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Aim: To investigate the risk of death associated with selected cut-off points for rate of decline of forced
expiratory volume in one second (FEV1).
Methods: Mortality rates of a cohort of 1730 coal miners who had performed two pulmonary function tests
12.8 years apart were followed up for an additional 12 years. Based on previous studies, cut-off points for
FEV1 rate of decline (ml/year) were selected as 30, 60 and 90 ml/year. Cox proportional hazard regression
was used to estimate multivariate risk ratio of death in each category.
Results: The risk ratios (compared to ‘‘below 30 ml/year’’) were 1.39 (95% CI 0.99 to 1.97) in the ‘‘60 to less
than 90 ml/year’’ category and 1.90 (95% CI 1.32 to 2.76) in the ‘‘90 ml/year and above’’ category. Rates
of decline above 90 ml/year were consistently related to excess mortality. In non-smokers and those with
neither restrictive nor obstructive patterns at the first survey, rates of decline above 60 ml/year were
significantly associated with increased mortality.
Conclusions: Risk of death increases in individuals with rates of decline above about 60 ml/year and is
statistically significant with declines of 90 ml/year or more. These results should be useful to healthcare
providers in assessing lung function declines observed in individuals.

P
ulmonary function has been recognised as an important
predictor of mortality.1–10 Studies have conclusively demon-
strated that the level of pulmonary function, measured

using various functional parameters, is inversely associated
with subsequent mortality from all causes, lung cancer and
cardiovascular disease.1–10 Additionally, an association between
the rate of decline in lung function and both cardiovascular and
all-cause mortality has been observed in several studies.11–15

Although previous studies have shown an association between
rate of decline and mortality,12–15 they did not define the degree
of mortality risk associated with categories of rates of decline
that may be useful in screening for respiratory impairment
and preventing lung disease. Such risk information may be
helpful in guiding the interpretation of lung function decline in
relation to the risk of impairment, disability and, ultimately,
death.

When monitoring lung health, the rate of pulmonary
function decline in an individual provides information that
can be used for triggering interventions before an individual
develops irreversible respiratory impairment and disability. The
question addressed in this study is: what rate of sustained
forced expiratory volume in one second (FEV1) decline
indicates a significant risk for death?

In healthy adults, FEV1 declines on average between 25 and
30 ml/year as part of the normal aging process.16 Mean FEV1

declines of 60 ml/year, double the rate in healthy individuals,
have often been observed in cigarette smokers,17 18 while
declines greater than 90 ml/year, or triple what is expected,
may be seen in susceptible individuals who progress to chronic
obstructive pulmonary disease (COPD).19 Rate of FEV1 decline
cut-off points, such as 60 ml/year and 90 ml/year could be
considered clinical benchmarks.

The aim of this study is to further investigate in a male
working population the relation between rates of decline in
pulmonary function and subsequent mortality, and to quantify
the excessive mortality risk associated with different categories
of decline considered important in clinical practice and
research.

MATERIALS AND METHODS
Study population
The cohort examined in this study was selected from
participants in the National Study of Coal Workers’
Pneumoconiosis (NSCWP). The NSCWP consisted of three
serial cross-sectional and one follow-up survey over a period of
about 18 years (1969–88) in US underground coal mines.20 21 At
each survey, participants completed spirometry testing and a
questionnaire regarding their symptoms, smoking status,
medical history and demographics. In addition, participants
in the first survey were followed up for mortality to 30 June
1997.22 Pulmonary function testing and quality control for the
first survey is published elsewhere.23 24 In the third and fourth
survey, testing was done according to the then available
American Thoracic Society (ATS) criteria.25 Vital status was
determined through national databases and individual follow-
up conducted by mailings to family members of the deceased.22

Death certificate information was acquired from the National
Death Index. The underlying cause of death was coded by a
certified nosologist according to the ninth revision of the
International Classification of Diseases (ICD-9).

The study mortality cohort consisted of participants from the
first survey (1969–71, n = 9076) who had valid pulmonary
function tests (PFT) during the first survey and also during
either the third (1978–80) or fourth survey (1985–8).
Participation rates were 90% and 52% in the first and third
surveys respectively. For the fourth survey—a follow-up of
participants of the first and second surveys—the participation
rate was approximately 70%.26 Participants who had their last
PFT at the second survey (1972–3) were not included in this
study because there was a maximum of four years between the
surveys; it has been shown that a five year minimum follow-up
interval is necessary for relatively precise estimation of the FEV1

Abbreviations: ATS, American Thoracic Society; BMI, body mass index;
FEV1, forced expiratory volume in one second; ICD-9, International
Classification of Diseases Ninth Revision; NSCWP, National Study of Coal
Workers’ Pneumoconiosis; PFT, pulmonary function test
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rate of decline.27 Participants who were younger than 30 years
at the first survey (n = 735) were excluded in order to reduce
the effect of continued lung growth in the analysis. There were
1730 participants who fulfilled the study eligibility criteria.

Statistical methods
FEV1 rate of decline (ml/year) was calculated for each person in
the study as the difference between the first and last FEV1

measurements divided by the time between the measurements.
ATS criteria28 were used to define obstructive and restrictive
patterns (see table 1) where cross-sectional lower limits of
normal were determined using published prediction equa-
tions.29 Presence of obstructive and/or restrictive patterns was
determined in order to identify individuals with pre-existing
lung-related disease.

Three statistical methods were used: (1) crude and age-
adjusted mortality rates were calculated by categories of FEV1

rate of decline to determine trends in mortality; (2) smoothed
plots were constructed to graphically illustrate the relation
between mortality and FEV1 rate of decline and (3) a Cox
proportional hazard model was used to estimate crude and
adjusted risk ratios (RR) of death for selected categories of
FEV1 rate of decline. SAS/STAT version 9.1 (SAS Institute Inc,
Cary, NC, USA) was used for most of the analysis. S-Plus
version 6.2 (Insightful Corp, Seattle, WA, USA) was used to
construct the smoothed plots.

Crude and age-adjusted mortality rates (per 1000 person-
years) were calculated in the study cohort for the following four
categories of FEV1 rate of decline: ‘‘below 30 ml/year’’, ‘‘30 to

less than 60 ml/year’’, ‘‘60 to less than 90 ml/year’’ and ‘‘90 ml/
year and above’’. Rates were adjusted by direct standardisation
using the age distribution of the entire study cohort.30 These
calculations were completed for both (1) all-cause and (2)
cardiovascular mortality (ICD-9 code: 390–459) and non-
malignant respiratory disease mortality (ICD-9 code: 490–
518). Rates were also calculated for the non-study cohort
members (NSCWP participants not included in our mortality
cohort) who participated in the first survey, were age 30 or
older and survived until 1 January 1980 (the end of the third
survey). In this analysis, the rates were standardised using the
age distribution of all participants in the first survey.

Penalised splines31 were used to derive smoothed plots of the
shape of the relation between the log hazard mortality ratio and
FEV1 rate of decline. Splines were incorporated into a Cox
regression model that adjusted for confounders described
below. Smoothing parameters were chosen by various criteria,
including Akaike’s Information Criterion.32 Separate shape
analyses were completed in the overall cohort and three
subgroups: (1) never smokers, (2) current and former smokers
and (3) those with neither airway obstructive nor restrictive
patterns at the first survey.

Kaplan–Meier survival curves were used to test for propor-
tionality in the hazard function. After proportionality was
demonstrated, Cox proportional hazard regression (PROC
PHREG in SAS) was used to estimate the risk ratio for the
association between FEV1 rate of decline categories and all-
cause mortality while adjusting for the confounders described
below. The risk ratio was calculated using the category of
‘‘below 30 ml/year’’ as the reference. Person-years were
calculated from the date of last PFT to the date of death or
30 June 1997. A level of significance of 0.05 was applied.
Adjusted and unadjusted models were fitted for the overall
cohort, for never smokers, for current and former smokers and
for those with neither obstructive nor restrictive patterns at the
first survey. Smoking status was determined using responses at
both surveys, as follows: a never smoker stated on both surveys
that they never smoked; current smokers and former smokers
reported themselves as such on their last survey. Other
permutations of smoking status were considered inconsistent.

Table 1 Patterns of lung abnormalities

Pattern Definition

Restrictive FVC,LLN
Obstructive FEV1/FVC,LLN and FEV1% Pred,100%
Mixed FVC,LLN and FEV1/FVC,LLN and FEV1% Pred,100%
Normal Does not fall into any of the above categories

FEV1, forced expiratory volume in one second; FVC, forced vital capacity;
LLN, lower limits of normal.

Table 2 Basic demographic characteristics of the study cohort (n = 1730) and of non-study
cohort who were in survey 1 (n = 7309), US, National Study of Coal Workers’ Pneumoconiosis,
1969–97

Characteristic

Cohort Non-study cohort

Alive Dead n (%)

n, % 1,445 83.5 285 16.5 7309* (100)
Initial age (years) (mean, SD) 41.6 6.6 46.1 6.4 45.5 (12.9)
Person-years of mortality follow-up (mean, SD) 13.5 3.7 7.14 4.3 21.2� (7.7)�
Initial BMI (mean, SD) 25.9 3.4 26.2 3.8 25.9 (3.8)
Change in weight (kg/year) (mean, SD) 0.36 0.61 0.19 0.6 NA
Pack-years (mean, SD) 19.2 18.9 22.6 18.9 17.8 (18.1)
Initial FEV1 (l) (mean, SD) 3.8 0.6 3.5 0.6 3.5 (0.8)
Obstructive/restrictive patterns at first survey

Obstructive pattern only (n, %) 239 16.5 51 17.9 1267 (17.3)
Restrictive pattern only (n, %) 150 10.3 48 16.8 765 (10.5)
Both obstructive and restrictive pattern (n, %) 31 2.1 13 4.6 1124 (15.4)

FEV1 rate of decline (ml/year) (mean, SD) 43.5 31.5 53.6 39.0 NA
Years between PFT (mean, SD) 13.2 3.6 10.9 3.6 NA
Smoking status

Current smoker (n, %) 487 33.7 145 50.9 3966 (54.3)
Never smoked (n, %) 284 19.7 43 15.1 1470 (20.1)
Former smoker (n, %) 607 42.0 82 28.8 1873 (25.6)
Indeterminate smoker (n, %) 67 4.6 15 5.2 NA

BMI, body mass index; FEV1, forced expiratory volume in one second; PFT, NA, not available; PFT, pulmonary function
test.
*Dead (2971, 40.7%).
�Calculated from survey 1.
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Possible confounders of the relation of FEV1 rate of decline
and mortality were added to the multivariate regression. These
variables included initial age, initial FEV1, height and rate of
change in weight. Rate of change in weight was calculated as
the difference in weight at the initial and follow-up surveys
divided by time between the two measurements (kg/year).

RESULTS
Table 2 describes the basic demographics of the study cohort
stratified by mortality status, and the non-study cohort. At the
first survey, the cohort was relatively young, 42 years old on
average, ranging from 31 to 61 years. There were 285 deaths
during an average of 12.4 years (range 0.3–19.7).

At the initial survey, the 1730 participants had an average
FEV1 of 3.7 l. Spirometry at the first survey was entire normal
in 69%, while 17% showed an obstructive pattern, 11% showed
a restrictive pattern, and 3% showed both obstructive and
restrictive patterns. The mean FEV1 rate of decline was 45.1 ml/
year. The interval between testing averaged 12.8 years, rang-
ing from 7.2 to 18.4. Among never, former, current and

inconsistent smokers the mean FEV1 rates of decline were
37.6 ml/year, 42.5 ml/year, 51.6 ml/year and 47.9 ml/year
respectively. The average body mass index (BMI) was 26.0.

Table 3 shows the crude and age-adjusted all-cause mortality
rate by FEV1 rate of decline categories for the whole cohort
(table 3A) and for cardiovascular and non-malignant respira-
tory disease crude (table 3B). Both the crude and age-adjusted
mortality rate rises with increasing FEV1 rate of decline
category, although there are slight differences in trend. The
age-adjusted mortality rate in the non-study cohort partici-
pants, 16.2 per 1000 person years (95% CI 16.1 to 16.2), was
higher than that for the study cohort at 12.8 per 1000 person-
years (95% CI 12.7 to 12.8) suggesting those who participated
in one of the follow-up surveys were healthier than those who
did not.

Figure 1A displays the smoothed plot of log hazard ratio and
95% confidence interval for the multivariate Cox regression
with penalised spline for the study cohort. The tick marks on
the x axis demonstrate the frequency of the observed FEV1 rates
of decline and indicated that the rates below 240 ml/year and

Table 3 Vital status and crude and age-adjusted death rate, by FEV1 rate of decline
categories, US, National Study of Coal Workers’ Pneumoconiosis, 1969–97

FEV1 rate of decline category (ml/year)

,30 30 to ,60 60 to ,90 >90

(A) Death from all-cause (n = 1730)
n = 580 n = 688 n = 300 n = 162

Dead (n, %) 78 (3.4) 99 (14.3) 61 (20.4) 47 (29.0)
Crude mortality rate per
1000 person-years

11.0 (8.5 to 13.4) 11.8 (9.5 to 14.2) 15.5 (11.6 to 19.3) 22.6 (16.1 to 29.0)

Age adjusted mortality rate
per 1000 person-years

11.4 (11.3 to 11.5) 11.8 (11.7 to 11.8) 13.2 (13.0 to 13.3) 24.0 (23.8 to 24.3)

(B) Death from cardiovascular disease and non-malignant respiratory disease (n = 1584)
n = 542 n = 631 n = 266 n = 145

Dead (n, %) 40 (7.3) 42 (5.3) 27 (7.3) 30 (15.2)
Crude mortality rate per
1000 person-years

5.8 (4.0 to 7.6) 5.3 (3.7 to 6.9) 7.3 (4.6 to 10.1) 15.2 (9.8 to 20.6)

Age adjusted mortality rate
per 1000 person-years

6.1 (6.0 to 6.1) 5.2 (5.2 to 5.3) 5.5 (5.4 to 5.5) 16.1 (15.9 to 16.3)

FEV1, forced expiratory volume in one second.

Figure 1 (A–D) Cox multivariate regression
model using penalised splines, log hazard
ratio of death and 95% pointwise confidence
interval by FEV1 rate of decline (ml/year):
(A) for the entire cohort (n = 1730); (B) for
never smokers (n = 327); (C) for current or
former smokers (n = 1403); and (D) in those
with neither restrictive nor obstructive
patterns at first survey (n = 1198). 30, 60,
and 90 ml/year rate of decline are marked
by US, NSCWP, 1969–97.
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above 160 ml/year were rare (not shown). FEV1 declines
between zero and around 50 ml/year appear to have little
impact on risk for mortality, while declines greater than about
50 ml/year are associated with increased risk for mortality.
Figure 1B presents the smoothed plots in never smokers where
the increase in log hazard ratio is more pronounced. Given the
small sample size (n = 327, deaths = 43), the confidence
intervals are wider. Nevertheless, the risk is significantly
increased at the 60 ml/year decline level. Current and former
smokers showed a relation similar to the overall cohort (fig 1C).
Figure 1D illustrates the relation between FEV1 rate of decline
and log hazard ratio among participants who had neither
obstructive nor restrictive patterns at the first survey (n = 1198,
deaths = 173).

Tables 4A–D show the adjusted and unadjusted RR of death
by categories of FEV1 rate of decline in the entire study cohort,
in never smokers, in current and former smokers, and among
those participants with neither obstructive nor restrictive
patterns at the first survey. In the entire cohort (table 4A),
the adjusted RR increases progressively by FEV1 decline
category and is statistically significant in the ‘‘90 ml/year and
above’’ category, 1.78 (1.22 to 2.59). In the 327 never smokers,
the adjusted mortality risk is significant in both the ‘‘60 to less
than 90 ml/year’’ and the ‘‘90 ml/year and above’’ categories
(table 4B). In current and former smokers, the adjusted
mortality risk is statistically significant in the ‘‘90 ml/year and
above’’ category (table 4C). Among the 1198 participants who
had neither restrictive nor obstructive patterns at the initial
survey, the adjusted RR is significantly increased in both the
‘‘60 to less than 90 ml/year’’ and the ‘‘90 ml/year and above’’
categories (table 4D). An additional multivariate Cox regression
analysis was preformed to examine possible interactions
between smoking and rate of decline category (not shown).
The interaction term is not statistically significant, indicating
that the relation between rate of decline and mortality is not
modified by smoking status.

Changing procedures, spirometers and technicians between
surveys may lead to misclassification, often called survey bias.
To test for the effect of survey bias on the risk ratio, a dummy
variable is added to the model representing the third versus the
fourth survey. When added to our model, the dummy variable
was neither statistically significant nor did it notably change

the risk ratio estimates, suggesting that the survey bias is likely
to be small (not shown). Calendar year was added to the model,
to test for cohort effect, and was shown to be non-significant.

DISCUSSION
This study substantiates the importance of FEV1 rate of decline
as a predictor of all-cause mortality. The mortality trends were
similar regardless of smoking status, as well as among
participants with normal lung function at the first survey.
The trend based on the spline analysis is as follows: below
30 ml/year the mortality risk is not significant (that is, the
lower 95% CI is below the null value). Between 30 and 60 ml/
year, the log hazard ratio crosses the null value as it ascends,
but is not statistically significant. The risk continues to increase
between 60 and 90 ml/year and becomes statistically significant
around 60 ml/year in never smokers and in those with neither
restrictive nor obstructive patterns at first survey and around
75 ml/year in all other cohorts. The multivariate Cox regression
model without splines quantifies the risk of the FEV1 rates of
decline shown in the smoothing curves. For example, in the
overall cohort, the risk in the ‘‘90 ml/year and above’’ category
is nearly double compared to FEV1 rates of decline below 30 ml/
year.

Overall, the study’s findings are consistent with published
literature. The Honolulu Heart Program12 showed an association
between FEV1 rate of decline and mortality in smokers. The
Busselton Health Study13 observed a risk of all-cause mortality
for FEV1 rate of decline that was statistically non-significant in
males but significant in females, after adjusting for risk factors.
The Baltimore Study on Aging14 compared individuals in the
first quintile of decline to those in the second quintile, the
adjusted relative mortality risk was not significant while those
in the third and fourth quintiles had statistically significant
risks. The fifth quintile risk was elevated but did not reach
statistical significance. In Finnish cohorts of the Seven
Countries Study,11 the adjusted relative mortality risk was
significant for ‘‘intermediate’’ decliners and ‘‘rapid’’ decliners,
compared to ‘‘slow’’ FEV0.75 decliners (tertile of lowest decline).
Another study of coal miners, using a matched case control
study design, found that rapid decliners (having an average
FEV1 decline around 90 ml/year) had significantly increased
mortality compared to those with a low rate of decline.33 Lastly,

Table 4 Adjusted and unadjusted Cox proportional hazard model risk ratio for death with
95% confidence intervals. Adjusted for initial FEV1, change in weight, initial age, height

n

Not adjusted Adjusted

Deaths, n RR (95% CI) RR (95% CI)

(A) Entire cohort (n = 1730)
,30 ml/year 580 78 1.00 1.00
30 to ,60 ml/year 688 99 1.07 (0.80 to 1.44) 1.13 (0.84 to 1.52)
60 to ,90 ml/year 300 61 1.40 (1.00 to 1.96) 1.39 (0.99 to 1.97)
>90 ml/year 162 47 2.05 (1.42 to 2.94) 1.90 (1.32 to 2.76)
(B) Never smokers (n = 327)
,30 ml/year 151 17 1.00 1.00
30 to ,60 ml/year 116 14 1.08 (0.53 to 2.19) 1.45 (0.70 to 3.04)
60 to ,90 ml/year 37 7 1.56 (0.64 to 3.78) 3.31 (1.16 to 8.31)
>90 ml/year 23 5 1.72 (0.63 to 4.69) 3.34 (1.12 to 9.98)
(C) Current and former smokers (n = 1403)
,30 ml/year 429 61 1.00 1.00
30 to ,60 ml/year 572 85 1.04 (0.75 to 1.45) 1.11 (0.80 to 1.55)
60 to ,90 ml/year 263 54 1.33 (0.92 to 1.92) 1.28 (0.88 to 1.87)
>90 ml/year 139 42 2.03 (1.37 to 3.00) 1.82 (1.22 to 2.71)
(D) No obstructive or restrictive pattern at first survey (n = 1198)
,30 ml/year 386 42 1.00 1.00
30 to ,60 ml/year 492 62 1.17 (0.79 to 1.74) 1.24 (0.83 to 1.84)
60 to ,90 ml/year 216 42 1.64 (1.07 to 2.52) 1.64 (1.05 to 2.56)
>90 ml/year 104 27 2.16 (1.33 to 3.51) 2.15 (1.31 to 3.54)

US, National Study of Coal Workers’ Pneumoconiosis, 1969–97.

464 Sircar, Hnizdo, Petsonk, et al

www.occenvmed.com



in the US Six Cities Study, rapid decliners had an increased
mortality compared to slow decliners among males.15

Our study extends the findings from prior research by
investigating in greater detail the mortality risk in relation to
specific cut-off points for the FEV1 rate of decline. In past studies,
rates of decline were analysed as a continuous variable,13 divided
into categories11 14 15 or defined into groups not relevant to clinical
practice and research. For example, the Honolulu Heart Program12

split slopes of FEV1 into tertiles, slopes ‘‘between +15 to 212 ml/
year’’, ‘‘between 213 to 238 ml/year’’ and ‘‘between 239 to
2232 ml/year’’. Thus, declines of 60 and 90 ml/year would have
both fallen into the latter category. Our analysis was able to
demonstrate a difference in the mortality risk ratio in those with
declines ‘‘60 to less than 90 ml/year’’ and ‘‘90 ml/year and
above’’, categories which may be important to research and
clinical practice. A better understanding of mortality risks of
these cut-off points should be helpful in designing preventive
programmes to preserve lung health and to prevent premature
death.

Several factors with recognised potential to influence the
results were taken into account in this study. Level of FEV1 is a
well-established predictor of mortality.1–10 Additionally, an
interaction may be observed between initial FEV1 level and
rate of decline, attributed either to regression to the mean or a
so-called ‘‘horseracing effect’’. To address these concerns, initial
FEV1 was added to the multivariate model. Pre-existing
medical conditions related to lung function may act as a
confounder in the relation between FEV1 rate of decline and
mortality rate. Working miners are generally quite healthy, but
the cohort may have included individuals with pre-existing
disease. To reduce this effect, a separate analysis was completed
excluding those with restrictive or obstructive patterns that
have already had a measurable effect on pulmonary function
(table 3D and fig 1D). Extremes of weight may also affect
mortality risk and the impact of lung function and weight
together may be synergistic.34 Association between FEV1 rate of
decline and both BMI and weight gain have been observed.35

The physiological reasons are thought to be multifactorial and
complex.36 37 Our study cohort consisted of working miners who
were generally not obese. Change in weight was added to the
multivariate model to account for its influence on FEV1 rate of
decline. In addition, those who survived gained more weight
than those who died. Therefore, neither initial BMI nor weight
gain was thought to have had an important impact on the
association between mortality and rate of decline.

Smoking and dust are causes of rapid FEV1 decline. Smoking,
the most common cause of rapid lung function decline in the
general population, is also a confounder. In addition to
accelerating FEV1 declines with resulting mortality from non-
malignant respiratory disease, smoking leads to death through
other biological pathways, such as malignancy. Similarly, dust,
an occupational cause of rapid lung function decline, is also a
confounder as it leads to death from pneumoconiosis. These
variables, although in part confounders, were not added to the
overall model because the true risk of FEV1 decline would be
obscured and the risk ratio may be shifted towards the null.
However, we investigated this issue by comparing multivariate
risk ratios in the overall cohort with estimated total dust at first
survey, smoking status and pack-years included the model to
multivariate risk ratios estimated without these factors. The
rate ratios with these three variables in the model were as
follows: 1.09, 1.41 and 1.83 in the ‘‘30 to less than 60 ml/year’’,
‘‘60 to less than 90 ml/year’’ and ‘‘90 ml/year and above’’ rate of
decline categories respectively where only the ‘‘90 ml/year and
above’’ was statistically significant. The results of this analysis
suggest that exclusion of the smoking and dust effect did not
markedly influence the mortality risk.

Importantly, a significant increased risk of mortality in
relation to the FEV1 rate of decline was observed in the
subgroup of never smokers, a finding not identified in many
studies. For example, the Honolulu Heart Program observed the
association in current smokers but not in never smokers.12

Several studies such as, the US Six Cities Study15 and the
Baltimore Longitudinal Study of Aging,14 did not stratify by
smoking status. The Busselton Health Study13 observed a
statistically significant relative risk in female, but not male,
never smokers. In miners, coal dust exposure has been shown
to increase the rate of decline in lung function and the effect is
independent of smoking.20 38 39 It is also possible that in our
study we may have been able to detect an effect of FEV1 decline
on mortality in never smokers because of the influence of dust
exposure on the relationship. Classification of smoking status
in the study should have been reliable. Study participants
generally reported their smoking status accurately, and in this
study had to characterise their smoking status at two surveys
performed more than seven years apart, thus reducing the
chance of misclassification.40 41

A small number of participants showed an increase in FEV1

during follow-up, and this increase appeared to be associated
with increased mortality risk (fig 1A), although not signifi-
cantly. The increased mortality in this group may be explained
by baseline lung function impairment; whereas 31% of the
entire cohort had obstructive and/or restrictive patterns at the
first survey, that proportion was 50% (n = 49/98) among
participants whose FEV1 increased during follow-up.
Longitudinal FEV1 increases also may indicate excessive
spirometry variability which has been associated with poorer
heath.36 37 When those with restrictive or obstructive patterns at
first survey are removed, increases in FEV1 were not associated
with increased mortality.

There are several potential limitations in this study. The
participation rates decreased between the first survey and the
third and fourth surveys. Although there are several possible
reasons for this decrease, a healthy worker survival effect is
suggested, in which ill participants fail to have lung function
follow-up. Workers with excessive FEV1 declines are more
likely to leave and thus not participate in follow-up pulmonary
function testing.33 Consequently, age-adjusted mortality rates
were higher, compared to the study cohort, among those who
participated in the first survey but did not perform follow-up
testing in the third or fourth surveys and thus were not in the
study cohort. In addition, table 2 shows that, at the first survey,
obstructive and/or restrictive patterns were more prevalent in
the non-study cohort (43%) compared to the study cohort
(31%), and there were more current smokers in the non-study
cohort (54.3%) than in the study cohort (36.5%). If the rate of
decline was, on average, higher in those who were not included
in the study cohort, then the reported mortality risks would be
biased towards the null and the actual mortality risk due to
decline in lung function would be higher than reported. We also
have no information on lifestyle changes in the period between
the last PFT and date of death. During that time period,
participants may have made substantial modifications to their
lifestyle known to affect FEV1 rate of decline and the risk of
mortality, for example, quitting smoking or losing weight (if
overweight or obese).

In conclusion, the results of this study help to quantify the
relation between FEV1 rate of decline and mortality. The findings
indicate that risk of mortality starts increasing for FEV1 rates of
decline between 30 and 60 ml/year and is signi-
ficant for declines above 90 ml/year. Statistically significant
mortality risk was observed in non-smokers with occupational
dust exposure, suggesting that monitoring lung function is also
important in this group. These results should provide information
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useful to healthcare providers in evaluating the importance of
longitudinal changes in lung function observed in individuals.
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