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Applicability of American and European Spirometry Repeatability
Criteria to Korean Adults

Byung Hoon Park, M.D.', Moo Suk Park, M.D."*, Woo Young Jung, M.D.', Min Kwang Byun, MDD,
Seon Cheol Park, MD.', Sang Yun Shin, MD.', Han Ho Jeon, MD.', Kyung Soo Jung, MD_,

Ji Ae Moon, MD_", Se Kyu Kim, M,D."*°, Joon Chang, M.D."*, Sung Kyu Kim, M.D"?,

Song Vogue Ahn, M.D?, Yeon-Mok Oh, MD.*°, Sang Do Lee, MD.*°, Young Sam Kim, M D,"%*
Departments of internal Mediicine, 2Preventive Mediicine, SThe Institute of Chest Diseases, Yonsel University College of Medicine,
Seoul, 4Depa/tme/7t of Internal Mediicine, *Clinical Research Center for Chronic Obstructive Airway Diseases, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Korea

Background: The objective of this study was to evaluate the clinical applicability of the repeatability criteria
recommended by the American Thoracic Society/European Respiratory Society (ATS/ERS) spirometry guidelines
and to determine which factors affect the repeatability of spirometry in Korean adults,

Methods: We reviewed the spirometry data of 4,663 Korean adults from the Korean National Health and Nutritional
Examination Survey (KNHANES) Chronic Obstructive Pulmonary Disease Cohort (COPD cohort) and the Commu-
nity-based Cohort Study VI-Fishing village/Islands (community cohort). We measured the anthropometric factors
and differences between the highest and second-highest FVC (dFVC) and FEV; (dFEV;) from prebronchodilator
spirometry, Analyses included the distribution of dFVC and dFEV;, comparison of the values meeting the 1994
ATS repeatability criteria with the values meeting the 2005 ATS/ERS repeatability criteria, and the performance
of linear regression for evaluating the influence of subject characteristics and the change of criteria on the spiro-
metric variability,

Results: About 95% of subjects were able to reproduce FVC and FEV; within 150 ml, The KNHANES based on
the 1994 ATS guidelines showed poorer repeatability than the COPD cohort and community cohort based on the
2005 ATS/ERS guidelines. Demographic and anthropometric factors had little effect on repeatability, explaining
only 0.5 to 3%.

Conclusion; We conclude that the new spirometry repeatability criteria recommended by the 2005 ATS/ERS
guidelines is also applicable to Korean adults. The repeatability of spirometry depends little on individual charac-
teristics when an experienced technician performs testing. Therefore, we suggest that sustained efforts for public
awareness of new repeatability criteria, quality control of spirograms, and education of personnel are needed for
reliable spirometric results, (Tuberc Respir Dis 2007;63:405-417)
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2005 / (American Tho-

racic Society/European Respiratory Society, ATS/ ERS)
1

1994  ATS 2

ATS/ERS

1. g7

2001
(Korean National Health and Nutritional
Survey, KNHANES)
( COPD )
VI-/ (

. 2001
1994  ATS
, COPD
2005 ATS/ERS . 2001
Dry rolling seal spirometer (Model 2130, Sensor-
Medics, Yorba Linda, CA, USA)

COPD ,
3
FVC FVC (  drve)
FEV; FEV;
( dFEVY)
drvC (drve/ FVCx100, dFVC,%)
dFEV; (dFEVY/ FEV;x100, dFEV:,%)
drve dFEV;
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, 2001 1994 ATS
drFVC  dFEV: 200 ml
COPD 2005 ATS/ERS
dFVC  dFEV: 150 ml
3. &4
2001 , , COPD
1994 ATS
2001 dFVC, dFVC,%,
dFEV:, dFEVL,% 90 95
, 2005 ATS/ERS
COPD
drVvC, dFVC%, dFEV;, dFEVL,% 90
95 . 1994 ATS

2005 ATS/ERS

(multiple
regression analysis)
2 Il_l.
4,663 46.8
2,195 (47.1%), 2,468
(52.9%) 63.9% 2,980
COPD 11.1% 517
54 COPD
63 (Table 1, 2).
dFVC  dFEV; 95
167 ml 152 ml , COPD
( COPD ) drRVC
dFEV: 95 142 ml 133 ml
dFVC% dFEVL,% 95
4.4% 4.9% , COPD
dFrvC% dFEVL,% 95 4.5%
5.4% (Table 3, 4).
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Table 1, Characteristics of subjects between groups (1)

KNHANES*
(n=3,021)
Mean (5th~95th)

COPD cohort®
(n=99)
Mean (5th~95th)

Total
(n=4,663)
Mean (5th~95th)

Community cohort”
(n=1,543)
Mean (5th~95th)

Height (cm) 162.8 (149.0~177.6) 159.3 (146,5~173.5) 166.3 (159.0~175.0) 161.8 (147.9-176.5)
Weight (kg) 625 (47.1~81.3) 625 (48.0~80.9) 64.0 (48.7~85.0) 625 (47 5~81.1)
Age (1) 425 (22.0~67.0) 54_0 (42.0~67.0) 639 (51.0~74.0) 46,8 (23.0~68.,0)
C L 39 (25-55) 5 (2.4~4.9) 349 22 ~49) 8 (2.4~5.4)
FEV; (L) 32 (19-48) 7 (18~38) 6 (0.8~2.6) 0 (18~44)
FEV:% pred 9638 (74.1~116.6) 938 (71.3~114.8) 515 (26.7~80.6) 949 (69.8~116.0)
drFVC (ml) 59.3 (4.0~167.0) 57 4 (3.0~1420) 58 6 (0.0~150.0) 58 6 (4.0~159.0)
dFVC (%) 16 (0.1~4.4) 7 (01~45) 7 (0.0~39) 6 (0.1~4.4)
dFEV; (m) 538 (4.0~152.0) 50_8 (3.0~134.0) 27 6 (0.0~70.0) 52 2 (3.0~1440)
dFEV; (%) 18 (0.1~4.9) 0 (0.1~5.4) 9 (0.0~7.1) 8 (0.1~52)

dFVC: the difference between the highest and second-highest FVC; dFEV+: the difference between the highest and second-highest
FEVy; dFVC (%): dFVC / the highest FVC; dFEV; (%): dFEV, / the highest dFEVs; n: number,

*Korean National Health and Nutritional Examination Survey, "A Community-based Cohort Study VI-Fishing village/lslands, Chronic
Obstructive Pulmonary Disease Cohort,

Table 2, Characteristics of subjects between groups (ll)

KNHANES* Community cohort” COPD cohort” Total
(n=3,021) (n=1543) (n=99) (n=4.663)
Gender
Male 1,419 (46.9%) 677 (43.9%) 9 (100%) 2,195 (47 1%)
Female 1,602 (53.1%) 866 (56.1%) 0 (0%) 2,468 (52.9%)
Smoking status
Non-smoker 1,169 (38.7%) 509 (33.0%) 5 (5.1%) 1,683 (36.1%)
Smoker 1,852 (61.3%) 1,034 (67.0%) 4 (94 9%) 2,980 (63.9%)
Education
<9 years 940 (31.2%) 914 (59.3%) 5 (45.5%) 1,899 (40.8%)
10~12 years 1,135 (37.6%) 453 (29.4%) 1 (31.3%) 1,619 (34.8%)
>13 years 942 (31.2%) 174 (11.3%) 3 (23.2%) 1,139 (24.4%)
FEV: / FVC
<07 229 (7.6%) 189 (12.3%) 9 (100%) 517 (11.1%)
>07 2,792 (92.4%) 1,354 (87.7%) 0 (0%) 4,146 (88.9%)

dFVC: the difference between the highest and second-highest FVC; dFEV: the difference between the highest and second-highest
FEVs; dFVC (%): dFVC / the highest FVC; dFEV: (%): dFEV; / the highest dFEV4; n: number,

*Korean National Health and Nutritional Examination Survey, "A Community-based Cohort Study VI-Fishing village/lslands, *Chronic
Obstructive Pulmonary Disease Cohort,

drvC 200 ml 200 ml
2.9% 2.4% , 150 ml
, 150 ml 6.7% . 5.3% . COPD
COPD 200 ml 200 ml
1.9% 0.0% , 150 ml
2.0% , 150 ml 4.3% 3.4% 0.0%
3.0% (Table 5). dFEV, (Table 6).
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drFVC , )
) dFVC,%

. dFEV;

dFEV,,% ,

Table 3, Spirometry repeatability (2001 KNHANES)

Percentile
Mean SD
Median 90th 95th
dFEV; (ml) 538 61.7 380 1130 1520
dFEV: (%) 18 20 12 38 49
dFVC (mi) 593 63.1 420 1280 1670
drFVC (%) 16 18 1.1 34 44

dFVC: the difference between the highest and second-highest
FVG; dFEV;: the difference between the highest and second-
highest FEV+; dFVC (%): dFVC / the highest FVC; dFEV/ (%):
dFEV; / the highest dFEV;,

Table 4, Spirometry repeatability (Community and COPD
Cohort)

Percentile
Mean SD
Median 90th 95th
dFEV; (ml) 494 527 37 105 133
dFEV: (%) 20 24 14 42 54
drFVC (ml) 574 60.3 430 118 142
dFVC (%) 17 22 13 36 45

RZ 3%
(05~3.0%).

Table 5, Numbers of subjects meeting different repeatabi-
lity criteria

Repeatabiity ~ KNHANES®  Communty CcOPD
criteria 3,021 (100%) cohort cohort
: 1543 (100%) 99 (100%)
dFVC
<200 ml 2933 (97.1%) 1512 (98.0%) 97 (98.0%)
>000 ml 88 (2.9%) 31 20%) 2 (2.0%)
dFVG
<150 Ml 2,818 (93.8%) 1476 (95.7%) 96 (97.0%)
>150 ml 203 (6.7%) 67 (43%) 3 (3.0%)

dFVC: the difference between the highest and second-highest
FVC.

*Korean National Health and Nutritional Examination Survey,
*A Community-based Cohort Study VI-Fishing village/Islands,
*Chronic Obstructive Pulmonary Disease Cohort,

Table 6, Numbers of subjects meeting different repeatabi-
lity criteria

Repeatability ~ KNHANES* Kangwha COPD cohort”

citeria 3,021 (100%) 1543 (100%) 99 (100%)
dFEV;

<200 ml 2,948 (97.6%) 1,513 (98.1%) 499 (100.0%)

>200 ml 73 (2.4%) 30 (1.9%) 0 (0.0%)
dFEV;

<150 ml 2,861 (94.7%) 1,490 (96.6%) 99 (100.0%)

>150 ml 160 (5.3%) 53 (3.4%) 0 (0.0%)

dFVC: the difference between the highest and second-highest
FVC; dFEV;: the difference between the highest and second-
highest FEV+; dFVC (%): dFVC / the highest FVC; dFEV: (%):
dFEV; / the highest dFEV;,

dFEVs: the difference between the highest and second-highest
FEV;.

*Korean National Health and Nutritional Examination Survey,
*Chronic Obstructive Pulmonary Disease Cohort,

Table 7. Linear regression models predicting higher spirometry variability

Male Height* Age* Weight* Smoker  Edu, " Edu 2’ FEV4/FVC 1994 ATS R? (%)."
(cm) (years) (kg) <07 criteria
drFVC (ml) NS NS 0.18 028 NS NS NS 17.62 516 16%
drFVC (%) NS -0.02 0.01 0.008 NS NS NS 055 0.13 2.9%
dFEV; (ml) NS NS 027 NS NS NS NS NS NS 0.54%
dFEV/ (%) NS -0.02 NS NS NS NS NS 0.51 NS 1.6%

dFVC: the difference between the highest and second-highest FVC; dFEVy: the difference between the highest and second-highest
FEVs; dFVC (%): dFVC / the highest FVC; dFEV: (%): dFEV; / the highestvdFEVW; NS: not a statistically significant factor,
1 cm increase in height, "1 year increase in age, "1 kg increase in weight, * 10 years<educational period<12 years, 'educational

period>13 years, "the total variance explained by the model.
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(Table 7).
o F
1994  ATS dFEV,
dFVC 200 ml , 200
ml 3 ,
2005  ATS/ERS dFEVy
drvC 150 ml g
1994
ATS °
2005  ATS/ERS
4,663 , 2005 ATS/
ERS .dFVC 95
167 ml,
COPD 142 ml dFEV: 95
152 ml, COPD
133 ml . 2005  ATS/ERS
COPD
drvC  dFEV: 1994 ATS
dFvC  dFEV,
. 1994 ATS Enright °
drvC 95 180 ml, dFEV; 95
150 ml
drvC  dFEV; 95
COPD
COPD
, VG FEV
. Hankinson 6,500

ATS
, dFVC  dFEV;
. Enright ® 20 90 18,000
,drVC  dFEV,
drvC  dFEV, ,
dFvC
dFEV,
2005  ATS/ERS
150 ml
, drvC  dFEV,
> , ATS/ERS
COPD
COPD
drvC  dFEV;
, Enright 3
Humerfelt ® 30 46
45,000 ,
9.5%
. Neale °
864
6.8%(59 ) ,
Enright
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Enright ° 65

65
638
, 6
, FvVC
3.0%
dFVC dFEV,
drFVvC
FEV,
Enright
FEV1
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U Belia ® 65
o, FEV,
. Enright  *
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dFrvC  dFEV,
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FVC 6
9,12
FEV,
COPD
FEV:
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ATS/ERS
(Table 3, 4, 7),
, FEVy
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