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The Value of Periodic Spirometry for Early Recognition of
Long-Term Excessive Lung Function Decline in Individuals

Eva Hnizdo, PhD

Objective: To establish the value of workplace spirometry monitoring meth-
ods for early recognition of long-term excessive lung function decline in
individuals. Methods: Sensitivity, specificity, and positive likelihood ratio
were calculated to determine the predictive value of the linear regression
slope and limits of longitudinal decline for early prediction of long-term ex-
cessive forced expiratory volume in 1 second (FEV) decline (> 90 mL/yr
established over 9 to 11 years) in ongoing spirometry monitoring programs
(firefighters and construction workers) and a historical program (paper-pulp
mill workers). The longitudinal limits account for the expected FEV| within-
person variability. Results: The longitudinal limits achieved clinical “useful-
ness” (positive likelihood ratio 10 or higher) from the fourth to fifth year of
follow-up, whereas the linear regression slope was less useful. The useful-
ness depended on data precision and measurement frequency. Conclusion:
The limits of longitudinal decline are more useful for early recognition of
long-term excessive FEV decline than the linear regression slope.

L ow lung function is an important predictor of morbidity from
chronic obstructive pulmonary disease (COPD), mortality from
COPD and cardiovascular disease (CVD), and all-cause mortality.! ¢
In addition, excessive lung function decline established over a
S-year follow-up is associated with increased risk of COPD mor-
bidity, COPD and CVD mortality, and all-cause mortality, even in
those whose lung function level is within the limits of normal.>-®
The increased risk is observed in men, women, never-smokers, and
those younger than 45 years.>*¢

Excessive lung function decline can reflect an underlying res-
piratory condition, increasing abdominal obesity, general loss of
fitness, CVD or other adverse health conditions.”® In COPD and
asthma, chronic inflammation in the lung tissue leads to progressive
lung tissue degradation that may start many years before it can be
detected by radiology, lung function test, or other markers.”>!° A sin-
gle lung function test can identify individuals whose lung function
is abnormal based on population-based criteria of normality, usually
the lower fifth percentile based on healthy nonsmokers of the same
sex, race, and height (ie, the lower limit of normal [LLN]). Never-
theless, in relatively healthy worker populations, some workers with
a “normal” lung function level may display excessive lung function
decline,'! whereas individuals with forced expiratory volume in 1
secosngl (FEV) below the LLN may follow a normal trajectory with
age.>
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Prevention of excessive lung function decline is possible in
occupational settings when periodic spirometry is combined with
intervention, such as workplace respiratory protection and occupa-
tional exposure control, lifestyle changes such as smoking cessation
or regular exercise, or medical treatment.'>~!7 Nevertheless, some
questions still remain unanswered. How soon and how reliably can
periodic spirometry identify individuals with excessive lung func-
tion decline? What screening criteria are most effective in predicting
long-term excessive decline? How do the answers to these questions
depend on the frequency of testing and longitudinal data precision?

Often in practice, the decision about whether a decline in two
lung function measurements observed over time is excessive and is
based on the absolute decline in FEV or forced vital capacity (FVC)
exceeding a certain critical value (eg, 90 mL/yr). This is analogous
to fitting a linear regression model to the data points and making a
decision on whether the estimated rate of decline exceeds a critical
value (eg, 90 mL/yr). This method of evaluation has limitations dur-
ing the early (1 to 8) years of follow-up when the data are sparse,
as it does not account well for the inherent longitudinal FEV data
variability. An important consideration in periodic spirometry inter-
pretation is the within-person variability in the longitudinal FEV|
measurements, which in healthy worker populations are mostly re-
lated to biological fluctuation in lung function and the quality of
the spirometry tests. To account for the FEV| variability, especially
during the early years of follow-up, the limits of longitudinal decline
that assume a certain fixed level of within-person variation have been
proposed. The American Thoracic Society (ATS) recommends that
an annual decline greater than 15% should not be considered nor-
mal. Nevertheless, because the year-to-year measurements mostly
reflect the within-person variation, applying the ATS annual limit is
not very useful in predicting a long-term excessive decline in worker
population.'® Also, because the predictive value of periodic spirom-
etry increases with increasing duration of follow-up,'® a longitudinal
limit based on the 15% criterion and expected age-related decline is
recommended for longer-term evaluation in occupational settings by
the American College of Occupational and Environmental Medicine
(ACOEM).'® Because the limit based on the 15% criterion assumes
relatively large within-person variation in FEV, it has low sensitivity
(SE).!#-20 To increase the SE while maintaining adequate specificity
(SP), a more flexible longitudinal limit, which reflects the precision
of existing longitudinal spirometry data, has been proposed.'8-2

To illustrate the issue, Fig. 1 shows longitudinal FEV; data
for a real person whose decline in FEV| is excessive in relation to
the limit of longitudinal decline (LLD) and the age-related LLN that
corresponds to the lower fifth percentile for a healthy nonsmoker of
the same sex, race, and height. To be useful, the limit of longitudinal
decline should be sufficiently robust, but have an adequate ability to
predict long-term adverse outcomes, including long-term excessive
decline, at an early stage.

The objective of this article is to evaluate the predictive value
of the methods proposed for early recognition of individuals at risk
of developing long-term excessive lung function decline. For that
purpose, we studied data from at-risk worker populations with vary-
ing precision and varying frequency of longitudinal spirometry. The
information from this study is pertinent to prevention in ongoing
workplace monitoring programs including those in this study.'”-2!
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FIGURE 1. Longitudinal FEV; data for a real person whose
lung function is normal based on the cross-sectional criteria
of LLN, which represents the lower fifth percentile in healthy
nonsmokers, but the relative LLD classifies the person as hav-
ing excessive FEVy decline. FEVq, forced expiratory volume in
1 second; LLD, limit of longitudinal decline; LLN, lower limit
of normal.
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MATERIAL AND METHODS

Populations Studied

We studied data from three large spirometry-based monitor-
ing programs of workers (firefighters, paper-pulp mill workers, and
construction workers) potentially exposed to respiratory hazards.
The programs started from 1988 onward and are ongoing in the fire-
fighters and construction workers; the ATS spirometry testing stan-
dards current at that time were used. The paper-pulp mill workers’
annual monitoring involved a standardized respiratory symptoms
questionnaire and spirometry testing using standardized protocol
and volume-based spirometers. Spirometry tracings were reviewed
by one experienced reviewer.?? The firefighters’ annual spirometry
was done by trained technicians using a volume-based spirometer
over the period included in this study (1989 to 2000); a worsening
spirometry quality from 2001 to 2005 precluded us from using those
data.?! In the construction workers, monitoring is done on a trian-
nual basis, mostly by commercial van services or health clinics that
reportedly adhere to current ATS standards.!” The studied data were
previously described with respect to spirometry quality and longi-
tudinal data precision.!”-2!-?3 Individuals with spirometry follow-up
longer than 8 years and at least four longitudinal spirometry tests
were selected for this study.

In addition, a subcohort of “healthy” nonsmokers was se-
lected from the paper-pulp mill workers who reported never to have
smoked, and not having asthma or symptoms consistent with chronic
bronchitis, or wheezing. This cohort was used to derive longitudi-
nal limits based on FEV| within-person variation and mean rate of
decline observed in healthy never-smokers.

The study was approved by the National Institute for Occupa-
tional Safety and Health institutional review board.

Data Analysis

For each cohort, we calculated descriptive statistics for the
cross-sectional and longitudinal spirometry data. US population ref-
erence equations were used to calculate the predicted FEV; and
FVC values.?* Using the longitudinal data, we evaluated how soon
and how well the different proposed methods predict the long-term
excessive decline in FEV.

© 2012 American College of Occupational and Environmental Medicine

Longitudinal Evaluation—Determination of Long-term
Excessive Decline

To determine whether individuals’ long-term decline in FEV
is excessive, we estimated the rate of FEV decline (mL/yr) by fitting
the linear regression model with FEV| as a dependent variable and
the intercept and age as independent variables, to each subject’s all
longitudinal data. A rate of decline in excess of a critical value of 90
mL/yr was categorized as excessive. The 90 mL/yr decline is likely
to lead to clinically significant airflow impairment®® and importantly
FEV| rate of decline greater than 90 mL/yr can be detected as
excessive after 8 years of follow-up depending on the longitudinal
data precision.'® For practical purposes, slopes estimated over 8 to
11 years of follow-up can be considered to have sufficient reliability
and we can also assume that the relationship is linear.'® The relative
rate of decline (%/yr), relative to the baseline FEV; value and a
relative critical value comparable with a rate of decline greater than
90 mL/yr were also estimated.

Longitudinal Evaluation—Determination of an Excessive
Decline at a Particular Time

We applied the linear regression model and the longitudinal
limits to the spirometry data collected over increasing duration of
follow-up to determine if and at what specific follow-up time (ie,
year) would the methods classify the FEV| decline as excessive.

A. Decline estimated by /inear regression model and compared with
a critical value. For each person, short-term rates of FEV; de-
cline were estimated by fitting the regression model (the same as
described for long-term evaluation) to longitudinal FEV; data
collected up to each year of follow-up (ie, years 1 through
8). If the rate of decline estimated up to the specific year was
greater than a critical value of 90 mL/yr, it was considered to be
excessive.

B. Decline evaluated using limits of longitudinal decline. The limits
are designed to determine whether the decline from the baseline
FEV| value (or mean of two values if second value was higher)
to a specific follow-up time is within a critical limit set by a
longitudinal limit that takes into account the expected within-
person variation in longitudinal FEV and age-related decline. If
the decline in FEV exceeds the limit, the decline is considered
excessive. Because the purpose of this article is to evaluate use-
fulness of the limits previously described in detail,'®:'® only their
principle is outlined. Three types of relative longitudinal limits
were evaluated:

1. ACOEM recommends a longitudinal normal limit (LNLscopm)
based on the ATS recommended year-to-year decline limit of 15%
and the predicted age-related decline over years.!® The limit is
defined in terms of a critical value below which a longitudinal
measurement should not fall from the baseline FEV| value
(FEV1p), as follows:

LNLacoem = FEVp(1 — 0.15)
—(pred. FEV] at baseline — pred. FEV, at follow — up) [1]

2. The flexible relative limit of longitudinal decline (LLD;) rep-
resents the upper 95% confidence limit for the group’s average
relative rate of decline b, (relative to FEV ) and the follow-up
time ¢ measured in years, and is defined as follows:

LLD, = ¢ x b, + (1.645 x s, x 1.41), 2]

where s, is the relative within-person standard deviation that
accounts for the average longitudinal FEV data variability in the
monitoring program. The constant 1.41 represents a fixed effect
of two repeated measurements as 1.41 = /12(p — 1)//p(p + 1),
where P = 2.'%:26 For the purposes of this study, we estimated s, as

1507



Hnizdo

JOEM o Volume 54, Number 12, December 2012

the relative pairwise within-person variation calculated using annual
within-person differences in FEV; summed over all the individu-
als and years of follow-up in a program.'® The ACOEM limit is
comparable with LLD; when the average within-person variation is
approximately 6% and annual decline is approximately 1%.

3. The relative limit of longitudinal decline based on the FEV;
variability observed in nonsmokers (LLD;-NS) was calculated
using equation (2) and the within-person variation and the mean
rate of decline estimated for the healthy nonsmokers’ subcohort.

The critical value below which the FEV| measured at a follow-
up time ¢ should not fall from the baseline FEV, value is then cal-
culated as FEV| = FEVy, — [FEV, x (LLD; or LLD; -NS)/100].
Software for monitoring of longitudinal data precision and for lon-
gitudinal evaluation by these limits is available on the Internet.?’

Measures of Predictive Ability of the Excessive
Decline Criteria

The predictive ability of the four longitudinal criteria, that
is, how well and how soon they can identify individuals with long-
term excessive decline, was measured using the SE, SP, and positive
likelihood ratio (LR+) statistics, evaluated over the years of follow-
up.?® SE is the proportion of individuals identified by a longitudinal
limit as having excessive decline at a specific follow-up time who
have long-term excessive decline. SP is the proportion of individuals
not identified by a longitudinal limit as having excessive decline at a
specific follow-up time who do not have long-term excessive decline.
The LR+ combines SE and SP [LR+ = SE/(1 — SP)] and indicates
overall usefulness of the tests balancing SE and SP. LR+ is the
proportion of positive test results in those who have longer-term

excessive decline, divided by the proportion of positive test results
in the absence of long-term excessive decline. Generally, a LR+
value of 10 or higher indicates that a test is clinically useful.?®

RESULTS

Descriptive statistics for the three cohorts and a subcohort
of “healthy” never-smokers who satisfied the selection criteria are
presented in Table 1. The firefighters’ monitoring program started
in 1988 and is ongoing. By 2010, there were 4527 firefighters with
at least two spirometry measurements, and of these 965 satisfied the
selection criteria. The construction program started in 1990 and is on-
going. By 2009, there were 2771 workers with at least two spirometry
measurements, and of these 460 satisfied the selection criteria. The
paper-pulp mill monitoring was conducted from 1988 through 2000
in several plants, 11 of which were identified to have sufficient data®*;
6440 workers had longitudinal data and of these 1286 satisfied the
selection criteria and 345 of these were never-smokers. Because very
few female firefighters and construction workers satisfied the selec-
tion criteria, for comparability we excluded women from the study.

Table 1 shows that the baseline lung function in firefighters
was comparable with never-smokers, but the rate of decline was,
however, higher. The construction workers were comparable with
the paper-pulp mill workers, except for the longitudinal decline and
variability, which appeared higher. The relative within-person vari-
ation ranged from 3.8% in nonsmokers to 6.0% in the construction
workers. Because the relative statistic adjusts for FEV| size, it pro-
vides a more comparable measure than the absolute one.

Table 2 shows the values of the three longitudinal limits
(LNLacogMm, LLD;, and LLD,-NS) for increasing years of follow-up
(1 to 8). The limits represent the percent decline from the baseline

TABLE 1.

Characteristics (Mean [SD] or No. [%]) of the Three Occupational Cohorts and the Never-Smokers Subcohort

Paper-Pulp Mill Workers

Never Construction

Characteristic at Baseline or Firefighters All Smokers Workers
Calculated Over Follow-Up (n =965) (n =1286) (n =345) (n = 460)
Age (yr) 36.3 (9.3) 36.4 (8.4) 33.7(9.1) 35.4 (8.8)
Follow-up time (yr) 9.3 (0.5) 9.5(0.7) 8.2 (1.6) 9.5(0.8)
Height (cm) 180.4 (6.2) 177.9 (6.4) 178.4 (6.4) 177.9 (6.8)
Weight (kg) 87.2 (11.8) 87.2 (15.4) 78.2(9.9) 86.1 (15.5)
Body Mass Index (kg/m?) 26.8 (3.2) 27.6 (4.4) 24.5(2.4) 27.4 (4.5)
Smokers (%) A5* 60.6 0.0 NAT
Cross-sectional evaluation at baseline
FEV; (L) 4.39 (0.64) 4.11 (0.68) 4.33 (0.60) 4.10 (0.7)
FEV{% predicted 98.9 (11.7) 95.5(12.8) 98.9 (11.2) 95.7 (14.2)
FVC (L) 5.46 (0.77) 5.09 (0.80) 5.30(0.73) 5.19 (0.83)
FVC% predicted 98.7 (11.0) 94.9 (11.7) 97.6 (10.8) 97.7 (12.8)
FEV{/FVC (%) 80.5 (5.7) 80.9 (5.8) 82.0(5.8) 79.1 (7.6)
Longitudinal evaluation for more than 8 years
FEV| rate of decline (mL/yr) 39.6 (29.5) 452 (32.2) 34.3 (33.5) 48.7 (50.1)
FEV| rate of decline (%/yr) 0.9 (0.7) 1.1 (0.8) 0.8 (0.8) 1.2(1.2)
Within-person variation (mL) 175.0 153.0 149.9 200.0
Within-person variation (%) 4.5 43 3.8 6.0
Long-term decline > 90 mL/yr (no., %) 46 (4.8) 106 (8.2) 18(5.2) 80 (17.4)
Long-term decline > 2.1 %/yr (no., %)% 54 (5.6) 99 (7.7) 11(3.2) 77 (16.7)

*In 2009, only 5% of the firefighters reported smoking tobacco.

tSmoking information was not sufficient to estimate prevalence.

tRelative decline of 2.1%, 2.2%, 2.1%, and 2.2% were used respectively for the four programs to adjust for the FEV, size.

NA, not available because of insufficient data; FEV, forced expiratory volume in 1 second; FVC, forced vital capacity.
1508 © 2012 American College of Occupational and Environmental Medicine
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TABLE 2. The Value of the Relative Longitudinal Limits Over 1 to 8 Years of Follow-Up. The Limits
Represent the % Decline From the Baseline FEV, Value. The ACOEM Limit Is Fixed. The Flexible
Limit (LLD,) Is Based on Each Program’s Data Variability and Mean Rate of Decline and Is Thus
Specific for Firefighters, Pulp-Paper Mill Workers, Construction Workers, and the Healthy
Never-Smokers (LLD,-NS)

Flexible LLDy Limit as % of FEV| Decline From Baseline

ACOEM Limit as % All Pulp-Paper  Construction
Follow-Up Year  of FEV | Decline From Baseline  Firefighters Mill Workers Workers LLDy-NS*
1 15.0 11.3 11.1 15.0 9.6
2 16.1 12.2 12.2 16.1 10.4
3 17.2 13.1 13.3 17.2 11.2
4 18.3 14.0 14.4 18.3 12.0
5 19.4 14.9 15.5 19.4 12.7
6 20.5 15.8 16.6 20.5 13.6
7 21.6 16.7 17.1 21.6 14.3
8 22.7 17.6 18.8 22.7 15.1

The Value of Periodic Spirometry in Workplace

*On the basis of healthy never-smokers selected from the pulp-paper mill workers.
FEV,, forced expiratory volume in 1 second; LLD, limit of longitudinal decline.

FEV, value, with increasing years of follow-up. The ACOEM limit
was calculated using equation 1 and is thus fixed for all the cohorts.
The flexible limit, LLD;, was calculated for each monitoring program
and for the never-smokers using equation 2. The input parameters in
equation 2 were years of follow-up (¢), and each program’s mean rela-
tive FEV | rate of decline (%/yr) and relative within-person variation
(%) as shown in Table 1.

Figures 2 A-D show the SE, SP, and LR+ statistics and
the fraction identified as having excessive decline for each year of
follow-up, for four methods of assessment: the longitudinal limits
(LNLAcogM, LLDy, and LLD,-NS) and the regression slope (Slope),
for the firefighters’ cohort. The solid line indicates at what year the
test becomes clinically useful (LR > 10). For example, Fig. 2A shows
that LNL scogm reached clinical usefulness from the fourth year of
follow-up. In comparison, Fig. 2B shows that LLD; reached clini-
cal usefulness from the fifth year, but with almost doubled SE. On
the contrary, the regression slope reached clinical usefulness from
the seventh year because of the high fraction of excessive declines
and very low SP during the initial years. Figures 3 and 4 show the
validity statistics for the paper-pulp mill and construction worker
cohorts, respectively. For the construction cohort (Fig. 4), the LR+
and SE statistics indicate similar performance for LNLacogm and
LLDr; both became useful from the fifth year with similar SE. The
reason for this is that the within-person variation for the construction
cohort was 6% (Table 1) and thus the LNLacogpm and LLDr limits
had similar values (Table 2). For both cohorts, the regression slope
and LLD;-NS were not useful in predicting long-term excessive de-
cline; their performance decreased with decreasing longitudinal data
precision.

DISCUSSION

In occupational settings, periodic spirometry can be useful in
primary, secondary, or tertiary prevention.'® The study set out to in-
vestigate questions relevant in the secondary and tertiary prevention.
How soon is it possible to identify excessive lung function decline
reliably? Which methods are useful for screening for the potential
excessive decliners? How do the answers depend on the longitudinal
data precision and the frequency of testing?

Generally, the LR+ value of 10 indicates that a test is clinically
useful in predicting a disease or condition in a person.?® In our
study, the test (ie, periodic spirometry evaluated using the regression

© 2012 American College of Occupational and Environmental Medicine

slope or a longitudinal limit) was used to screen for individuals
with excessive lung function decline who are at risk of developing
longer-term excessive FEV; decline. These individuals may then
be targeted for prevention, which may include retesting to confirm
the results, intervention on occupational or life-style risk factors, or
medical intervention.'¢:17

The results show that because of low SP, the linear regression
slope (Slope) does not have a good predictive value for early iden-
tification of individuals who developed long-term excessive decline
(Figs. 2 to 4). In comparison, the relative longitudinal limits (LLD;
and LNLacogm), which reflect data variability, reached usefulness
from the fourth to fifth year of follow-up. Generally, the relative limit
LLD;y had higher SE than LNLcogMm With comparable LR+ values.
Depending on longitudinal data precision, LLD; identified almost
40% to 60% of those with longer-term excessive decline from the
fifth year of follow-up. The LLD;-NS limit based on healthy non-
smokers’ parameters had the highest SE but at the cost of low SP,
and the LR+ values indicate poor usefulness as a screening tool.
Nevertheless, usefulness of these limits depends on the spirometry
quality, longitudinal data precision, and the population.

The firefighter cohort represents a relatively healthy work-
force with low tobacco consumption but exposure to respiratory
hazards, which may be reflected in the higher mean rate of FEV
decline (39.6 mL/yr) and higher rate of longer-term excessive de-
cliners (5.6%) than observed in the never-smokers (Table 1). Annual
spirometry and the average within-person variation in FEV| 0f4.5%
indicate relatively precise longitudinal data, which is reflected in the
more precise longitudinal limit LLD; (Table 2). The ACOEM limit
(LNLAcogMm) identified less than 5% as having excessive decline
each year (Fig. 2A), with LR+ reaching above 10 on the fourth year
with SE around 20%. In comparison, LLDy identified approximately
5% individuals as having excessive decline each year (Fig. 2B), with
LR+ reaching above 10 on the fifth year with SE around 60%, twice
as high as for LNLacogMm at that point. LLD;-NS reached clinical
significance from the fifth year with SE of about 70% (Fig. 2C) but
LR+ remained flat with increasing follow-up. The linear regression
slope performed poorly, reaching LR+ above 10 at the seventh year
(Fig. 2D).

The paper-pulp mill workers’ programs represented annual
spirometry and good data precision (average within-person variation
of 4.3%), but a less-fit workforce than the firefighters (mean rate of
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FIGURE 4. Predictive statistics (SE [dash-dot line], SP [dash-dot line], LR+ [solid line], and the fraction identified as having ex-
cessive decline [dash line]) for the ACOEM limit LNLacoem (chart A), the relative limit LLD, (chart B), the relative limit based on
never-smokers’ parameters LLD;-NS, (chart C), and the regression slope “Slope” (chart D), for the construction workers cohort.
LLD, limit of longitudinal decline; LNL, longitudinal normal limit; LR+, positive likelihood ratio; SE, sensitivity; SP, specificity.

FEV, decline of 45.2 mL/yr and frequency of excessive decliners,
8.2%, Table 1). The predictive statistics displayed a similar pattern
as for the firefighters’ cohort (Fig. 3).

The construction workers represent programs with less fre-
quent testing (triannually) and less precise longitudinal data (mean
relative within-person variation of 6%). The workers had the highest
rate of FEV| decline (49.5 mL/yr) and highest percentage of longer-
term excessive decliners (17.4%). Nevertheless, both limits of LLD;
and LNLacogpm (of similar values, Table 2), reached “usefulness”
from the fifth year, whereas LLD;-NS and the regression slope per-
formed poorly. The drop at the seventh year may reflect the smaller
sample due to triannual testing.

The performance of the longitudinal limits was best in the
firefighter cohort that had annual spirometry and relatively precise
longitudinal FEV data. Nevertheless, even in the construction work-
ers where spirometry was conducted by van services on a triannual
basis and the longitudinal data had relatively high average within-
person variation (6%), both LLD; and LNLcogm performed rea-
sonably well, reaching clinical usefulness from the fifth to sixth year
of follow-up, identifying about 60% of individuals with long-term
excessive decline from the sixth year.

In practice, to create a flexible robust limit, we can let the
relative within-person variation s, range from about 4% to 6% to
reflect the likely range of variability observed in workplace monitor-
ing programs, which corresponds to an annual limit of approximately
10% to 15%.'3 With good spirometry quality and a healthy worker
population, we can assume within-person variation of approximately
4%.%! When spirometry quality is less good, 6% is more appropriate
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and spirometry quality should be improved. The flexible limit LLD,
allows us to consider the likely nature of the work-related outcome
(large effect over short period of time vs chronic effect as investigated
in our study) and the likely cost associated with the outcome’s effects
on the individual and the society. To effectively prevent potentially
large work-related respiratory health effects occurring within a short
period (eg, a year), the periodic spirometry quality and data precision
need to be high. This can be achieved by stringent quality review.
The longitudinal limits should also be applied to maintain accept-
able longitudinal spirometry data precision by reviewing spirometry
quality in measurements that fall below the longitudinal limits, or by
retesting.”!

Limitations of the study stem from the fact that we used exist-
ing data where spirometry quality was not specifically reviewed as
it would be in an epidemiological investigation or at an individual’s
assessment by a health care provider. The predictive ability of the pe-
riodic spirometry interpreted using the longitudinal limit was evalu-
ated as a screening tool. In practice, usefulness of the method would
be likely enhanced by considering additional information about a
person.

CONCLUSION
In at-risk worker populations, periodic spirometry and the
relative longitudinal limits can be effective screening tools for
identifying individuals with excessive decline in FEV; from about
the fourth to fifth year of follow-up. Both the flexible longitudinal
limit LLD; and the ACOEM limit became useful from about the
fourth to fifth year, but the LLD; limit had more acceptable SE
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with comparable LR+ values when the longitudinal data were more
precise. The effectiveness of the longitudinal limits is determined
by the existing longitudinal FEV data precision, which is mostly
determined by spirometry quality and frequency of measurements.
On the contrary, the linear regression slope, or other methods that
compare decline with a critical value that does not account for
data variability, and the limit based on healthy never-smokers data
(LLD;-NS) are not useful for individual screening because of their
low SP. In conjunction with this article, we have created a Web-based
interactive calculator that can be used to evaluate longitudinal FEV
data using the earlier-mentioned longitudinal limits.?’
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