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Changes of Pulmonary Disability Grades according to the Spirometry
Reference Equations

Joung Oh Lee, M P H, Byung-Soon Choi, MD, PhD,
Occupational Lung Discases Institute, Korea Workers’ Compensation & Welfare Service (KCOMWEL), Ansan, Korea

Background: The aim was to estimate the differences between pulmonary disability grades according to the
spirometry reference equations (the Korean equation and the Morris equation),

Methods: Spirometry was performed on 16,916 male and 1,353 female special examination for pneumoconiosis,
in the period of 2007~2009. Changes in predictive values for forced expiratory volume in one second (FEVy),
forced vital capacity (FVC) and FEVy/FVC and in disability grade were evaluated using both equations,
Results: Mean FVCs for men and women were 4,218 7 mL and 2,801.5 mL in predictive values after the application
of the Korean equation, and 3,763.9 mL and 2,395.6 mL after the Morris equation, respectively, Compared with
the Morris equation, the Korean equation showed 10.8% and 14.5% of excesses for men and women (p<0.001).
Mean FEV;s for men and women were 3,102.5 mL and 2,107.1 mL in the Korean equation, and 2,667.8 mL and
1,699.6 mL in the Morris equation, respectively. Compared with the Morris equation, the Korean equation showed
14.0% and 19.3% of excesses for men and women (p<0.001). Men and women who showed the changes of
disability grades using the Korean equation in place of the Morris equation were 23.9% (4,052/16,916) and 22.9%
(311/1,353) on FVC, and 23.1% (3,913/16,916) and 10.7% (145/1,353) on FEV;.

Conclusion: Applying different reference equations for spirometry has resulted in changes for disability grades in
special examination for pneumoconiosis,
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1) Heasy

A3 AAEHAD BN RN AN
FVCS} FEV, ] ARE T3l AZFE471e Vimax-
229 (Viasys, Yorba Linda, CA, USA) ¥ Dry rolling seal
spirometry 2130 (Viasys)& AFg-3FL, HE=4S A
Ala7] Aell 3 L AedAlz 2Aske] 2.91~3.09 L o9
AR S7gEolof Floll 7171¢] He/ds ®okeh AR
S} AP ol] el g shaL, ARE B oAt
7F 53] olsfetes shoitt. HAF ti Rk oAl ok
2 AN A o FE|A] Fes skl 53 of
b F= AR el ol FHoR F5 Hal NS
INBEICE 371 #HAgh 6% ol BEAWESE SHst
AL, vholAR7ke FE ¢} nke-Au](Fol) HEl= 7Y
ZARvict mAske] ARgSHIEE. ARSI Aol A%
o] = HARE 39 ol AAskaL, ARk Afol7}
200 mL 2kl ABA Qs IR 7P e AAAE
Melskoiet, BE AAPPHE 20059 585815/
357183 Al whet 7S AlsEgich

2) 2= oEY

HEFEA oS A2 e ALEH 74
U Morris ofl&44e ARB8EAL St} £ dATtolre =
ol o= g Moris o524 olgate] Wmalir
(Table 1).
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Table 1, Reference equations for FVC and FEV,

Morris equation’

FVC Males 0,148 x Ht (in)—0,025 x Age —4 241
Females 0.115xHt (in)—0,024 x Age —2 852

FEV: Males 0.092 x Ht (in)—0.032xAge—1.26
Females 0.089 x Ht (in)—0.025 x Age—1.932

Korea equation®

FVC  Males —4,8434—0,00008633 x Age2 +0.05292
xHt (cm)+0,010947 x Wt (kg)
Females —3,0006—0,00012728 x Age2 +0,03951
xHt (cm)+0,006892 x Wt (kg)
FEV:  Males —3.4132—0,0002484 x Age2
+0.04578 xHt (cm)
Females —2.4114—0,0001920 x Age2

+0.03558 x Ht (cm)

FVC: forced vital capacity; FEVy: forced expiratory volume in
one second,
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wpskth, AAHE)S &3] thH] FVC=80% B X &
(FEV,/FVC) = 70%0]HA] o|ZX] thH]| FEV, = 80%% 7,:3,
ofskoiet. Arsl(Fu)e dlE3] tiv] FVC 79~70% 5=
+ FEVI/FVC<70%0|HA] oll&] thy] FEV, 79~ 70%=
Aefstadtt. BrAgsli(F)e= 5] iy FVC 69~ 55%
T FEVY/FVC < 70%0]AA o|S2] T8 FEV; 69~ 55%
2 A3t} S5 =43 (F)e <l&3] thn] FVC 54~
45% B FEV)/FVC<70%0] A o&X] thH| FEV, 54~
45%= Aolstqirt. A=A (Fy)= olSA] tiv] FvC<
45% T FEV/FVC<70%0]9A oZ&3] thH] FEV, <
45%= g 2Jatsirt.

4) A=A

Zl59] d=3 e+ Microsoft Excel 20002 |83}
gon, EA TR SPSS version 12,0 (SPSS Inc,,
Chicago, 1L, USA)& ARE3Fe] 418190}, pake] 005K
o} 22 75 SAKSE frolgh alo|7} qlrhar ekl
i, FrolAlE AL ol8st Asle W 7S Blas)
k. mgk gkl 5213 Morris o152 7 AR o

e

Table 2, Characteristics of the subjects

Male Female
Number 16,916 1,353
Age, yr 63.7+82 66.6+7.1
Height, cm 164 7+57 1512+56
Weight, kg 642+96 58.0+9.1
FVC, mL 3,6926+7459 2,51561+496 9
FEV4, mL 2,5617+£677.0 1,904 1+4490
FEV1/FVC, % 692+112 754+84

Values are presented as number or mean+standard deviation.
FVC: forced vital capacity; FEV;: forced expiratory volume in
one second; FEV4/FVC: percent of FEV:/FVC.

z
1, ATHAIRIS] s S

AR} 18,2697 5 16,9162 %XM 1,353
2 ozlolQltt, ATl dAtY] HAb Wit B 63.7+
8 2*1] AR 164,7£5,7 cm, AFL 64.219.6 kgo]3]

I, oz} P AEe 66,6714, e 151.2+5.6
cm, AFE 58.0£9.1 kgo|tH(Table 2).

2, HEgHEH ofE4AE Hlw
HALFSAY AHE s ) 5de 83t &
et} g=el ez JRERt o529 dlSA= FVC

7F GRS et 4,218.9 mL, &JAR= 2,801.5 mLO|R)
o, 2]=9] Morris 0112*‘ oS EA} 3,763.9 ml,
A2} 2,395.6 mLO|ATt, SH=m?l of|S2] o HlEle] o=
Morris ol&21& Yzl 10.8%, A} 14.5% }o]7} Qo] 8t
Q1 d&2]o] d5AE #A Wrkskal Ithp<0.001),
FEViI= BAR1 739 W3t 3,102,5 mL, &J#} 2,107.1 mLo]
o™, Morris &2l P2} 2/667.8 mL, &} 1,699.6
mLo|St}, dk=2l ofl&2le] Hlte] Morris oS24 HA
14.0%, o2k 19.3% =ke]7} §lo] FVCét o] FEV &= ofl&
217k #=A B7HEJACHP <0.001)(Table 3).

= A7 e AY7IEe R
G ‘J 31 oSA]ellx] AdHE) 0] 9,584
( T7%), ﬁulﬂ-EH(Fl/z) 3,35278(19.8%), =3 (F)
5628(15.1%), S5 =430(F,) 7789 (4.6%), =35
(Fa) 6407(3.8%0) 0] YEPHIL, Morris ol&2]ollM= A4t
(Fo)ol 13,064%(77.2%), Zdnd3l(F12) 1,785%8(10.6%),
=3 (F) 1,278W(7.6%), S5 =33N(F,) 46578(2.7%),
J«JM(FQ 3247(1.9%) 22 eIt ozl gl

Table 3, Mean predicted values of spirometry when the two different reference equations are applied to the study subjects

Korean equation Morris equation Different (%) p-value*

Male (n=16,916) FVC, mL 42187 3,763.9 454 8 (10.8) <0,001
FEVy, mL 3,1025 2,667.8 4347 (14.0)

Female (n=1,353) FVC, mL 2,8015 2,395 6 4059 (14.5) <0,001
FEVy, mL 2,107 1 1,699.6 407 5 (19.3)

FVC: forced vital capacity; FEVy: forced expiratory volume in one second,

*Calculated by t-test,
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Figure 1, Effect of different reference equation on the interpretation of spirometry disability patterns,

Table 4, Distribution of disability grades classified by FVC when the two different reference equations are applied

Korean equation

Total
FO F1/2 F1 I:2 FS
Morris equation

Male Fo 12,049 (81.0) 2,671 (17.9) 163 (1.1) 0 0 14,883 (100.0)
Fip 0 281 (22 4) 975 (77 .6) 0 0 1,256 (100.0)
F 0 0 406 (69.3) 180 (30.7) 0 586 (100.0)
Fo 0 0 0 76 (54.7) 63 (45.3) 139 (100.0)
Fs 0 0 0 0 52 (1000 52 (100.0)

Total 12,049 (71.2) 2,952 (17 .5) 1,544 (9.1) 256 (1.5) 115 (0.7) 16,916 (100.0)

Female Fo 1,024 (80.6) 212 (16.7) 35 (2.7) 0 0 1,271 (100.0)
Fip 0 3 (6.1) 56 (94.9) 0 0 59 (100.0)
Fi 0 0 14 (82.4) 3 (17.6) 0 17 (100.0)
Fo 0 0 0 1(16.7) 5 (83.9) 6 (100.0)
Fs 0 0 0 0 0 0

Total 1,024 (75.7) 215 (156.9) 105 (7.7) 4 (0.9 5 (0.4) 1,353 (100.0)
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Table 5. Distribution of disability grades classified by FEV1 when the two different reference equations are applied

Korean equation

Total
FO F1/2 F1 F2 FS
Morris equation
Male Fo 12,123 (86.3) 1,698 (12.1) 227 (1.6) 0 0 14,048 (100.0)
Fip 0 11 (1.0 1,143 (99.0) 0 0 1,154 (100.0)
F 0 0 464 (45.3) 561 (54.7) 0 1,025 (100.0)
Fo 0 0 0 111 (28.1) 284 (71.9) 395 (100.0)
Fs 0 0 0 0 294 (100.0) 294 (100.0)
Total 12,123 (71.7) 1,709 (10.1) 1,834 (10.8) 672 (4.0) 578 (3.4) 16,916 (100.0)
Female Fo 1,201 (94.1) 50 (3.9) 26 (2.0) 0 0 1 277 (100.0)
Fie 0 0 39 (97.5) 1 (2.5 0 0 (100.0)
F 0 0 4 (16.7) 18 (75.0) 2 (8.3 4 (100.0)
Fo 0 0 0 0 9 (100.,0) 9 (100.0)
Fs 0 0 0 0 3 (100.0) 3 (100.0)
Total 1,201 (88.8) 50 (3.7) 69 (5.1) 19 (14) 14 (1.0) 1,353 (100.0)

Table 6, Compares of agreement according by FVC refer-
ence equations

Table 7, Compares of agreement according by FEV; refer-
ence equations

k-value (SE) 95% Cl k-value (SE) 95% Cl
K-M Male 0.329 (0.042) 0.247 ~0.411 K-M Male 0.408 (0.038) 0.331~0.482
Female 0.182 (0.034) 0.115~0.249 Female 0.331 (0.041) 0.251~0410
k-value (overall) 0.241 (0.049) 0.189~0.293 k-value (overall) 0.371 (0.134) 0.316~0425

SE: standard error; Cl: confidence interval; K-M: Korean equa-
tion and Morris equation,

ofl&2]ollM A2HFy) o] 9578(70.8%), Z4v|g3(Fi) 217
H(16.0%), F=A8(F) 13998(10.3%), 5=l (F.)
2278(1.6%), =33} (F5) 18WH(1.3%) 0] YEFsEaL, Morris

&2 M= A E) 0] 1,22478(90.5%), ARl (Fy)
787(5.8%), A=A (F)) 3478(2.5%), =43l (F) 14
H(1.00%), L=A3N(Fs) 37(0.2%) 22 JEPHTHFigure
1). Morris o|&2]ellA] gh=Ql o] 52| 02 nlto] ARg-st
A Al e B HEP FveeE w@ake A9
23.9% (4,052/16916), &A= 22.9% (311/1,353)7} @2}
A, FEV,S FAP} 23.1% (3,913/16,916), A=
10.7% (145/1,353) @eF-tH(Tables 4, 5). A= H3}=

FEV; Bt} FVC7h O] B2 0= Yl
4, HEgZ oS4 e LX|= H|lw

AH7)5 Az B 7S 3=l o|&217) Morris
&g 747t Algele wl, Fveal F 4 7ol o
Ae= e}l ofzte] k Alg ke 247t 0.329, 0.1828
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SE: standard error; Cl: confidence interval; K-M: Korean equa-
tion and Morris equation,

S B, BV, F 4 ke AR e
k Ao Fkol 0.408% Hgo|lal, o= k Alg #kel
0.331%2 27| EtK(Tables 6, 7).

SRl e o=l e s it
215 A « 2lollA ol
I = Morris ol|&21E o]-83 HE=Ey 23
o} S-efuEtellA Jptek gh=]l dlE2E o838kl o,
Z}zto] H&FEA eS| 2to] E‘iﬁi SelstaL, wheha
A7) X]—sHE HAo| gz
H&F5A odSA] 321 A= dAg =105 7
Aok st} 19919 W|=g4-8}3](American  Thoracic
Society) A= ]é/%% Adeish= 7]z tal 37HA1E
AR Qlck. S 2] 71 (methodolgic criteria)
I} 98ty 7| (epidemiologic criteria), AT 7|5
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(statistical criteria)o], o] ZAEL HEIF= =
& Fo @ ol neEolol gt S /)%
& 42 4 W 49 A9 5 %— e o35

aflo} o].;ﬂ_ AT oA
3, cl&2joxi= 4“4 B @%&% grs)Au o 1
A& AR 5 e ARE A SR s ol
ato Yisfof gt 6541 ofste] ATt 3RS g
2 78 524E 804 EAtellA 283 wiel 2ol o=
25 7 AFde AR APFHEE Hold ol A
8ok Aol adol Felslof Aot ol Ve
st} EA 215 AREIH A7 HAA dE] o] 85
d]&219] Morris2le] 71 2 EA|HL AxplHo] &
ZH n=Eekel o] AdHESAY 2ES AR va,
7P EAS] Zlo] FEVi ARkl W o= Alzhxe)
Aol Kory 7] W& AMgghet dA) w=grels]
o] PAEH= v BolabHie ALg3l= Aot
nl=EekEl ol wWelel A AETF dSge 59
of 288 wj HAAFE FVCe} FEVi 0,887 483}
ghal FHon, Meld ZQle] FVC 2fol7} of 12%%.
BaSIE, wEh o)) o&ale ARgRhE 9%
o] Ao|x3t gh=ele] AP S ghHHA| vHdatA] Eéb.
27100 @=RellA Agshrlell FAEE 5= 3ot
3 % 18,2698 (A}, 16916; A}, 1,353)9] & ¢
75 534 AEFSA 52 =9 Morris Oﬂz*l
oM gl o540z nHto] ARgEP dSA] Afol=
FVC7E @9l el &40l njste] o]=72] Moris o154
HA7E 10.8%, oZR= 14.50% 2oz §lof g=ql o5
of ¥/ H7FERIH. FEViRE gkl o520 Hlokﬂ
Morris o522 A7} 14,00, 2R= 19.3% AtolE
of FvCel Zo| FEV,E oSA)7F =71 71 i olfd

r\l

<

Aol QIgk HREH e oJF Asl7)s o Bg7]
F PIE FO T VI S Y A0E AT 5
§10et.
A7V A 4 wael Momis oS0 &

¢l 5202 npte] ARSI FVGE HAke] 7%
23.9%, A= 22.9% BEaL, FEVS 9R7) 23.1%, o
AR=10.7% EEkiich Asle #sl= FEV, Bt FVCrt
o B Aoz Vel FVC 71E Wake] 739 AAKE,)
oM AuASNFE 2,671817.9%), AEANE)Z

16378(1.1%) BFASIAL, P38l (Fr) oM BA=sl(F)=

975%(77.6%), A=A (F) AN F5A8 (F)= 1807
(30.7%), S =3l (Fo) oM IL=A3l (F3) 2 6378(45.3%)

o] Msts yeRlltt, ozte] A= A3 E) oA A
3 (Fr)= 21278(16.7%), A=A (F)Z 359 (2.7%) B}
1?10“ Z3nal () oM A=A (FDRE 5678(94.9%),
TAABNFDIN FeEFMEIZR 3HAT7.0%), To%
XJsll(Fz)oﬂH DA (F) = 57H(83.3%)0] W3S Uhe}
Wtk FEV, 715 9Rbe] B9= AHE) A r)s)
(Fio)= 1,608%(12,1%), H=A3N(F)= 2277(1.6%) BH
RIL, APl (F) ol A=l (EDZ 1,14378(99. 0%>
B3 (F) oM T2l (F)R 56178(54.7%), %

A3l (F)ollx] L3l (Fa) 2 28478(71.9%) 0] *ﬁ%
bt ozke] 79 A2 F) oA Al (F)E 50
H(3.9%), A=A (F)Z 2678(2.0%) vl i’h el
(Fi)olM A=A (F)E 399(97.5%), T5=3N(F.)
2 172, 5%), A (F) oA T8 (F)E 189
(75.0%), =33 (F3) 2 278(8.3%), S5 =33l (F,) oA
A=A (F5) 2 9%(100.0%)0] 32 Jehdch,

o] e QT A= 20059% Choi S°0] a2l o=
21& 7asldS wf Morris ol 5212} Bl a3PHA o= 3
T dPde] HAW Zle g H&FEA olSA] FVCe} FEV,
B0l gl Adlo] mlme] AARIE) o A4 U8kl
mEolt}, 2006 Oh 5% ALFSANS )4 uf
52102 Morris o52] tj2l dk=<l cﬁlé—é}% A3,
27} 22,509 oAx}= 24 8% R A=A ookt
3| Ao] gebzivkar shlct. spANE & A7 A} Oh
——o] Hsk 7%4- ;(].o].‘: 11-3]1 4@7]12 j=3 3]—0% L]_
Efd Aot a2t Aellx HA7IES TS o83t
A=A el Qo] F Aot AHg ER] FaL szlv}

Aoz o AL S F7IA A H &
574 oSS uHte] AR Alulvls el %@
Gkl frofgh ke vE F Qlod, d=el dEAE
Agsto] A= #gS & o) fdste] Frieke Ao
F st
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