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Effect of a New Spirometric Reference Equation on the Interpreta-
tion of Spirometric Patterns and Disease Severity

Yeon-Mok Oh, M.D., Sang-Bum Hong, M.D., Tae Sun Shim, M.D., Chae-Man Lim, M.D., Younsuck Koh, M.D.,
Woo Sung Kim, M.D., Dong-Soon Kim, M.D., Won Dong Kim, M.D., Young Sam Kim, M.D.", Sang Do Lee, M.D
Department of Internal Medicine and Clinical Research Center for Chronic Obstructive Airway Diseases, Asan Medical Center,

University of Ulsan College of Medicine, Seoul, Korea IDeparL‘ment of Internal Medicine, Yonsei University College of Medicine,
Seoul, Korea

Background : A spirometric reference equation was recently developed for the general population in Korea. The
applicability of the new Korean equation to clinical practice was examined by comparing it with the Morris equation,
which is one of the most popular reference equations used for interpreting the spirometric patterns and for grading
the disease severity in Korea.

Methods : Spirometry was performed on 926 men and 694 women, aged 20 years or older, in November 2004 at the
Asan Medical Center, Seoul, Korea. The subjects’ age, gender, height, weight, and spirometric values (FEV; [forced
expiratory volume in one second], FVC [forced vital capacity], and FEV/FVC) were obtained. The spirometric patterns
and disease severity were evaluated using both equations, and the results of the Korean equation were compared with
the Morris equation. The spirometric patterns were defined as normal, restrictive, obstructive, and undetermined
according to the level of FEV/FVC and FVC. The disease severity was defined according to the level of FEV; level for
subjects with an airflow limitation, and according to the FVC level for those subjects without an airflow limitation.
Results : Spirometric patterns were differently interpreted in 22.5% (208/926) of the men and 24.8% (172/69%4) of the
women after the application of the Korean equation compared with the Morris equation. Of the subjects with airflow
limitation, disease severity was differently graded in 30.2% (114/378) of the men and 39.4% (37/94) of the women after
the application of the Korean equation. Of the subjects without airflow limitation, disease severity was differently graded
in 27.9% (1563/5648) of the men and 30.2% (181/600) of the women after the application of the Korean equation.
Conclusion : Achange in the reference equation for spirometry could have an effect on the interpretation of spirometric
patterns and on the grading of disease severity.

(Tuberc Respir Dis 2006; 60: 215-220)
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Table 1. Reference equations®*
Morris equation
FEVA Males Ht* x 0.092 x 0.3937% - Age¥ x 0.032 - 1.260
Females Ht x 0.089 x 0.3937 - Age x 0.025 - 1.932
Ve Males Ht x 0.148 x 0.3937 - Age x 0.025 - 4.241
Females Ht x 0.115 x 0.3937 - Age x 0.024 - 2.852
Korean equation
FEVA Males 0.04578 x Ht - 0.0002484 x Age2- 3.4132
Females 0.03558 x Ht - 0.0001920 x Age2 -2.4114
Ve Males 0.05292 x Ht + 0.010947 x Wt§ - 0.00008633 xAge?2 - 4.8434
Females 0.03951 x Ht + 0.006892 x Wt -0.00012728 x Age2- 3.0006

*Height in centimeters; ¥ a conversion factor from inches to centimeters; ¥ Age in years; §Weight in

kilograms
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Table 2. Characteristics of the subjects

Men Women

Number 926 694
Age (years) 60.0 £ 13.2* 58.4+ 12.6
Height (cm) 167 £ 6.1 154 + 5.8
Weight (kg) 65.8 £ 10.6 57.6 £+ 8.4
FEV1 (L) 2.35 £ 0.83 1.88 + 0.55

FVC (L) 3.34 £0.82 2.37 + 0.58
FEV1/FVC 0.70 £ 0.15 0.79 £ 0.10

*

mean * standard deviation
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Figure 1. Effect of different reference equations on
the interpretation of spirometric patterns. Spirometric
patterns were differently interpreted after the change
in reference equation from the Morris to the new Kor-
ean equation (X0.001 in both males and females by
the chi-square test). Definition: normal pattern, FE-
V1/FVC =0.7 & FVC =>80% predicted value; restrictive
pattern, FEVi/FVC =0.7 & FVC (80% predicted value;
obstructive pattern, FEVi/FVC 0.7 & FVC =>80% pr-
edicted value: undetermined pattern, FEVi/FVC 0.7
&FVC (80% predicted value. The number inside each
block represents the number of subjects showing ea-
ch spirometric pattern.
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Table 3. Number of subjects showing spirometric pattern shift in each age group by the change in reference

equations from the Morris to the Korean equatlon S

A. Men

Age group (years)

Pattern shift 2029 3039 4049 5069 6069 __ 70-79 80 MenAll ages
121
- 1 5 29 54 29 3
Normal to restrictive 0 (13.1121)
(3.0) (5.8) (13.4) (16.5) (15.5) (9.4) (13.1%)*
. 6 6
Restrictive to normal (14.0) 0 0 0 0 0 0 (0.76) (0.7%)
Obstructive to 0 0 2 11 37 23 7 80
undetermined (2.3) (5.1 (11.3) (12.3) (21.9)  (8.680) (8.6%)
Undetermined to 1 1
obstructive (2.3) 0 0 0 0 0 0 (0.1
Total number of
subjects in each age 43 33 86 217 328 187 32 9261 (0.1%)
group
B. Women

Pattern shift*

Age group (years)

All ages

20-29 30-39 40-49 50-59 60-69 70-79 80
Normal to restrictive 0 0 4 33 68 38 2 145
(4.3) (18.9) (28.7) (31.4) (20.0) (20.9)
Restrictive to normal 0 0 0 0 0 0 0 0
Obstructive to 0 1 4 6 6 9 1 3.9
undetermined 2.7 (4.3) (3.4) (2.5) (7.4) (10.0) 27)
Undetermmed to 0 0 0 0 0 0 0 0
obstructive
Total number of sublects 37 94 175 237 121 10 694

in each age group

*No other types of the pattern shift were observed other than the above four types.
t The numbers in parentheses represent the percentage of subjects showing each pattern shift among each age group.
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Figure 2. Effect of different reference equations on
disease severity in subjects with airflow limitation
(FEV/FVC €0.7). Disease severity was differently inter-
preted after the change in reference equation from the
Morris to the new Korean eguation (X0.001 in both
males and females by the chi-square test). Disease se
verity was defined as mild, moderate, severe, and very
severe according to FEV; (% predicted value) of >80%,
(80% & >50%, (60% & >30%, and (30%, respectively.
The number inside each block represents the number
of subjects showing each grade of disease severity.
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Figure 3. Effect of different reference equations on
disease severity in subjects without airflow limitation
(FEVI/FVC =0.7). Disease severity was differently
interpreted after the change in reference equation
from the Morris to the new Korean equation (/X0.001
in both males and females, by the chi-square test).
Disease severity was defined as mild, moderate, and
severe according to FVC (% predicted value) of {80%
& >60%, (60% & »50%, and <50%, respectively. The
number inside each block represents the number of
subjects showing each grade of disease severity.
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