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patient receiving therapy for a dis­
ease that is otherwise rapidly pro­
gressive. The same tests may be very
disappointing if one is treating a
disorder that is expected to improve
dramatically with the therapy pre­
scribed. Depending on the clinical
situation, statistically insignificant
trends in function may be very mean­
ingful to the clinician.'m

The second situation, screening
healthy workers for excessive loss of
pulmonary function, is often encoun­
tered in workplace medical surveil­
lance programs. When subjects' spi­
rometry test results are compared
with a cross-sectional LLN, as de­
scribed in the previous section and
shown in Fig. 3, excessive loss of
pulmonary function will be identi­
fied adequately in workers with av­
erage or less than average lung size.
However, such evaluations will not
detect early excessive loss of func­
tion in workers whose lung size is
above average, ie, above 100% of
predicted. Particularly for these sub­
jects, change in pulmonary function
over time should be included in a
screening program to determine
whether the worker's spirometry test
results are decreasing faster than ex­
pected over time.23,36,60

Loss of FEV1 or PVC over time
can be estimated simply by calculat­
ing the difference between volumes
measured at two points in time, or by
fitting a least squares "slope"
through periodic measurements over
time for an individual. Because esti­
mates of individual rate of change
become more precise as follow-up
time increases, loss of FEV1 or PVC
should be estimated from measure­
ments made over a minimum of 4 to
6 years.61-64 Measurement fre­
quency has less impact on precision
than length of follow-up does,61,62
but periodic measurements are
needed to detect workers experienc­
ing rapid declines in pulmonary
function and to detect systematic dif­
ferences between examinations over
time.62,64

Interpretation of change over time
in the screening setting is compli-

cated by the substantial variation in
rates of change that exist both be­
tween workers and within an individ­
ual worker. Although the FEV1 and
PVC can be measured precisely dur­
ing one test session, biologic and
technical variation over time make
an individual's estimated rate of
change over time highly vari­
able.61-65 Although within-day vari­
ability for a normal subject's FEV1
and PVC is :s; 5%, year-to-year vari­
ability is :s; 15%.23,62 Technical vari­
ability can be minimized by using
very precise spirometers, not chang­
ing equipment unnecessarily over
time, and maintaining a rigorous spi­
rometry quality assurance program,
Biologic variability can be reduced
by conducting successive spirome­
tries at about the same time of day
and in the same month each year.
Because of the precision gained by
combining results from many sub­
jects, group estimates of change can
be calculated and comparisons made
between groups in epidemiologic
studies.

Epidemiologic data have indicated
that for adult smokers "to develop
clinically significant airflow obstruc­
tion, the average rate of decline of
FEV 1 ... probably needs to be
greater than 90 mlIyear, or about
three times that seen in non-smokers
and twice the rate seen in the 'non­
susceptible' smokers".65 One study
found that about 4% of their com­
bined smoking and non-smoking
male population had FEV1 slopes of
100 mL/year or greater when calcu­
lated over 4 to 11 years of follow­
Up.66 However, studies differ in their
estimates of change over time, and,
to date, neither longitudinal pre­
dicted values nor 5th percentile LLNs
have been recommended for the
evaluation of individual rates of
change over time in occupational or
clinical settings.62

To meet the need for longitudinal
LLNs, the ATS recommends a con­
servative strategy to minimize false
positives in the screening setting,
stating that: "The greatest errors oc­
cur when one attempts to interpret

serial changes in subjects without
disease because test variability will
usually far exceed the true annual
decline, and reliable rates of change
for an individual subject cannot be
calculated without prolonged follow­
up. Thus, in subjects with "normal"
lung function, changes in PVC or
FEV1 over 1 year should probably
exceed 15% before any confidence
can be given to the opinion that a
meaningful year-to-year change has
occurred.',23 NIOSH adopted this
definition of significant change in a
1995 Criteria Document, stating that
"because of considerable short-term
variability in FEV1, a year-to-year
change of greater than 15% should
occur before a change in FEV1 is
considered significant." NIOSH con­
cluded that "evidence of impaired
lung function is present when there is
a confirmed finding of a decline in
FEV1 (adjusted for the expected in­
terval decline in FEV1) of 15% or
greater" and that such a decline "is
considered significant and warrants
further medical evaluation'V"

Because FEV1 and PVC decline
with age from the about the mid-30s
on, with some acceleration of the rate
as aging advances,68,69 an allowance
for the expected loss due to aging
should be made before labeling a
15% decline as "significant.,,36,67 As
Appendix G of the NIOSH Criteria
Document'" states: "The LLN for the
follow-up FEV1 is computed by tak­
ing 85% of the baseline value minus
the expected decline over the time
period. An individual's expected de­
cline over the time period is depen­
dent on histher age, but for practical
considerations, a constant value of
25 mllyear is often recommended.
For example, an individual whose
initial FEV1 is 4.00 L would be
considered to have an accelerated
decline in FEV1 if histher FEV1 is
below 3.15 L, 10 years after the
baseline value was determined
[(0,85 X 4.0 L) - (10 years X 0.025
Uyear) = 3,15 L]." Such a loss over
10 years would be labeled "signifi­
cant" and would warrant medical
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TABLE 8
Changes Over Time and Bronchodilator Response
Changes over time

• In secondary prevention of respiratory disease, medical surveillance programs look for excessive loss of lung function over time as
an early sign of lung function impairment.

• Small changes over time will not be detectable if the spirometer and testing technique are not as accurate, precise, rigorous, and
standardized as possible.

• The highest degree of spirometer accuracy and precision is needed for serial spirometry measurements.
• Estimated rates of change over time for individuals are highly variable and should be calculated using at least 4-6 years of test re­

sults to increase the precision of the estimate.
• ACOEM recommends conducting spirometry every 1-2 years when indicated because of workplace exposures, unless otherwise

specified by applicable regulations or recommendations. Test frequency may vary with age as in the National Fire Protection Associ­
ation examination protocol, which recommends spirometry testing every 3 years for those under age 29, every 2 years for ages 30­
39, and annually for ages 40 and above.

• Interpretation of change over time is complex:
- In the clinical setting, the ATS states that "the clinician seeing the patient can often interpret results of serial tests in a useful man­

ner, not reproducible by any simple algorithm." Depending on the clinical situation, seemingly stable tests may indicate treatment
success or failure.

- When screening subjects with "normal" lung function, ACOEM recommends that: (1) an FEV1 or FVC decrease of 90-100 mUyear,
calculated over at least 4-6 years, should trigger further scrutiny of pulmonary function over time; or (2) loss of 15% or more of
the baseline observed FEV1 or FVC, adjusted for the expected interval decline due to aging, should be regarded as "significant." If
the low results are confirmed on a re-test, a medical review is warranted, even if the worker's values still remain above the cross­
sectional LLN.

Pre- to post-bronchodilator changes in pulmonary function
• ATS and the National Heart, Lung, and Blood Institute's National Asthma Education and Prevention Program consider a pre- to post­

bronchodilator increase of ~12% of initial FEV1 and ~0.2 L to be significant.
• Attention should focus on FEV1 because varying lengths of expiration may complicate changes in FVC or FEF25-75 % ' If examined,

initial FVC should change by ~15% to be considered significant. Pre- to post-bronchodilator changes in the FEF25-75% should not
be interpreted.

• Failure to achieve such responses to bronchodilators in the laboratory does not completely exclude the possibility of reversible air­
ways disease.

• The best values for FVC and FEV1 should be used in impairment determinations, whether recorded before or after bronchodilator ad­
ministration.

evaluation once the low value was
confirmed by are-test.36,67

In summary, as shown in Table 8,
ACOEM recommends that spirome­
try be conducted every I to 2 years
when indicated because of work­
place exposures, unless otherwise
specified by applicable regulations
or recommendations. The frequency
of testing may vary with age and
length of exposure, as in the National
Fire Protection Association examina­
tion protocol, which recommends
spirometry testing every 3 years for
firefighters under age 29, every 2
years for ages 30 to 39, and annually
for ages 40 and above.?" Change in
FEV1 and PVC over time should be
evaluated as part of a screening pro­
gram once measurements have been
made over at least 4 to 6 years. A
decrease in FEV1 or PVC of 90 to
100 mUyear, calculated over at least
4 to 6 years, should trigger further
scrutiny of a worker's pulmonary

function measurements over time.
Loss of 15% or more of the baseline
observed FEV1 or PVC, after allow­
ing for the expected decrease due to
aging, should be regarded as a sig­
nificant decline over time. If the low
results are confirmed on a re-test, a
medical review is warranted, even if
the worker's values still remain
above the cross-sectional LLN.

Pre- to Post-Bronchodilator
Changes in Pulmonary Function

The ATS23
,71 and the National

Heart, Lung, and Blood Institute's
National Asthma Education and Pre­
vention Program72 recommend that a
pre- to post-bronchodilator increase
in FEV1 should be at least 12% of
initial FEV1 and at least 0,2 L to be
called significant, ie, a bronchodila­
tor response that is suggestive of
airways hyperreactivity (Table 8).
The Global Initiative on Asthma"

and the National Heart, Lung, and
Blood Institute Lung Health Study?"
regarded a 15% increase in FEV 1 as
significant.

Attention should be limited to
changes in the FEV1 because interpret­
ing changes in the PVC or FEF25- 75%

is likely to be complicated by varying
lengths of expiration recorded before
or after the bronchodilator.23 If
changes in the PVC are examined, the
ATS recommends that a change of at
least 15% of initial PVC be considered
significant, ie, suggestive of airway
reactivity. The ATS does not endorse
interpretation ofpre- to post-bronchod­
ilator changes in the FEF25_750/0 ,z 3

On the basis of these sources,
ACOEM recommends that a pre- to
post-bronchodilator increase in
FEV1 should be at least 12% of
initial FEV1 and at least 0.2 L to be
considered significant, ie, suggestive
of reversible obstructive airways dis­
ease. However, it should be noted
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TABLE 9
Acute Work-Related Changes in FEV1 and PEF
• Work-related bronchoconstriction can decrease FEV1 across a work shift or increase variability in PEF rates across a longer period at

work, particularly in occupational asthma.
• When evaluating FEV1 decrease across a work shift, spirometer temperature should be ~23°C (73°F) for pre- and post-shift tests to

avoid an artificial FEV1 decline due to faulty BTPS correction of the pre-shift FEV1 •

• ACOEM recommends that: (1) a single pre- to post-shift FEV1 decline of ~10% is worthy of follow-up; and (2) an across-shift FEV1 de­
cline of ~5% or 0.2 L, whichever is greater, seen on at least two occasions, should be followed up but interpreted cautiously, inas­
much as comparable Within-day variability can be seen in normal subjects.

• Serial PEF monitoring can be used to confirm suspected associations between a worker's respiratory symptoms and exposures on the
job, and to identify potential triggering exposures.

• A protocol like the following should be used for serial PEF monitoring:
- at least 4 times/day, three PEF measurements should be made and the highest of the three analyzed, with one measurement made

on first awaking, and others made at noon, after work, and before bedtime for a day shift worker; and
- if possible, workers should be monitored for ~2 weeks at work and for 2 weekends to 10 days away from work, as needed, to iden­

tify or exclude work-related changes in PEF.
• Evaluate serial PEF measurements:

- by calculating daily variability, with a mean diurnal variation ~20% probably indicating asthma; and
- expert visual inspection of graphs of maximum, mean, and minimum daily PEFs is a more sensitive and specific evaluation tech-

nique; work is ongoing to quantify these qualitative expert judgments.
• Factors that can interfere with interpretation include reliance on self-reporting by the monitored worker, intermittent exposure to sus­

pect agents in the workplace, delayed measurement of PEF when waking on days off, and use of multiple PEF meters.
• ATS recommends levels of accuracy and precision for peak flow meters, and peak flow meters have been evaluated; portable spirom­

eters are also emerging for serial spirometry tests.

that failure to achieve such a re­
sponse to bronchodilators in the lab­
oratory does not completely exclude
the possibility of reversible airways
disease. ACOEM also concurs with
the ATS 10 and the American Medical
Association" that impairment deter­
minations should use a worker's best
values for PVC and FEV l , whether
recorded before or after bronchodila­
tor administration.

Acute Work-Related Changes in
Pulmonary Function

Work-related bronchoconstriction,
causing decreased pulmonary func­
tion across a work shift or increased
variability in pulmonary function
across a longer period at work, can
be elicited by bronchial irritants and
sensitizers and is often reversible.
Patterns of work-related change are
an important element in the diagno­
sis of a number of occupationally
related respiratory disorders, particu­
larly occupational asthma (Table 9).
Spirometry measurements should be
made as close to the work environ­
ment as possible to avoid a long time
lapse between the worker's occupa­
tional exposure and the measurement
of pulmonary function. As discussed

below, when occupational asthma is
suspected, additional measurements
should also be made at home at the
conclusion of the workday to capture
any delayed work-related declines in
function. The spirometry measure­
ments most commonly examined are
the FEV 1 and the peak expiratory
flow (PEP) rate, although interpreta­
tion of FEV 1 decline is better stan­
dardized than interpretation of PEF
variability. Newly marketed portable
spirometers are becoming available
for serial spirometry measurements
in the workplace in addition to the
traditionally used peak flow meters.

In 1978, the OSHA Cotton Dust
Standard defined an across-shift de­
crease in FEV1 of 5% or 0.2 L,
whichever is greater, as a significant
drop if confirmed within 1 month."
In 1986, a drop in FEV 1 of 5% or
0.15 L, whichever is greater, was
labeled as significant, if confirmed
on a second occasion/" An FEV1

decrease of 10% would be consid­
ered significant if only one pre- to
post-shift study was performed.60.75

When considering such small de­
clines in FEV1 as significant, it is
critical to maintain the testing envi­
ronment and the spirometer at 23°C

(73°F) or above. 42 ,43 FEV1 declines
of several percent can be produced as
an artifact if the testing environment
and the spirometer warm up by sev­
eral degrees between the pre- and
post-shift tests. Usually the BTPS
correction factor is selected on the
basis of the spirometer temperature,
and not the temperature of the accu­
mulated exhaled gas I second after
the expiration commences. With a
cold pre-shift spirometer, a large
BTPS correction factor may be ap­
plied to exhaled air that is still closer
to body than to spirometer tempera­
ture, resulting in an inflated "ob­
served" FEVI' With a warmer post­
shift spirometer, the temperature of
the accumulated exhaled air is closer
to the spirometer temperature so that
the selected BTPS factor is appropri­
ate. Subsequently, calculation of a
pre- to post-shift change in FEV1

finds an FEV1 decline that depends
on the warming of the spirometer
across the work shift rather than
employee exposures in the work en­
vironment."

On the basis of the sources de­
scribed above, ACOEM recom­
mends that a single pre- to post-shift
study finding a decline in FEV1 of at
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Throughout this position state­
ment, ACOEM makes detailed rec­
ommendations to ensure that each of
these areas of test performance and
interpretation follow current recom­
mendations/standards in the pulmo­
nary and regulatory fields.
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Appendix: Glossary of Terms
and Abbreviations

ATPS: Ambient temperature and
pressure saturated with water vapor.
Volumes read directly off the volu­
me-time spirogram are at ATPS.

Back extrapolation: In the calcu­
lation of FEVl' a method for deter­
mining the time zero. A straight line

is drawn through the steepest portion
of the volume-time curve back to the
baseline. Where this straight line in­
tersects the baseline is the zero point
for timing the FEV i-

Best curve: The curve that gives
the largest sum of FEV 1 and PVC.
The best curve is used in the calcu­
lation of the FEF25- 75% and the in­
stantaneous flow rates. In contrast,
the largest PVC and the largest FEV 1

are reported for the test session, even
if they are not from the same curve.

BTPS: Body temperature and
pressure saturated with water vapor.
All spirometric volumes and flows
must be corrected to BTPS.

Calibration check: Periodic de­
termination of a spirometer's ability
to accurately measure volume. Cali­
bration checks should be performed
at least daily using a 3-L syringe.
The instrument should maintain an
accuracy of :!:3% of the reading.
Additional checks include checking
for leaks (daily for volume spirom­
eters) and, every 3 months, verifying
the accuracy of a timed chart and
checking the linearity of volume re­
cording.

End of test: That point during the
forced expiratory maneuver when a
plateau at least 1 second long is
noted on the volume-time tracing.

Extrapolated volume: The vol­
ume determined by a line drawn
through the zero time point perpen­
dicular to the baseline on a volume­
time curve. The extrapolated volume
is read where this perpendicular line
intersects the volume curve; it should
be less than 5% of the PVC or 150
mL, whichever is greater.

FEVlIFVC%: Forced expiratory
volume in one second expressed as a
percentage of the forced vital capacity.

Flow-measuring spirometer: In­
directly measures volume of exhaled
air by measuring the rate at which air
is exhaled and deriving the volume.
Examples include pneumotachom­
eter, mass flow, and turbine instru­
ments.

Forced expiratory volume in one
second (FEVl): Volume of air ex-

haled during the first second of the
PVc.

Forced expiratory volume in six
seconds (FEV6) : Volume of air ex­
haled during the first six seconds of
the PVC. Because it is easier for
obstructed subjects to reach the
FEV6 than the PVC, there is growing
interest in measuring the FEV6 and
the FEVllFEV6 in screening spirom­
etry.

Forced expiratory maneuver:
Technique during spirometry in
which the subject takes the deepest
possible inspiration from a normal
breathing pattern and blows into the
mouthpiece as hard, fast, and com­
pletely as possible. Also known as
the forced vital capacity maneuver.

Forced vital capacity (FVC):
The maximal volume of air exhaled
from the point of maximal inspira­
tion using a maximally forced expi­
ratory effort.

Mean forced expiratory flow
during the middle half of the FVC
(FEF25-75%): Average flow rate
over the middle half of the expira­
tion. Formerly called the maximal
mid-expiratory flow rate (MMEF).

Predicted normal values: Ex­
pected values for various lung vol­
umes and flow rates derived from
healthy populations.

Reproducibility: In the absence
of disease-related changes, the abil­
ity of a test to obtain the same result
from an individual repeatedly tested
over a period of time. Reproducibil­
ity of the FEV 1 and PVC within a
test session should be 0.20 L or less.

Residual volume: Volume re­
maining in the lungs following a
maximal expiration.

Spirogram: A graphic recording
of a forced expiratory maneuver, as
either a volume-time or flow­
volume tracing.

Spirometer: An instrument for
measuring lung volumes and flow
rates.

Total lung capacity: Total lung
volume following a maximal inspira­
tion.

Valid test: A spirometry test con­
sisting of at least three acceptable
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forced expiratory tracings for which
the best PVC and the best FEV1 are
reproduced within 0.2 L.

Volume-measuring spirometer:
Spirometers that directly accumulate
and measure the volume of exhaled
air as a function of time. Examples
include water-seal, dry rolling seal,
and bellows instruments.

Zero time point: In the measure­
ment of FEVl' the point selected as
the start of the test.

References
1. Harber P, Lockey JE. Pulmonary func­

tion testing in pulmonary prevention.
State ofArt Rev Occup Med. 1991;6:69­
79.

2. American Thoracic Society. Respiratory
protection guidelines. Am J Respir Crit
Care Med. 1996;154:1153-1165.

3. Boehlecke BA. Respirators. In: Harber P,
Schenker MB, Balmes JR, eds. Occupa­
tional and Environmental Respiratory
Disease. St Louis, MO: Mosby; 1996:
963-971.

4. US Code of Federal Regulations. Respi­
ratory Protection. 1998. Title 29, Part
1910.134 (e).

5. US Dept of Defense. OccupationalMed­
ical Surveillance Manual. May 1998.
Publication No. DOD 6055.5-M. Avail­
able at: hnp:/Iwww.osha-slc.gov/SLTC/
medicalsurveillance. Accessed Feb 8,

0 .• ,:: 2000.
6. US Dept of Health and Human Ser­

vices, Public Health Service, Centers
for Disease Control, National Institutes
of Occupational Safety and Health.
NIOSH Criteria Documents Plus. (CD­
ROM; Publication No. PB.) 1997;97:
502-582.

7. US Code of Federal Regulations. Federal
Old Age, Survivors, and Disability Insur­
ance, Determining Disability and Blind­
ness, Listing of Impairments. 1985. Title
20, Part 404, Subpart P, App. 1.

8. US Code of Federal Regulations. Federal
Coal Mine Health and SafetyAct of1969,
as Amended, Part 7I8-Standards for
Determining Coal Miners' Total Disabil­
ity or Death due to Pneumoconiosis.
1983. Title 20, Part 718.103.

9. American Medical Association. Guides
to the Evaluation of Permanent Impair­
ment. 4th ed. Chicago: American Medical
Association; 1993.

10. American Thoracic Society. Evaluation
of ImpairmentlDisability Secondary to
Respiratory Disorders. Am Rev Respir
Dis. 1986;133:1205-1209.

11. American Thoracic Society. Single-breath
carbon monoxide diffusing capacity (trans­

fer factor): recommendations for a standard
teehnique-1995 update. Am J Respir Crit
Care Med. 1995;152:285-298.

12. Morris AH, Kanner RE, Crapo RO,
Gardner RM. Clinical Pulmonary Func­
tion Testing: A Manual of Uniform Lab­
oratory Testing Procedures. 2nd ed, Salt
Lake City, UT: Intermountain Thoracic
Society; 1984.

13. Wasserman K et al. Principles of Exer­
cise Testing and Interpretation. 2nd ed.
Philadelphia: Lea & Febiger; 1994.

14. American Thoracic Society. Guidelines
for methacholine and exercise challenge
testing-1999. Am J Respir Crit Care
Med. 2000;161:309-329.

15. Graham WG, O'Grady RV, Dubuc B.
Pulmonary function loss in Vermont
granite workers. A long-term follow-up
and critical reappraisal. Am Rev Respir
Dis. 1981;123:25-28.

16. Townsend Me. The effects of leaks in
spirometers on measurements of pulmo­
nary function: the implications for epide­
miologic studies. J Occup Med. 1984;26:
835-841.

17. Townsend MC, Morgan J, Durkin D,
DuChene AG, Lamb S. Quality control
aspectsof pulmonary function testing in the
Multiple Risk Factor Intervention Trial.
ControlClin Trials. 1986;7:179S-192S.

18. Townsend MC. Standardized PFTs in the
occupational setting, Parts I and II.
NAOHP Clin Care Update. 1998;4:19­
20.

19. Scanlon PD, Hankinson J. Physiologic
methods. In: Harber P, Schenker MB,
Balmes JR, eds. Occupational and Envi­
ronmental Respiratory Disease. St Louis,
MO: Mosby; 1996:39-54.

20. Gardner RM, Chairman. ATS state­
ment-Snowbird workshop on standard­
ization of spirometry. Am Rev Respir Dis.
1979;119:831-838.

21. American Thoracic Society. Standardiza­
tion of spirometry-1987 update. Am Rev
Respir Dis. 1987;136:1285-1298.

22. American Thoracic Society. Standardiza­
tion of spirometry: 1994 update. Am J
Respir Crit Care Med. 1995;152:1107­
1136.

23. American Thoracic Society. Lung func­
tion testing: selection of reference values
and interpretative strategies. Am Rev Re­
spir Dis. 1991;144:1202-1218.

24. Hiebert T, Miles J, Okeson GC. Contam­
inated aerosol recovery from pulmonary
function testing equipment. Am J Respir
Crit Care Med. 1999;159:610-612.

25. Kendrick AH, Smith EC, Leeming JP.
Bacterial colonization as a potential
source of nosocomial respiratory infec-

tions in spirometers. Eur Respir J. 1997;
10:1694-1695.

26. Leeming JP, Pryce-Roberts DM, Ken­
drick AH, et al. The efficacy of filters
used in respiratory function apparatus. J
Hosp Infect. 1995;31:205-210.

27. RutaIa DR, Rutala WA, Weber DJ, et al.
Infection risks associated with spirome­
try. Infect Control Hosp Epidemiol. 1991;
12:89-92.

28. US Code of Federal Regulations. Cotton
Dust. Rev 1985. Title 29, Part 1910.1043
(h) and Appendix D.

29. Horvath EP Jr, ed. Manual ofSpirometry
in Occupational Medicine. Atlanta, GA:
Centers for Disease Control, National
Institute for Occupational Safety and
Health; 1981.

30. Enright PL, Hyatt RE. Office Spirometry.
Philadelphia: Lea & Febiger; 1987.

31. Hankinson JL. Instrumentation for spi­
rometry. State of Art Rev Occup Med.
1993; 8:397-407.
32 Ruppel GL. Manual of Pulmonary
Function Testing. 7tlI ed. St. Louis:
Mosby; 1998.

33. Hankinson JL. Beyond tlIe peak flow
meter: newer technologies for deter­
mining and documenting changes in
lung function in the workplace. State of
Art Rev Occup Med. 2000;15(2). In
press.

34. Hankinson JL, Gardner RM. Standard
waveforms for spirometer testing. Am
Rev Respir Dis. 1982;126:362-364.

35. Nelson SB, Gardner RM, Crapo RO, et
al. Performance evaluation of contempo­
rary spirometers. Chest. 1990;97:288­
297.

36. Hankinson JL, Wagner GR. Medical
screening using periodic spirometry for
detection of chronic lung disease. State of
Art Rev Occup Med. 1993;8:353-361.

37. Enright PE, Johnson LR, Connett JE,
Voelker H, Buist AS. Spirometry in the
lung health study. 1. Methods and quality
control. Am Rev Respir Dis. 1991;143:
1215-1223.

38. Hankinson JL, Bang KM. Acceptability
and reproducibility criteria of the Amer­
ican Thoracic Society as observed in a
sample of the general population. Am Rev
Respir Dis. 1991;143:516-521.

39. Enright PL. Surveillance for lung dis­
ease: quality assurance using computers
and a team approach. State of Art Rev
Occup Med. 1992;7:209-225.

40. US Code of Federal Regulations. Access
to Employee Exposure and Medical
Records. 1988. Title 29, Part 1910.1020.

41. The National Lung Health Education
Program Executive Committee. Strate­
gies in preserving lung health and pre­
venting COPD and associated diseases:



244 Spirometry • Occupational and Environmental Lung Disorder Committee

the National Lung Health Education Pro­
gram (NLHEP). Chest. 1998;113:123S­
155S.

42. Hankinson JL, Castellan RM, Kinsley
KB, Keimig 00. Effect of spirometer
temperature on measurement of FEV1

shift changes. J Occup Med. 1986;28:
1222-1225

43. National Institute of Occupational Safety
and Health, Division of Respiratory Dis­
ease Studies. NIOSH Spirometry Train­
ing Guide. Bethesda, MD: NlOSH; 1997.

44. Kellie SE, Attfield MD, Hankinson JL,
Castellan RM. The ATS spirometry vari­
ability criteria: associations with morbid­
ity and mortality in an occupationally
exposed cohort of coal miners. Am J
Epidemiol. 1987;125:437-444.

45. Eisen EA. Standardizing spirometry:
problems and prospects. State ofArt Rev
Occup Med. 1987;2:213-226.

46. Pennock BE, Rogers RM, McCaffree
DR. Changes in measured spirometric
indices-what is significant? Chest.
1981;80:97.

47. US Code of Federal Regulations. Asbes­
tos. Rev 1994. Title 29, Part 1910.1001
(1).

48. US Code of Federal Regulations. Ben­
zene. 1987.Title 29, Part 1910.1028 (i).

49. American College of Occupational and
Environmental Medicine. Spirometry
in the occupational setting. Notes for
guidance. J Occup Med. 1992;34:559­
561.

50. American Association of Occupational
Health Nurses. Guidelines for Implemen­
tation ofa Respiratory Surveillance Pro­
gram. Atlanta, GA: AAOHN; Oct 1989.

51. Morris JF, Koski A, Johnson L. Spiro­
metric standards for healthy nonsmoking
adults. Am Rev Respir Dis. 1971;103:57­
67.

52. Crapo RO, Morris AH, Gardner RM.
Reference spirometric values using tech­
niques and equipment that meet ATS
recommendations. Am Rev Respir Dis.
1981;123:659-664.

53. Knudson RJ, Lebowitz MD, Holberg CJ,
et al. Changes in the normal maximal
expiratory flow-volume curve with
growth and aging. Am Rev Respir Dis.
1983;127:725-734.

54. Ghio AJ, Crapo RO, Elliott CG. Refer­
ence equations used to predict pulmonary
function at institutions with respiratory
disease training programs in the United
States and Canada: a survey. Chest. 1990;
63:136-145.

55. Knudson RJ, Slatin RC, Lebowitz MD, et
al. The maximal expiratory flow-volume
curve: normal standards, variability, and
effects of age. Am Rev Respir Dis. 1976;
113:587-600.

56. Hankinson JL, Odencrantz JR, Fedan
KB. Spirometric reference values from a
sample of the general US population.
Am J Respir Crit Care Med. 1999;159:
179-187.

57. Hankinson JL, Kinsley KB, Wagner GR.
Comparison of spirometric reference val­
ues for Caucasian and African American
blue-collar workers. J Occup Environ
Med. 38:137-143, 1996.

58. Glindmeyer HW, Lefante n,McCollester
C, et al. Blue-collar normative spiromet­
ric values for Caucasian and African­
American men and women aged 18 to 65.
Am J Respir Crit Care Med. 1995;151:
412-422.

59. Coultas DB, Gong H, Grad R, et al. State
of the art: respiratory diseases in minor­
ities of the United States. Am J Respir
Crit Care Med. 1993;149:S93-S131.

60. Hankinson JL. Pulmonary function test­
ing in the screening of workers: guide­
lines for instrumentation, performance,
and interpretation. J Occup Med. 1986;
28:1081-1092.

61. Berry G. Longitudinal observations.
Their usefulness and limitations with spe­
cial reference to the forced expiratory
volume. Bull Physiopathol Respir (Nan­
cy). 1974;10:643-656.

62. Burrows B, Lebowitz MD, Camilli AE,
Knudson RJ. Longitudinal changes in
forced expiratory volume in one second
in adults. Methodologic considerations
and findings in healthy nonsmokers. Am
Rev Respir Dis. 1986;133:974-980.

63. Clement J, Van de Woestijne KP. Rap­
idly decreasing forced expiratory vol­
ume in one second or vital capacity and
development of chronic airflow ob­
struction. Am Rev Respir Dis. 1982;
125:553-558.

64. Vollmer WM. Reconciling cross-sec­
tional with longitudinal observations on
annual decline. State of Art Rev Occup
Med. 1993;8:339-351.

65. Buist AS, Vollmer WM. The use of lung
function tests in identifying factors that
affect lung growth and aging. Stat Med.
1988;7:11-18.

66. Camilli AB, Burrows B, Knudson RJ, et
al. Longitudinal changes in forced expira­
tory volume in one second in adults. Effects
of smoking and smoking cessation. Am Rev
Respir Dis. 1987;135:794-799.

67. US Dept of Health and Human Services,
Public Health Service, Centers for Dis­
ease Control, National Institutes of
Health. Criteria for a Recommended
Standard: Occupational Exposure to Re­
spirable Coal Mine Dust. Bethesda, MD:
USDHHS; 1995.

68. Tager m, Segal MR, Speizer FE, Weiss

ST. The natural history of forced expira­
tory volumes: effect of cigarette smoking
and respiratory symptoms. Am Rev Re­
spir Dis. 1988;138:837-849.

69. Ware JR, Dockery DW, Louis TA, et al.
Longitudinal and cross-sectional esti­
mates of pulmonary function decline in
never-smoking adults. Am J Epidemiol.
1009; 132:685-700.

70. National Fire Protection Association.
Medical Requirements for Fire Fighters,
NFPA 1582. 1997 ed. Quincy, MA: Na­
tional Fire Protection Association; 1997.

71. American Thoracic Society. Guidelines
for the evaluation of impairment/disabil­
ity in patients with asthma. Am Rev Re­
spir Dis. 1993;147:1056-1061.

72. US Dept of Health and Human Services,
Public Health Service, National Institutes
of Health, National Heart, Lung, and
Blood Institute. National Asthma Educa­
tion and Prevention Program (NAEPP)
Expert Panel Report 2: Guidelinesfor the
Diagnosis and Management of Asthma,
Clinical Practice Guidelines. Bethesda,
MD: USDHHS; 1997. NlH Publication
No. 97-4051.

73. US Dept of Health and Human Services,
Public Health Service, National Institutes
of Health, National Heart, Lung, and
Blood Institute. Global Initiative for
Asthma: Global Strategy for Asthma
Management and Prevention: NHLB1/
WHO Workshop Report. Bethesda, MD:
USDHHS; 1995. NIH Publication No.
95-3659.

74. Buist AS, Connett JE, Miller RD, et al.
Chronic obstructive pulmonary disease
early intervention trial (lung health
study): baseline characteristics of ran­
domized participants. Chest. 1993;103:
1863-1872.

75. Ghio AJ, Castellan RM, Kinsley KB,
Hankinson JL. Changes in forced expira­
tory volume in one second and peak expi­
ratory flow rate across a work shift among
unexposed blue collar workers. Am Rev
Respir Dis. 1991;143:1231-1234.

76. Burge PS. Use of serial measurements of
peak flow in the diagnosis of occupa­
tional asthma. State of Art Rev Occup
Med. 1993;8:279-294.

77. American College of Chest Physicians.
Consensus statement: assessment of
asthma in the workplace. Chest. 1995;
108:1084-1117.

78. Gannon PFG, Burge PS. Serial peak ex­
piratory flow measurement in the diagno­
sis of occupational asthma. Eur Respir J.
1997; 10(suppl):57s-63s.

79. Moscato G, Godnic-Cvar J, Maestrelli P,
Malo JL, Burge PS, Coifman R. State­
ment on self-monitoring of peak expira-



JOEM • Volume 42, Number 3, March 2000 245

tory flows in the investigation of occupa­
tional asthma. Subcommittee on
Occupational Allergy of the European
Academy of Allergology and Clinical
Immunology. American Academy of Al­
lergy and Clinical Immunology. Euro­
pean Respiratory Society. American Col­
lege of Allergy, Asthma and
Immunology. Eur Respir J. 1995;8:
1605-1610.

80. European Academy of Allergology and
Clinical Immunology Subcommittee on
"Occupational Allergy." Guidelines for
the diagnosis of occupational asthma.
Clin Exp Allergy. 1992;22:103-108.

81. Quackenboss JJ, Lebowitz MJ, Krzyza­
nowski M. The nonna1 range of diurnal
changes in peak expiratory flow rates.
Am Rev Respir Dis. 1991;143:323-330.

82. Enright PL, Lebowitz MD, Cockroft
DW. Physiologic measures: pulmonary
function tests. Asthma outcome. Am J
Respir Crit Care Med. 1994;149:S9­
S18.

83. Bernstein 01. Clinical assessment and
management of occupational asthma. In:
Bemstein IL, Chang-Yeung M, Malo J-L,
et al, eds. Asthma in the Workplace. New
York: Marcel Dekker; 1993:103-123.

84. Smith AB, Castellan RM, Lewis D, et al.

Guidelines for the epidemiologic as­
sessment of occupational asthma. Report
of the Subcommittee on the Epidemiologic
Assessment of Occupational Asthma, Oc­
cupational Lung Disease Committee. J Al­
lergy Clin Immunol. 1989;84:794-805.

85. Burge PS. Physiologic assessment of oc­
cupational asthma. In: Bernstein IL,
Chang-Yeung M, Malo J-L, et a1, eds.
Asthma in the Workplace. New York:
Marcel Dekker; 1993.

86. Hankinson JL, Das MK. Frequency re­
sponse of portable PEP meters. Am J
Respir Crit Care Med. 1995;152:702­
706.


