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Introduction

Spirometry is a medical screening tool that measures 
various aspects of pulmonary function (1). It is the most 
common lung function test and abnormal spirometry 
results play an important role in both the diagnosis 

of respiratory diseases and the classification of their  
severity (2). However, reliable interpretation of spirometry 
results depends on spirometry reference equations used 
(3,4). Therefore, use of an inappropriate reference can 
lead to errors in both the diagnosis of respiratory diseases 
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and the classification of their severity from abnormal 
spirometry results (5,6).

The Third National Health and Nutrition Examination 
Survey (NHANES III) reference has been widely used in 
many clinical laboratories and clinical trials (2). However, 
these references provide the most appropriate equation 
for the Caucasian population (7). Another reference 
equation has been published by Knudson et al. (8). The 
Knudson reference equation provides the equation most 
appropriate to a non-Mexican-American population and 
has also been widely used over several years (2,8,9). In 
2000 the Siriraj reference equations were established for 
the Thai population (10). However, the NHANES III and 
Knudson reference values are also fairly commonly used 
in Thai situations (11,12). A tentative explanation may be 
that underestimated ventilatory defects are often clinically 
observed in Thai people when interpreted with Siriraj 
reference equations when compared to the NHANES 
III and Knudson reference equations. More recently, the 
Global Lung Initiative (GLI) 2012 reference equations 
have been established by the European Respiratory Society 
(ERS) and are considered to be the first multi-ethnic all 
age reference equations for spirometry (13). The GLI2012 
equation has been recommended as being the most 
appropriate of the spirometric predicted equations for every 
country including Thailand.

Evidence suggested that the variation between ethnic 
groups is an important issue for the interpretation of 
spirometry (4). Previous studies showed that spirometric 
prediction equations proposed for Asian populations were 
found to be significantly different from those equations 
recommended for use with Caucasians (14,15). Additionally, 
recent studies have showed that the spirometry predicted 
values by GLI2012 reference equations were significantly 
different from those suggested by the other Caucasian 
reference equations (16,17). Currently the GLI2012 
equations have been recommended as global reference 
equations for spirometry and for every country. However, 
the effect of applying the GLI2012 equations to Thai 
people remains unknown. In addition, interpretation of 
spirometry using the commonly used reference equations 
(NHANES III, Knudson, Siriraj) and the GLI2012 may be 
similar or different from one another. Further investigation 
of use of these four reference equations in Thai people is 
still required. Therefore, this study aimed to investigate any 
discordance in interpretation of spirometry data using the 
GLI2012, NHANES III, Knudson, and Siriraj reference 
equations for Thai people.

Methods

A retrospective study of spirometry results was carried out 
using data from Thai adults (age 18–80 years old) who 
were referred by their physicians for spirometry testing 
at the Lung Health Center, Maharaj Nakorn Chiang Mai 
Hospital, Chiang Mai, Thailand between January 2005 
and December 2015. There was limited data available for 
childhood subjects aged <18 years old at the Lung Health 
Center. Pre-bronchodilator spirometry results from the 
first visit of each subject were included for this study. The 
spirometry was performed using a standard spirometer 
(Vmax series 22, Sensormedics, USA) and all spirometry 
results were measured according to the American Thoracic 
Society (ATS)/ERS 2005 guidelines (18). The study was 
approved by the Research Ethics Committee of the Faculty 
of Medicine, Chiang Mai University [Institutional Review 
Board (IRB), approval number: Med-2559-04324]. 

Demographic data including age, gender, height, and 
weight were collected. Spirometry parameters were also 
recorded [forced vital capacity (FVC), forced expiratory 
volume in the first second (FEV1), and percentage of the 
ratio of FEV1 to FVC (%FEV1/FVC)]. The predicted 
and lower limit of normal (LLN) values of FVC, FEV1, 
and %FEV1/FVC were calculated from the GLI2012 
(Southeast Asian sub-group), NHANES III, Knudson, 
and Siriraj reference equations. For Asian population, the 
predicted and LLN values for FVC and FEV1 estimated 
using the NHANES III and Knudson reference equations 
were multiplied by a conversion factor of 0.88 and 0.94, 
respectively (1). No conversion factor was required for the 
Siriraj and GLI2012 equations because they were derived 
from Thai populations and Southeast Asian sub-group 
populations, respectively.

The spirometry results collected were classified into 
four patterns: normal, obstructive, spirometric restrictive, 
and mixed restrictive and obstructive. The criteria for 
each pattern were defined as follows: %FEV1/FVC value 
> LLN and FVC > LLN for a normal pattern, %FEV1/
FVC < LLN but the FVC ≥ LLN for an obstructive 
defect, %FEV1/FVC was ≥ LLN but the FVC < LLN for a 
spirometric restrictive, and both %FEV1/FVC and FVC < 
LLN for a mixed restrictive and obstructive defect (1).

The measured FEV1 value derived from the spirometry 
was expressed as a percentage of predicted FEV1 value 
(%FEV1), which allowed classification of the severity of 
abnormal respiratory patterns (obstructive, spirometric 
restrictive, and mixed defects), according to the ATS/ERS 
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2005 guidelines (18). The %FEV1 ≥70% of predicted was 
graded as mild, 60–69% moderate, 50–59% moderately 
severe, 35–49% severe, and <35% very severe.

Statistical analysis

Differences in the predicted and LLN values of FEV1, 
FVC and %FEV1/FVC across the GLI2012, NHANES 
III, Knudson, and Siriraj reference equations were analyzed 
using analysis of variance (ANOVA) with the Bonferroni 
correction. Differences in the spirometry diagnosis and in 
the classifying of the severity of impairment between the 
GLI2012, NHANES III, Knudson, and Siriraj reference 
equations were analyzed using nominal analysis of variance 
(NANOVA). Post-hoc tests were analyzed using a Chi-
square test and the P values adjusted with the Bonferroni 
correction with a level of significance =0.008 (P value 
of 0.05/number of total variables tested =6). Agreement 
on interpretation of spirometry results between the two 

reference equations was analyzed using kappa (κ). The 
Kappa statistic was interpreted as follows: 0.81–1.00 was 
regarded as very good, 0.61–0.80 as good, 0.41–0.60 
as moderate, 0.21–0.40 as fair, and ≤0.20 poor (19). All 
statistical procedures were performed using SPSS version 
22 (IBM Corp., Armonk, NY, USA). The significance level 
was set at P<0.05.

Results

A total of 2,863 spirometry results were included in this 
study. Data from 371 subjects failed to meet the inclusion 
criteria (Figure 1). The total number of spirometry results 
included in the final analysis was 2,492. The characteristics 
of the participants are shown in Table 1. Spirometry 
outcomes and predicted values from the GLI2012, 
NHANES III, Knudson, and Siriraj reference equations 
are shown in Tables S1,S2. The predicted values for FEV1, 
FVC, and %FEV1/FVC were significantly different across 
four reference equations in both genders (P<0.001). An 
exception to this was the FVC between the GLI2012 and 
NHANES III reference equations in men. The highest 
difference of predicted values for FEV1 was found when 
results were compared between the Knudson and GLI2012 
reference equations (240 mL) in men and between the 
Knudson and Siriraj reference equations (110 mL) in 
women. The highest mean difference of predicted values for 
FVC was found when comparison between the NHANES 
III, GLI2012 (250 mL) in men and between the Siriraj and 
NHANES III reference equations (180 mL) in women. 

Screening spirometry 
(n=2,863) 

Analyze
(n=2,492)

Unacceptable spirometry 
(not meeting ATS/ERS guideline) (n=253)
Subjects with age >80 yrs (n=90)
Subjects with age <18 yrs (n=28)

Figure 1 Flow-chart describing the study population.

Table 1 Demographic data (n=2,492)

Variables Men Women Total

Number of subjects 1,336 (53.6) 1,156 (46.4) 2,492

Age (years) 56.16±15.28 53.52±15.05 54.93±15.22

Age categories

18–25 years 74 (5.5) 63 (5.4) 137 (5.5)

26–39 years 119 (8.9) 152 (13.1) 271 (10.9)

40–59 years 538 (40.3) 523 (45.2) 1,061 (42.6)

60–80 years 605 (45.3) 418 (36.2) 1,023 (41.1)

Height (cm) 162.88±7.01 152.33±6.37 157.99±8.53

Body weight (kg) 59.78±13.59 52.57±11.69 56.44±13.24

BMI (kg/m2) 22.43±4.43 22.62±4.70 22.52±4.56

Data are presented as mean ± SD or number (percentage). BMI, body mass index.
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LLN values from the four reference equations are 
shown in Tables S1,S2. The LLN values for FEV1, FVC, 
and %FEV1/FVC were significantly different across four 
reference equations in both genders (P<0.001). The highest 
difference of LLN values for FEV1 was 300 and 80 mL 
when comparison was made between the Knudson and 
GLI2012 reference equations in men and between the 
Knudson and NHANES III reference equations in women, 
respectively. The highest mean difference of LLN values 
for FVC was found when comparison was made between 
the Knudson and NHANES III reference equations in 
both men and women (470 and 260 mL, respectively). 
The highest and lowest LLN values of %FEV1/FVC was 
found when using the Siriraj and NHANES III reference 
equations in both genders. 

Significant differences in diagnosis spirometry were 
found across four reference equations in both gender and 
total subjects (P<0.001) (Table 2). The highest number 
of normal spirometric results was found when using the 
Knudson, while the lowest rate was found with the Siriraj 
reference equations in both men and women. The highest 
rate of airflow obstruction (AO) was found using the Siriraj, 

while the lowest rate was found using the NHANES III 
reference equations in both men and women. Changing 
from the NHANES III to Siriraj reference equations caused 
a maximum increase in rates of AO (103.6% and 167.3% 
in men and women, respectively), while changing from 
the Knudson to Siriraj and GLI2012 reference equations 
resulted in a minimum increase in rates of AO (10.1% 
and 0.3% in men and women, respectively). The highest 
spirometric restriction rate was found when using the 
NHANES III in both men and women. Changing from 
the Knudson and Siriraj to the NHANES III reference 
equations caused a maximum increase in rates of spirometric 
restriction (140.9% and 123.2% in men and women, 
respectively). The lowest rate of mixed defects was found 
when using the Knudson reference equations in both men 
and women.

There were significant differences in the classification of 
severity of respiratory impairment across the four reference 
equations in both genders (P<0.001) (Table 3). The highest 
number of subjects with mild impairment for abnormal 
spirometric results was found when using the Siriraj 
reference equations in both genders. 

Table 2 Distribution of the diagnoses using the four reference equations 

Spirometry interpretation
Reference equations*

Siriraja,b,c NHANES IIIb,c,d Knudsona,c,d GLI2012a,b,d

Men (n=1,336)

Normal 452 (33.8) 605 (45.3) 608 (45.5) 570 (42.7)

Restriction 125 (9.4) 265 (19.8) 110 (8.2) 177 (13.2)

Obstruction 560 (41.9) 275 (20.6) 509 (38.1) 397 (29.7)

Mixed pattern 199 (14.9) 191 (14.3) 109 (8.2) 192 (14.4)

Women (n=1,156)

Normal 421 (36.4) 517 (44.7) 583 (50.4) 521 (45.1)

Restriction 125 (10.8) 279 (24.1) 144 (12.5) 169 (14.6)

Obstruction 449 (38.8) 168 (14.5) 299 (25.9) 300 (26.0)

Mixed pattern 161 (13.9) 192 (16.6) 130 (11.2) 166 (14.4)

Total (n=2,492)

Normal 873 (35.0) 1,122 (45.0) 1,191 (47.8) 1,091 (43.8)

Restriction 250 (10.0) 544 (21.8) 254 (10.2) 346 (13.9)

Obstruction 1,009 (40.5) 443 (17.8) 808 (32.4) 697 (28.0)

Mixed pattern 360 (14.4) 383 (15.4) 239 (9.6) 358 (14.4)

Data are shown as number (percentage). *P<0.001, compared across the four reference equations using NANOVA test; P<0.008 by Chi-
square test, acompared with NHANES III, bcompared with Knudson, ccompared with GLI2012, dcompared with Siriraj. 
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Table 3 Distribution of the severity classification of abnormal spirometry results using the four reference equations 

Severity classification
Reference equations*

Siriraja,b,c NHANES IIIb,c,d Knudsona,c,d GLI2012a,b,d

Men, n (%) n=884 n=731 n=728 n=766

Mild 423 (47.9) 265 (36.3) 319 (43.8) 221 (28.9)

Moderate 142 (16.1) 147 (20.1) 110 (15.1) 160 (20.9)

Moderately severe 111 (12.6) 119 (16.3) 125 (17.2) 124 (16.2)

Severe 139 (15.7) 128 (17.5) 110 (15.1) 168 (21.9)

Very severe 69 (7.8) 72 (9.8) 64 (8.8) 93 (12.1)

Women, n (%) n=735 n=639 n=573 n=635

Mild 327 (44.5) 202 (31.6) 137 (23.9) 197 (31.0)

Moderate 131 (17.8) 144 (22.5) 124 (21.6) 140 (22.0)

Moderately severe 109 (14.8) 110 (17.2) 104 (18.2) 108 (17.0)

Severe 115 (15.6) 127 (19.9) 143 (25.0) 129 (20.3)

Very severe 53 (7.2) 56 (8.8) 65 (11.3) 61 (9.6)

Total, n (%) n=1,619 n=1,370 n=1,301 n=1,401

Mild 750 (46.3) 467 (34.1) 456 (35.0) 418 (29.8)

Moderate 273 (16.9) 291 (21.2) 234 (18.0) 300 (21.4)

Moderately severe 220 (13.6) 229 (16.7) 229 (17.6) 232 (16.6)

Severe 254 (15.7) 255 (18.6) 253 (19.4) 297 (21.2)

Very severe 122 (7.5) 128 (9.3) 129 (9.9) 154 (11.0)

* P<0.001, compared across the four reference equations using NANOVA test; P<0.008 by Chi-square test, acompared with NHANES III, 
bcompared with Knudson, ccompared with GLI2012, dcompared with Siriraj. 

The levels of agreement on diagnosis of spirometry 
results among the four reference equations were found 
to be moderate to good in both men and women (Kappa 
values ranged from 0.59 to 0.77 for men and 0.53 to 0.80 
for women, respectively) (Table 4). The highest kappa value 
for diagnosis was found between the NHANES III and 
GLI2012 reference equations in men and the Knudson and 
GLI2012 reference equations in women. The percentage 
of agreement of diagnosis was highest when using the 
NHANES III and GLI2012 in men and the Knudson and 
GLI2012 reference equations in women. The overall levels 
of agreement among all four reference equations were 
moderate to good (Kappa values ranging from 0.56 to 0.77).

The levels of agreement on the classifying severity of 
respiratory impairment among all four reference equations 
were found to be moderate to good and good to very 
good in men and women, respectively (Kappa values 
ranged from 0.49 to 0.84 for men and 0.71 to 0.90 for 

women, respectively) (Table 5). The highest kappa value 
was found between the Siriraj and NHANES III reference 
equations in men and between the GLI2012 and NHANES 
III reference equations in women. The percentages of 
agreement of severity classification were highest using the 
Siriraj and NHANES III and the GLI2012 and NHANES 
III reference equations in men and women, respectively. 
The overall levels of agreement among all four reference 
equations were moderate to very good (Kappa values ranged 
from 0.67 to 0.82).

Discussion

This study demonstrated differences in the spirometry 
interpretation among the four reference equations including 
all from GLI2012, NHANES III, Knudson, and Siriraj 
in both genders and total subjects. However, moderate to 
very good levels of agreement on interpreting spirometry 
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Table 4 Levels of agreement for diagnosis of spirometry results between the four reference equations

Level of agreement Siriraj NHANES III Knudson

Men (n=1,336)

Kappa value (95% CI)

NHANES III 0.59 (0.56–0.62)* – –

Knudson 0.70 (0.67–0.73)* 0.59 (0.56–0.62)* –

GLI2012 0.77 (0.74–0.80)* 0.77 (0.74–0.80)* 0.73 (0.70–0.76)*

% agreement

Siriraj – – –

NHANES III 70.06 – –

Knudson 80.01 71.56 –

GLI2012 83.98 83.91 81.89

Women (n=1,156)

Kappa value (95% CI)

NHANES III 0.53 (0.50–0.56)* – –

Knudson 0.69 (0.66–0.72)* 0.67 (0.64-0.70)* –

GLI2012 0.76 (0.73–0.79)* 0.72 (0.69-0.75)* 0.80 (0.77-0.83)*

% agreement

NHANES III 65.92 – –

Knudson 79.32 77.59 –

GLI2012 83.39 80.54 86.94

Total (n=2,492)

Kappa value (95% CI)

NHANES III 0.56 (0.54–0.58)* – –

Knudson 0.70 (0.68–0.72)* 0.63 (0.60–0.65)* –

GLI2012 0.77 (0.75–0.79)* 0.75 (0.73–0.77)* 0.77 (0.74–0.79)*

% agreement

NHANES III 68.13 – –

Knudson 79.69 74.36 –

GLI2012 83.70 82.34 84.22

*P<0.001 by Kappa statistic.

results were found among these four reference equations. 
The results of this study suggest that changing spirometry 
reference equations would result in different interpretations 
of spirometry results in Thai people.

The results of this study demonstrated that changing 
between the four reference equations (the GLI2012, 
NHANES III, Knudson, and Siriraj reference equations) 

resulted in a change in rate of abnormality lung function 
in both genders. The overall highest rate of abnormality 
as regards spirometry results was found using the Siriraj 
reference equations. The results are supported by previous 
findings showing that changing from the commonly used 
to another spirometry reference equation resulted in a 
change in rate of abnormality of lung function (14,15,20-22).  
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Table 5 Levels of agreement for severity classification of abnormal spirometry results between the four reference equations 

Level of agreement Siriraj NHANES III Knudson

Men

Kappa value (95% CI)

NHANES III 0.84 (0.81–0.87)* – –

Knudson 0.68 (0.64–0.72)* 0.77 (0.73–0.81)* –

GLI2012 0.62 (0.58–0.66)* 0.60 (0.56–0.64)* 0.49 (0.45–0.53)*

% agreement

NHANES III 87.56 – –

Knudson 76.54 82.25 –

GLI2012 70.69 68.64 60.24

Women

Kappa value (95% CI)

NHANES III 0.79 (0.75–0.83)* – –

Knudson 0.71 (0.67–0.75)* 0.83 (0.80–0.86)* –

GLI2012 0.82 (0.79–0.85)* 0.90 (0.87–0.93)* 0.89 (0.86–0.92)*

% agreement

NHANES III 83.79 - -

Knudson 77.25 86.44 -

GLI2012 86.29 92.78 91.15

Total 

Kappa value (95% CI)

NHANES III 0.82 (0.79–0.84)* – –

Knudson 0.70 (0.67–0.73)* 0.80 (0.77–0.83)* –

GLI2012 0.71 (0.68–0.74)* 0.74 (0.71–0.77)* 0.67 (0.64–0.70)*

% agreement

NHANES III 85.82 – –

Knudson 76.85 84.19 –

GLI2012 77.73 79.66 74.13

*P<0.001 by Kappa statistic; Number of male subjects for agreement between Siriraj and NHANES III =675, Siriraj and Knudson =716, 
Siriraj and GLI2012 =754, NHANES III and Knudson =614, NHANES III and GLI2012 =676, Knudson and GLI2012 =679.

For example, Collen et al. (20) found that changing from 
the NHANES III to Knudson reference equations caused a 
19.5% reduction in the rate of AO. Aggarwal et al. (14) also 
showed that changing from the north Indian to Caucasian 
reference equations including the NHANES III, Knudson, 
European Community for Coal and Steel (ECCS), and 
Crapo caused a change in rate of abnormality in spirometry 
results in both AO and spirometric restriction. Likewise, 

other studies showed that changing from the NHANES 
III to GLI2012 reference equations resulted in a 25.2% 
reduction in the rate of spirometric restriction and a 
22.1% reduction in the rate of mixed defects (21,22). 
There is evidence to suggest that spirometry results should 
be interpreted with caution when the %FEV1/FVC is 
close to the LLN values (23). Notably, the differences 
in rate of AO between the four reference equations in 
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this study likely occurred when the spirometric results, 
especially in the case of the %FEV1/FVC, was close to the 
LLNs values. Those individuals just falling into the mild 
abnormality classification in one reference equation would 
be categorized as having a normal spirometry result using 
another reference equation.

The classification of the severity of abnormal spirometry 
results depends on the predicted value of FEV1 from each 
reference equation (1) and our study also showed that the 
predicted values of FEV1 were significantly different across 
the four reference equations in both genders. The rates 
of the severity classification were changed when changing 
across the four reference equations in both genders, in 
particular in the case of a mild degree of impairment. Our 
results are comparable to previous findings demonstrating 
that the rates of severity classification of AO were changed 
when changing from the Korean (Lee and Choi) to 
Caucasian (Morris and Knudson) reference equations (15).  
Other studies also showed that the rates of severity 
classification were changed when changing from the 
NHANES III to the GLI2012 reference equations in a 
Caucasian population (21,24). 

Although the predicted and LLN values for the FVC 
and FEV1 estimated using the NHANES III and Knudson 
reference equations were already adjusted for use in a 
Thai population, differences in predicted and LLN values 
across the four reference equations in both genders were 
observed. It is known that interpretation of spirometry is 
dependent on predicted values. The differences in predicted 
and LLN values among the four reference equations may 
be associated with various factors especially with respect 
to ethnicity, sample size, and statistical analysis used. As 
regards the ethnicity factor, the Siriraj reference equation 
is derived only from a Thai population. The GLI2012 
reference equations used for analysis in this study were 
derived from the Southeast Asian subgroup including 
Taiwan, South of China, Hong Kong, and Thailand (13),  
the NHANES III reference equations derived from 
Caucasian, Mexican-American, and African-American 
subjects, and the Knudson reference equations derived from 
the white non-Mexican-American population in America. 
A multi ethnic group may lead to differences in predicted 
and LLN values of FEV1, FVC, and %FEV1/FVC. There 
is evidence suggesting that factors associated with ethnicity 
can contribute to differences in the spirometry predicted 
values (25). Additionally, the variety of sample size used in 
each study may influence the predicted and LLN values. 
In this study it was discovered that the GLI2012 reference 

equations were estimated from the largest sample size 
(n=8,255 for Southeast Asian population), whilst the 
NHANES III, Siriraj, and Knudson reference equations 
reference equations were estimated from random samples of 
7,429, 3,954, and 697, respectively. Variance of sample size 
may influence predicted and LLN values for FVC, FEV1, 
and %FEV1/FVC. The final factor that may influence the 
differences in predicted value is the statistical test used. The 
GLI2012 reference equations were calculated using the 
lambda-mu-sigma (LMS) method whereas the NHANES 
III, Knudson, and Siriraj reference equations were estimated 
from regression analyses. It has been suggested that the 
LMS statistical method allows modeling of variability 
and skewedness of data and uses splines to allow for the 
interactive effects of age, height, and sex (16).

The results of this study showed satisfactory levels of 
agreement in diagnosis and classification of the severity of 
respiratory impairment between the GLI2012, NHANES 
III, Knudson, and Siriraj reference equations. These 
results are consistent with a previous study adding weight 
to the finding that there is a good level of agreement in 
the interpretation of spirometry between the GLI2012, 
NHANES III, ECCS, and Stanojevic reference equations 
(Kappa value ranged from 0.72–0.94) (21). A study in an 
Indian population also showed a moderate to good level of 
agreement in the interpretation of spirometry results among 
north Indian and Caucasian prediction equations including 
NHANES III, ECCS, Crapo, and Knudson (14). Kappa 
values from the agreement analysis are commonly used to 
indicate discordance between raters (methods). However, 
bias is not reflected in kappa values. Thus the results may 
not be directly interchangeable (26,27). 

The results of this study provide valuable clinical 
information how interpretation of clinical spirometry 
results change when using different reference equations 
in a Thai population. This information is useful for 
clinicians as it raises the awareness of the importance of the 
interpretation of spirometry testing data in patients with or 
without respiratory diseases. However, this study has some 
limitations. Firstly, there was no data from childhood and 
adolescent subjects aged less than 18 and older adults, aged 
more than 80 years due to limitations of available data and 
also limited data from reference values of the NHANSE III 
reference equations. These may limit the generalizability 
and transferability (external validity) of the study’s findings. 
Secondly, the associations between the interpretation 
of spirometry results and clinical symptoms were not 
addressed in this study. Therefore, investigation into the 
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correlations between clinical symptoms and the differences 
in spirometry reference equations used should be addressed 
in future studies. 

Conclusions

Changing between the GLI2012, NHANES III, Knudson, 
and Siriraj reference equations alters the interpretation 
of spirometry results for the diagnosis and classification 
of severity of respiratory impairment in this Thai adult 
population. However, there were moderate to good 
levels of agreement on the interpretation of spirometry 
results between these four reference equations. In clinical 
practice, physicians should be aware that changing between 
spirometry reference equations can result in a change of 
interpretation of spirometry results, which may impact 
the clinical management in some patients with respiratory 
diseases.
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Supplementary

Table S1 Spirometry outcomes and predicted values calculated from the four reference equations

Parameters Measured spirometric data
Mean predicted value

Siriraj NHANES III Knudson GLI2012

Men (n=1,336)

FEV1 (L)* 2.09±0.85 2.60±0.54a,b,c 2.63±0.59b,c,d 2.56±0.66a,c,d 2.80±0.55a,b,d

FVC (L)* 2.94±0.91 3.25±0.60a,b,c 3.41±0.63b,d 3.16±0.73a,c,d 3.41±0.59b,d

%FEV1/FVC* 69.61±15.10 83.44±2.59a,b,c 76.47±3.15b,c,d 81.19±1.91a,c,d 81.63±2.64a,b,d

Women (n=1,156)

FEV1 (L)* 1.57±0.64 1.98±0.39a,b,c 2.04±0.43b,c,d 2.09±0.39a,c,d 2.06±0.40a,b,d

FVC (L)* 2.11±0.68 2.34±0.41a,b,c 2.56±0.44b,c,d 2.52±0.42a,c,d 2.46±0.42a,b,d

%FEV1/FVC* 73.35±13.36 85.29±1.64a,b,c 79.46±3.16b,c,d 83.58±2.60a,c,d 83.49±2.65a,b,d

Total (n=2,492)

FEV1 (L)* 1.85±0.82 2.31±0.57a,b,c 2.35±0.60b,c,d 2.34±0.60a,c,d 2.45±0.6a,b,d

FVC (L)* 2.55±0.91 2.83±0.69a,b,c 3.01±0.69b,c,d 2.86±0.68a,c,d 2.97±0.70a,b,d

%FEV1/FVC* 71.34±14.43 84.30±2.39a,b,c 77.85±3.49b,c,d 82.30±2.55a,c,d 82.50±2.80a,b,d

Data are presented as mean ± SD. *P<0.001, compared across the NHANES III, Knudson, GLI2012, and Siriraj reference equations by 
ANOVA; P<0.05, acompared with NHANES III, bcompared with Knudson, ccompared with GLI2012, dcompared with Siriraj. FEV1, forced 
expiratory volume in the first second; FVC, forced vital capacity.

Table S2 Lower limit of normal values calculated from the four reference equations

Parameters
Mean lower limit of normal value

Siriraj NHANES III Knudson GLI2012

Men (n=1,336)

FEV1 (L)* 1.99±0.55a,b,c 2.04±0.56b,c,d 1.81±0.62a,c,d 2.11±0.50a,b,d

FVC (L)* 2.54±0.60a,b,c 2.73±0.58b,c,d 2.26±0.69a,c,d 2.61±0.53a,b,d

%FEV1/FVC* 74.65±2.54a,b,c 66.82±3.21b,c,d 71.57±2.52a,c,d 70.83±3.52a,b,d

Women (n=1,156)

FEV1 (L)* 1.53±0.39a,b,c 1.59±0.39b,c,d 1.51±0.37a,c,d 1.55±0.36a,b,d

FVC (L)* 1.81±0.41a,b,c 2.03±0.40b,c,d 1.77±0.39a,c,d 1.87±0.38a,b,d

%FEV1/FVC* 77.09±1.63a,b,c 69.68±3.17b,c,d 71.52±2.87a,c,d 72.99±3.30a,b,d

Total (n=2,492)

FEV1 (L)* 1.78±0.53a,b,c 1.83±0.54b,c,d 1.67±0.54a,c,d 1.85±0.53a,b,d

FVC (L)* 2.20±0.64a,b,c 2.40±0.62b,c,d 2.03±0.62a,c,d 2.26±0.59a,b,d

%FEV1/FVC* 75.79±2.49a,b,c 68.15±3.49b,c,d 71.50±2.69a,c,d 71.83±3.59a,b,d

Data are presented as mean ± SD. *P<0.001, compared across the NHANES III, Knudson, GLI2012, and Siriraj reference equations by 
ANOVA; P<0.05, acompared with NHANES III, bcompared with Knudson, ccompared with GLI2012, dcompared with Siriraj. FEV1, forced 
expiratory volume in the first second; FVC, forced vital capacity.


