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Background: The fixed threshold criterion for the ratio of forced expiratory volume in the 

first second to forced vital capacity (FEV
1
/FVC) ,0.7 is widely applied for diagnosis of 

airflow obstruction (AO). However, this fixed threshold criterion may misidentify AO, because 

thresholds below the fifth percentile of normal FEV
1
/FVC (lower limit of normal; LLN) vary 

with age. This study aims to identify the prevalence of AO misidentification and its clinical 

significance.

Materials and methods: A cross-sectional population-based study was conducted to identify 

the prevalence of chronic respiratory diseases in adults older than 40 years of age who live in 

municipal areas of Chiang Mai province, Thailand. All randomly selected subjects underwent 

face-to-face interviews and examinations by pulmonologists, and received chest radiographs 

and post-bronchodilator spirometry. AO misidentification was classified into under- or over-

estimated AO subgroups. Underestimated AO was defined as ratio of FEV
1
/FVC greater than 

the fixed threshold, but below the LLN criteria. Overestimated AO was defined as the ratio of 

FEV
1
/FVC below the fixed threshold but greater than the LLN criteria. The clinical significance 

of each misidentified subject was then explored.

Results: There were 554 subjects with a mean age of 52.9±10.1 years and a percent predicted 

FEV
1
 of 85.5%±15.4%. The prevalence of AO misidentification was 5.6% (31/554), and all 

subjects belonged to the underestimated subgroup. Clinical significance of underestimated 

subjects included clinical AO disease of 22.6% (7/31) (three subjects with chronic obstructive 

pulmonary disease [COPD] and four subjects with asthma); chronic respiratory symptoms of 

54.8% (17/31) (mostly associated with chronic rhinitis, 70.6% [12/17]); and only 12.9% (4/31) 

were identified as non-ill subjects.

Conclusion: The prevalence of AO misidentification in this population was significant, and 

all were underestimated subjects. Most underestimated subjects had clinical significance as 

related to obstructive airway diseases and chronic respiratory symptoms, mostly associated 

with rhinitis.

Keywords: spirometry, airflow obstruction, chronic obstructive pulmonary disease, asthma

Introduction
Previous studies have shown marked variation in the prevalence of chronic obstruc-

tive airway disease due to differences in survey methods, diagnostic criteria, and 

analytic approaches.1–4 A number of different diagnostic criteria were used in these 

studies, including self-reporting, physician diagnosis, diagnosis based on the pres-

ence of respiratory symptoms, and diagnosis based on the presence of airflow 

obstruction (AO) either by pre- or post-bronchodilator spirometric values. The 

Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria5 defines 
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chronic obstructive pulmonary disease (COPD) as a ratio 

of post-bronchodilator forced expiratory volume in the first 

second to forced vital capacity (FEV
1
/FVC) of ,0.7, which 

is in agreement with both the American Thoracic Society 

(ATS) and the European Respiratory Society (ERS).6  

As FEV
1
/FVC ratio varies with age, using a fixed threshold 

criterion may result in over- or underestimation of COPD, 

especially in advancing or young age groups.7–9 GOLD 

guidelines also suggest defining AO by a reduced FEV
1
/

FVC below the statistically defined fifth percentile of normal 

(lower limit of normal; LLN) in order to minimize potential 

misclassification.10 By using a different criterion for diagnosis 

of AO, there are two possible discordant results in reference 

to misidentified AO subjects. Subjects with LLN # FEV
1
/

FVC ,0.7 are identified as overestimated subjects, and 

those subjects with 0.7, FEV
1
/FVC # LLN are identified 

as underestimated subjects. As FEV
1
/FVC declines with 

age, overestimated subjects should be found in advancing 

age groups, and underestimated subjects should be found 

in younger age groups.9 The most appropriate criterion to 

define AO remains controversial.5 Although many studies 

evaluate AO by using the LLN criterion,11−16 only a few have 

attempted to determine the clinical impact of overestimated 

and underestimated subjects.11,12 A study by Mannino et al11  

that enrolled 4,965 elderly patients (age $65 years) for  

11 years found that overestimated subjects were more likely 

to die and to have COPD-related hospitalizations compared 

to subjects who had normal spirometry. In contrast, Cerveri 

et al12 followed up 6,249 young participants aged between 

20 and 44 years for 9 years and discovered that underesti-

mated subjects had a significantly higher risk of developing 

FEV
1
 below 80% predicted and a significantly higher use of 

health care resources due to respiratory problems. Therefore, 

over- or underestimated subjects may not be a truly positive 

or negative phenomenon. In the current study, we analyzed 

data from our population-based study to identify the preva-

lence of AO misidentification (over- and underestimated 

subjects) and explored its clinical significance.

Materials and methods
This study was one part of a cross-sectional population-based 

study, known as the Chiang Mai Lung Health Study, which 

was set up to identify the prevalence of chronic respiratory 

diseases in adults older than 40 years of age living in munici-

pal areas of Chiang Mai province. Sample size was calculated 

using Slovin’s formula,17 based on a total population of 60,000 

people. A minimal sample size of 398 was determined, and 

with 60% of patients expected to deny participation, we 

planned to enroll approximately 560 subjects. Subjects were 

randomly selected from those residing in detached houses 

(1:3) and only one subject per house was enrolled.

All relevant data including age, sex, smoking history, 

family history of atopic diseases, respiratory symptoms, and 

previous diagnosis of respiratory diseases was reviewed from 

written questionnaires. The respiratory questionnaire was 

adapted from the European Community Respiratory Health 

Survey (ECRHS)18 (for information on general health, chronic 

respiratory symptoms, and previous physician-diagnosed 

respiratory diseases) as well as from the International Study 

of Asthma and Allergy in Childhood (ISAAC)19 (for chronic 

rhinitis and asthma screening). Subjects were invited to the 

pulmonary administrative office at the hospital to confirm their 

information by face-to-face interviews, and to be physically 

checked by pulmonologists from the study team. Each subject 

underwent a chest radiograph and post-bronchodilator pulmo-

nary function test in the form of a standard chest radiograph 

and standard ATS/ERS post-bronchodilator spirometry.6 

Interpretation of AO in each subject was independently 

based on two standard criteria: 1) a fixed threshold criterion 

(a ratio of post-bronchodilator FEV
1
/FVC ,0.7); and 2) a 

LLN criterion (a ratio of post-bronchodilator FEV
1
/FVC 

below the cut-off value set at the fifth percentile of the normal 

distribution derived from healthy lifetime non-smokers in 

Thailand).20,21 Only data from misidentified AO subjects were 

analyzed in the current study. Ethics approval was granted by 

the Ethics Committees of the Faculty of Medicine, Chiang 

Mai University, Chiang Mai, Thailand.

Clinical definitions
Classification of AO based on two criteria is shown in Table 1.  

Definite AO subjects were defined as those whose lung 

function met both fixed threshold and LLN criteria.  

Misidentified AO subjects were defined as those whose lung 

function met only one criterion (either fixed threshold or LLN 

Table 1 Group definitions based on the presence of airflow 
obstruction (AO) according to two methods

Defined groups Criteria

Fixed threshold* LLN**

Definite AO subject + +
Misidentified AO subject

Overestimated subject + -
Underestimated subject - +

Notes: *Fixed threshold criteria, ratio of FeV1/FVC ,0.7; **lln criteria, ratio of 
FeV1/FVC less than the fifth percentile of normal.
Abbreviations: FeV1, forced expiratory volume in first second; FVC, forced vital 
capacity; lln, lower limit of normal.
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criterion). The latter category was further classified into two  

subgroups: 1) overestimated subjects, defined as those whose 

lung function met only the fixed threshold criterion; and  

2) underestimated subjects, defined as those whose lung 

function met only the LLN criterion. Non-ill subjects referred 

to subjects without chronic respiratory symptoms, no previ-

ous diagnosis of any chronic respiratory diseases, normal 

general physical examination, and normal chest radiographs. 

Asthma subjects were defined as subjects with a positive 

history of wheezing in the past year (a current wheezer), 

with a post-bronchodilator FEV
1
/FVC .0.7 (for chronic  

smokers .5 pack-years) or any FEV
1
/FVC ratio (for a non-

smoker or a person smoking ,5 pack-years) and no pulmonary 

infiltration, pleural effusion, bronchiectasis, or mass on chest 

radiographs, which were possible causes of wheezing.  

A subset of COPD subjects in misidentified AO was defined 

as subjects with abnormal chest radiographs compatible 

with the COPD (pulmonary hyperinflation with a flattened 

diaphragm). Chronic rhinitis subjects were defined by the 

presence of recurrent or chronic symptoms of nose blockage, 

posterior nasal drip, sneezing, or an intermittently runny nose 

without fever in the past year. Pulmonary tuberculosis (TB) 

subjects were defined as those with physician-diagnosed 

pulmonary TB or abnormal chest radiographs compatible 

with the disease (fibrotic scar with or without bronchiectasis, 

or fibronodular or patchy infiltration with or without thin-wall 

cavitation in the apicoposterior segment of the upper lobe). 

Undetermined subjects were subjects with chronic respiratory 

symptoms but no previous diagnosis of any chronic pulmo-

nary diseases who presented with a normal general physical 

examination and normal chest radiographs.

statistical analysis
Results for numerical values were expressed as means ± 

standard deviation (SD) and those for categorical data were 

expressed as absolute frequencies and percentages. Unpaired 

t-tests and chi-square tests were used to compare differences 

between groups for numerical values and categorical data, 

respectively. Statistical significance was set at P,0.05. All 

analyses were carried out with the SPSS statistical package, 

version 16 for Windows.

Results
A total of 574 subjects were screened for the study; 20 

were excluded, three due to absence of spirometric data and  

17 due to unacceptable spirometry. Almost half the subjects 

were in the middle age group (48.2%), whereas only 7.8% 

were elderly with an age of $70 years (Figure 1). Baseline 

demographic and spirometric data of all subjects is shown in 

Table 2. Males and females were equally represented, with 

no differences in age and body mass index (BMI). However, 

FEV
1
, FVC, and FEV

1
/FVC ratios were significantly 

Figure 1 Age distribution of entire study population based on sex.
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Table 2 Demographic and spirometric data from a total of 554 subjects subgrouped by sex

Characteristics Total (n=554) Male (n=229) Female (n=325) P-value

Age (years) 52.86±10.06 53.59±10.41 52.35±9.79 0.155
Height (m) 1.59±0.08 1.66±0.07 1.55±0.06 ,0.001
Weight (kg) 61.88±11.32 67.24±11.26 58.10±9.74 ,0.001
BMI (kg/m2) 24.33±3.77 24.48±3.53 24.44±3.92 0.431
FVC (L) 2.83±0.83 3.25±0.73 2.53±0.62 0.003
% predicted FVC 86.06±14.74 90.70±16.60 82.79±12.28 ,0.001
FeV1 (L) 2.22±0.63 2.61±0.65 1.94±0.42 ,0.001
% predicted FeV1 85.50±15.38 89.44±17.75 82.73±12.78 ,0.001
ratio of FeV1/FVC 0.82±0.07 0.80±0.08 0.83±0.06 ,0.001

Note: results are expressed as means ± sD unless otherwise indicated.
Abbreviations: BMI, body mass index; FVC, forced vital capacity; FEV1, forced expiratory volume in first second; SD, standard deviation.

different. Prevalence of AO increased from 5.4% (30/554) 

by using the fixed threshold criterion to 11.0% (61/554) by 

using the LLN criterion. Prevalence rates of definite AO and 

misidentified AO subjects were 5.4% (30/554) and 5.6% 

(31/554), respectively, and all misidentified AO subjects 

belonged to the underestimated subgroup (Table 3). Under-

estimated subjects were further explored and determined 

to be non-ills 12.9% (4/31), clinical AO disease 22.6% 

(7/31), and undetermined subjects 64.5% (20/31) (Table 

4). Based on smoking history in undetermined subjects, 

15 out of 20 were non-smokers or smoking ,5 pack-years 

and five subjects were chronic smokers. Among the 15 non-

smokers, 13 had chronic respiratory symptoms and two had 

systemic co-morbidities (hypertension and other diseases). 

Among the five chronic smokers, four had chronic respira-

tory symptoms and one had no respiratory symptoms other 

than diabetes mellitus and hypertension as co-morbidities. 

Investigating the clinical diagnoses of clinical AO disease 

subjects revealed three cases with COPD (two cases related 

to cigarette smoking, one case related to post-pulmonary 

TB) and four cases with chronic asthma (Table 5). Most 

subjects in the undetermined group had chronic respiratory 

symptoms 85.0% (17/20) and 60.0% (12/20) had a diagnosis 

of chronic rhinitis.

Discussion
Overestimated subjects could have been in the early phase 

of the disease with the possibility of arresting further 

disease progression through intervention such as smok-

ing cessation and underestimated subjects may have been 

those with late detection that missed the chance to receive 

appropriate intervention to improve their quality of life and 

reduce consumption of health care resources. All of the 

misidentified AO subjects in our current study were proved 

to be underestimated AO, because most of them were in the 

young age group, which supported results from earlier studies 

that showed how overestimated AO is frequently found in 

advanced age groups.12,17

Most of underestimated subjects in our current study 

had clinical AO disease and chronic respiratory symptoms, 

which need to be further discussed. Three subjects with clini-

cal AO disease were diagnosed as COPD based on diffuse 

Table 3 Frequency by group definition according to the presence 
of airflow obstruction (AO) based on two methods

Classification of subjects n (%)

No AO subjects 493 (89.0)

Definite AO subjects 30 (5.4)

Misidentified AO subjects 31 (5.6)

Underestimated subjects 31 (5.6)
Overestimated subjects 0 (0.0)

Table 4 Classification of underestimated subjects (n=31)

Classification n (%)

group I: non-ills 4 (12.9)
group II: clinical aO diseases 7 (22.6)

COPD 3
asthma 4

Group III: undetermined subjects 20 (64.5)
smokers $5 pack-years 5

Chronic rhinitis symptoms 2
Chronic phlegm 1
Breathlessness on walking 1
Comorbidity 1

non-smokers or smokers ,5 pack-years 15
Chronic rhinitis 9
Breathlessness on walking 4
Comorbidity 2

Abbreviations: AO, airflow obstruction; COPD, chronic obstructive pulmonary 
disease.
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Table 5 The clinical diagnosis of airflow obstruction in the underestimated subjects

No. Age (sex) Diagnosis Clinical evidence

1 68 (M) COPD (post-TB) Previous physician-diagnosed pulmonary tuberculosis. Active smokers (10.4 pack-years). Diffuse  
pulmonary hyperinflation with flattened diaphragms on chest radiograph (compatible with COPD)  
without tuberculosis scar.

2 65 (M) COPD Ex-smoker (6.4 pack-years). Diffuse pulmonary hyperinflation with flattened diaphragms on chest  
radiograph (compatible with COPD).

3 52 (M) COPD (post-TB) Previous physician-diagnosed pulmonary tuberculosis. Ex-smoker (2.1 pack-years). Diffuse pulmonary  
hyperinflation with flattened diaphragms on chest radiograph (compatible with COPD) with post- 
tuberculosis bronchiectasis on both upper lobes.

4 48 (F) asthma Current wheezer, non-smoker, physician-diagnosed allergic rhinitis for 4 years, skin test positive for  
aeroallergen, non-smoker, family history of atopy was positive for asthma.

5 54 (F) asthma Current wheezer, physician-diagnosed allergic rhinitis for 4 years and asthma for a year, skin test was  
positive for aeroallergen, family history of atopy was positive for asthma, ex-smoker (20 pack-years).

6 45 (F) asthma Current wheezer, physician-diagnosed allergic rhinitis and asthma for 20 years, skin test was positive  
for aeroallergen, non-smoker.

7 50 (F) asthma Current wheezer, physician-diagnosed allergic rhinitis for 30 years and asthma for 20 years, skin  
prick test was positive, non-smoker.

Abbreviations: M, male; F, female; COPD, chronic obstructive pulmonary disease; TB, tuberculosis; No. subject number.

pulmonary hyperinflation with flattened diaphragms on chest 

radiographs compatible with COPD. Two of those three had 

a smoking history of more than 5 pack-years compatible with 

smoking-related COPD. The other had a history of pulmonary 

TB with post-TB bronchiectasis revealed by chest radiogra-

phy and without significant smoking history compatible with 

post-TB-related COPD. If COPD were to be diagnosed by a 

fixed threshold criterion alone, a chest radiograph revealing 

diffuse pulmonary hyperinflation with a flattened diaphragm 

would turn out to be a false positive, a result which would be 

quite unlikely. In clinical practice, diagnosis of COPD should 

be based on multimodalities of evidence and not only on a 

single tool to achieve the highest probability. The other four 

subjects with clinical AO disease were diagnosed as asthma 

based on our clinical criteria, which was concordant with 

previous physicians’ diagnoses in three of them. All had 

concomitant chronic allergic rhinitis positive to at least one 

aeroallergen on skin prick tests. These asthma subjects were 

underestimated AO by the fixed threshold criterion but not 

LLN criterion. Undetermined subjects were the largest group 

of underestimated subjects and had clinically significant find-

ings. Most of undetermined subjects had chronic respiratory 

symptoms, mostly shown to be chronic rhinitis, which is a 

well-known precedent for asthma.22

This study revealed that underestimated subjects had 

relevant AO diseases including smoking-related COPD, 

post-TB bronchiectasis, and asthma. The two latter diseases 

could potentially be significant confounding AO diseases 

other than smoking-related COPD in large epidemiological 

studies such as the current one. Moreover, we found that 

approximately two-thirds of underestimated subjects had 

chronic respiratory symptoms and that most of them were 

due to chronic rhinitis. If untreated, chronic rhinitis may have 

a considerable financial effect and impact quality of life.23,24 

Furthermore, it is one of the most important risk factors in 

asthma development.25

There are two major advantages to the current study. 

Firstly, post bronchodilator spirometry was conducted in 

all study patients, both symptomatic and asymptomatic, and 

independently interpreted by two criteria. Secondly, our study 

had sufficient relevant clinical data to make a diagnosis and 

to determine the clinical significance of misidentified AO. 

However, our study was limited as it was based on data from 

municipal areas only, and it therefore may not be reliably 

extrapolated to the entire Chiang Mai province. In addition, 

spirometry was performed as a post-bronchodilator test, and 

was therefore unable to be used to evaluate reversibility in 

each tested subject.

Conclusion
Most underestimated subjects in this epidemiological study 

had conditions of clinical significance, including clinical AO 

disease and chronic respiratory symptoms, mostly associated 

with rhinitis. Therefore, subjects meeting the LLN but not 

fixed threshold criteria should not be considered as false 

positive AO. The LLN criterion may be considered as a 

useful supplementary tool for detection of possible AO in 

prevalence studies for a population cohort. In addition, each 

underestimated subject should be clinically evaluated and 

should undergo further investigation by physicians.
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