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ABSTRACT

The objective of this study was to evaluate the definitions for classification of chronic ob-
structive pulmonary disease (COPD) recommended by the American Thoracic Society (ATS)
and the Global Initiative for Chronic Obstructive Lung Disease (GOLD). Using data from the
U.S. population-based third National Health and Nutrition Examination Survey (NHANES llI),
we compared the number of individuals in the U.S. population who met definitions of airflow
obstruction based on the fixed ratio of FEV,/FVC < 0.70 criterion and on the ATS lower 95%
confidence limit (lower limits of normal LLN) criterion. Further, we evaluated the definitions in
the context of physician-diagnosed obstructive airways diseases and respiratory symptoms.
In comparison to the FEV,/FVC < LLN and FEV; < 100% predicted definition, the fixed ratio-
based definition for mild COPD underestimates airflow obstruction by 29% in 20-49-year-olds
and overestimates it by 58% in 50-80-year-olds. In comparison to the FEV,/FVC < LLN and
FEV,; < LLN definition, the fixed ratio-based definition for moderate COPD underestimates air-
flow obstruction by 31% in 20-49-year-olds and overestimates it by 37% in 50-80 year olds.
Based on our estimation, approximately 0.9 million (26%) of symptomatic individuals out of
the 3.6 million U.S. adults aged 20-49 years who have airflow obstruction (FEV;/FVC < LLN
and FEV, < LLN definition) may have undiagnosed respiratory disease. In conclusion, using
the FEV,/FVC < 0.70 criterion will substantially under-diagnose airway obstruction in younger
individuals and substantially over-diagnose COPD in older individuals.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is an impor-
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Diagnosis of COPD.
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tant cause of morbidity and mortality in the world (1). Com-
monly used criteria for classification of airflow obstruction and
COPD are those of the American Thoracic Society (ATS), Euro-
pean Respiratory Society (ERS), and the NHLBI/WHO Global
Initiative for Chronic Obstructive Lung Disease (GOLD)(1-4).
All these criteria use the FEV; /FVC ratio to define airflow ob-
struction or COPD. The recent GOLD and ATS/ERS definitions
use a post-bronchodilator fixed ratio of FEV;/FVC < 0.70 to
define the presence of COPD and the FEV percent predicted to
define disease severity (1, 4).

The rationale for a fixed ratio value of 0.70 is its simplic-
ity. However, because the predicted FEV{/FVC ratio decreases
with age (5-7), using a fixed FEV,/FVC < 0.70 value instead
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Figure 1. Predicted lower 95% confidence limits (LLN) for
FEV1/FVC (%), for males (A) and females (B), by race/ethnicity,
based on NHANES Il data®

of the age-defined LLN(2, 3) can result in under-diagnosis of
COPD in younger individuals and over-diagnosis of COPD in
older individuals. Although some studies have identified this
issue (8—10), none have evaluated the actual magnitude of this
effect across a whole adult population. Such evaluation provides
important data on potential risk of COPD in different population
age-strata. Figure 1 illustrates how the fixed percent FEV/FVC
criterion of 70% cuts across the sex- and race/ethnic-specific nor-
mative LLN curves for FEV/FVC estimated from NHANES III
data (6), causing potential misclassification when determining
the prevalence of COPD.

We used NHANES III data to estimate and compare the U.S.
age-specific prevalence and burden of airflow obstruction de-
termined by the fixed ratio-based definitions and by the LLN-
based definitions. We also estimated the U.S. age-specific preva-
lence of self-reported physician-diagnosed airways diseases and
symptoms, and their association with airway obstruction, as
measured by spirometry.

96 June 2006

MATERIALS AND METHODS

Study subjects

We used the NHANES III data to estimate the U.S. population
prevalences. The NHANES III was conducted from 1988 to 1994
by the National Center for Health Statistics (NCHS) to assess
the health and nutritional status of the U.S. population (11).
NHANES III included a questionnaire and spirometry (without
bronchodilator) that conformed to the ATS recommendations
(12). Lung function normative equations were published from
NHANES III data using the results from the subset of healthy
never-smokers who did not report any respiratory symptoms or
diseases (6).

The present study included subjects 20 to 80 years old
(n = 17,287). We excluded 3,445 subjects because spirome-
try data were missing (2,510) or judged “unusable” (250), or the
race/ethnicity was other than of the three groups for which we
had normative equations (685) (ref. 6); 13,842 subjects remained
in the analysis.

Case definitions for airflow obstruction

Predicted FEV, and predicted FEV,/FVC (%) values and
their LLN were calculated from sex-specific reference equations
for Caucasians, African-Americans, and Mexican-Americans
(6). The LLN values were defined by the one-sided lower 95%
confidence interval of the reference equations.

The following case definitions for COPD and airflow obstruc-
tion were used in our analysis:

1. COPD definitions based on a fixed ratio criteria:(1)

Mild COPD (GOLD Stage 1): FEV;/FVC < 70% and
FEV, > 80% predicted.
Moderate COPD (GOLD Stage 2): FEV;/FVC < 70% and
FEV, < 80% predicted.

2. LLN-based definitions:(2)
LLN-1: FEV;/FVC < LLN and FEV; < 100% predicted
LLN-2: FEV,/FVC < LLN and FEV,; <LLN (about 80%
predicted).

Definitions LLN-1 and LLN-2 were used as comparison for air-
flow obstruction of mild or greater severity (GOLD Stage 1)
and moderate or greater severity (GOLD Stage 2), respectively.
Justification for using LLN-based definitions as comparison def-
initions follows from the statistical theory of normal distribution:
5% of healthy, never-smokers would fall below the LLN.

Definition of physician-diagnosed diseases
and respiratory symptoms

Positive responses to the three NHANES III questions: “Has
a doctor ever told you that you had emphysema (or chronic bron-
chitis)(or asthma)?” were used to define self-reported physician-
diagnosed emphysema, chronic bronchitis, and asthma.

Positive responses to questions on both cough and phlegm
that persisted more than three months in a year over two
years represented “symptoms of chronic bronchitis.” A positive

COPD: Journal of Chronic Obstructive Pulmonary Disease
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Figure 2. U.S. age-specific prevalences of airflow obstruction
based on the following definitions: LLN-1, LLN-2, Mild COPD and
Moderate COPD, as estimated from NHANES Il data

response to “Are you troubled by shortness of breath when hur-
rying on level ground or walking up a slight hill?”” and/or to
“When you do not have a cold does your chest ever sound
wheezy/whistling?”” were combined together as symptoms of
“shortness of breath and/or wheezing.”

Statistical data analysis

We used SUDAAN software to estimate U.S. population
prevalences (13). SUDAAN software adjusts for the sampling
design in calculating the variance estimates and adjusts for the
number of individuals in the population that each sampled indi-
vidual represents.

RESULTS

Comparisons of the LLN- and fixed
ratio-based definitions

Figure 2 compares the U.S. age-specific prevalences of Mild
and Moderate COPD and of airflow obstruction as determined

by the LLN-1 and LLN-2 criteria. The definitions for Mild and
Moderate COPD yielded lower prevalences in younger subjects
(2049 years of age) and substantially higher prevalences in
older subjects (50-80 years of age) than LLN-1 and LLN-2,
respectively. By statistical design, all age-specific prevalences
based on the FEV;/FVC < LLN are parallel to each other, re-
flecting increasing severity of impairment as defined by percent
predicted FEV.

Table 1 gives the age-specific prevalences and number of
individuals as classified according to each definition, and the
percentage by which the number of individuals classified by
the COPD definitions differ from those of the LLN-based def-
initions. For mild airflow obstruction, an estimated 18 million
(12%) individuals in the U.S. population had airflow obstruction
based on LLN-1 (Table 1). In comparison to LLN-1, the number
of individuals classified with Mild COPD was decreased by 29%
in the 20—49 age category and increased by 58% in the 50-80
age category. For moderate airflow obstruction, an estimated 9
million (6%) individuals had airflow obstruction based on LLN-
2 criteria (Table 1). In comparison to LLN-2, the estimates for
the number of individuals classified as Moderate COPD was
decreased by 31% in the 2049 age category and increased by
37% in the 50-80 age category.

Evaluation of the airflow obstruction
definitions in “healthy” never-smokers

Figure 3 shows the estimated U.S. age-specific (smoothed)
prevalences of airflow obstruction according to the LLN and
COPD definitions among never-smokers who reported neither
respiratory symptoms (chronic bronchitis, breathlessness and
wheezing) nor obstructive respiratory diseases diagnosed by a
doctor. The percentage of U.S. healthy never-smokers that falls
below the LLN for FEV; was on average 6%, and varied only
slightly with age. For FEV| /FVC < LLN, the average was 5.4%
but varied with increasing decades of age from 4.6-8.5%. The
LLN-1 definition gave fairly constant prevalences of about 5%—
6% whereas LLN-2 gave a constant prevalence of 1%—2% across
all ages with an average of 1.4% (Figure 3). The Mild COPD
definition yielded an age-related increase that classified nearly
one in four older “healthy” never-smokers as having airflow

Table 1. The percent prevalence (P) of airflow obstruction and the number of individuals (N, millions) estimated to have airflow
obstruction, by the LLN and COPD definitions, for two age strata in the U.S. population

Estimated U.S.

Age group population size LLN-1

(years) (millions) pt Nx106  Pf
20-49 101 8.9 9.0 6.3
50-80 48 19.2 9.3 30.5
Total 149 12.3 18.3 14.2

Mild airflow obstruction

Moderate airflow obstruction

Mild COPD LLN-2 Moderate COPD
Nx108 (%)f  Pf Nx108 Pl N x 108 (%)
6.4 (—29%) 36 36 2.5 2.5 (—31%)
14.7 (58%) 118 57 16.1 7.8 (37%)
21.1 62 9.3 6.9 103

fP=us. population prevalence (%) of airflow obstruction based on each definition.
IThe percentage by which the number of Mild or Moderate COPD cases differ from the number identified by the LLN-1 and LLN-2

definitions, respectively.
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Figure 3. U.S. age-specific prevalences of airflow obstruction
based on the following definitions: LLN-1, LLN-2, Mild COPD and
Moderate COPD, as estimated from never-smokers without respi-
ratory disease or conditions from NHANES Il data (The curves
were plotted using a smoothing method.)

obstruction. Likewise, the prevalence of Moderate COPD in-
creased with age in “healthy” never-smokers.

These results demonstrate that in the younger healthy never-
smokers, the number of cases of airflow obstruction is under-
recognized in younger age groups and over-reported in the older
age groups by the COPD definitions, in comparison to the LLN
criteria.

Prevalence of physician-diagnosed diseases
and respiratory symptoms, by age

The age-specific pattern of physician-diagnosed obstructive
airways diseases and conditions provides another framework
to assess the various definitions. Figure 4 shows the estimated
U.S. age-specific prevalences of physician-diagnosed emphy-
sema, chronic bronchitis, and asthma; of symptoms of chronic
bronchitis; and of airflow obstruction (LLN-2). Of the physician-
diagnoses, asthma and chronic bronchitis are prevalent in the
20-49-year-olds, whereas the prevalence of emphysema is low
at younger ages and rises sharply from 50 years of age. The
prevalence of LLN-2 is around 3—5% at younger ages and rises
substantially from 50 years of age.

Figure 5 shows the prevalence of airflow obstruction (LLN-
2) among individuals with the physician-diagnosed diseases,
among those who reported symptoms of chronic bronchitis, and
among those without physician-diagnosed disease. In the 2049
years age group, asthma, physician-diagnosed chronic bronchi-
tis, and symptoms of chronic bronchitis have the highest preva-
lences of airflow obstruction, while in the 50-80 years age group,
emphysema has the highest prevalence of airflow obstruction.
In those without physician-diagnosed disease, the prevalence of
LLN-2 ranged from 2-8%.

Many subjects in NHANES III reported multiple physician-
diagnoses. To estimate the contribution of each of the three
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Figure 4. U.S. age-specific prevalence of: airflow obstruction
based on LLN-2, physician-diagnosed asthma, emphysema,
chronic bronchitis, and self-reported symptoms of chronic bron-
chitis (CB), as estimated from NHANES Il data

physician-diagnosed diseases to airflow obstruction (LLN-2)
in the population, we defined three mutually exclusive
physician-diagnosed disease categories: emphysema (including
the subjects who also reported other doctor-diagnosed diseases);
chronic bronchitis (including those who also reported asthma);
and asthma (those who reported asthma only). Table 2 gives the
number of cases with airflow obstruction (LLN-2), N, that
each disease category contributes, and also the number of those
without physician-diagnosed disease (No Disease) with airflow
obstruction. The number of cases is derived as a product of the
U.S. population size, prevalence of disease (Pp;) [or no dis-
ease (Pp_)], and prevalence of airflow obstruction (Pp). Thus,

70

—— No Disease
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—--a—- Chronic Bronchitis T
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Prevalence (%)
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\
\
\
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Figure 5. Percent with airflow obstruction (LLN-2) among individ-
uals with physician-diagnosed emphysema, chronic bronchitis and
asthma; among those who do not report physician-diagnosed dis-
ease (no disease); and among those who reported symptoms of
chronic bronchitis (CB), as estimated from NHANES Il data
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Table 2. Percent prevalence of disease (Pp..) [or no disease (Pp_)], percent prevalence of airflow obstruction (Pao), and the number of individuals
with airflow obstruction (Nap) (in millions), according to the mutually exclusive physician-diagnosed disease categories, estimated for the U.S.

population

Physician-diagnosed airways disease
Age group U.S. population size No disease Emphysema Chronic bronchitis Asthma
(years) (millions) P Plo N P, P N Por P Nao Por Pao N
20-49 101 88.3% 2.6% 2.3 0.5%  10.4% 0.05 5.0% 9.2% 0.5 6.2% 12.4% 0.8
50-80 48 84.2% 7.8% 3.2 4.6%  56.2% 1.3 72%  25.9% 0.9 41%  18.9% 0.4
Total 149 87.0% 4.2% 5.5 1.8%  48.0% 1.3 57%  16.0% 1.4 55%  14.0% 1.2

*Pp4,— = Percent of U.S. population with a physician-diagnosed airways disease (Pp..) or without it (Pp_).
TPAO = Percent of those with or without disease having airflow obstruction (LLN-2).
1NAO = the number of U.S. individuals (in millions) with airflow obstruction (LLN-2).

in the 2049 age stratum, of the 3.6 million cases of moderate
airflow obstruction (Table 1, LLN-2), asthma contributed the
largest portion, 0.8 million (21%), followed by chronic bronchi-
tis (14%) and emphysema (1.4%); 0.9 million (26%) reported
undiagnosed respiratory symptoms and 1.4 million (38%) did
not report any of the diseases or symptoms. In the 50-80 age
stratum, of the 5.7 million cases of airflow obstruction, em-
physema contributed 1.3 million (23%), followed by chronic
bronchitis (15%), and asthma (7%); 1.7 million (29%) reported
undiagnosed respiratory symptoms and 1.5 million (26%) did
not report any of the diseases or symptoms.

Based on statistical calculations on healthy never-smokers
(see above), we expect approximately 1.4 million U.S. individ-
uals age 2049 years who meet the LLN-2 definition to be in
fact healthy. This suggests that the approximately 0.9 million
symptomatic persons (26% of the 3.6 million U.S. younger in-
dividuals with airflow obstruction) may have undiagnosed res-
piratory disease. Based on the same calculations, we estimated
that, of the 5.7 million 50-80-year-old individuals with airflow
obstruction, in 1.7 million (29%) of these, the airways disease is
undiagnosed. These results suggest that about 35% of the esti-
mated 2.6 million individuals with undiagnosed airways disease
in the U.S. are between the ages of 20 and 49 years.

DISCUSSION

Many epidemiological studies use the GOLD or ATS/ERS
definitions to estimate COPD prevalence (14—17). Some of these
studies go to great lengths hypothesizing about potential risk
factors responsible for the high prevalence of COPD found in
never smokers in the U.S. population (17). In addition, the two
COPD definitions are also recommended to be used by clinicians
worldwide for the diagnosis of COPD. Our study provides data
on the potential misclassification rate that needs to be taken into
account when using the COPD definition.

Using U.S. population data, we estimated the number of in-
dividuals in the U.S. population by which the two COPD defi-
nitions overestimate or underestimate the number of individuals
with airflow obstruction compared to the definitions based on
the LLN. The Mild (Stage 1) COPD definition underestimates

COPD: Journal of Chronic Obstructive Pulmonary Disease

the number of individuals with airflow obstruction by LLN-1
by 29% in the 20—49 year age category and overestimates the
number by 58% in the 50-80 year age category. The Moder-
ate (Stage 2) COPD definition underestimates the number of
individuals with airflow obstruction relative to LLN-2 by 31%
in the 2049 year age category and overestimates it by 37% in
the 50-80 year age category. Relative to definitions based on
the FEV,/FVC < LLN criterion, case definitions based on a
fixed criterion of 0.70 for FEV{/FVC are also less sensitive for
obstructive airways diseases and symptoms in the 20—49 age
category. Spirometry is often done to detect workplace-related
airway obstruction in young adults, so the inappropriate use of
the COPD definitions would substantially reduce the sensitivity
of spirometry in this age range. On the other hand, in older indi-
viduals the COPD definitions would incorrectly over diagnose
disease in older individuals.

Based on NHANES III data, among the 20-80 age group in
the U.S. population, an estimated 9.3 million individuals have
moderate airflow obstruction (LLN-2); 3.6 million (39%) oc-
curred among the 20-49 years old. Among these younger in-
dividuals with airflow obstruction, physician-diagnosed asthma
and chronic bronchitis, and symptoms of chronic bronchitis, and
symptoms of shortness of breath and/or wheezing combined
were found in 62%. Among the individuals in the 20—49 age
group with moderate airflow obstruction (LLN-2), 36% had a
physician-diagnosed airways disease and 26% had respiratory
symptoms; however if the fixed ratio criteria for COPD are used
31% (Table 1) of these individuals with moderate airflow ob-
struction would not have been recognized.

Among individuals over 49 years of age with moderate air-
flow obstruction (LLN-2), physician-diagnoses of emphysema
and chronic bronchitis, symptoms of chronic bronchitis, and
symptoms of shortness of breath and/or wheezing combined
were found in 74%. However, in this age group it is estimated that
as many as 1.7 million persons may have undiagnosed airways
disease. These results support other reports indicating that air-
ways diseases are under-diagnosed in the U.S. population (15).

There was a considerable overlap among the reported
physician-diagnosed diseases, particularly among older indi-
viduals. In the 20-49 age group, the overlap was mainly
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between asthma and chronic bronchitis diagnoses. Of those
over 49 years of age who reported a physician diagnosis of
emphysema, over half (52%) also reported a diagnosis of
chronic bronchitis and/or asthma. One explanation for this age-
related pattern may be that individuals with airflow obstruction
associated with chronic bronchitis and asthma in earlier ages
may more likely progress into more severe airflow obstruction
diagnosed as emphysema in older ages, especially among smok-
ers. However, there may be other explanations, including a co-
hort effect in the cross-sectional data.

Limitations of the study include that post-bronchodilator
spirometry was not available, which is a part of the COPD def-
inition. However, findings from other studies indicate that use
of post-bronchodilator spirometry is not likely to substantially
decrease the apparent high prevalence of airflow obstruction
identified by the Mild (Stage 1) COPD definition in older sub-
jects (18-20). The use of the self-reported respiratory symptoms
and doctor diagnoses in validation of the definitions has some
limitation also. However, those with self-reported respiratory
symptoms had much higher percentage of airflow obstruction
(LLN-2) than those who did not report any of the doctor diag-
noses (Figure 5).

In conclusion, using U.S. population data, we show that
use of definitions for COPD that are based on a fixed ratio of
FEV,/FVC < 0.70 will result in underestimation of the pres-
ence of airflow obstruction among persons 20—49 years of age
and overestimation in persons over age 50. These misclassifi-
cation rates have important implications for case-finding and
for estimating the burden of disease and need to be taken into
consideration when applying the COPD definitions in practice.
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