
Interpretation of Spirometry:
We Can Do Better Than the GOLD Standard

Spirometric testing is basic to our understanding of
lung diseases and is the primary tool for the diagnosis of
airflow obstruction. Doing spirometry well requires
proper equipment and testing technique, along with com-
parison of the results to appropriate reference data and
the statistically determined normal range of those data.
These issues have been thoroughly discussed previously
in RESPIRATORY CARE.1,2 The diagnosis of airflow ob-
struction is based on an abnormally low value of the
ratio of forced expiratory volume in the first second
(FEV1) to vital capacity (VC) or forced vital capacity
(FVC). At one time it was common to consider any
FEV1/FVC value below 70% or 75% to be abnormal,
but as more sophisticated reference data were ob-
tained,3–5 it became apparent that this ratio decreases
progressively with age in adults, typically from average
normal values in the mid-80s at age 20 to the mid- or
low-70s above age 70, so a “one size fits all” criterion
for airflow obstruction was not appropriate. The lower
limit of normal (LLN) for the FEV1/FVC ratio (ie, the
value exceeded by 95% of normal individuals of the
same gender, age, and height) is 8 –10 percentage units
below the predicted value in most reference data sets.
There is no benefit, only confusion, engendered by re-
porting the observed ratio as a percent of the predicted
ratio, and, to avoid further confusion with the FEV1

itself as a percent of its predicted value, it is helpful to
communicate the ratio as a decimal value (eg, 0.70).

Thus, the 1991 American Thoracic Society statement
on lung-function testing6 included the following com-
ments: “The FEV1/VC ratio is the most important mea-
surement for distinguishing an obstructive impair-
ment. . . . Normal ranges should be based on calculated
5th percentiles. . . . In adults it is not acceptable to use
a fixed FEV1/FVC ratio as a lower limit of normal.”

This stance was confirmed in the recently updated
American Thoracic Society/European Respiratory Soci-
ety (ATS/ERS) Task Force statement: “An obstructive
ventilatory defect. . . is defined by a reduced FEV1/FVC
ratio below the 5th percentile of the predicted value.”*7

This consensus has been somewhat clouded by the re-
cent promulgation of guidelines for the diagnosis and man-
agement of chronic obstructive pulmonary disease (COPD),
such as the Global Initiative for Chronic Obstructive Lung

Disease (GOLD).8,9 The GOLD panel defined COPD as a
post-bronchodilator FEV1/FVC ratio � 0.70, and the same
criterion has been adopted in the ATS/ERS statement on
COPD10 and the British National Institute for Clinical Ex-
cellence (NICE) COPD guidelines.11 A review and com-
parison of these COPD guidelines recently appeared in
RESPIRATORY CARE.12 The experts involved in developing
these guidelines are certainly aware of the oversimplifica-
tion involved in using this fixed value in place of a sta-
tistically based LLN, but they made a pragmatic decision
in an effort to overcome the too-often-delayed recognition
of this common disease and to encourage spirometry in
primary-care settings worldwide.1 However, as respiratory
clinicians, particularly those involved in diagnostic labo-
ratories, we can and should do better.

SEE THE ORIGINAL STUDY ON PAGE 737

The potential for misclassifying young individuals as
false negatives and older individuals as false positives for
airflow obstruction by the use of 0.70 as the LLN for
FEV1/FVC has been demonstrated previously in this jour-
nal. Figures 1 and 2 compare this fixed-percentage crite-
rion to the age-adjusted LLN determined from the 3rd
National Health and Nutrition Examination Survey
(NHANES III), which is a very large reference data set
derived from a United States population sample.1,2,13 In
this issue of RESPIRATORY CARE, Aggarwal and colleagues14

compare the interpretations of spirometry results from over
18,000 adults in India, using an FEV1/FVC � 0.70 crite-
rion versus an LLN expressed as the lower confidence
limit, equivalent to the 5th percentile, derived from an
earlier local reference population. They found that 28.2%
of these individuals who presented to their hospital pul-
monary-function laboratory had airflow obstruction by the
statistical LLN, but one quarter of these were missed by

* The updated American Thoracic Society/European Respiratory Society
guidelines for “Standardization of Lung Function Testing” were pub-
lished as a 5-part series in the European Respiratory Journal, in 2005,
volume 26, issues 1–5, and are available at the American Thoracic So-
ciety Web site (http://www.thoracic.org).
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the � 0.70 criterion. Conversely, over 10% of those deemed
to have an obstructive airflow pattern by FEV1/FVC � 0.70
fell within the normal confidence limits. Their Figure 3
indicates that nearly all of these false-positive diagnoses of
airflow obstruction would have been in men, making the
false-positive rate for men nearly 20%. The predicted LLN
of the FEV1/FVC ratio for this group of Indian men matches
quite well with that for white men in the NHANES III
reference data (shown in Figure 2), with values above 0.70
for young men, equal to 0.70 about age 40, and falling
to � 0.65 above age 70. However, the data presented for
Indian women is notably different, with values 6–7% higher
than those from young men and 10% higher at the older

end, whereas data from United States and European stud-
ies typically show women to have ratios no more than
2–3% higher than men, and in some studies this advantage
is lost with age.4,5,13 Thus, the finding that the lower con-
fidence limit for FEV1/FVC in this study greatly exceeded
0.70 for young women and remained well above it, even in
the elderly, cannot be generalized to other populations. As
shown in Figure 1, the NHANES III data for white women
are very similar to that for men, with LLN values near 0.75
at age 20, equaling 0.70 at age 52, and falling to 0.65 in the
mid-70s age range. Separately developed equations for
African-American and Mexican-American men and women
from the same study give FEV1/FVC ratios about 1–2%
higher for these groups than for the white data shown.

The COPD guidelines are not meant to be applied to
young individuals, and it is particularly important that
an accurate LLN be used, to avoid failing to recognize
airflow obstruction and undertreating asthma in this
group. When applied to a population more likely to be
screened for COPD, 40 – 60 years of age, the 0.70 cutoff
is a reasonable first approximation to the true LLN for
FEV1/VC ratio, and in those with a smoking history or
respiratory symptoms the pre-test probability of disease
is sufficiently high that even borderline low values may
more likely be associated with disease than normality.
However, in the elderly population the risk of over-
diagnosis by the fixed 0.70 value is much higher. In a
study of elderly men and women, who were asymptom-
atic never-smokers, drawn from a population sample in
Bergen, Norway, the likelihood of an FEV1/FVC ra-
tio � 0.70 was 22% for individuals age 70 –79 and 50%
for those above age 80,15 which emphasizes the impor-
tance of using an age-specific LLN.

A second issue addressed in the paper by Aggarwal et
al14 is the use of 80% of the predicted value for the LLN
for FEV1 and FVC, which is a practice probably even
more widespread than the use of a fixed FEV1/FVC ratio,
and is often extended to lung volumes and diffusing ca-
pacity as well. It has been known for many years, and
reconfirmed with every new set of reference equations,
that the variance of normal FEV1 and FVC values above
and below the predicted regression line is similar for large
and small values, and thus the LLN remains a constant
increment below the predicted value.16,17 This statistically
accurate LLN will therefore occur at a lower percentage of
a small predicted value than a high one. Like the 0.70
ratio, the 80%-of-predicted “rule of thumb” approximates
the true LLN of FVC and FEV1 (but not of all pulmonary
function variables) for individuals of average age and
height, but will be expected to under-diagnose abnormality
in younger, taller individuals and over-diagnose abnormal-
ity in older, shorter individuals with smaller predicted val-
ues. The data from Aggarwal et al, collected in a real-
world experience, are entirely consistent with these

Fig. 1. The lower limit of normal for the ratio of forced expiratory
volume in the first second to forced vital capacity (FEV1/FVC) is
about 10 units below the predicted value, and both decrease pro-
gressively with age in adult women, based on data from the 3rd
National Health and Nutrition Examination Survey (NHANES III)
prediction equations.13 Use of a constant value of 0.70 causes
failure to recognize early airflow obstruction in young adults and
falsely identifies healthy older adults as having chronic obstructive
pulmonary disease. (From Reference 1, with permission.)

Fig. 2. The lower limit of normal for the ratio of forced expiratory
volume in the first second to forced vital capacity (FEV1/FVC) in
adult men decreases progressively with age, based on the pre-
diction equations from the 3rd National Health and Nutrition Ex-
amination Survey (NHANES III),13 and is slightly lower than for
women of the same age. Thus, use of the criterion promulgated by
the Global Initiative for Chronic Obstructive Lung Disease (GOLD)
has an even greater risk of false positives for airflow obstruction in
older men. (From Reference 2, with permission.)
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expectations, and show that the normal range determined
by confidence interval is much more likely to extend be-
low 80%, and in some cases markedly below, than to stop
above it.

So why do we—and I frequently find myself among the
guilty—continue to use 80%? First, of course, it’s easy, es-
pecially given the way pulmonary-function data are typically
presented to us by the output of our equipment. Virtually
every apparatus will readily print out a predicted value along
with the measured value, and calculate a percent of predicted.
Creating a column to display the properly calculated LLN
may require special programming, if it is possible at all, or
transferring the data to a report format separate from the
testing equipment. Without this, one must keep track of con-
fidence intervals for each test, which often differ by sex. The
time is overdue to ask equipment manufacturers to provide a
way to display appropriate lower limits for each test in their
reporting formats.

Second, I think we often see our role as finding and
documenting abnormalities, so we tend to resist lowering
the LLN for FVC or FEV1. There may be some justifica-
tion for this in symptomatic patients, in whom early dis-
ease is often associated with low normal values. But if we
wish to increase sensitivity in a high-risk population, it
would be more rational to choose a narrower confidence
interval rather than the age- and height-dependent error of
the percent of predicted. When we are testing individuals
with a low or unknown probability of disease (eg, at health
fairs, routine physicals, or occupational screening), we
should be scrupulous in using a statistically appropriate
LLN, to avoid mislabeling healthy people whose values
happen to be among the lower portion of a normal popu-
lation distribution.
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