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ABSTRACT: The Global Initiative for Chronic Obstructive Lung Disease (GOLD)
has defined stage 1 chronic obstructive pulmonary disease (COPD) as forced expiratory
volume in one secondfforced vital capacity (FEVI/FVC)% <70% and a FEV1%
predicted of >80%. Stage 2 has been defined as FEVI/FVC <70% and a FEV1% pred of
<80%. The authors examined the extent of COPD misdiagnosis using this definition in
healthy, never-smoker, asymptomatic adults aged >70 yrs in Bergen, Norway. A
respiratory questionnaire was mailed to a random sample of 2,871 persons aged
>70 yrs. In a random, well-defined subgroup of 208 never-smoker respondents with no
current respiratory disease and significant dyspnoea or heart disease/hypertension
complicated with dyspnoea, 71 were able to perform an acceptable spirometry.
Approximately 35% of these healthy, elderly never-smokers had an FEVI/FVC% of
<70% and would be classified as having at least a stage 1 COPD. This percentage
increased with age and in those aged >80 yrs ~50% would be classified as having
COPD and approximately one-third would have an FEV1 of <80% pred (stage 2
COPD). The estimated 5th percentile of FEV1 was consistently <80% pred.

The Global Initiative for Chronic Obstructive Lung Disease criteria will probably
lead to a significant degree of over-diagnosis of chronic obstructive pulmonary disease
in those aged >70 yrs. The criteria used to define the various stages of chronic
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The Global Initiative for Chronic Obstructive Lung
Disease (GOLD) Workshop Summary has defined
stage 1 chronic obstructive pulmonary disease (COPD)
as airflow limitation where forced expiratory volume
in one second/forced vital capacity (FEVI/FVC)% is
<70% and FEV1% predicted is >80%. Stage 2 COPD
has been defined as a FEVI/FVC% of <70% and an
FEV1% pred of <80%. These criteria are set regardless
of age in an attempt to simplify the diagnosis [1].

The trade-off with simplicity, however, comes at the
expense of misclassification. Since the FEVI/FVC
ratio falls with age [2-5], the use of a fixed cut-off
point for defining COPD becomes more inaccurate
with increasing age. In addition, the age-related
decline in FEV1 means that using 80% of pred FEV1
to distinguish between the GOLD levels of severity for
COPD will also be more inaccurate with increasing
age. As a result, the GOLD criteria may lead to a sign-
ificant degree of over-diagnosis of both the presence
and severity of COPD in the elderly portion of the
population.

The purpose of this paper is to illustrate the degree
of over-diagnosis of COPD that the GOLD criteria
might lead to in a healthy, asymptomatic elderly

versity of Bergen (Bergen, Norway),
Nasjonalforeningen for  folkehelse
(Oslo, Norway) and GlaxoSmithKline
(Oslo, Norway).

population, aged 70-100 yrs living in Bergen,
Norway. Reference values for spirometry in elderly
Northern Europeans are also presented.

Methods

Participants included in this analysis were residents
of Bergen, Norway, who were originally recruited as
part of a study to develop prediction equations for
blood gases in a healthy, elderly population. The
sample was recruited in two phases. Initially, a postal
survey of an age- and sex-stratified, random sample
of 2,871 individuals, aged >70 yrs, living in Bergen
was conducted. These individuals were identified
using a central population registry that includes the
name, address, and birth date of every citizen or resi-
dent of Norway. The survey consisted of a translated
version of the American Thoracic Society-Division
Of Lung Diseases’ respiratory questionnaire (ATS-
DLD) [6]. A total of 1,649 individuals (57% of the
initial sample) responded to the survey.

Of the 1,649 phase 1 respondents, 1,037 individuals
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were excluded as they reported: either current- or
exsmoker status; physician-diagnosed chronic or
current acute respiratory disease; grade 4 dyspnoea
(after 100 m on level); and grade 3 dyspnoea (ever
having to stop due to breathlessness on the level) and
having been treated for heart disease or hypertension
within the last 10 yrs. Individuals who reported a
history of heart disease or hypertension, but who did
not report grade 3 or 4 dyspnoea, were not excluded.
Among the remaining 612 "healthy" individuals, the
authors took a random subsample of 208 persons,
again stratifying by age and sex, and invited them to
participate in a clinical examination that included
spirometry and measurement of blood gases. A total
95 participants (47%) attended the clinic visit, and of
these, 71 were able to perform acceptable spirometry.
Phase 2 nonresponders and the 24 persons who were
unable to perform spirometry were older and more
likely to be female than the 71 with acceptable
spirometry. The major reasons reported for failure
to perform spirometry were medical contraindica-
tions, cough during manoeuvre, not able to follow
instructions sufficiently, and unspecified desire to be
excused from the testing (usually after trying once). In
the total group of 137 persons (from the 208 originally
sampled) who ended up not performing spirometry,
34% reported problems walking (as compared to 10%
in the final participant group) and 18% resided in
nursing homes (compared to 3% in the final partici-
pant group). Dyspnoea grade 1 or 2 was reported as
being equally frequent at ~6% in both participants
and nonresponders.

Spirometry

Spirometry was performed using a Vitalograph dry-
wedge bellows spirometer (Vitalograph, Buckingham,
UK). The spirometer was calibrated at the begin-
ning of each day using a 1-L syringe with repeated
strokes up to 9 L. The subjects were first instructed
in and then given a demonstration of the proper
technique. All measurements were performed and
reported according to ATS recommendation and at
body temperature and ambient pressure, and satu-
rated with water vapour (BTPS) [7] with the subject in
the sitting position. Noseclips were used. FVC and
FEV1 were recorded using the best values for each
from any of the acceptable measurements. FEV1/
FVC% was calculated by: (FEVI/FVCx100). Height
and weight were measured wearing indoor clothing
without shoes.

Statistical analysis

Prediction equations for FEV1, FVC, and FEV1/
FVC% were based on multiple linear regression
analysis with age and height as predictor variables.
The analysis was performed separately for each sex.
Coefficients with corresponding sg, along with
adjusted R? and the residual sp for the model are

reported. The lower limit of normal was estimated as:

Predicted — 1.65 x residual sp

(1)

(i.e. the estimated 5th percentile)

Results

Sample characteristics are presented in table 1. The
age of participants ranged from 70-96 yrs, and 14%
of both males and females were aged >85 yrs. Mean
body mass index was 25 kg-m™? for males and
28 kg'm™ for females. The mean FEVI/FVC ratios
were 71% for males and 72% for females, while mean
FEV1 for males and females was 2.72 and 1.71 L,
respectively. Of the subjects in the final sample, four
had reported grade 1 dyspnoea and none had reported
grade 2 dyspnoea.

Sex-specific prediction equations for FEV1, FVC,
and their ratios are presented in table 2. None of the
regression coefficients differed significantly between
males and females.

Although FEV1/FVC% showed a significant inverse
relationship to age (fig. 1), its overall distribution was
approximately normal in shape (fig. 2). The GOLD
threshold for defining COPD, a FEVI/FVC ratio of
70%, was only 0.25 sp below the mean for this
healthy, never-smoking cohort. As shown in table 3,
~35% of the healthy elderly subjects in this reference
sample would be diagnosed as having at least mild
COPD by the GOLD criteria. This percentage
increases by age and in the >80 yrs age group,
~50% would have a COPD diagnosis and approxi-
mately one-third of these would have moderate
COPD (table 3 and fig. 1).

Figure 3 shows (as an example for males 170 cm
and females 160 cm) predicted FEV1 by age along
with the estimated lower 5th percentile ("lower limit
of normal") and the calculated 80% pred FEV1. The
lower 5th percentile was consistently <80% of pred
FEVi1. Of course, the difference between the 5th
percentile and 80% of pred increases by age, as the

Table 1.—Age- and sex-distribution of the sample with
mean anthropometric and spirometric data

Male Female

Subjects n 40 31
Age distribution yrs % (n)

70-74 27 (11) 351D

75-79 30 (12) 29 (9)

80-84 30 (12) 19 (6)

85-89 8(3) 10 (3)

=90 5(2) 7(2)
Weight kg 74£10 69+14
Height cm 173+7 158+8
Body mass index kg:m™ 25+3 28+5
FVCL 3.80£0.79 2.3610.69
FEVI L 2.7240.66 1.71£0.54
FEVI/FVCY% 71.31£6.0 72.1£6.9

Data are presented as % (n) or mean®sD. FVC: forced vital
capacity; FEV1: forced expiratory volume in one second.
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Table 2. —Prediction equations for the forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and

FEV1/FVC% of healthy never-smokers in the present study

Constant Age yrs Height (cm) Estimated LLN* R? Residual sD

FEV1I L

Male -0.865 -0.044 (-0.076--0.0013) 0.041 (0.014-0.069) -0.91 0.30 0.55

Female 0.333 -0.041 (-0.067--0.015) 0.029 (0.008-0.051) -0.59 0.57 0.36
FVCL

Male -2.75 -0.044 (-0.082—-0.006) 0.058 (0.026-0.091) -1.07 0.32 0.65

Female -1.34 -0.041 (-0.075--0.007) 0.044 (0.016-0.072) -0.78 0.54 0.47
FEVI/FVC%

Male 95.2 -0.30 (-0.64-0.04) -9.57 0.06 5.8

Female 107.4 -0.44 (-0.83-0.06) -10.73 0.13 6.5

The 95% confidence intervals for the individual coefficients are in parenthesis. *: given value is 1.65xresidual sD. Calculation
of the estimated lower limit of normal (LLN) for an individual will then be: predicted—1.65xresidual SD.
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70 75 80 85 90 95 1(|)0
Age yrs

Fig. 1.-Forced expiratory volume in one second/forced vital
capacity (FEVI/FVC)% by age in the healthy reference sample of
the present study. Lines represent regression of FEVI/FVC% by
age ( ) with 5th and 95th percentiles (- ). A: females;
O: males.

80% of pred is a relative measure whereas the lower
limit of normal remains an absolute distance from the
predicted value.
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Fig. 2. - Distribution of forced expiratory volume in one second/
forced vital capacity (FEVI/FVC)% in the healthy reference
sample of the present study. Dashed line represents 70%.
Mean=SD: 71.616.39. n=71.

Discussion

This study clearly demonstrates that the recently
published GOLD guidelines for diagnosis and treat-
ment of COPD falsely classifies a substantial number
of healthy, never-smoking older adults as having
COPD, and that this phenomenon is more pro-
nounced with increasing age. One-half of the 34
males and females aged >80 yrs would have been
classified as having COPD, and of these, approxi-
mately one-third would have been classified as having
moderate-to-severe COPD, even though all were
never-smokers and none reported either respiratory
symptoms or a prior physician diagnosis of pulmo-
nary disease.

There is a clear limitation to this study in that these
are spirometry values prior to any attempt at broncho-
dilation with a p-agonist. GOLD defines COPD
based on postbronchodilator spirometry tests, a
choice consistent with the concept of COPD being a
disease characterised by (mostly) irreversible airway
obstruction. It is likely that some of the subjects in
the present study with low FEV1 would have an
increase in FEV1 and rise above 70% for FEVI/FVC%
and/or 80% pred FEV1 after inhaling a B-agonist.
LeuMANN and GuLsvik [8] recently conducted a study

Table 3.—Per cent of healthy elderly subjects in the
reference sample with chronic obstructive pulmonary
disease (COPD) as defined by Global Initiative for
Chronic Obstructive Lung Disease (GOLD) workshop
summary

Age yrs
70-79 >80 All
Subjects n 37 34 71
No COPD: 78% 50% 65%
FEVI/FVC% >70
Stage 1 COPD: 19% 32% 25%

FEVI/FVC% <70;
FEV1% pred >80
Stage 2 COPD: 3% 18% 10%
FEVI/FVC% <70;
FEV1% pred <80

FEV1: forced expiratory volume in one second; FVC: forced
vital capacity; % pred: % predicted.
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Fig. 3.—Forced expiratory volume in one second (FEV1) for a)
males 170 cm in height and b) females 160 cm in height, with
lower Sth percentile and calculated 80% of predicted FEVI.
: predicted; oo : lower limit of normal; ------ : 80% pred.

of bronchodilator response in the general population
of Bergen. In the age cohort 71-73 yrs, they found the
prevalence of stage 1 obstruction (FEVI/FVC%<70)
to be 18.2% before bronchodilation and 14.7% after
bronchodilation, and prevalence of stage 2 obstruc-
tion to be 13.1% before and 10.4% after (calculated
based on data presented). Since these figures were
from a general population sample, a somewhat
smaller effect in the asymptomatic subgroup might
reasonably have been expected. However, it may still
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be reasonable to adjust down the estimates of over-
diagnosis to account for bronchodilation. The
adjusted frequency of stage 1 COPD would be
~20% and stage 2 COPD would be ~8%.

The elderly persons in this study were selected at
random from a subset of respondents to a postal
questionnaire survey who reported no physician-
diagnosed chronic or acute pulmonary disease or
significant symptoms thereof. Since well over one-half
of the selected subjects either could not meet for
testing or were unable to perform spirometry, it is
possible that a nonresponse bias could have been
present. However, there seems little reason to believe
that these nonresponders would have better spiro-
metric values than the present study subjects. The
reasons for nonresponse are unknown but probably
had to do with general frailty and inability to get out
of the house or nursing home. In the sample, the
frequency of walking disability, heart disease, and
stroke was significantly higher among the nonrespon-
ders than among the study subjects (presently
unpublished data). For these reasons, it is believed
that individuals included in the analysis were of at
least average lung health and sufficiently representa-
tive of the general, healthy lung, elderly population.

Although the number of subjects in the present data
set are smaller than one might want, the results are
consistent both with reference values reported from
previous studies in the elderly [3, 4] and values
reported from studies in younger age groups [2, 5, 9,
10]. This applies to both estimated age and height
coefficients and measures of variation in the data, as
shown in table 4. For example, the empirical lower
Sth percentile of FEVI/FVC% in the Cardiovascular
Health Study data set [3] was ~11% points under the
predicted and in the National Health and Nutrition
Examination Survey (NHANES) III [4] data set, was
~10% under the predicted. Although there are insuffi-
cient data points in the present study to determine the
empirical 5th percentile, it is estimated that the 5th
percentile (1.65xresidual sp) is ~10% points under
predicted.

The age coefficients in the present study were
generally larger (i.e. suggesting steeper rates of decline
of lung function over time) than in previous studies
[2, 3, 10]. This may have been the result of different

Table 4.—Comparison of predicted values for subjects aged 70 yrs, age regression coefficients, and variation around

regression from previous reference value studies

First author [ref. no.] FEV1 FEVI/FVC%
Male Female Male Female
Subjects n Pred® Age RSD' Pred” Age RSD' Pred® Age RSD' Pred® Age RSDT

Present study 71 3.03 -0.044 0.55 210 -0.041 036 742 -030 58 76.6 -044 6.5
ENRIGHT [3] 777 280 -0.027 0.51 2.13 -0.033 030 732 -029 69 754 -024 6.7
CRAPO [2] 251 3.14 -0.024 049 2.11 -0.026 0.33 77.8 -0.15 48 76.6 -025 53
GULSVIK [9] 470 3.17 2.20 833 -0.09 43 807 -0.10 46
QUANIJER [5] 279 -0.029 0.51 197 -0.025 038 746 -0.18 72 758 -0.19 6.5
HANKINSON [4] 7429 2.87 2.17 73.6 -0.21 759 -0.21
KNUDSON [10] 112 275 -0.029 0.52 2.16 -0.040 038 793 -0.11 63 788 -0.19 7.6

FEV1: forced expiratory volume in one second; FVC: forced vital capacity. #: predicted (Pred) values for age 70 yrs, height
170 cm for males and 160 cm for females; T: residual standard deviation (RSD) from the linear regression model containing

intercept, height, and age.
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selection procedures in the sampling process. Both the
studies by CrAPO et al. [2] and ENRIGHT ef al. [3] were
based on samples of recruited subjects where the
effects of age may have been less apparent. The
present study subjects came from a random sample of
the general population. Another reason may have
been that age-related decline of FEV1 accelerates in
the elderly [4, 9, 10]. The present sample was started
at age 70 yrs and thus, only looked at the steepest
part of the age/FEV1 curve. The sample in the study
by ENRIGHT et al. [3] was started at age 65 yrs, that by
CRAPO et al. [2] at age 15 yrs, and KNUDsoN et al. [10]
at age 25 yrs for males and 70 yrs for females. Thus
the regression coefficients from these studies generally
incorporated less steep parts of the curve. The
variation around the regression (residual sp) in all of
the named studies was very comparable to that of the
present study; ~0.50 L for FEV1 in males and 0.35 L
for FEV1 in females. Consistent with the literature
[2-5, 10], males exhibited greater residual variability
around the regression lines for both FEV1 and FVC
than females.

A significant number of subjects in this study had a
FEV1 of <80% pred and/or an FEVI/FVC% <70%.
But this phenomenon is in no way new or unique to
the present set of subjects. All of the previously
mentioned reference value studies have shown similar
findings in the elderly age groups. For example, based
on reference values from the study by ENRIGHT et al.
[3], an 80-yr-old male of 170 cm would have a lower
limit of normal for FEV1, which is 66.8% pred.

More accurate, age-specific diagnostic limits for
FEVI/FVC% would be 70% for individuals aged
< 70 yrs, 65% for those aged 70-80 yrs, and 60% for
those aged >80 yrs. This adjustment for age, though
still not as accurate as using Sth percentile values
specific to each patient’s age, sex and height, would
minimise the degree of misclassification while still
being relatively simple to apply. With regards to
FEV1, making similar simplified guidelines is more
difficult due to the strong dependency on both sex and
height in addition to age. Making use of sex, age, and
height-specific limits in the form of percentile curves
or sD scores, for example, may be the only way to
achieve sufficient accuracy. This, however, might be at
the cost of simplicity.

Normal ageing of the lung can mimic the develop-
ment of COPD in more ways than one [11]. The age-
related loss of elastic tissue in the lung parenchyma
exposes the airways to dynamic collapse during
expiration causing a "pseudo-obstruction" that may
be undistinguishable from true obstruction when only
looking at FEVI1. In addition, with age, both the
residual volume and the closing volume increase and
alveolar walls disappear, producing a situation that
has been termed "senile emphysema". The frequency
of dyspnoea also increases with age in people not
suspected of having lung disease [12, 13]. All of these
normal factors of ageing make determining limits for
normality of lung function increasingly difficult. To
date, spirometry has been the gold standard of choice
for the diagnosis of obstructive pulmonary disease. It
may not necessarily be the best choice for the elderly
population.

It usually takes longer for elderly people to reach
the "end-of-test criteria" of a plateau in the volume/
time curve (<30 mL-s™ of flow). There is likely to be
less emphasis on achieving end-of-test criteria in clini-
cal practice, particularly in elderly and frail indivi-
duals. Failure to empty completely will falsely raise
the FEVI/FVC ratio and reduce the misclassification.
Thus, the present estimates might overestimate the
actual rate of misclassification in the clinical setting.

Comorbidity is common in the elderly. The selec-
tion and exclusion criteria used in this study were
designed with the hope that the sample would
specifically and realistically portray the healthy lung,
elderly population. This meant that exclusion criteria
were kept to a minimum to avoid an exaggerated
healthy selection bias. For example, persons who
reported having been treated for hypertension in the
last 10 yrs were only excluded if they also reported
dyspnoea grade 3. Hypertension has previously been
associated with lower values of FEV1 [14] such that
including these persons may affect the findings. It
could still be argued that unless it is decided that
hypertension-related low FEV1 should be called a
form of COPD, hypertension in itself should not be
used as an exclusion criterion.

The economic cost that this form of misdiagnosed
COPD would incur in the community is difficult to
measure. The actual degree of over-diagnosis in the
general population will probably be fairly small, as
individuals without symptoms will not be tested. Of
those that, for some reason, get tested, most would
have asymptomatic stage 1 COPD and, according to
the GOLD guidelines, might be offered broncho-
dilators for use as needed. Their use would probably
be minimal since the subjects would be asymptomatic
to begin with. Subjects classified as having stage 2
COPD might be prescribed one or two regular
bronchodilators and possibly also regular inhaled
glucocorticosteroids. Potentially, up to 10% of the
healthy elderly population might receive this mis-
diagnosis of stage 2 COPD and be at risk of being put
on regular treatment. The actual cost of this is still
difficult to estimate, as the compliance to treatment
might be expected to be poor in this asymptomatic
group.

A scenario in which individuals with transient res-
piratory symptoms or respiratory symptoms caused
by other organ disease may be incorrectly diagnosed
as obstructive is more likely to occur than a general
over-diagnosis in the symptom-free population. For
example, an 82-yr-old female with congestive heart
failure, a FEVI/FVC% of 60-65% and FEV1% pred
of 75% would probably be labelled "obstructive" and
be given bronchodilator treatment. Other direct and
indirect economic costs of COPD diagnosis are
probably not applicable to these individuals as they
are less likely to require hospitalisation or other more
intensive treatment regimens and have, in most cases,
retired from the work force. The psychological cost to
each of the misdiagnosed persons, however, could be
significant and is obviously undesirable.

Based on these results and results from previous
studies, it seems clear that direct application of the
Global Initiative for Chronic Obstructive Lung
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Disease criteria for diagnosis of chronic obstructive
pulmonary disease in the elderly may lead to an over-
diagnosis of chronic obstructive pulmonary disease in
the elderly. Criteria used to determine the normal
limits of forced expiratory volume in one second and
forced expiratory volume in one second/forced vital
capacity per cent need to be age-specific. Further
studies need to examine the predictive value of
spirometry in the diagnosis of chronic obstructive
pulmonary disease in this age group by including
current-smokers and exsmokers, with and without
symptoms of chronic obstructive pulmonary disease.
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