEF . FEF25. FEF50, FEF75, HHW%
Hh L S S ) R R A A U A S S
185 FHE 4> LY 65% . 55%. 45%"”, FEF25
YE RSB RIS TE br, EZRBLRAIETIRE.
BT s HA o LU IAE I S T 98%~116%, LLN
B4 82.9%, T HA/INGEFHEIE R, HHEEET
FEF, SCFEAS # DX R TR, HARE W FEF25
IEFAERT, A0 LI DL 80% VBN IEH bR
Mo NB T RE R R R E A R R R, 1E
P S P 12 T . 5 17 A %) 3t 7 sl ik 5| e
AL, /INIE D RS bR XTI B 1) 7 T AR B DA B
I RIS WA B S, R T e L3
AT AR A JC B WA IR 8 FEVI/FVC 1IE%, AidE /)N
SAETIRERN AT LIRS, RS, AT,
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S BRI PRI PR I 355 2 00 2 235 2R A e B 4 T AR v AL
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() — B T 1. 35 MR} 27 2 0 U I i
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5 Zapletal BUHEVE R IE R SH5EH, AT
FeAr M T BT 5~14 2 {dER L3 () flE < T RE 2
B SRR Zapletal FHHE, KIAPIH
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RIS N 28 AFTE I BRI, T — 0
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