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Objective: Our goal is to determine short-term intraindividual bio-
logic and measurement variability in spirometry of patients with a
wide range of stable chronic obstructive pulmonary disease severity,
using datasets from the National Emphysema Treatment Trial (NETT)
and the Lung Health Study (LHS). This may be applied to determine
criteria that can be used to assess a clinically meaningful change
in spirometry.
Methods: A total of 5,886 participants from the LHS and 1,215 parti-
cipants from the NETT performed prebronchodilator spirometry
during two baseline sessions. We analyzed varying criteria for abso-
lute and percent change of FEV1 and FVC to determine which crite-
rion was met by 90% of the participants.
Results: The mean � SD FEV1 for the initial session was 2.64 � 0.60
L (75.1 � 8.8% predicted) for the LHS and 0.68 � 0.22 L (23.7 �

6.5% predicted) for the NETT. The mean � SD number of days
between test sessions was 24.9 � 17.1 for the LHS and 85.7 �

21.7 for the NETT. As the degree of obstruction increased, the
intersession percent difference of FEV1 increased. However, the ab-
solute difference between tests remained relatively constant de-
spite the severity of obstruction (0.106 � 0.10 L). Over 90% of
participants had an intersession FEV1 difference of less than 225 ml
irrespective of the severity of obstruction.
Conclusions: Absolute changes in FEV1 rather than percent change
should be used to determine whether patients with chronic obstruc-
tive pulmonary disease have improved or worsened between test
sessions.
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In patients with chronic obstructive pulmonary disease (COPD),
spirometry, including FEV1 and FVC, is a widely used measure
of progression of disease and response to treatment. According
to past American Thoracic Society (ATS) standards for spirome-
try, within-session reproducibility was considered to be 200 ml
or a 5% change in FEV1, whichever is larger (1), based on
data from the Third National Health and Nutrition Examination
Survey (NHANES III) (2). The current proposed ATS/Euro-
pean Respiratory Society guidelines for spirometry standardiza-
tion recommend within-session reproducibility within 150 ml for
FEV1 and FVC (3). Small previous studies suggested that pa-
tients with COPD may have greater variability within and be-
tween spirometry test sessions than do individuals with normal
lung function (4). Previous articles have reported the clinical
predictors associated with variability in FEV1 in the Lung Health
Study (LHS) (5). The current study expands the results by adding
data from the National Emphysema Treatment Trial (NETT)
cohort and specifically examining the effect of baseline lung
function on intersession variability. There are, however, no gen-
erally accepted standards for short-term reproducibility between
test sessions that can be clinically used to define improvement
or worsening.

Two studies of patients with COPD, the NETT and the LHS,
provide large datasets in which spirometry was performed on two
separate occasions during a baseline evaluation. Taken together,
these data are useful for evaluating intersession variability in
COPD spirometry results because they include a wide range of
COPD severity and represent a variety of testing sites.

Using these datasets, we addressed the following questions:
What is the short-term variability of FEV1 and FVC between test
sessions in patients with COPD? Does intersession variability
depend on the severity of COPD? Should suitable criteria for
minimal significant change in FEV1 or FVC be based on percent
change, absolute change, or both? The data in the current article
were presented as an abstract and poster at the May 2005 Inter-
national Conference of the ATS (6).

METHODS

Patient Selection

We selected participants for this study from the pool of participants of
two randomized controlled trials: 5,886 participants from the LHS and
1,215 patients from the NETT. All participants had airflow obstruction
by pulmonary function testing (PFT) and smoking history. The LHS
participants were all active smokers at the time of enrollment, and the
NETT participants were nonsmokers for at least 4 mo at the time of
enrollment. All participants had at least two separate tests of spirometry
during the baseline evaluation. Both the LHS and NETT were approved
by the institutional review board/ethics committees of all participating
institutions.
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TABLE 1. PARTICIPANT CHARACTERISTICS

NETT LHS Total
Variable (n � 1,215) (n � 5,886) (n � 7,101)

Age 66.4 � 6.1 48.5 � 6.8 51.6 � 9.6
Race, % white 94.9 95.8 95.6
Sex, % male 61.4 62.9 62.6
FEV1, L 0.68 � 0.22 2.64 � 0.60 2.30 � 0.92
FVC, L 2.14 � 0.72 4.20 � 0.94 3.84 � 1.19
FEV1, % predicted 23.7 � 6.5 75.1 � 8.8 66.3 � 21.2
FVC, % predicted 57.1 � 14.7 96.4 � 10.7 89.7 � 18.7
Interval between tests, d 85.7 � 21.7 24.9 � 17.1 35.3 � 29.1
Difference FEV1, L 0.007 � 0.12 �0.011 � 0.15 �0.008 � 0.14
Absolute difference FEV1, L 0.089 � 0.08 0.110 � 0.10 0.106 � 0.10
Difference FEV1, % 2.54 � 17.4 �0.35 � 5.8 0.14 � 9.0
Absolute difference FEV1, % 13.33 � 11.4 4.29 � 3.9 5.84 � 6.8
Difference FVC, L 0.072 � 0.42 �0.023 � 0.20 �0.007 � 0.25
Absolute difference FVC, L 0.317 � 0.28 0.150 � 0.13 0.178 � 0.18
Difference FVC, % 5.48 � 20.9 �0.47 � 4.9 0.55 � 10.0
Absolute difference FVC, % 15.81 � 14.8 3.65 � 3.3 5.73 � 8.2

Definition of abbreviations: LHS � Lung Health Study; NETT � National Emphy-
sema Treatment Trial.

Results are shown as mean � SD. Data were not available on one participant
from the LHS (n � 5,886).

The LHS (7) was a multicenter, randomized clinical trial funded by
the National Heart, Lung, and Blood Institute with the purpose of
determining whether a smoking intervention program and inhaled bron-
chodilators slowed the decline of FEV1. Participants were aged 34 to

Figure 1. Distributional plots for FEV1 and FVC in the two study popula-
tions. LHS � Lung Health Study; NETT � National Emphysema Treat-
ment Trial.

67 yr, with a mean age of 48 yr, and mild to moderate airway obstruction
(FEV1 from 90 to 50% predicted) (8).

The NETT (9) was a multicenter, randomized clinical trial that
compared lung volume reduction surgery with medical management
with medical management alone to determine the efficacy of lung vol-
ume reduction surgery. Participants were aged 39 to 84 yr, with a mean
age of 66 yr, with severe emphysema (FEV1 � 45% predicted) (10).

Pulmonary Function Testing

Spirometry methods met or exceeded ATS standards (1). In both stud-
ies, participants had prior experience with spirometry. There were dif-
ferences, however, between the PFT performed in the LHS and the
NETT trials. All participants in the LHS were tested using standardized
equipment by technicians who were centrally trained and certified.
Participants of the NETT study were tested in clinical pulmonary func-
tion laboratories using a variety of spirometers in centers that were
site-visited and certified by the trial investigators. In both trials, spirom-
etry used for comparison was obtained before bronchodilator treat-
ment, with a mean of 25 d (LHS) and 86 d (NETT) between sessions
(7, 9). The NETT subjects had undergone pulmonary rehabilitation

Figure 2. Box and whisker plots for the percent difference (A ) and
absolute difference (B ) for repeat FEV1 measurements as a function of
FEV1 percent predicted. Boxes represent the interquartile range (IQR)
bounded by the 25th and 75th percentiles with the bar as the median.
The whiskers represent the distribution of values between the upper
fence (75th percentile � 1.5 � IQR) and the lower fence (25th percentile
– 1.5 � IQR). Outliers are not displayed in the graph. Each bin corre-
sponds to a decile range of percent-predicted FEV1. Example: Bin 1 �

10 to 19.9% predicted FEV1. There are identical numbers of participants
(n) in corresponding bins of percent-predicted FEV1 for A and B. Bins
for the range of 0 to 9% predicted FEV1 for NETT and 40 to 49%
predicted FEV1 for LHS are not displayed as there are fewer than five
participants per bin (n � 3 and n � 1, respectively).
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training between sessions, an intervention that would not be expected
to alter FEV1 (9, 11). In both studies, spirometry was performed when
patients were stable and not suffering from an exacerbation.

Statistical Analysis

Descriptive analyses were performed assessing the age, sex, and race
of participants of each group studied. Box plots of intersession differ-
ences of pulmonary function were created by deciles of percent-
predicted lung function (8, 10). Comparisons were made between the
two study sessions for FEV1 and FVC, calculating the mean difference
and standard deviation between sessions as the second test minus the
first. We also calculated the mean absolute difference and standard
deviation as the absolute difference between the two test sessions.
The absolute difference is the difference between two measurements
irrespective of sign (i.e., it is always positive). Percent difference was
calculated as the second session value minus the first session value
divided by the first session value. The absolute percent difference was
calculated as the absolute difference between the second and first ses-
sion values divided by the first session value. Stata version 8.0 (Stata
Corp, College Station, TX) was used for statistical calculations.

To evaluate alternative sets of criteria for intersession reproducibil-
ity, we calculated the proportion of study participants meeting candidate
criteria that covered a range of absolute differences for each level of
percent change. We plotted the proportion of participants meeting
each of the criteria as isopleths of percent difference for each absolute
difference. For the purpose of comparison with previous studies of
pulmonary function testing reproducibility, we used a criterion value
that would be met by 90% of the population (12–14).

RESULTS

Demographic and Pulmonary Function Characteristics

A total of 7,101 participants had two separate PFT sessions (5,886
subjects from the LHS and 1,215 from the NETT). Participant
characteristics and pulmonary function tests are summarized in
Table 1. The average age � SD was 48.5 � 6.8 yr for LHS
participants and 66.4 � 6.1 yr for NETT. A majority of the partici-
pants were white in both groups. Because the ethnic groups were
categorized differently for the LHS and NETT, the groups were
divided into white and nonwhite for the purposes of the present
study. Males comprised about 62% of both populations.

The two pulmonary function tests were administered a mean �
SD of 24.8 � 17.1 and 85.7 � 21.7 d apart, respectively, in the
LHS and NETT studies. In accordance with the study designs,
the baseline mean � SD FEV1 (Table 1) was higher for the LHS
participants than for the NETT participants (2.64 � 0.60 vs.
0.68 � 0.22 L), and the FEV1 percent predicted for the LHS

Figure 3. Proportion of patients as a function of absolute
difference or percent difference between two measure-
ments of FEV1. Each isopleth indicates the proportion of
patients meeting the candidate criteria for the labeled per-
cent difference as the absolute FEV1 difference varies. The
percent difference is the absolute percent difference of
the FEV1 between the two test sessions. For example, to
determine the proportion of participants who met criteria
for less than 6% difference in FEV1 between visits or less
than 150 ml absolute difference between visits, follow the
6% isopleth to 150-ml value on the x-axis and read the
proportion meeting the criteria on the y-axis. (Slightly less
than 80% of participants met this criteria.)

group was higher than the NETT group: mean � SD percent-
predicted FEV1 of 75.1 � 8.8 versus 23.7 � 6.5%. With a range
of FEV1 from 1.07 to 4.70 L, and a range of percent-predicted
values from 48.2 to 95.7%, the LHS participants generally had
mild to moderate COPD. In contrast, NETT participants with
a lower range of FEV1 values at baseline (0.29 to 1.58 L) and a
range of percent-predicted values from 9.1 to 45.7% would be
categorized as having severe or very severe COPD (15). There-
fore, the two study populations taken together represented a
wide range of COPD severity. The histograms of distribution of
FEV1 and FVC for each of the studies are given in Figure 1.

The interval between test sessions was longer for the NETT
than the LHS. However, the mean absolute difference in FEV1

between the first and second test sessions was similar (0.089 ml
in the NETT vs. 0.110 ml in the LHS; Table 1). Moreover, there
was no significant correlation between the testing interval and
the difference between tests within each of the studies. There-
fore, we combined both study groups in a single analysis.

Reproducibility of FEV1

To determine the reproducibility of the FEV1, we compared the
intersession absolute difference and absolute percent difference
of FEV1 stratified by deciles of percent predicted. As the percent-
predicted FEV1 increased, the percent difference in FEV1 be-
came smaller (Figure 2A). However, the absolute difference
remained relatively stable as the percent-predicted FEV1 in-
creased (Figure 2B), and there was no notable difference between
the two study populations.

To compare different potential criteria for FEV1 reproducibil-
ity in terms of percent change or absolute change, we plotted the
percent of patients meeting varying sets of criteria (Figure 3). Each
isopleth represents the percent of patients within a calculated
percent difference category from 2 to 20%. At absolute differ-
ences above 225 ml, more than 90% of participants met the
criteria regardless of the percent difference. If two criteria were
used, then a percent change of 10% or 150 ml was met by at
least 90% of participants.

Reproducibility of FVC

The FVC intersession variability in the NETT was considerably
greater than in the LHS. In the NETT, the SD of the absolute
FVC difference was 0.28 L compared with 0.13 L in the LHS.
This is a larger SD than the SD of the absolute FEV1 difference
(0.08 L in the NETT compared with 0.10 L in the LHS; Table 1).
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Figure 4. Box and whisker plots for the percent difference (A ) and
absolute difference (B ) for repeat FVC measurements as a function of
FEV1 percent predicted. Boxes represent the IQR bounded by the 25th
and 75th percentiles with the bar as the median. The whiskers represent
the distribution of values between the upper fence (75th percentile �

1.5 � IQR) and the lower fence (25th percentile – 1.5 � IQR). Outliers
are not displayed in the graph. Each bin corresponds to a decile range
of percent-predicted FEV1. Example: Bin 1 � 10 to 19.9% predicted
FEV1. There are identical numbers of participants (n) in corresponding
bins of percent-predicted FEV1 for A and B. Bins for the range of 0 to
9% predicted FEV1 for NETT and 40 to 49% predicted FEV1 for LHS are
not displayed as there are fewer than five participants per bin (n � 3
and n � 1, respectively).

To determine the FVC variability, we calculated the intersession
absolute difference and absolute percent difference stratified
by deciles of percent-predicted FEV1. As the degree of airflow
obstruction increased (i.e., declining percent-predicted FEV1),
the absolute and percent difference in FVC increased (Figures
4A and 4B).

Within each study, the variability of absolute FVC difference
was relatively constant for each decile of FVC percent predicted,
but was higher for the NETT than for the LHS (Figure E1 of
the online supplement). To include 90% of the test session for
both studies, the reproducibility criteria would have to exceed
a 10% change or 325 ml absolute difference. If only an absolute
criterion for FVC is used, then 90% of the test sessions are
reproducible within 400 ml (Figure 5).

DISCUSSION

There are no formal recommendations to determine what per-
cent change or absolute value change is clinically or statistically
meaningful between measurements of FEV1 taken during two

test sessions. The major finding of this analysis is that the absolute
difference of FEV1 between two spirometry sessions did not
vary with the baseline level of FEV1. As a corollary, the percent
change was larger as the baseline FEV1 declined. Thus, the
absolute change in FEV1, rather than the percent change, is a
more stable criterion for determining whether a measured
change in FEV1 exceeds the expected day-to-day variability in
patients with COPD.

Based on the present study, criteria for intersession FEV1

reproducibility can be defined on the basis of the values repre-
sented in Figure 3. At least 90% of all patients studied met a
criterion of reproducibility at 225 ml absolute difference in FEV1.
Above the absolute cutoff of 225 ml, the percent difference in
FEV1 had little effect on the fraction of subjects meeting the
reproducibility threshold. Below the 225-ml cutoff, the effect of
percent difference of FEV1 increased. This result suggests that a
clinically useful rule for detecting change in FEV1 in an individual
patient is an absolute change greater than 225 ml, irrespective
of the baseline level of FEV1. An alternative approach is to
accept a percent difference of greater than 10% with an absolute
change of at least 150 ml. If we were to use a value of percent
difference alone as a criterion for reproducibility, we would
overestimate the number of patients with more severe COPD
who were considered to have improved or worsened. In turn, we
would underestimate the percent of patients with true changes in
function in those with less severe COPD.

The ATS published criteria for standardization and reproduc-
ibility of spirometry in 1995 with a recommendation for intrases-
sion reproducibility as a change of 5% or 200 ml (1). This was
based on Hankinson and Moon Bang’s study using the NHANES
III population (2). However, a recent publication citing 18,000
patients who had undergone spirometry suggests that the 200-ml
cutoff may be too lenient, with 90% of patients able to reproduce
two FEV1 measurements within 120 ml, or 6.1% (12). The current
guidelines for intrasession reproducibility are now based only
on an absolute change of 150 ml (3). We would expect variability
between testing sessions to be larger than within a test session
because of both biological and technical variation.

Although there are no predetermined guidelines for interses-
sion changes in patients with COPD, many people have adopted
the ATS definition of a bronchodilator effect, which is 200 ml
or 12% change (1, 16). Intersession variability of spirometry has
been studied in normal adults and patients with COPD. In a
meta-analysis including 73 patients, Pennock and colleagues
found that week-to-week variability, expressed as percent
change, was greater in patients with asthma or COPD than in
normal patients, and recommended that a significant change was
12% in normal subjects and 23% in patients with obstructive
disease (4). Another study showed that day-to-day FEV1 must
change by 17% in patients with chronic bronchitis to be signifi-
cant, as compared with the 5% change needed in normal patients
(17). On the basis of these data, experts have suggested that
changes in FEV1 and FVC that exceed the 95% confidence
limits of short-term variability occur when the spirometric values
change 10 to 15% from the baseline value (1, 18–20). Brand and
colleagues examined the short-term changes in FEV1 in response
to bronchodilators in a population of adults with obstructive
airway disease and found that the percent change in FEV1 was
more dependent on the baseline FEV1 than the absolute change
or change in percent-predicted FEV1 (21). In another evaluation
of patients with COPD and bronchodilator responsiveness,
Calverly and coworkers showed that the post-bronchodilator
absolute change in FEV1 was not influenced by the prebronchod-
ilator FEV1, whereas the percent change resulted in a curvilinear
relationship (22). The implication of this is that bronchodilator
testing might also use an absolute criterion for reproducibility
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Figure 5. Proportion of patients as a function of absolute
difference or percent difference between two measure-
ments of FVC. Each isopleth indicates the proportion of
patients meeting the candidate criteria for the labeled per-
cent difference as the absolute FVC difference varies. The
percent difference is the absolute percent difference of the
FVC between the two test sessions.

rather than a percent change or combination of absolute and
percent change. The intersession variation of FEV1 in COPD is
similar to that seen in studies of diurnal variation in FEV1 in
general populations. Borsboom and colleagues found an average
variation in FEV1 of 2.8% (86 ml) compared with the current
results in COPD populations of 2.54% (89 ml; Table 1), sug-
gesting that factors other than changes in airway caliber may
contribute to the observed variability (23).

If a patient with COPD shows improvement or worsening of
FEV1 that exceeds the limits defined by our study results, then
it is reasonable to conclude that the individual has had an im-
provement or worsening of lung function in the interval. Whether
this change is clinically meaningful depends on the clinical situa-
tion. However, some experts have suggested that the minimal
clinically important difference between two clinical measurements
can be estimated by the standard error of the measurement, which
is approximated at 0.1 L for FEV1 (24–27). It remains to be seen
how these changes are related to minimal clinically important
differences in symptoms.

The FVC was more variable in the NETT than in the LHS,
and more variable than FEV1. The NETT study, conducted in
clinical pulmonary function labs with varying equipment, likely
represents general community conditions more than LHS, which
had very rigorous spirometry quality control. In addition, be-
cause the patients in the NETT had more severe obstruction,
the measurement of FVC may have been more dependent on
the duration of expiratory effort. If so, the inspiratory capacity
might be a more accurate measure than FVC. This effect of
severity of airflow obstruction and duration of expiratory effort
may have varied between test sessions, and the effects of that
variability would have been greater in the NETT subjects who
had more severe obstruction. Overall, however, it seems reason-
able to suggest that a change in FVC would have to be greater
than 10% or 325 ml to reflect a change in FVC.

There are several limitations to the present study. First, our
study included participants with mild to moderate COPD and
severe COPD by using information from two prior published
studies, the LHS and the NETT. By using data from two different
studies, we have selected a heterogeneous group of participants.
However, the large numbers of participants, the wide range of
COPD severity, and the multisite recruitment and testing im-
prove the generalizability of the study sample to the general
COPD population. Second, the PFTs were performed with dif-
ferent procedures in the NETT group and LHS group, confound-
ing disease severity and testing procedures. The LHS studies

were done in research clinics with similar equipment; the NETT
used differing equipment in clinical pulmonary function labora-
tories. Both LHS and NETT procedures dictated that spiromet-
ric testing should be done at the same time of day; however,
data were not excluded if this could not be accomplished. All
laboratories used equipment and techniques that met or ex-
ceeded the ATS recommendations. The LHS technicians re-
ceived feedback on quality control on a case by case basis from
a central reading facility, whereas this was not the case in the
NETT. Because all participants were enrolled in a clinical trial,
there is the possibility of a bias toward greater motivation of
participants or clinical staff and more stable health, such that
variability could be even greater in community settings. Third,
there was a difference in the interval between the two measure-
ments in the two studies (25 d for the LHS vs. 85 d in the NETT);
however, the observed mean differences in FEV1 between ses-
sions between the two studies were similar. Fourth, there was
no intervention or treatment between sessions in the LHS group,
whereas the NETT participants did receive pulmonary rehabili-
tation between sessions. We believe this is not a concern because
the NETT study participants showed no statistically significant
difference in FEV1 between pre- and postrehabilitation. Finally,
the NETT participants were all diagnosed with emphysema,
whereas the LHS patients were diagnosed with COPD that was
not specified as emphysema only, a difference that might have
influenced test variability between the two study cohorts. Never-
theless, the wide range of severity in COPD and the large num-
bers of participants receiving two separate lung function tests
should allow us to use these data to represent the COPD popula-
tion more accurately than in previous studies. Review of LHS
and NETT results separately would permit us to draw similar
conclusions about FEV1 reproducibility. We are less certain
about FVC reproducibility, which depends more on local labora-
tory testing procedures in COPD.

In summary, the current study provides data validating the
use of absolute difference over percent difference in FEV1 to
assess intersession reproducibility and a clinically significant in-
tersession change in FEV1 in patients with COPD. Percent
changes alone in FEV1 should not be used to assess alterations
in spirometry in patients with COPD. On the basis of these
results, we suggest that a change of 225 ml absolute difference
in FEV1 could be used as a threshold to evaluate changes in
lung function in patients with COPD. That is, a change of more
than 225 ml has a high likelihood of representing a true change
in lung function. Smaller changes may still represent biological
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and important changes in lung function, but also have greater
likelihood of representing measurement noise. We are less con-
fident about what criterion would constitute a significant change
in FVC; however, the use of 10% change or 325 ml would be
met by 90% of our participants.
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