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Repeated Measures of FEV, Over Six to
Twelve Months: What Change is Abnormal?

Mei-Lin Wang, MD, MPH
Edward L. Petsonk, MD

Monitoring change in FEV, (AFEV,) is useful for assessing adverse
respiratory effects in an individual, but high variability impedes reliable
recognition of accelerated decline. The American Thoracic Society (ATS)
recommends a =15% vyear-toyear FEV, decline for clinical signifi-
cance. To evaluate the applicability of this criterion in health monitor-
ing programs, we examined the mean, lower Sth percentile, and lower
5% cutoff value of AFEV, determined from 2 tests at 6- and 12-month
intervals using data obtained with ATS-recommended equipment and
procedures in 389 white male workers, each with 3 to 11 spirometry tests
over 5 years. Results indicate that when healthy working males perform
spirometry according to ATS standards, a yearly decline in FEV; greater
than 8% or 330 mL should not be considered normal, whereas the
15% ATS criterion could be appropriate in clinical settings. (J] Occup
Environ Med. 2004;46:591-595)
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pirometry has become one of the
most useful methods for assessing
lung health. Over the last 25 years,
improved knowledge regarding
equipment, methods, and interpreta-
tion has resulted in the development
of professional standards, including a
series of American Thoracic Society
(ATS) statements, which have been
widely disseminated and adopted in
research, clinical testing, medical
monitoring, and screening.~* Moni-
toring of lung function change is
recommended to detect air flow lim-
itation in its early stage, when inter-
ventions are most likely to be suc-
cessful.> However, the reliable
detection of excessive longitudinal
change in spirometry measurements
is complicated by the presence of
various sources of random and sys-
tematic variation.®™ These difficul-
ties are particularly challenging
when the follow-up duration is short.
Results from longitudinal studies
have indicated that even when pro-
fessional standards and recommen-
dations are closely followed, the ob-
served individual rates of change still
suffer from substantial variability,
with short-term repeated measure-
ments in particular.*°~*? This could
preclude reliable determination of a
subject’s longitudinal change in
FEV, without prolonged follow up.
The ATS 1991 Statement on inter-
pretive strategies for spirometry rec-
ommended that a year-to-year
change in FEV, of =15% be used to
identify a clinically important
change.*® We sought to evaluate the
applicability of this criterion in
health monitoring programs and to
further investigate the normal limits
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of FEV, changes over 6- and 12-
month intervals (AFEV,) in a work-
ing population by anayzing an ac-
tual longitudinal spirometry dataset.
The results from this study provide
additional guidance for the interpre-
tation of short-term changes of FEV ;
in occupational settings.

Methods

The study population and data col-
lection methods have been previ-
ously reported™”; they are briefly re-
viewed here. Study methods were
approved by the Institutional Review
Board, and all participants gave writ-
ten informed consent.

Subjects and Health
Measurements

Data were from our previous study
on bronchial responsiveness and
5-year FEV, decline among a cohort
of 411 underground coa miners and
working nonminers. In the present
study, we used data available from
the 389 white male subjects. Stan-
dardized respiratory symptom ques-
tionnaires and methacholine testing
were completed at the initial and
fina health survey over 5 years.
Spirometry was performed at the
worksite at 6-month intervals using
an 8-L water-sealed survey spirome-
ter with an attached microprocessor
following ATS 1979 recommenda-
tions.* One hundred sixty subjects
had completed 11 measurements,
whereas the others had performed 3
to 10 tests. Initial values for FEV,
and FVC were compared with pub-
lished reference values.™® Subjects
were labeled responders if their
FEV, dropped =15% from baseline
after inhaling methacholine aerosol
(=25 mg/mL). Individua 5-year
FEV, slopes (mL/year) were calcu-
lated by linear regression using al
the FEV, measurements available
(from 3-11) for each study partici-
pant. In contrast to 5-year FEV,
slope, we defined the short-term
AFEV , as changesin FEV; between
any 2 measurements over 6- and
12-month intervals.
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Grouping by Health Conditions

In estimating the expected changes
and variability in FEV, over 6 and
12 months, we grouped subjects with
various health conditions as follows:
1) subjects who developed metha-
choline responsiveness over the
5-year study period (DHR); 2) sub-
jects who developed any of 5 respi-
ratory symptoms (cough, phlegm,
dyspnea, persistent wheeze, attacks
of wheeze with dyspnea) over the 5
years (DSX); and 3) subjects with
accelerated long-term declinein lung
function (rapid = 5-year FEV,; slope
in the lowest quartile, ie, equal to or
more negative than -90 mL/year).
For estimating the “normal” or ex-
pected change and variability in
AFEV,, we used 2 different refer-
ence groups: stable, comprising sub-
jects who did not experience exces-
sive long-term functional declines
(ie, 5-year FEV, dope less negative
than -90 mL /year); and healthy, com-
prising nonsmoking individuals who
did not respond to methacholine at
both initial and final survey, and had
not developed any of the respiratory
symptoms over the 5-year study pe-
riod.

Estimate the Normal Limits of
Short-Term AFEV,

The change between any 2 FEV,
measurements over both 6- and 12-
month intervals was examined in 2
ways. the absolute change and the
percentage change. The absolute
change in FEV, was calculated by
subtracting the first FEV,; value
(baseline) from the subsequent test
value (at either a 6- or 12-month
interval), expressed in milliliters.

For AFEV, over a 6-month inter-
val, the calculation was:

AFEVl(os-momh) =

FEV 16-montty — FEV 1(basaiine);

and, for AFEV, over a 12-month
interval, the calculation was:

AF EV1(12-month) =
FEV 1(12-month) — FEV 1(baseline)

The percentage changein FEV ; was
calculated as the absolute change di-
vided by the basdine FEV, multiplied
by 100 (iev % AFEVl (6-month)
(AFEV, o T FEV1 (pasing) X 100
for a 6-month interval; and %
AFEV, (12-month) — (AFEV, (12-month) /
FEV 1 (basaiine) X 100 for a 12-month
interval, respectively).

The lower limit of normal was
defined in 2 ways, as the AFEV,
value at the 5th percentile and as the
lower 5% cutoff, assuming a 1-sided
test (lower 5% limit = mean —
1645 X SD). These 2 estimates
should be very close to each other if
the distribution of AFEV, is approx-
imately normal.

We used Statistical Analysis Soft-
ware (SAS® version 8.2, 1999-
2001; SAS Ingtitute Inc., Cary, NC)
to test normality of the distribution
for AFEV, and to compute the mean,
standard deviation, and the values of
AFEV, at the 95th, 75th, 50th, 25th,
and 5th percentiles. We estimated the
lower limit of normal for AFEV,
based on the results from the previ-
ously described stable and healthy
groups.

Validity by Other Datasets

Two other datasets were used for
comparison. The first dataset was
obtained from our previous study of
asthma:like symptoms in wood prod-
uct plant workers.*® This dataset
contains 2 years of spirometry mea-
surements in 6-month intervals from
160 white male workers. The second
dataset was collected during routine
annual medical surveillance by the
medical department of a steel com-
pany for 391 steel workers (5% fe-
male, 4% black) over a 3-year period
from 1991 to 1994. For both data-
sets, spirometry testing was per-
formed using a Nationa Institutes
for Occupational Safety and Health
(NIOSH) dry rolling-seal spirometer
and in conformance with then-
current ATS recommendations.
Comparison datasets included all
workers without elimination of those
reporting respiratory symptoms or
conditions.
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TABLE 1
Changes in FEV, by Health Condition
5-Yr FEV,
6-Mo AFEV, 12-Mo AFEV, Slope (mL/
mL] mL, T
Health Subjects (mL) (mL) ¥
Condition (no.) Mean SD Mean SD Mean SD
DHR 37 -4 173 -73 188 —74 38
DSX 65 —44 198 -73 203 -7 54
Rapid 97 —66 187 -116 198 —122 34
Stable 292 —24 169 —44 175 -36 44
Healthy 71 -28 167 -55 171 -56 45
SD, standard deviation.
TABLE 2
Estimates of “Normal Limits” for AFEV,
. 5th Lower 5%
i Observations Percentile Cutoff
Subjects Interval (no. of
(no.) (months) AFEV,s) (mL) (%) (mL) (%)
Al 389 6 2843 -320 -7.8 321 -82
12 2511 -350 -9.0 -363 -9.3
Stable 292 6 2157 -300 -7.1 -301 -7.8
12 1911 -330 -81 -331 -85
Healthy 71 6 555 -280 -6.5 —302 7.0
12 507 -320 -7.4 -335 -7.7
A
B
Results °y sty
. ) S 0 Stable
The study subjects were 389 white - BDHR
. a BDSX
male underground miners (194) and S - B Rapid
nonmining blue collar workers (195). ]
; FAi AFEV1 AFEV1
The median age a the initial survey 6-Mo Interval ~ 12-Mo Interval
was 37 years (range, 19—-65 years), 8
with approximately 28% current ~
smokers and 28% exsmokers, aver- =
aging 11 pack-years at baseline. The % i
mean FEV,; was 4.15 L (99% pre- s EDHR
. . . a WDSX
dicted) at baseline, and at the find = B Rapid
survey, the mean FEV,; was 3.83 L

(94% predicted). Methacholine re-
sponders at the initial and final sur-
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Fig. 1. Distribution of change in FEV:
6- and 12-month AFEV, versus 5-year slope.

AFEV1 AFEVL
6-Mo Interval 12-Mo Interval

Fig. 2. The 5th percentiles of AFEV, in
milliliters (A) and percentage (B) by health
conditions. HEAL THY—Subjects who had
never smoked, did not respond to methacho-
line at both initial and final survey, and had
not developed any of the respiratory symp-
toms (cough, phlegm, dyspnea, persistent
wheeze, attacks of wheeze with dyspnea) over
5 years, n = 71; STABLE—Subjects with
5-year FEV, slope less negative than -90
mL/year, n = 292; DHR—Subjects who
developed methacholine responsiveness over
5-years, n = 37; DSX—Subjects who had
new onset of any of the 5 respiratory symp-
toms (cough, phlegm, dyspnea, persistent
wheeze, attacks of wheeze with dyspnea) over
5 years, n = 65; RAPID—Subjects with a
5-year FEV, slope equal to or more negative
than -90 mL/year, n = 97.
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vey comprised 27% and 30% of the
total, respectively.

The normality test showed that the
distribution of AFEV, is approxi-
mately normal. Figure 1 illustrates
that the AFEV, distributions for 12-
month intervals are broadly similar
to those for 6-month intervals, with a
tendency toward higher overall mean
declines. Although the medians are
al similar, the greater range in
AFEV, values for 6- and 12-month
intervals, compared with the 5-year
slope values, is obvious.

Figure 2 demonstrates the AFEV |
5th percentile by health conditions.
For al groups, the absolute values of
the AFEV, 5th percentile were
dlightly lower for 6-month than for
12-month intervals. The vaues for
the 2 reference groups (healthy and
stable) and for those who did not
develop arway responsiveness or
symptoms (data not shown) were al
similar. In contrast, the values for
those developing airway responsive-
ness (DHR) or symptoms (DSX)
were generally closer to the rapid
decliners (RAPID). Whether ex-
pressed as absolute change (Fig. 2A)
or as percentage change (Fig. 2B),
the relative magnitudes of the 5th
percentile of AFEV; were similar for
the various groups.

Table 1 shows the mean and the
standard deviation of 6- and 12-
month AFEV ,, and 5-year slopes, by
health condition. Groups with ad-
verse health conditions had greater
mean declines in FEV, compared
with the reference groups. Compar-
ing the 12-month AFEV, with the
5-year slopes, the means were simi-
lar, whereas the standard deviations
were more than 3 to 5 times greater.
Table 2 summarizes the estimates of
normal limits for short-term changes
in FEV,. Among the 2511 observa-
tions of AFEV, over a 12-month
interval, only 0.6% was =15% and
therefore met the ATS-recom-
mended criterion as a clinically im-
portant change. In contrast, for the
hedlthy and stable study subjects,
“normal limits’ of 12-month AFEV
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TABLE 3
Distribution of 12-Month AFEV, for Current Study and Comparison Data Sets
AFEV,
. AFEV, 5th Lower 5%
. Observations Percentile Cutoff
Subjects (no. of
(no.) AFEV,s) (mL) (%) (mL) (%)
Wood product workers 160 506 -370 —-86 —400 -95
Steel workers 391 468 -308 -—-92 -—-327 -—92
Present study 389 2511 -350 -9.0 -363 -93

ranged from -320 to -335 mL and
from -7.4 to -8.5%, respectively.

Comparisons with the 2 other
datasets are shown in Table 3. The
values of the 5th percentile and the
lower 5% cutoff of 12-month
changes in FEV, from these 2 data-
sets were quite close to those from
the present study.

Discussion and Conclusion

Pulmonary function testing has
evolved from a tool confined to the
physiology research laboratory into
one of the most useful health assess-
ments for clinical diagnosis and
management, as well as for the in-
vestigation of potential adverse ef-
fects of environmental and occupa-
tional exposures. The importance of
objective measurements in the eval-
uation of individuals who are at risk
for chronic obstructive pulmonary
disease from smoking or exposure to
other hazardous materials and envi-
ronments has recently been empha
sized.®

Periodic testing at 6- to 12-month
intervals is often recommended for
monitoring of lung health, but the
interpretation of changes in spiro-
metric indices over the short-term
with only 2 measurements has been
problematic.>”*® To assure the ap-
propriate selection of reference val-
ues for cross-sectional interpretation
of spirometry, clinicians must not
only take into account factors that
are recognized to affect lung func-
tion such as age, height, gender, and
ethnicity, but also the equipment,
technician training, and the various
technical considerations such as
method of calculation, ambient and

equipment temperatures, and instru-
ment calibration. Selecting reference
values for interpretation of longitudi-
nal spirometry involves additional
considerations in comparison to
cross-sectional spirometry. The
changes observed over time in an
individual’s spirometry results could
be influenced by a number of tech-
nical and measurement factors, sea
sona and diurnal variation, as well
as short-term illnesses or chronic al-
terations in lung health. It is known
that the variation between tests could
be greater among individuals with
lung disorders, particularly those as-
sociated with airway secretions and
bronchospasm.**—2*

Consistent approaches to tech-
niques, procedures, and equipment
for performing spirometry, as was
attempted during the collection of
the data analyzed in the current
study, can improve the precision of
results. Even with these precautions,
unexplained systematic differences
between hedth surveys (a survey
effect) could be seen.?* The longitu-
dinal reference value selected should
be based on data with a frequency of
testing, an interval of observation,
and a method of calculating change
(eg, regression slopes vs. 2-point dif-
ferences) similar to the procedures
used for obtaining the value to be
interpreted.*? The current ATS state-
ment on interpretation of spirometry
recommends that a year-to-year
change of 15% is required to be
clinically meaningful. This recom-
mendation appears to have been
based on data collected, at least in
part, before the establishment of the
current professional recommenda-

tions for equipment, procedures, and
training.’® An alternative criterion
recommended for determining a
meaningful longitudina FEV, de-
cline is 85% of the baseline FEV
value minus the expected decline
resulting from aging.* When spirom-
etry results span multiple years, this
approach could result in earlier iden-
tification of individuals with acceler-
ated FEV, declines, compared with
the ATS criterion, but it is less sen-
sitive for year-to-year changes.

In clinical practice, a significant
abnormality is often defined as a
value that would be expected in less
than 5% of healthy persons. How-
ever, previous studies have not re-
ported the distribution of change in
FEV,; measured over 6- to 12-month
intervals among generally healthy in-
dividuals. To address this issue, the
current study was designed to offer
guidance in the interpretation of in-
dividual longitudinal spirometry re-
sults by providing estimates of the
variability in test results over the 6-
and 12-month intervals commonly
used when monitoring lung health.
The short-term changes of FEV, (be-
tween any 2 measurements over 12
months) that we observed during a
5-year study in this working popul a-
tion suggest that the ATS recommen-
dation requiring a =15% change
from year-to-year could be too strict
in some circumstances. In our study,
only 0.6% of the 1-year intervals
showed a =15% change, and our
results suggest that a year-to-year
decline of >8% or >330 mL is
unlikely to occur by chance among
healthy working males. (See bolded
results for the stable and hedthy
groups in Table 2.)

To assure that these lower normal
limits for year-to-year AFEV, were
derived from atruly “normal” group,
individuals who developed adverse
health outcomes over the 5 years of
observation (ie, respiratory symp-
toms, airway responsiveness, large
long-term losses in FEV ;) were ex-
cluded from the reference groups.
The validity of the findings is
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strengthened by the similarity of the
study data to spirometry results col-
lected for both research and surveil-
lance purposes in other working pop-
ulations. However, even among
workers in our study who met this
>8% or >330 mL criterion, many
did not show accelerated declines
over the entire 5 years of follow up
(data not shown), emphasizing that a
finding of an increased year-to-year
decline in an individual requires fur-
ther assessment and confirmation.

We conclude that short-term re-
peated measurements of FEV, are
associated with a variability that is
large in comparison to the long-term
FEV, dlope (mL/year). The variabil-
ity of AFEV, is similar for 6- and
12-month intervals. Individuals with
health conditions tend to have both
greater declines and greater variabil-
ity in AFEV,. The =15% threshold
for recognizing clinically important
FEV, changes recommended by the
ATS could be appropriate in a clini-
cal setting in light of the greater
variation typically seen among pa-
tients with respiratory health condi-
tions. However, when spirometry is
performed to monitor lung health
among working populations using
procedures, equipment, and techni-
cian training that meet or exceed
ATS recommendations, our study in-
dicates that a year-to-year decline in
FEV, greater than 8% or 330-mL
decline should not be considered
normal.
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