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Peak Expiratory Flow in Normal Healthy Korean Subjects
Measured by Mini-Wright Peak Flow Meter
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Background : Peak expiratory flow (PEF) provides a simple, quantitative, and reproducible measure of the
existence and severity of airflow obstructions. Peak flow meters are designed to monitor the condition asthma
patients. There are many reports showing the normal predicted value of PEF in other countries. Studies on
healthy Korean adults have been performed in a relatively small sample number and a lower limit for the nor-
mal value was not reported. Therefore, an attempt to provide normal predictive PEF value with a lower limit
was made.

Method : The PEF(Mini-Wright Peak Flow Meter) measurements and spirometry were done in 233 men and
631 women without history of respiratory disease. All subjects were non-smokers with no respiratory symp-
toms. The normal predictive value and its lower limit were developed by multiple regression analysis. The result
was compared with regression equations in other reports.

Results : The regression equation for the normal PEF predictive value(L/min) is 25.117+4.587 X Age(year)-

T QA 19999 E AMthEta o)y e AT Aol o3 o] FoHE.
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— Peak expiratory flow in normal healthy Korean subjects —

0.064 < Age*-+2.931 X Height(cm) in men(R*=025), and 146.942-0.011 x Age?+1.795 x Height(cm) +0.836
X Weight(kg) in women(R?*=0.21). The regression equation for the lower limit of this value (I./min) is 25.117
+4.587 X Age(year)-0.064 X Age’+1.936 x Height(cm) in men, and 146.942-0.011 X Age®+1.232 x Height
(cm)+0.481 X Weight(kg) in women. The residuals were normally distributed. The PEF in Korean males was
sililar to those reported in British and Japanese subjects. The PEF in Korean females was similar to that in
British subjects, but higher than the PEF in Japanese subjects. The lower limit of normal value was 71% of
normal predictive PEF value in men and 76% in women.

Conclusion : The normal predictive PEF value and its lower limit was measured from 233 male and 631 fe-
male asymptomatic, lifelong non-smoking participants. The normal predictive value was different from those of
other studies on Korean subjects. Therefore, further studies are required. { Tuberculosis and Respiratory Diseases

2001, 50 : 320-333)
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A= e A AAAN Hndr|Re 234
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BRAE & o Aok 2y fEyeide Z4 A
YellA =BYT) Tl % HnBI)FHT B
Peak Flow Meter& o] &3l 4% Hu37]88
of g AFAR 2EE FHol oy, 1991d
American Lung Associationd|A] A% 7|38 A
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AgAdas 2e H3d#e deFo] A, 7)
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2 387 e 3ade B, F9E @ Hol
NE A L AAd AP Fol Y Aol AAY,
F5F 3 29 dAYgol Y A9, F5F XA
HAE S o) ga7iol e AR AT A
gaigicth. A+ T $A 23387 o4 631
Hog 4d, d%9d ¥¥E thg# #oi(Table
1).
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Table 1. Age and gender distribution of the reference population

Male Female Total
Age(year)
Number % Number % Number
<30 17 7.3 38 6.0 55
30-34 15 6.4 97 15.4 112
35-39 42 18.0 134 21.2 176
40-44 42 18.0 93 14.7 135
45-49 36 15.5 65 10.3 101
50-54 26 11.2 75 11.9 101
55-59 30 12.9 52 8.2 82
=60 25 10.7 77 12.2 102
Total 233 100.0 631 100.0 864
2. Hise 4 oF 94t 718 & AU AFE s He A

H7)5 AAL 3]0 @S WA F U 8oz &
gzl Ye], A4, 7], BFA, F98% FAZ dF
ARE 2ABIAG. A5 E 78 Ye FAxE
BEAY A Al 2laidct. 41 F Rl o 712H
 ARE AR HArke B2F oA 9AdA 11
Al Aololl AlElAa, Foi8 15 7)F%l (Peak
Flow Meter) 2= Mini Wrights Peak Flow Meter
(Clement Clarke International Ltd, Harlow, U.
K)E A3t A=eg wol7] 18 & 4]
ZHEQr & AEA AAEE AEE F, A4 A
RS SRS VIF3IT. JAAE dder
Hale] Xzl it FA QA FoltalA AR FH
13739 SRl wEl HusURRE 54
st HusrfEs Sk P v 2

AR, AXAE Hiz7FA =59 7P oltE
(7 0)ell A7)

A4, AR g YA & F

AR, ddell F717t 7S AARE, AR 58 2
A EolniAAl & &

A, H3157158A9 d7E dUl ¥, de
2 ulgo] A7) QS 298 2T

O, ] Red AlAl S8 WS . 1t

< I FAE 715 fstrt

AR A A7 9] DAIE F W o WES o
&, A A8 728N, olF /1S F Jacger
Master Labe] #H7]%7A17] (Jaeger, Wurzburg,
Germany) & o] &3} 19943 American Thorac-
ic Society'®|A] A A|gt @y Wl Forced Expir-
atory Volume in 1 second(FEV, ,), Forced Vital
Capacity(FVC), Peak Expiratory Flow(PEF)$}
Maximal Mid-Expiratory Flow Rate(MMEF)&

24390,
3. SR

F& 3R E o183t F8% 3709
LE7|R% T AUge FESVUFE S #x g
71ZAREE SHETE o, dFAEA (mult-
ple regression analysis)& Al3jsl FHu3d7|Ha
o G viX= addl] Wl dopru, FAFEA
o] 3t 3] AA 4 (regression equation) & 7315
t}. BAIEAL SAS for Windows version 6.12&
o] g3l AABIATE. HiEr|RHe] ATEEA
(distributional normality)e] & 7342 Shapiro
~Wilk test& ol-g3] At 44392t A4
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Table 2. Mean value of weight and height (reference population)

Male Female
Age(year) - - : .
Height (cm) Weight (kg) Height (cm) Weight (kg)
<30 173.9 73.1 161.0 54.6
30-34 171.7 68.9 159.2 54.6
35-39 168.8 69.8 157.9 56.7
40-44 169.6 69.3 156.6 56.3
45-49 166.7 69.1 156.1 57.9
50-54 168.0 70.7 1554 58.7
55-59 164.5 66.2 154.7 57.8
=60 165.8 62.4 151.7 56.9
Total 168.2 68.6 156.6 56.7

219} &gkl &t 3] HPA 2 & SAS procedures]
PROC REGE oj&3lq Falglorn, Zx}(Resi-
dual)e] 242 93] PROC UNIVARIATES®}
GRAPHIC procedure& o}&stHtt. 374 9
e 23 SHErE vol, AA, AlFoldd
s HYAA mde) Ay EAEA BA YR 9
u7b 13, AARAS R7F 383 38X E ¥u
as mdlg JAsiA. dFdd dsie 1213
2Rt 2832 2dE gaigrt. I ol ¥
1% FA7 Yo7t EHA Frbsithl 4% dEol
AU Zhashe @49 Ads mdFoAe] ¥t
g o g YehdR] & A8 3 EH el B3
k] AaAdch HAYEA mde AT F,
o] »wdlg o]g3l] FEF3E FAH(normed resi-
dual) & -8} Shapiro-Wilk test& A8 dle] Jet
TE U2=AE A48t AR A3E e
5, A9 atghdel] tig B FALEA S AdFRA
] 3]78744] -1.645 X SEE(Standard Error of Es-
timate) 2 FHch 34N A AR
3} A9 el B AAWAAE 78 F, o
ol e Anzslhee) SAFEE 12 o) Bt
9 oj=e] ATARY umaT. VAL 54 12
o= e F 7 AT @2 499 A3 WEe
7% ¥ (Table 2), BlHFUE 28 o FFUEHA

FAAFE ol &8 FFAAE Tk Hazr)
FHAE olgsld AT Huzr|H%7 HArled
A}7] (Spirometry) & o]&3lo] ST HILE7|{F
Te] FAdAE FAsta, BAFAA o A9 8
il vl &g Tk

2 =
1. &7 cidxiel althy &y

AT WdAs 8642 o] F PPt 2337 %
7} 631902 o7t Bkt @Ado] oo v &
A HE olf FAE Bl WEeldet. Ar
Aol 7, A% 9 AP BE¥e oy Zo
(Table 1). @7} A& 54 THHo2 AF T o
2t E573 F, 27 APl AT ANe] HER
£ 73l olg FA FHXE T FHE R
o) o]8-8gt}H(Table 2).

T
te =

2. Mini Wright Peak Flow Meter 2 &8t 271%
7inee HASEX W Haxiel stetd

Mini-Wright Peak Flow Meter& ol&3) &43%
Hn37]4% FAFHXE F3l7] f8 1%
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Table 3. Characteristics of the reference population

Male

Female

Mean S.D. Min.

Max. Mean S.D. Min. Max.

Age (year) 45.37 11.03 17
Height (cm) 168.21 5.69 152
Weight (kg) 68.63 8.96 45

79 44.06 11.34 20 76
187 156.59 5.29 139 173
103 56.68 7.43 37 86

S.D. : Standard Deviation Min. : Minimum Max. :

Table 4. Estimates of the proportion of mea-
sured between-individual variation in
PEF in Korean adults attributable to
identified factors

Factor Proportion of variation attributable
Sex 0.625
Age 0.018
Height 0.057
Weight 0.006
Unexplained 0.294
Total 1.000

*Measured by regression equation(partial R?)

TS TSR B Y, dF, A, AFE
HHTE 3lo] S| ARE At 7} SYAP 7
EZ2AA 4 (Partial R) & T3l 17| 4%E A
ks 8 dolrsith. Husy|fHe ARch
g 8% 21 Addola A%, A, AF
o8 HAT7HFd dEE nF e, o] SHHEF

o 213 AP8ge 70.6% JtH(Table 4). AEd| E}
& AAFRA ) A E 3 &, 1EsE 2
ate] AEEAE A #3 Shapiro-Wilk
test& AR Ao FAANME p-value 7t 0.9995
AANME p-valuer} 099722 BFEE Azk=
BAHEEE O GAH A4 sl
AFRA e AR SRS Teke FHANEAL
o2 Ao AR sl e A
AR e AN -1.645 X SEE(Standard
Error of Estimate) 2 F3}dc}. v|2E 93 7 58
o AT A7e}, F3 @ YERJE oz ARt

;1
T i

ﬂl

i

o

Maximum

Nunn %3 Kazuharu*ge| d-7ZzoA e 3
AYG A& FAlol AAletdtH(Table 5). of 37
A W o 7F Aw ol Bt AR H
T AFE Hdstd Aot e el &
el = S4& agoh(Fig 1,2). d43 oAdoA
Q%] We HnzAhPel FUFRANE ulap)
99 74 BAPIAE olgl] Fig IR A
o)A Mini-Wright Peak Flow Meter2 Z3# 3%} &
=919] Husr| e F4FRAE 41 2 4E
19} A9} AR 1Ey 7§ ojd A+
A A AAIG FX s B2 Aolg BAH(Fig.
3). Ao A Mini-Wright Peak Flow Meter2 3
g F=9e HusrlRHe] ZAFHAE 35
9] Rleh FAfelE I dEQle] FART wokc). o
BAME A T o]d A A A A =39}
= B2 2ol & Bych(Fig. 4).

3. Spirometry 2 &% &7 |RHS| HAFHX]
9 HAbk|e] BiEkMd

=B FAA G o
34l ﬂiiﬂ%a‘% 43l AR A
o e Fok AN T s
Al =l = Tl ARE AT, A Boo] AF
g AT Asl, vl=e o Q1FE HA4e2 Han
kinsong-to] Al AtA A 2 3| AL &
S A B (Table 6,7). @43 d4d14 ¢l
Fl we Hugr|§Eel AFYAE vy ¢
a2t 3| AL ol &3l SAE H . FA4d
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Table 5. Prediction and lower limit of normal equations for PEF measured by mini-wright
peak flow meter(Korean and Japanese)

Korean' Korean? Japanese
Male Female Male Female Male Female

N=233 N=631 N=129 N=125 N=1047 N=1738
Intercept 25.117 146.942 658 445 -389.3 -165.2
Age (Year) 4.587 -2.45 -0.96 16.6 2.83
Age’ -0.064 -0.011 -0.338 -0.00745
Age® 0.00189 -0.00047
Ht prp (cm) 2.931 1.795 1.36 2.01 4.54 3.25
Ht (n (cm) 1.936 1.232 N.A. N.A. N.A. N.A.
Wt pro (Kg) 0.836
Wt 1y (Kg) 0.481 N.A. N.A. N.A. N.A.
R, 0.25 0.21 0.28 0.12 N.A. N.A.

Ht prp, Wt prp coefficient is used for prediction equation and Ht 1y, Wt 11y 1s used (replaces
Ht pro, Wt prp) for the lower limit of normal equation.

PEF (L/min) = by+b,+b,*age*+bs*age®+ b,*height +b*weight

N.A. : Not available.

Korean' : Present study, Korean?® ; Study by Kim MC et al.

Japanese : Study by Kazuharu Tsukioka et al.

'Prediction of normal equations for PEF measured by mini-wright peak flow meter(study by
nunn AlJ et al.)

British Male : Log. PEF(L/min) =0.544 Log. age-0.0151 X age-74.7/height(cm) +5.48

British Female : Log. PEF(L/min) =0.376 Loge age-0.0120 X age-58.8/height(cm) +5.63

800.00
700.00
600.00

500.00

PEF(L/min}

400.00

300.00 r

i

200.00 * * : t +
0 10 20 30 40 50 60 70 80 90

Age

Fig. 1. Prediction and lower limit of the normal equations for PEF measured by the mini-wright
peak flow meter (Korean male)
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Fig. 2. Prediction and lower limit of the normal equations for the PEF measured by the mini-
wright peak flow meter (Korean female)

700.00

650.00 r

600.00

550.00 r

PEF(L/min)

500.00 r

450.00

400.00 L ) . : . . .
10 20 30 40 50 60 70 80 90
Age

Fig. 3. Comparison of the prediction equation (PEF measured by the mini-wright peak flow

meter in male)
1 : Japanese, 2 : British (Study by Nunn AJ et al), 3 : Korean (Present study), 4 : Ko-
rean (Study by Kim MC)
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500.00
480.00
460.00
440.00
420.00

!
400.00 L

PEF(L/min)

I
380.00 +

360.00

340.00

320.00

300.00 : : : : : : J

10 20 30 40 50 60 70 80
Age

Fig. 4. Comparison of prediction equation (PEF measured by mini-wright peak flow meter in fe-
male)
1 : British (Study by Nunn AJ et al), 2 : Korean (Present study), 3 : Japanese, 4 : Kore-
an (Study by Kim MC)

Table 6. Prediction and lower limit of normal equations for PEF measured by spirometry

Korean' Korean? Korean?
Male Female Male Female Male Female
N=233 N=631 N=129 N=125 N=361 N=761
Intercept -3.407 -1.105 0.73 1.29 N.A. -1.550
Age 0.082 ~0.05 -0.03 N.A. -0.0231
Age? -0.001 -0.00037 N.A.
Age® N.A.
Ht prp (em) 0.068 0.048 0.05 0.03 N.A. 0.0510
Ht .1y (cm) 0.042 0.034 N.A. N.A. N.A. N.A.
Wt prp (Kg) 0.009 N.A. 0.0132
Wt L (Kg) 0.0005 N.A. N.A. N.A. N.A.
R? 0.24 0.28 0.22 0.19 N.A. 0.295**

Ht pro, Wt pgp coefficient is used for prediction equation and Ht 1y, Wt Lin is used (replaces
Ht pro, Wt pgp) for the lower limit of normal equation.

PEF (L/sec)=bo-+b, +b,*age?+ bs*age’+ b *height + b™*weight

** ! Correlation coefficient

Korean' ! Present study, Korean? Study by Kim MC et al.

Korean® : Study by Cho WK et al.
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Table 7. Prediction and lower limit of normal equations for PEF measured by spirometry

Caucasian African-American Mexican-American
Male Female Male Female Male Female
N=477 N=927 N=422 N=772 N=506 N=872
Intercept 1.0523 0.9267 2.2257 1.3597 0.0870 0.2401
Age 0.08272 0.06929 -0.04082 0.03458 0.06580 0.06174
Age? -0.001301 -0.001031 ~0.000847 -0.00119  -0.001023
Ht pro (cm) 0.000249  0.000186  0.000273 0.000197  0.000302  0.000222
Ht v (cm) 0.000176  0.000121  0.000189 0.000121  0.000218  0.000146
R? 0.7808 0.5559 0.7299 0.4736 0.7530 0.4699

Ht pgp, coefficient is used for prediction equation and Ht Lin, is used (replaces Ht ero, Wt pro)

for the lower limit of normal equation.

PEF =b,-+b, +b;*age?+b;*age’+b,*height + b**weight
All male subject are older than 20 years old and all fema
(Study by Hankinson JL et al.)

le subject are older than 18 years old

PEF(L/sec)

4.00 L————“-f L ‘1_______J————————‘\————‘__’J___.———_J

10 20 30 40 50 60 70 80 30
Age

Fig. 5. Comparison of prediction equation (PEF measured by spirometry in male)
1 : Korean (Present study), 2: Caucasian, 3 : Mexican-American, 4 ! African-Ameri-

can, 5 ; Korean(Study by Kim MC)

A Spirometry® 0|88 4% 200} Fnsy] AN AN PAske Be Aol wantFie

| w]  5). oJ4olA SpirometryE o183 F BFA]
210} A nTh o) e AFE Holn, FUA B AnyIFel BERAAT A FIFdend
sele] 2Aw Eoth, TEm 4 B old @F Al plslel fAs fAshL, FUA PR
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Age ]

Fig. 8. Comparison of prediction equation (PEF measured by spirometry in female)
1 : Caucasian, 2 : Mexican-American 3 : Korean(Study by Cho WK), 4 : Korean (Pres-
ent study), 5 : African-American, 6 : Korean(Study by Kim MC)

FART R ®S APE BU, U S| o)
AT BN AAG FAoke BE AolE ny).
Jeft 2 §0] ofd ATATNM A 23 e
79} $AksTH(Fig. 6).

4. Mini Wright Peak Flow Meter2 &%t 2|18
71782} Spirometry 2 &#t An&7 |||
ATTA|

Mini Wright Peak Flow Meter= 23 Aus)
%87} Spirometry 2 38 H157)g2ate] B
€ dotiy] Qs AaEAe A A Jgr=
0.84711°]1t}( p-value =0.0001).

5. FdFFxI} YArx|9| spstiinte| |
2 HALBAA G A 2 dEFNe FF

A B AFE ddsid Pyegael Y9
el g T SolA e sa/RAr

TR B 0.71, GRIN Ao e/
B+ WHEGE 0.760]3 ok

a g

71 AA ke 71239 xol, 715 HAL 7))
S Ao, S, A g @R e w5
°l, Azt Hdo) gl B 2jo] B AW =
Aol o AETh. A7) HAE sastn 848
= Aol 7 F2% AL )2H 2ol A4 A
A S e 2olg mesfEA AWz o)
A3l 71 Aolg & Loz HAsh=] ok B
7159 alolg BAsker ol Ay 288 eas
A, AAe =27) 4 Aoz s A} Ao
30%, 22%, % 8% & MWaln, %0} s)ax 3
°I7t w715l 20%, 3% AT Mma Unix|
27%= o1 dYsx Bahs AU 2oz Hm
AT old Aol AX AT B o 5
TR Y, 2 Bguse) REggase 2
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5 Az 4, AAe) =27] 9 dRe] AR
63%, 6%, 9 2%5 AHach FRAL AFA

Ao|7} A7) W UmA 23] B3] Ado] His
7% J3ke 7Pg Bl ulXE AR t}.
AAe 2718 dFske W F W o] AN}
= AL A AEdlAM A% Aol ok
oA 2RE AR FHP= A7) g ¥Rk op
2} #7159 xolE & YA Bl Aoz 9
otk A Qe AdEe] A A= z4% + 9
= AodE e AW A e Zol& A%
Al ARE 5 Aok AAle) =719 e a9E L
Ra o]Fe] Aol Aol o] o 34
gl QelolME oAEThe e A& f5ol
B¢ 3t} GAdAE Age] Aol A3 HE o
Fow B @ B¢ A7IE FA7L Z7Vehd, A
= gyl #3171 2t FUFAY st gich. 4
AN X7t B 2 olFelle Agel Z7kl
ue} d7)% FR7t A 2as g} ol
Az we Ar)s FAe ke dHdT (cross
sectional study)dlAE & VERIR @A, vl
(longitudinal study)elAlE 2 Uepdt). Q&9
sol7} Ar)ee AR FLE 84R dHA U
o} o) Axe Aol AgRve =A vehdth
G Al HEA e Alake] el WE o) Fol= 47
& Al 254 Ao Az FA =gt 12
U dAeas oF 164 7ol 3 A =Eshe
Aoz AT ol AFolME el &
a7 eae AAFEA 304E AF3le] i
o] gaigon, dddMe HnE7) e 335
)7} 204 o)Ad] oju] A L= Ao
a7 N2 g ¥EE Ade]l B 91Zo|| ¥
& Hed 2 Azl ZA, FEV, /FVC2
H= gALSIT) o) #H7)Ee) Zeol7t Vepus ol
= 58] gEA A g, A el €& &
W odopad, AA FaAAE, d7led R A13) A A A
ol goldx 7|dgrta BAESL AT A AT
Zoial o) vehd de) 44E A7 3 A4at 4 st

3

=

flo

o

B

#| gt

AN E Fohe PHE A F RE e
ot} #Hylsel dge wIckn A EEXC
=, 4, Yeol, 4%, 9F)7t 54 ATE
wol WX Fah= WEd A, del 9 Ao
sz gAHE FAWEAE Tk Aolth, A ¥
A e @ARos 48 Brhsel] ofj &) 57
o 3L S Foted ARAFRAE T A3l
A HA7)5e AAFAANE T AR HAREAE
Taped 7P Bol Akgske o] 4l g 14
A& w4 (Linear regression model) & ©]& o] &3}
AN e 78 A4S dA7se] 548 z 3| AW
A opz Zrye] AN e BAFPA 4 A BEA
xJolo] o7} wol WA g, 1A A=) F¥Ut
we Asde o8 dgTer wrol 7+ A%l
wel A8 FALFN S Fap At aey ol W
Mg AL AL s BT ke FolME A
2R27} zk7h daA A, #H2de ol T
=g wesl| S8 A Al tiE 2% £ 3
2 AgAle T, AA BSA BAFAA Atold
oxE ZQlth 27 59 Aot A° 59 Aol A=
Age] W3t 1P eLS o] &3 AR E T
o, ol AFeME dFd e 22374
mag o83 AL Tl e IF =t
AR 2B FolEF = 3 A9
o olgt AR e} AAl UHA Alolel x4 %
olR 7] 95t AR A4 (Coefficient of determina-
tion : R3¢} A=A #F ek (Standard er-
ror of estimate) & &tk ARAFI 245, 4%
2A3)e] FFAWL A&TS 1 s ANAN R T
3 A=A e A4 BEHete] A7 2t} ol¥
Aald 2 A AAATE A A= 0.
95 JQoAE 0.212 A Fol AAT ol e
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312 R, AP HYE AYsh=U =&
& T4 2} agne AR E T d7
lXE YA e 5 AP AA G )
ohjel, Faxe) ezt A sledol gk Qut
HoBE FdUe Aoz T8 s AHAF 5%
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