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Purpose: Pulmonary function tests are useful and important methods for evaluating patients with respiratory diseases. To assess
lung function, we need to establish normal values of lung function, which vary according to population, age, gender and growth,
particularly in children. This study was undertaken to establish normal predicted values of pulmonary function tests and to predict
renewed reference values by spirometry in Korean school children.

Methods: Spirometric forced vital capacity (FVC), forced expiratory volume in 1 second (FEV:), forced expiratory flow at 25% to 75%
of FVC (FEF2se75%), and peak expiratory flow rate (PEFR) were measured in 406 healthy elementary school children (age, 6-12 years
old) in May, 2012. Multiple linear regression analysis was performed for each spirometric parameter against age, height, weight and
body surface area (BSA) separately for boys and girls, and derived reference equations and coefficients for all the spirometric param-
eters.

Results: All the measured spirometric parameters were significantly correlated with age, height, weight, and BSA. FVC was higher in
boys aged 6-10 years than girls at ages matched. Height showed the highest correlation coefficient for all the spirometric parame-
ters followed by BSA, weight and age in both genders. The normal predicted values of FVC and FEV; at 130 cm in this study using re-
newed reference equations were approximately in the middle compared to previous studies.

Conclusion: We reported here the renewed reference equations for normal predicted values of pulmonary function tests with high
coefficients of determination based on updated data in healthy Korean children. (Allergy Asthma Respir Dis 2014;2:187-193)
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Table 1. Characteristics of the study subjects

Characteristic Male (n=189) Female (n=217) Pvalue
Age (yr) 9.12+1.73 9.30+1.64 0.292
Height (cm) 136.39+11.69 137.32+11.77 0428
Weight (kg) 3344+9.26 3341+9.81 0.979
FVC(L) 1.94+0.48 1.83+047 0.015
FEVA (L) 1.78+0.43 1.73+0.45 0.233
FEF 556755 (L) 2.16+061 2.33+0.73 0.011
PEFR (L/sec) 406+099 391+1.08 0.147

Values are presented as mean + standard deviation.
FVC, forced vital capacity; FEV;, forced expiratory volume in 1 second; FEFzse7se,
forced expiratory flow at 25% to 75% of FVC; PEFR, peak expiratory flow rate.
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Table 2. Mean values of spirometric parameters
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Agely . FVC (L) FEV: (L) FEF29.75% (L/sec) PEFR (L/sec)
Male Female  Pvalue Male Female  Pvalue Male Female  Pvalue Male Female  Pvalue
6 43 1514020 1254019 <0001 140+016 1.19+019 <0001 173+030 163+040 0362 310+054 270+047 0014
7 65 160+029 147+021 0032 145+£023 138+0.18 0147 1.77£045 187+042 0380 337+062 3.10+059 0078
8 81 169+029 157024 0049 156+023 148+019 0071 1.92+032 198+037 0405 356+052 330+050 0.026
9 66 202+027 183029 0007 185+023 174+027 0080 222+049 226+046 0724 418+055 4.14+072 0793
10 71 223+035 205+034 0032 204+029 195+032 0219 247+052 269+064 0119 461+061 438+090 0209
" 68 241040 241037 0964 222+037 228+035 0486 269+066 303+079 0055 5134093 505+1.02 0.756
12 12 274+055 248+018 0266 255+054 241+018 0551 295+060 338+021 0119 565+048 513+044 0083
Values are presented as mean + standard deviation.
FVC, forced vital capacity; FEV+, forced expiratory volume in 1 second; FEFzs«. 7s%, forced expiratory flow at 25% to 75% of FVC; PEFR, peak expiratory flow rate.
Table 3. Prediction equations and square of regression coefficients for each spirometric parameter
) FVC(L) FEV: (L) FEF2275% (L/sec) PEFR (L/sec)
Varable Prediction equation r’ Prediction equation r’ Prediction equation r’ Prediction equation r’
Male
Age (yr) Y=0.210A+0.031 0573 Y=0.193A+0.019 0.602 Y=0223A+0126 0401 Y=0441A+0.034 0.593
Height (cm) Y=0036H-3018  0.791 Y=0033H-2753 0818 Y=0037H-28% 0509 Y=0068H-5263 0654
Weight (kg) Y=0.043W+0512 0688 Y=0.038W+0507 0676 Y=0041W+0.778 0398 Y=0.076W+1511 0510
Body surface area (m?) Y=2.086B-0.392 0.747 Y=1871B-0.313 0.744 Y=2042B-0.126 0443 Y=3782B-0.177 0.575
Female
Age (yr) Y=0.230A-0.307 0.635 Y=0219A-0309 0647 Y=0295A-0411 0441 Y=0476A—-0523 0.542
Height (cm) Y=0.036H—3.087 0.799 Y=0034H-2939 0805 Y=0045H-3916 0544 Y=0.075H-6.327 0.663
Weight (kg) Y=0040W+0489 0696 Y=0038W+0464 0695 Y=0052W+0580 0501 Y=0083W+1.132 0575
Body surface area (m?) Y=1975B-0389  0.753 Y=1871B-0369 0754 Y=25565B—-0539 0532 Y=4111B—-0702 0624

FVC, forced vital capacity; FEV;, forced expiratory volume in 1 second; FEFss4s+, forced expiratory flow at 25% to 75% of FVC; PEFR, peak expiratory flow rate; r%,
square of regression coefficient. A, age (yr); H, height (cm); W, weight (kg); B, body surface area (m?).
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Table 4. Multiple linear regression equations for spirometric parameters with variables of the physical measurements in male subjects

Park CH, etal. « Expected normal values of pulmonary function test

Parameter Regression equation r’ SEE Pvalue
FVC Y=—0.016A+0.035H + 0.025W —0.905B - 2.531 0.801 A, 0.018; H, 0.012; W, 0.043; B, 2.641 <0.001
Y=-0017A+0.031H+0.011W —2.502 0.801 A, 0.018; H, 0.004; W, 0.004 <0.001
Y=-0.013A+0.038H-3.129 0.792 A, 0.018; H, 0.003 <0.001
Y=0.036H—-3.018 0.791 H, 0.001 <0.001
Y=0.078A+0.032W +0.179 0.720 A, 0.017; W, 0.003 <0.001
FEV, Y= —0.006A +0.039H + 0.036WW — 1.911B — 2.561 0.822 A, 0.016; H, 0.010; W, 0.036; B, 2.250 <0.001
Y=—0.007A+0.031H+0.005W —2.499 0.821 A, 0.015; H, 0.003; W, 0.003 <0.001
Y= —0.006A + 0.034H —2.800 0818 A, 0.015; H, 0.002 <0.001
Y=0.033H-2.753 0.818 H, 0.001 <0.001
Y=0.086A +0.026W +0.139 0.723 A, 0.015; W, 0.003 <0.001
FEF25075% Y=0.029A +0.062H + 0.101W — 6.286B — 2.906 0514 A, 0.036; H, 0.024; W, 0.085; B, 5.253 <0.001
Y=0.024A +0.034H - 2.62E — 05\ — 2.702 0510 A, 0.036; H, 0.007; W, 0.007 <0.001
Y=0.024A + 0.034H—2.701 0510 A, 0.036; H, 0.005 <0.001
Y=0.037H-2.8%6 0.509 H,0.003 <0.001
Y=0.127A+0.023W +0.233 0.449 A, 0.031; W, 0.006 <0.001
PEFR Y=0.154A + 0.009H — 0.146W + 8.294B — 3.749 0.677 A, 0.048; H, 0.032; W, 0.113; B, 6.963 <0.001
Y=0.162A + 0.049H— 0.002\W — 4.038 0.674 A, 0.048; H, 0.009; W, 0.010 <0.001
Y=0.162A + 0.048H - 3.923 0.674 A, 0.048; H, 0.007 <0.001
Y=0.068H—5.263 0.654 H, 0.004 <0.001
Y=0311A+0.031W+0.179 0.627 A, 0.041; W, 0.008 <0.001

1%, square of regression coefficient; SEE, standard error of the estimates; FVC, forced vital capacity; FEV:, forced expiratory volume in 1 second; FEFss«-s+, forced expiratory flow

at 25% to 75% of FVC; PEFR, peak expiratory flow rate; A, age (yr); H, height (cm); W, weight (kg); B, bady surface area (m?).
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Table 5. Multiple linear regression equations for spirometric parameters with variables of the physical measurements in female subjects

Parameter Regression equation r’ SEE Pvalue
e Y=0.027A +0.021H—0.005W + 0.918B —2.208 0.809 A,0.017;H,0.011; W, 0.037; B, 2.301 <0.001
Y=0.027A +0.026H + 0.009W — 2.247 0.809 A,0.017; H, 0.003; W, 0.003 <0.001
Y=0.025A +0.033H—-2.904 0.801 A, 0.018; H, 0.002 <0.001
Y=0.036H—3.087 0.799 H, 0.001 <0.001
Y=0.111A+0.026W —0.073 0.758 A, 0.015; W, 0.002 <0.001
FEV; Y=0.030A + 0.022H + 0.001W + 0.478B —2.140 0.814 A, 0.016; H, 0.010; W, 0.035; B, 2.146 <0.001
Y=0.031A + 0.024H + 0.008W — 2.161 0.814 A, 0.016; H, 0.003; W, 0.003 <0.001
Y=0.029A+0.031H—-2.732 0.808 A, 0.016; H, 0.002 <0.001
Y=0.034H-2.939 0.805 H, 0.001 <0.001
Y=0.110A +0.024W—0.093 0.764 A, 0.014; W, 0.002 <0.001
FEFz5075% Y=0.049A + 0.053H + 0.115W - 6.012B - 2.544 0.563 A, 0.041; H, 0.026; W, 0.086; B, 5.354 <0.001
Y=0.048A +0.026H + 0.019W — 2.286 0.560 A, 0.041; H, 0.008; W, 0.007 <0.001
Y=0.043A + 0.040H - 3.600 0.547 A, 0.041; H, 0.006 <0.001
Y=0.045H—-3.916 0.544 H,0.003 <0.001
Y=0.132A +0.036W —0.090 0539 A, 0.032; W, 0.005 <0.001
PEFR Y=0.073A+0.041H—0.024W + 2.559B — 4.453 0.668 A, 0.052; H, 0.033; W, 0.112; B, 6.920 <0.001
Y=0.073A +0.052H + 0.018W — 4.563 0.668 A, 0.052; H, 0.010; W, 0.009 <0.001
Y=0.069A + 0.066H—5.790 0.663 A, 0.053; H, 0.007 <0.001
Y=0.074H-6.291 0.660 H, 0.004 <0.001
Y=0.245A +0.052W —0.095 0.627 A, 0.042; W, 0.007 <0.001

r?, square of regression coefficient; SEE, standard error of the estimates; FVC, forced vital capacity; FEV;, forced expiratory volume in 1 second; FEFzss. 75+, forced expi-
ratory flow at 25% to 75% of FVC; PEFR, peak expiratory flow rate; A, age (yr); H, height (cm); W, weight (kg); B, body surface area (m?).
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Table 6. Comparison of predicted values of FVC and FEV: with previous studies

Park CH, etal. « Expected normal values of pulmonary function test

Domestic reports Foreign reports
Parameters  Gender
Authors No.  Regression equation Value at 130 cm Authors No.  Regression equation Value at 130 cm

FVC Male Choetal”(1992) 148  0.042H-3911 1.549 Knudson et al.” (1983) 0.041H-3.376 1.954
Yoonetal”(1993) 1,056 0.046H—4.088 1.892 Ipetal”(2000) 486 3.339Ln(H)-15.699 1.779
Limetal®(1994) 490  0.034H-2636 1.784 Nystad etal."? (2002) 314 0.0337H-2.52 1.861
Chaetal ¥(1994) 99  0041H-3619 171 Torresetal.”® (2003) 48 39H—3200.5 1.870
Nametal®(1998) 282  0.053H-5472 1418 Al-Riyami etal.¥(2004) 382  2.964Ln(H)—1.851 1.740
This study 189 0.036H-3.018 1.662 Jengetal'™(2009) 109 0.025TH-1.629 1.634
Female  Choetal”(1992) 154  0.031H-2620 1410 Knudson et al.? (1983) 0.043H-3.749 1.841
Yoonetal#(1993) 966  0.0423H-3.696 1.803 Ipetal'"(2000) 544 3.170Ln (H)-14.955 1.697
Limetal®(1994) 475  0.035H-2878 1672 Nystad etal.””(2002) ~ 289 0.0279H-1.93 1697
Chaetal ¥(1994) 99 0.033H-2.738 1.552 Torres et al.™ (2003) 52 322H-24448 1.741
Nam et al ¥ (1998) 170 0.038H—-3.533 1.407 Al-Riyami etal."”(2004) 455  2.835Ln (H)-13.270 1.616
This study 217 0.036H—3.087 1.593 Jengetal™(2009) 105 0.0250H—1.661 1.589
FEV; Male Choetal”(1992) 148  0.034H-2.968 1533 Knudson et al.* (1983) 0.035H-2.814 1.736
Yoonetal”(1993) 1,056  0.037H-3277 1.452 Ipetal”(2000) 486 3.135Ln(H)—14.830 1.595
Limetal®(1994) 490 0.031H-2.391 1.639 Nystad etal.”?(2002) ~ 314 0.0295H-2.11 1.725
Chaetal ¥ (1994) 99 0.039H—3.506 1.564 Al-Riyami etal."(2004) 382  2.972Ln(H)-13.999 1.540
Nametal®(1998) 282  0.049H-5.057 1.313 Jengetal™(2009) 109 0.0221H-1.372 1.501

This study 189 0.033H-2753 1537
Female  Choetal”(1992) 154  0.023H-1665 1.325 Knudson et al.*” (1983) 0.034H-2.758 1.662
Yoonetal”(1993) 966  0.0319H-2.666 1.481 Ipetal” (20000 544 3.080Ln(H)-14.607 1.562
Limetal®(1994) 475 0.031H—-2.505 1.525 Nystad etal.””(2002) 289 0.025TH—- 1.6 1.603
Chaetal®(1994) 99  0033H-2772 1518 Al-Riyami etal."”(2004) ~ 455 2.843Ln(H)—13.392 1.380
Nametal®(1998) 170  0.033H-2.941 1.349 Jengetal™(2009) 105 0.0219H-1.381 1.466

This study 217 0034H-2.939 1.481

FVC, forced vital capacity; FEV;, forced expiratory volume in 1 second; H, height (cm).
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