Normal Predictive Values of Spirometry in Korean Population

Jung Keun Chai', Domyung Paek!, Jeoung On Lee?
1School of Public Health, Seoul National University, SOccupational Safety and Health Research Institute

Background : Spirometry should be compared with the normal predictive values obtained from the same population
using the same procedures, because different ethnicity and different procedures are known to influence the
spirometry results. This study was performed to obtain the normal predictive values of the Forced Vital
Capacity(FVC), Forced Expiratory Volume in 1 Second(FEV:), Forced Expiratory Volume in 6 Seconds(FEVs), and
FEV/FVC for a representative Korean population.

Methods : Based on the 2000 Population Census of the National Statistical Office of Korea, stratified random
sampling was carried out to obtain representative samples of the Korean population. This study was performed as
a part of the National Health and Nutrition Survey of Korea in 2001. The lung function was measured using the
standardized methods and protocols recommended by the American Thoracic Society.

Among those 4,816 subjects who had performed spirometry performed, there was a total of 1,212 nonsmokers (206
males and 1,006 females) with no significant history of respiratory diseases and symptoms, with clear chest X-rays,
and with no significant exposure to respiratory hazards subjects. Their residence and age distribution was
representative of the whole nation. Mixed effect models were examined based on the Akaike’s information criteria
in statistical analysis, and those variables common to both genders were analyzed by regression analysis to obtain
the final equations.

Results : The variables affecting the normal predicted values of the FVC and FEVs for males and females were
age’, height, and weight. The variables affecting the normal predicted values of the FEV; for males and females
were age2, and height. The variables affecting the normal predicted values of the FEV/FVC for male and female
were age and height.

Conclusion : The predicted values of the FVC and FEV; was higher in this study than in other Korean or foreign
studies, even though the difference was < 10%. When compared with those predicted values for Caucasian
populations, the study results were actually comparable or higher, which might be due to the stricter criteria of the
normal population and the systemic quality controls applied to the whole study procedures together with the rapid
physical growth of the younger generations in Korea. (Tuberc Respir Dis 2006 58230-242)
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FARA|7E oF3E A &
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1

. Lifetime nonsmoker (total smoking of less than 5 pack)

2. No pulmonary diseases and symptoms affecting pulmonary function
1) No MD diagnosis asthma, chronic bronchitis, emphysema and chronic obstructive diseases

2
3
4

5
6

No history of chronic bronchitis

No history of drug for asthma or asthmatic attack
No persistent cough or phlegm over 3 months in the last year

1) No abnormal chest radiograph finding
2) No heart diseases(angina, heart failure, myocardial infarction)

. No exposure aversive factors affected pulmonary function

No history of hospital admission for pulmonary or chest diseases

) No moderate shortness of breath during whistling and/or wheezing
. No abnormal signs and diseases of heart or chest affected pulmonary function

1) No occupational exposure to high levels of dust, induced asthma, pulmonary fibrosis

. No abnormal physical findings

1) No congenital anomalies
2) No history of chest or cervical area surgery
3) No cancer or muscle diseases

. No physical states affecting the pulmonary function in spirometric test

1) No cough, phlegm, common cold, fever, fatigue, shortness of breath

2) No intake drug such as a bronchodilator
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Z A= 3( 15 20 ( 20 2 ( 19

47 = 26 ( 126) 150 ( 149 176 ( 145

4 4 = 24 (11.7) 74 (1 74) 9% ( 81

YFEAA| 16 ( 77) 720 71 8 ( 73

DA 9( 44 39 ( 39 448 (40

CHE A 16 ( 77) 46 (46 62 ( 51)

LA 31 ( 15.1) 108 ( 10.7) 139 ( 119

MEEEA 20 ( 97 196 ( 19.9) 216 ( 17.9)

SAZAA| 3( 15 1" 1) 14 ( 12

QIFZAA| 5( 24 4 (44 49 (40
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H = = 2( 10 28 ( 29 30 ( 25

5 3 = 26 ( 126 115 ( 114) 141 ( 116

gt A 206 (100.0) 1,006 (100.0) 1,212 (100.0)

Table 3. Number of subjects and the height, weight distribution according to ageN(%), Mean+(SD))
Number Height Weight
Age group
L Male Female Male Female Male Female
18-24 50( 24.3) %( 95 1725 1.03 1595 054 66.8 175 552 093
25-29 200 97 13( 112 17241 1.28 159.8 051 685 228 547 076
30-34 26 ( 126) 151 ( 15.0) 1726 1.29 158.3 0.41 709 1.81 56.4 0.69
35-39 27 ( 131) 172 ( 17.1) 1709 1.15 1576 0.41 n7 1.74 56.9 0.60
40-44 23( 112 158 ( 157) 167.6 1.40 157.3 0.39 70.3 22 586 044
45-49 200 97 109 ( 108 167.0 1.35 156.7 046 66.0 172 595 074
50-54 10( 52 70 77 1659 1.00 156.1 0.57 65.6 213 598 0¥
55-59 150 73 61( 6.1 167.2 155 154.4 063 63.8 239 595 1.23
60-64 11( 53 4( 44 162.6 2.1 1534 0.75 65.8 284 57.3 0.98
65-69 3( 15 17( 17 159.3 347 153.2 1.18 62.8 3.35 554 1.41
70~ 1( 05 8( 08 162.6 - 1506 1.13 59.6 - 552 207
Total 193 (100.0) 1,006 (100.0) 169.7 6.91 1574 524 68.4 9.84 57.3 8.24
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Table 4. FVC, FEV;, FEVi/FVC% according to age(Mean+SD)

FVC(2) FEVi(2) FEV//FVC%
Male Female Male Female Male Female

18-24 486 0.09 347 0.04 432 007 306 0.04 832 0% 8843 073
25-29 5.00 0.15 355 0.04 442 0.1 3.13 0.04 87.09 1.36 88.37 0.50
30-34 507 0.14 353 0.04 423 0.11 304 0.03 83.67 1.12 86.55 045
35-39 492 0.1 354 0.03 4.05 0.09 2.9 0.03 82.36 0.70 84.60 040
40-44 4.62 0.14 341 0.03 3.74 0.10 2.83 0.03 81.30 0.97 82.94 040
45-49 455 0.14 329 0.04 367 0.1 2.70 0.03 80.86 1.02 82.32 044
50-54 433 0.09 320 0.05 346 005 258 0.04 799 126 8048 057
55-59 429 0.13 3.12 0.06 329 0.11 248 0.05 7678 112 79.36 077
60-64 432 0.19 293 0.07 333 0.14 2.33 0.06 77.16 1.61 79.39 0.71
65-69 3.9 0.65 277 0.10 2.80 034 2.18 0.08 70.96 3.03 78.80 1.25
70- 3.66 - 2.76 0.12 249 - 2.07 0.11 68.05 - 74.81 1.97

Table 5 AlC(Akake's information  Griterion) of the variades of FVC, FBVi, FEVs from regression andlysis by the
mixed effect model
AIC
Variables FvC FEV; FEVs
Male Female Male Female Male Female
Age, height 3084 934.8 2150 644.4 254.0 852.1
Age®, height 316.7 930.6 2254 642.5 261.5 848.2
Age®, height 3249 931.0 2386 656.1 269.2 849.9
Agez, height, weight 319.7 917 2336 652.4 2674 840.0
Age®, height, weight, weight’ 3280 972 2422 6666 2782 8460
Agez, height, weight, height * weight 336.0 927.0 2478 670.8 282.7 850.2
Age, height 350.7 959.3 254.1 690.3 279.8 8786
Age®, height 358.3 9513 260.2 675.9 286.7 870.0
Age®, height 3416 948.9 258.9 682.7 2942 868.6
Agez, height, weight 356.3 9430 265.1 685.6 291.8 861.7

Age : Estimate to 25 age from 18-24 age group
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Table 7. The selected variables of the FEV; from the lower AIC and American Thoracic Society applied to linear
regression analysis

Model P

34132 - 00002484 * A% + 0.04578  HT 05897

Male -3.1461 - 0.0002546 * A? + 0.04262 % H + 0004072 W' 0596
30055 - 0.0217147 * A + 004593 * H 05930

24114 - 0.0001920 * AZ + 0.03558 * H 04683

Female -2.3656 — 0.0001952 + A% + 003473+ H + 0.001629 * W 0.4691
21183 - 0.0165358 * A + 0,03582 * H 04624

Agelyear), THeight(em), TWeight(ke)

Table 8 The selected variables of FEVs from lower AIC and American Thoracic Society to linear regression
analysis

Model P

-4.4244 - 00001367 * A® + 0,05156 * HT + 0,008246 + W' 0.4805

Male 50405 ~ 00001277 * A? + 0.05847 * H 04706
-49848 - 00104019 * A + 005028 * H 0.4655

-3.1433 - 0.0001442 * A> + 004018+ H + 0.007077 *w 03928

Female 33579 - 00001309 * A’ + 0.04398 * H 0.3798
32630 - 0.0107326 * A + 0.04468 * H 0.3709

+Agelyean), THeight(em), TWeight(ke)
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the variables of FEV/FVC% from regression analysis

Variables AC

Male Female
Age, height 1180.1 61200
Age®, height 1978 61518
Age® height 1217.2 61908
Age® height, weight 1196.8 6124.1
Age®, height, weight, weight’ 12063 6121.5
Agez, height, weight, height * weight 12024 6115.2
Age, weight 1122.0 61219
Age 11856 61217
Age, height 1276.6 6263.5
Age®, height 12924 6286.4
Age® height 13132 6322.3
Age, weight 12759 6240.8

Table 10. The selected variables of the FEVi/FVC% from the lower AIC applied to linear regression analysis

Model P

119.9004 — 03902 % A« — 01268 * HT 04301

Male 97.2818 - 03611 * A 04189
104.6884 — 0.3641 * A — 0.10693 * W 043%

97.85%7 - 0.2800 % A ~ 0.01564 * H 02573

Female 953280 - 02781 A 0.2583
100.9014 ~ 0.2662 * A — 0.1057 * W 02771

+Agelyean), THeight(em), TWeight(ke)
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o, Morris 591" o243 -247%, 4 59° o AE Yepliglon, & o542 FolahA] &okh
S23he -256%5 W ey ECSCeE & TSR S5 Ao 2o Ay
5o el 58 Aleta 10% olUle] Aolgrk ol 2 A A welse A Hde] S5
AL Y ALT AFA WA FUSA Tl vIsh] 20, ool Y ABLE WY
AZAUT JZAE B FHBHE AL ol 3} Fme] Fihelgkm Rtk 19919 )=F
6h\ﬂr(Table 12). B&tso| A= Wl elo] o7}t oF 12%Ea B
w8l A a0 =4S A gk Aex)9) A=3]9 ko] B Aol A welw ) of 6% 2+ Zoleka
Zpolo] tigk AAFEA A Aol Morris &3 o St ont A Mdnt 23]y =ohth o=
Crapo 59 o]&2]0] ako] #AZ tpehdl whd v Ao vt 23S AnzdAM 243 A% St
BE d3A e 59 3AE 2 ik oA B dAzto] Ao AAH vei stk d £ A
T o) BAS LRI = o] WS 8 o Al Hgy]Fo] e A7 dAsm A
A9E W AR wApsk ool Lol WA fro)  FAT AR N)Eo] A 44 A% 5
dolon, ol Aol FFREE W e o2 M S Ak ey el 34 ake 10% of
ek Aok A § ek A Uit e el AolE woln st
b R B R s S = e A o D R A HApo} ofzbo Al dx3F = w el ish
Knudson £ e %4j0] folgh ol w712 veh  ARHE w24 At visatdn. 2 597 of
Wtk 124 Crapo 597 o221t 2] 3k o] # SAnko] & o SA R o FX]7F ol 4o AAE
Table 11. Lower limits of the percent age predicted values
%PFVC %PFEV; %PFEV:%
95percentile 95% C.I 95percentile 9% Cl 95percentile 95% C.I
Male 835 82.0 82.3 82.0 91.1 89.8
Female 81.6 81.6 804 80.7 89.9 897
%PFVC : 100 * (FVC/predicted FVC)
%PFEV; : 100 * (FEVy/predicted FEV;)
%PFEV;% : 100 * (FEV %/predicted FEV %)
95% C.I : Mean - 1.645* SD
Table 12. Analysis of the residues from the FVC prediction
Male Female
Resix ResiT regression* Resi* ResiT regression:r
M¥(%) M* (%) Agela) Height(B) M* (%) M* (%) Agela) Height(@)
Morris™ -1.32 0.68 S NS 247 -0.94 S-) NS
Crapo’ -091 1.01 S6) NS -378 228 S-) S
Knudson'" -832 -6.10 S S -827 -6.83 S-) NS
ECSC’ -7.19 -5.18 S NS -10.69 -9.24 S NS
F5° 221 -0.16 St NS 255 -1.10 S6) NS
zs® -1397 -1262 NS NS - - - -
=g" -4.24 272 SH) NS -1477 -1351 SH) NS
a5 -8.30 -6.53 SH) NS - - - -
*Residue(®) = 100#((predicted FVC - prediced FVC)predicted FVC), TResidue(%) = 100+ ((prediced FVC -
observed FVC)lobserved FVC), *Residual regression  model predicted FVC - observed FVC = ax*xheight + Bxage

+y, *Mean, NS : p>0.1, S(+) : P<0.1 with positive slope, S(-) :

P<0.1 with negative slope
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Heplilow thE oS4 Eus 2 dqSA7F E=7
Akt W 59 ol 520] -1331%5 7P Aol
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THTable 13). HAfol A 2 A9 A5X9} v

FAE9 o Z22 vwdt W) Crapp S 7 9P
ASAE Alelstas BF 29 IAE YeRla 9l

Normal Predictive Values of Spirometry in Korean Population

I:J’“I‘loll 7] 1:415 O:ﬂz}\],\,}‘_‘ O}:‘q gé‘_]: ff’d—?ﬂ% 14—
BRI AT

e 4 BB AEAe] ¥ ofEAurt A8
= FAAO O ASHEL A FH9

o}, Morris 59" o227} -10.16%2] #}o]=
Qou g dEA5Tke] Aol 10% ool Atk

of ¥ ZAe olZA7L Brhe AL ¢ F AT R AT Akl ASA0) g d3AE 448 A
W 5ol |23} -1165%¢) Aol Aeletn, 2 ol =] 1 53 x 5o j24e ool w
£ o543k 10% olle] Aolg Holn Itk A B WS UoR T3 o3k So) WE 1}
gol| tigk zfelE AR S W == HdF BRI A=l gt 3722 olA e o523
UK Bl AT A Uelhel Aol T S W FAT o) WAL e slof Aol 3
NE5E LT dEAnn o)k AR S Ak EEE 2 e o243 waete] Gk of 24
B AL gujatg}. F 59 &4 3 oW 7h e g S-S UERITE Al A= ECSCA
otk A2 i foshA] gkor, Knudson 223} frolgh 2o AAE JER o) THE o
Table 13. Analysis of the residues from the FEV; prediction
Male Female
Resix ResiT regression* Resix Resi regression‘r'
M (%) M (%) Agela) Height(B) M*(%) M (%) Agela) Height(B)

Morris' -757 -581 Si-) NS -10.16 -854 S(-) NS

Crapo’ -1.05 073 S NS 277 -1.04 S-) NS

Knudson'' -8.38 -6.32 Si) S+ =747 -5.88 S(-) NS

ECSC’ -6.63 -4.88 St NS -8.81 =717 S S+

Fs® 0.70 258 St) S(+) 1.08 280 St NS

z 5° -9.98 -8.44 NS NS - - - -

= g" -2.09 -0.57 S-) NS -0.20 152 S NS

S0 -1331 -1165 St NS - - - -
*Residue(%) = 100 * ((predicted FEV: - predicted FEV1)/predicted FEVY), TResiduel®s) = 100 * ((preicted FEV; - observed
FEV1)/observed FEV)). *Residual regression model : predicted FEV: - observed FEV: = a*height + B*age + ¥,

"Mean, NS : p>0.1, S(+) : P<0.1 with positive slope, S(-) :

Table 14. Analysis of the residues from the FEVi/FVC% prediction

P<0.1 with negative slope

Male Female
Resi* ResiT regression11 Resix Resi’ regression11
M* (%) M”(%) Age(a) Height() M*(%) M*(%) Agela) Height(p)
Crapo’ -0.390 -0.165 S(+) NS 0.734 1.238 NS S
Knudson'' -0.390 -6.318 S) SH) 1.051 1,531 SH) Se)
ECSC’ -3.270 -2.907 S(+) S+ -3.076 —-2.606 S(+) NS
zg° 2847 3.161 S+) NS 3375 3959 St) st)
=g" 1.307 1952 S NS 13.376 13980 St St
uy 5 7717 8.123 S) NS - - - -
*Residue(%) = 100 * ((predicted FEV4/FVC% - predicted FEV1/FVC%)/predicted FEV1/FVC%), TResidue(%) = 100 *
((predicted FEV//FVC% - observed FEV/FVC%)/observed FEVI/FVC%). *Residual regression model : predicted FEV//
FVC% - observed  FEVYFVC% = a*height+B+age+y,  'Mean, NS :p>01, S# :P<01  with postve slops, SO : P<

0.1 with negative slope
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