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Prediction Formulas of Pulmonary Function Parameters Derived from the
Forced Expiratory Spirogram for Healthy Nonsmoking and Smoking Adults and
Effect of Smoking on Pulmonary Function Parameters

Won Kyoung Cho, M.D., Eun Ok Kim, M.D., Seung Jae Myung, M.D,,
Seung Min Kwak, M.D., Youn Suck Koh, M.D., Woo Sung Kim, M.D.,
Moo Song Lee*, M.D. and Won Dong Kim M.D.

Deaprtment of Medicine, Department of Preventive Medicine*
Asan Medical Center, College of Medicine, University of Ulsan, Seoul, Korea

Background : The past studies on prediction formulas of pulmonary function parameters in
healthy nonsmoking Korean adults have been performed in relatively small number of subjects and
the reported results were restricted on a few parameters. Also there was no systematic investigation
into the effect of smoking on pulmonary function parameters in smokers who have no respiratory
symptoms. Therefore we attempted to establish prediction formulas of pulmonary function
parameters and examined the effect of smoking on pulmonary function parameters.

Methods : We analyzed the result of parameters derived from the forced expiratory spirogram
in 1,067 nonsmoking subjects from June in 1990 to December in 1991. They consisted of 306
males and 761 females and had neither respitatory symptoms nor history of respiratory disease. We
derived prediction formulas by multiple linear regression method from their age, heights, and
weights in each sex. To examine the effect of smoking on pulmonary function parameters, we
classified 383 smoking men into three groups according to the past amount of smoking as follows
: i.e. group of smokers who have smoked below 10 pack-years, 10-20 pack-years and above 20
pack-years. Regarding each group of past smoking as an independent dummy variable, we analyzed
pulmonary function parameters including nonsmoking men as a baseline by multiple linear
regression. We evaluated the smoking effect on pulmonary function parameters according to

estimated p-value.
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Result :

1) Prediction formulas for pulmonary function parameters in each sex were derived.

2) The past smoking less than 10 pack-years does not give any effect on pulmonary function

parameters. The past smoking of 10~20 pack-years showed significant negative correlation with

FEV/FVC and FEF 25~75%, and the smoking abcve 20 pack years showed negative correlation

with FEV, and FEV,/FVC.

Conclusion : We have got prediction formulas of pulmonary function parameters which is driven

from forced expiratory spirogram in nonsmoking Korean adults by multiple linear regression from

age, heights and weights of subjects.

The past smoking more than 10 pack-years showed negative correlation with some pulmonary

function parameters of airflow obstruction
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Table 1. Physical Characteristics of Subjects
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Table 2. Age Distribution of Subjects

Men Women Age Men Women
Non-smoker Smoker Non-smoker (years) Non-smoker  Smoker Non-smoker
(n=306) (n=383) n=761)
Agelycars)  4451102° 410+ 9.1  404+838 18~29 23 36 53
18-71)"  @1-75) (18~75) 30~-39 66 127 360
Heightcm) 1688+ 54 169.8+135  1599+46 40~-49 121 171 247
(1524~182.9) (154.9~187) (142.2~175.2) 0~-59 3 38 69
Weightkg) 663+ 87 6657101 551473 60~69 20 9 28
(39.9-90)  (44.9-939)  (38.1-83.8) 70-79 ! 2 4
Total Number 306 383 761
* Mean + SD ** ranges
Table 3. Prediction Formulas for Spirometric Parameters in Non-Smoking Men
Regression Coefficients
Constant Agel(years) . Height(cm) Weight(kg) P-value
FVC (L) 5787(115)*  -0.0140(0.004)  0.0641(0.007) “ 0.537 0.0001
FEV, (L) -1.862(091)  -0.0248(0.003)  0.0393(0.005) “ 0.584 0.0001
FEV/EVC(%) 106.1(2.48) -0.2492(0.03) O -0.1810(0.03) 0512 0.0001
FEF3. 7s%(L/Sec) 0799(2.08)  -00524(0.006)  0.0450(0.013)  -0.02990.008)  0.515 0.0001
FEF)5(L{Sec) 1906(322)  -0.0342(0.009)  0.0682(0.02) © 0.298 0.0001
FEFson(LySec) 1.739242)  -0.04700.007)  0039900.02)  -0.0229(0009) 0413 0.0001
FEFss5(L{Sec) 1287(142)  -0.03940.004)  0.0405(0.009)  -0.03030.005)  0.581 0.0001
FEF(L/Sec) ) ) “ © 0.099 03847
( )y* : standard error of estimate (-) : no correlation R : multiple correlation coefficient
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Table 4.

Prediction Formulas for Spirometric Parameters in Non-Smoking Women

Regression Coefficients

Constant Age(years) Height(cm) Weight(kg) R P-value
FVC (L) -2.859(0.62)* -0.0142(0.002)  0.0385(0.004) 0.0120(0.003) 0470 0.0001
FEV, (L) -1.682(0.55) -0.0216(0.002)  0.0343(0.003) Q] 0.519 0.0001
FEV/FVC(%) 107.8(1.57) -0.2597(0.02) ) -0.2102(0.03) 0.496 0.0001
FEF:s - 75 (L/Sec) 1.244(1.13) -0.0464(0.004)  0.0316(0.007)  -0.0153(0.005) 0476 0.0001
FEF:s5<(L{Sec) -0.457(1.53) -0.0220(0.005)  0.0455(0.009) (O] 0.247 0.0001
FEFso(L{Sec) 1.876(1.19) -0.0414(0.004)  0.0246(0.007) “) 0.383 0.0001
FEFs(L{Sec) 0.719(0.83) -0.0339(0.003)  0.0240(0.005)  -0.0258(0.004) 0.522 0.0001
FEF(L/Sec) -1.550(1.47) -0.0231(0.005)  0.0510(0.009) 0.0132(0.006) 0.295 0.0001

( )* : standard error of estimate (-) : no correlation

Table 5. Comparison of Predicted Values from
Various Studies in Men using Mean
Age and Height of This Study

Predicted

Investigators  Prediction formula (liter) Value
(liter)

Kory (1961)  VC=0052 H -0022A-3.60 - 4.19
Mormris(1971)  FVC=0.15 HI-0.025A -424 448
Knudson(1976) FVC=0.065 H-0.029A -546 422
Lee (1980) VC=0.052 H-0.009A-4.16 426
Present study FVC=0.064 H-0.014A -579 441
Kory(1961) FEV,=0.037 H-0.028A-1.59 341
Morris(1971) FEV,=0.092 HI-0.032A-126 343
Knudson(1976)  FEV,=0.052 H-0.027A-420  3.37
Present sdy  FEV,=0.039 H-Q.025A-1.86  3.67

H : Height(cm) H; : Height(inch) A : Age (years)

Predicted value : Value that were calculated by substitution

into the formulas of various studies of
mean values of height, age and weight
from present study.

Morris”, Knudson £*
o5Vl e WEH FAIL wlad T4 Hele
A=) HF /ﬂ)g Q] 168.8cme} FFedEdQl 44.54)
£ 2 Aol tijisled it FARE vszsl B A
of]A] %] 4742171 Morris 9] F4)-& Aletsls
H Agolla] el Tl 23t FAX He) YAl U
Sk}, of21e] 795 Table 60l]4] 7212 IS HoFm
ek

rlr r.‘Z. m

R : multiple correlation coefficient

Table 6. Comparison of Predicted Values from
Various Studies in Women using Me-
an age and Height of this Study

Predicted
Investigators Prediction formula (liter)  Value
(liter)
FVC=0041 H00I8A-2.69

Kory (196)  pyce0,11 HI-024A-2.85 305
Morris(1971)  pye-0,037 H-0.022A-1.77 333
Knudson(1976)  pyc0030 H-00036A-140 18
Lee (1980)  pycn0 0385 3.14
Present study 1.6 012W-0014A-2.86 331
K°ry,“921) FEV,=0.028 H-0.021A-0.87 270
r:urgss(:l(gz 6 FEVI=0089 HIL0025A-1.93 222
Prosent suudy FEVI=0027 HO021A-079 e

FEV;=0.034 H-0.022A-1.68
H) : Height(inch) A : Age(years)

H : Height(cm)
W : Weight(kg)
Predicted value : Value that were calculated by substitution
into the formulas of various studies of
mean values of height, age and weight

from present study.

Table 7. Effect of Smoking on Pulmonary Fun-
ction Parameters according to Amount
of Past Smokimg *

<10 10~20 =20

pack-year pack-year pack year
FVC 0.376 0.623 0.34
FEV, 0418 0.120 0.024
FEV|/FVC 0.328 0.003 0.003
FEF>s- 754, 0.778 0.029 0.053

*. p - value
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Fig. 1. Effect of aging on FEV l/height in nonsmokers
and smokers R : Multiple correlation coefficient
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Table 8. Male Non-Smoker(n=308)

Regression Coefficients

Constant Age Height Weight R P-value
(years) (cm) (kg)
FVC (L) -5.787 -0.0140 0.0641 ) 0.537 0.0001
FEV, (L) -1.862 -0.0248 0.0393 ) 0.584 0.0001
FEV//FVC(%) 106.1 -0.2492 ) -0.1810 0512 0.0001
FEF:s - 75 (L/Sec) 0.799 -0.0524 0.0450 -0.0299 0515 0.0001
FEF(L/Sec) -) ) ) ) 0.099 0.3847
(-) : no correlation R : multiple correlation coefficient
Table 9. Female Non-Smoker(n=764)
Regression Coefficients
Constant Age(years) = Height(cm) Weight(kg) R P-value
FVC (L) -2.859 -0.0142 0.0385 0.0120 0.470 0.0001
FEV, (L) -1.682 -0.0216 0.0343 -) 0.519 0.0001
FEV/JFVC(%) 107.8 -0.2597 ) -0.2102 0.496 0.0001
FEFs - 75%(L/Sec) 1.244 -0.0464 0.0316 -0.0153 0.476 0.0001
FEF(L/Sec) -1.550 -0.0231 0.0510 0.0132 0.295 0.0001

)

. no correlation R : multiple correlation coefficient

2) SRy AANES] oigh Flol A
FAGATY A Fodwkl et =A% A 10
pack-years ©|7Fe] Fod-2- oggko] g1l 10~20 pack-
yearsi= FEV,/FVC®} FEFa5-7s7ll, 20 pack-years o4
9] o1& FEV,3} FEV, [FVCo] thall fol3k o433
IAE Bt

e

1) BlFed Al ghelolld FZzbEe] oA, A
AFoRRE xBHATTITAE o83t ARFEAY
AR ESS] 2AAARNE AEste SHRRAE T
sl

2) ¥ % e A4RaAlE, Al
HAIE BT AFHE ARAAE Holx AAAE
% sien, E3] FEV/FVC(%)= AAdhe A
£ Ro|A] ¢igkorm AEw A4ATAE Elk

3) B il Azt B Aol Eolirel 3
FAET} A tijldk FVC 9 FEV, 2] 3844
7} AeklellA el FAlell tijigt ARtk & TAE
B3ich

4) AlgelzAdy AR F oigk o) AgE T

o3zl A

o

Wb A

e

3

ZArged G ¥R uiel BRzARE A3 10
pack-year w|9ke] Fed-2 ofgko] giglsr, 10~20 pack-
year®] #9312 FEV(/FVC % FEFxs.sss, FEFoseq,
FEF:sq0]] T3, 20 pack-year o]4+e] Foi-Z FEV, %
FEV,/FVColl thall foldt A4atatAg B3ick

5) Ake] ofsks BAE FEV(FEV /height) & 34
FAToNA Aol b A7IAES] Fage] dA Hl
FAFEe} frelehA E}kekP=0.0001)
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