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This study proposes a spirometry reference equation suitable for Asian migrant workers undergoing
special health examinations. The study participants were divided according to their region: Central
Asia, Northeast Asia, and South Asia Pacific. We confirmed results of the spirometry analysis of

migrant workers and the interpretation consistency between the prediction equations. Based on this
data, we propose a reference equation suitable for domestic migrant workers and suggest a scaling
factor applicable to the spirometer wherein the reference equation is not easily applicable. The
kappa-values obtained for men and women, respectively, between the global lung function initiative
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2012 (GLI2012)-Southeast Asian and the Southeast Asian equations were 0.819 and 0.770,
between the GLI2012-Southeast Asian and the South Asian equations were 0.881 and 0.866, and
between the GLI2012-Northeast Asian and the Central Asian equations were 0.831 and 0.833. We
propose applying the GLI2012-Northeast Asian equation for Northeast Asian and Central Asian
countries, whereas the GLI2012-Southeast Asian equation was found to be more suitable for

predicting Southeast Asian and South Asian populations. For spirometry, we recommend applying a
scaling factor of 0.87 to the Dr. Choi equation, wherein the GLI2012-Southeast Asian equation is not
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applicable.
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Table 1. Obtained data

2019 Spirometry date in special health examination results
Testing date, height, weight, birth date, and sex
Spirometry interpretation, FVC, FVC (%), FEV1, and FEV1 (%)

Abbreviations: FVC, forced vital capacity; FEV1, forced expiratory
volume in 1 second.
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KOSHA database
N=1,048,560

¢ » . Korean workers (N=965,729)

N=82,831
| + Foreigners whose nationality cannot
v be confirmed (N=60,305)

N=22,526
| » Missing physical information or entry
v error (N=3,462)

N=19,064
I + Workers in countries not subject to the
v Employment Permit System (N=653)

N=18411 Figure 1. Sampling process. Abbreviation:

Male 17,211 Female 1,200 KOSHA, Korea Occupational Safety and
Health Agency.
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A|2}4 4]of weh-FEorA |k oA RS ol
AZ AABIHo, = l 49] 34 DA = (kappa-value, )
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Table 3. Interpretation consistency between Southeast Asian
equation and South Asian equation

Sex K SE 95% ClI

Male 0.934 0.005 0.924~0.944

Female 0.987 0.005 0.977~0.996
Abbreviations: K, kappa-value; SE, standardized error; ClI,

confidence interval.

Table 2. Representative reference equations applicable to the subjects under study

Reference equation formula

Author. reference applic_ation Refererjce equation
’ FEV1 FVC subject (discretionary name)
Crapo et al. M -2.0956+0.04052 xH-0.02411 xA -3.5922+0.05207 xH-0.015632 x A Central Asia Central Asian
1999 [8] F -1.15676+0.03053 x H-0.02234 x A -2.1706+0.03889 x H-0.01495 x A equation
Gnanou et al. M -1.284+0.03167 xH-0.027 xA —2.176+0.03889xH-0.027 x A Southeast Asia  Southeast Asian
2011 [9] F -0.643+0.02265xH-0.02 x A -1.147+0.02695xH-0.018 XA equation
Memon et al. M -1.44+0.03xH-0.02xA -0.848+0.032xH-0.02 x A South Asia South Asian
2007 [10] F -1.866+0.032xH-0.019xA -3.072+0.042 x H-0.02 x A equation
Choi et al. M -3.4132+0.04578 xH-0.0002484 x A?  —4.8434~(0.00008633 x A%+ Korea Dr.Choi equation
2005 [11] 0.01095xW+0.05292 xH

F -2.4114+0.03558 x H-0.000192 x A?

-3.0006-(0.0001273 x A%+

0.006892 x W+0.03951 x H

exp(-10.3420+0.0574 x In(A)+2.2196 x
In(H)-0.0351+mu-spline)

F exp(-9.6987-0.0270 x In(A)+2.1211 x
In(H)-0.0149+mu-spline)

exp(-10.3420+0.0574 xIn(A)+2.2196 x
In(H)-0.0881+mu-spline)

F exp(-9.6987-0.0270 % In(A)+2.1211 x

In(H)-0.1208+mu-spline)

Quanjer et al. M
2012 [12]

Quanjer et al. M
2012 [12]

exp(-11.2281+0.0865 x In(A)+ Northeast Asia  GLI2012-
2.4135xIn(H)-0.0405+mu-spline) Northeast Asian
exp(-10.4030-0.0234 x In(A)+ equation

2.2633%In(H)-0.0262+mu-spline)
exp(-11.2281+0.0865 x In(A)+

2.4135%In(H)-0.1177+mu-spline)
exp(-10.4030-0.0234 x In(A)+

2.2633%In(H)-0.1516+mu-spline)

Southeast Asia  GLI2012-Southeas
t Asian equation

Abbreviations: A, age; H, height: W, weight, FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GLI, global lung function

initiative; M, male; F, female.
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Table 4. Classification of study subjects
. Male Female
Subject group Country (N=17.211) (N=1,200)
Central Asia (N=2) Uzbekistan (N=1,033), Kyrgyzstan (N=48) 1,020 (5.9) 61(5.1)
Northeast Asia (N=2) Mongolia (N=82), China (N=11,147) 10,274 (59.7) 955 (79.6)
South Asia Pacific group (N=10) [Southeast Asial 5,917 (34.4) 184 (15.3)
Vietnam (N=1,484), Cambodia (N=578), Thailand
(N=560), Philippines (N=526), Myanmar (N=922),
Indonesia (N=511)
[South Asia]
Nepal (N=845), Pakistan (N=91), Sri Lanka (N=387),
Bangladesh (N=197)
Data are presented as number (%).
Table 5. Subject groups’s mean height and spirometry test results
Sex Subject group Mean height (cm) FVC (L) FVC below 80%
Male Central Asia (N=1,020) 173.4%6.0" 4.9+0.7%7 50 (4.9)*7
Northeast Asia (N=10,274) 167.2+5.9%*" 4.2+0.7%1 1,346 (13.1)*7
South Asia Pacific group (N=5,917) 166.9+5.8% " 4.0+0.6%*" 1,344 (2277
Female Central Asia (N=61) 159.9+6.6%" 3.4+0.6"" 6 9.8
Northeast Asia (N=955) 155.1+5 4# T 3.0+0.5%" 137 (14.3)*
South Asia Pacific group (N=184) 155.4+5 2%+ 1 2.9+0.4%" 39 (21.2%

Data are presented as number only, number (%), mean+standard or deviation.

Abbreviations: FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second.

*P<0.05, **P<0.01; TP-values were calculated by ANOVA. post hoc by Student-Newmann—Keuls test, TAvalue was calculated by

chi-squared test, §?=357.553; *P-value was calculated by chi-squared test, °=7.046.
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0.6% 0.3%

98.8% 99.1%

Male

95.5%

Female

Central Asian Northeast Asia South Asia Pacific

100%

Central Asian
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AL MA Ao BAAS:0.87S Jol9S w, AU =7t
7P &9k H(k=0.904), 43S F|H Ao HAAIS= 0.852 &
83} 49 AL =7} 7 =UtHK=0.923) (Table 7).

O 3IT AN

3.4%

JLire 96.6%

Mixed ventilatory disorder
Obstructive ventilatory disorder
Restrictive ventilatory disorder

Normal

Northeast Asia South Asia Pacific

Figure 2. Analysis results of spirometry of workers without ventilation disorder.

Table 6. Interpretation consistency between reference equation and comparative reference equation

Male Female
Reference equation Comparative Reference equation
K SE 95% ClI K SE 95% ClI
Central Asian equaiton Dr. Choi equation 0.848 0.005 0.838~0.858 0.855 0.020 0.816~0.894
GLI2012-Northeast Asian equation 0.831 0.005 0.821~0.841 0.833 0.023 0.788~0.878
GLI2012-Southeast Asian equation 0.602 0.008 0.586~0.618 0.382 0.038 0.308~0.456
Southeast Asian equaition  Dr. Choi equation 0.397 0.008 0.381~0.413 0.211 0.031 0.150~0.272
GLI2012-Northeast Asian equation 0.588 0.009 0.570~0.606 0.337 0.044 0.251~0.423
GLI2012-Southeast Asian equation 0.819 0.008 0.803~0.835 0.770 0.051 0.670~0.870
South Asian equation Dr. Choi equation 0.440 0.008 0.424~0.456 0.251 0.033 0.186~0.316
GLI2012-Northeast Asian equation 0.644 0.009 0.626~0.662 0.396 0.044 0.310~0.482
GLI2012-Southeast Asian equation 0.881 0.006 0.869~0.893 0.866 0.038 0.792~0.940

Abbreviations: K, kappa-value; GLI, global lung function initiative; SE, standardized error; Cl, confidence interval.
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Table 7. Interpretation consistency between the scaling factor—-applied Dr. Choi equation and global lung function initiative 2012-Southeast

Asia equation

Male Female
Scaling factor
K SE 95% ClI K SE 95% ClI
not applied 0.5626 0.008 0.510~0.542 0.211 0.031 0.150~0.272
x0.89 0.892 0.006 0.880~0.904 - - -
x0.88 0.899 0.005 0.889~0.909 0.847 0.035 0.778~0.916
x0.87 0.904 0.005 0.894~0.914 0.885 0.032 0.822~0.948
x0.86 0.903 0.005 0.893~0.913 0.883 0.032 0.820~0.946
x0.85 0.897 0.006 0.885~0.909 0.923 0.027 0.870~0.976
x0.84 - - 0.911 0.029 0.854~0.968

Abbreviations: K, kappa-value; SE, standardized error; Cl, confidence interval.
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HAASE 2 8o1= ol HES| & 5 U2 Ao|tH19]. B
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g Hol7l st ot 1 9] FFeF s AR et 1= QI o
Tk GLI2012-5 OIS Aeidt 4= Q= HE=FaA =
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of| Extstu 2 o] of&419] H-go| BV’ HAPIE 21t it
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