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Coal mine dust exposure is associated with accelerated loss of lung
function. We assessed long-term health outcomes in two groups
of underground coal miners who during previous mine surveys had
shown either high rates of FEV

 

1

 

 decline (cases, n 

 

5

 

 310) or rela-
tively stable lung function (referents, n 

 

5

 

 324). Cases and refer-
ents were matched initially for age, height, smoking status, and
FEV

 

1

 

. We determined vital status for 561 miners, and obtained a
follow-up questionnaire for 121 cases and 143 referents. Re-
sponses on the follow-up questionnaire were compared with those
on the last previous mine health survey questionnaire. Cases showed
a greater incidence of symptoms than did referents for cough,
phlegm production, Grades II and III dyspnea, and wheezing, and
greater incidences than referents of chronic bronchitis and self-
reported asthma and emphysema. More cases than referents
(15% versus 4%) left mining before retirement because of chest
illnesses. After controls were applied for age and smoking, cases
had twice the risk of dying of cardiovascular and nonmalignant
respiratory diseases and a 3.2-fold greater risk of dying of chronic
obstructive pulmonary disease than did referents. Rapid declines
in FEV

 

1

 

 experienced by some coal miners are associated with sub-
sequent increases in respiratory symptoms, illnesses, and mortality
from cardiovascular and nonmalignant respiratory diseases.

 

The adverse respiratory health effects of occupational dust ex-
posure have been extensively reviewed (1, 2). Two recent
comprehensive reviews of the literature, including many coal
mining studies, concluded that exposure to occupational dust
is a cause of chronic obstructive lung disease (3, 4).

The relationships between coal mine dust exposure and in-
creased respiratory symptoms, deficits in lung function, and
development of coal workers’ pneumoconiosis are well docu-
mented (5, 6). Cumulative dust exposure has been shown to
be related to reductions in FEV

 

1

 

 among coal miners in the
United States without radiographic evidence of pneumoconio-
sis, after controls were applied for age and smoking status (6).
In a study of 3,380 British coal miners without documented
pneumoconiosis, both smoking and coal mine dust exposure
were associated not only with abnormal lung function (FEV

 

1

 

 

 

,

 

80% predicted), but also with marked reductions in FEV

 

1

 

(FEV

 

1

 

 

 

,

 

 65% predicted) (5). Longitudinal studies in both
British (7) and American coal miners (8) have reached similar
results, linking estimated dust exposures with rates of FEV

 

1

 

decline. Among a group of 904 young lignite miners exposed
to relatively low dust levels in a Sardinian mine, individual ex-
posures to coal mine dust were related to rates of longitudinal
decline in FVC, FEV

 

1

 

, and the ratio of diffusion capacity of
carbon dioxide to alveolar volume (D

 

LCO

 

/

 

A

 

) during followV
·

 

up, after accounting for age, smoking, and initial FVC, FEV

 

1

 

,
and D

 

LCO

 

/

 

A

 

 levels (9).
The long-term effects of dust exposures have been exten-

sively explored. Investigations have documented premature
deaths among coal miners from nonmalignant respiratory dis-
eases, cardiovascular disease, and cancers of the digestive tract
(10–12).

The purpose of the present study was to determine the long-
term health outcomes associated with rapid declines in FEV

 

1

 

observed among some underground coal miners. We evaluated
respiratory symptoms, illnesses, and mortality among a group
of miners who had earlier demonstrated accelerated losses of
FEV

 

1

 

 in the U.S. National Study of Coal Workers’ Pneumoco-
niosis (NSCWP), in comparison with a matched referent group
of miners with relatively stable lung function.

 

METHODS

 

Subjects

 

As previously described (13), all of our subjects were male under-
ground coal miners who had participated in the NSCWP longitudinal
cohort study. Each case miner (CS, n 

 

5

 

 310) had shown a decline in
FEV

 

1

 

 of at least 60 ml/yr greater than that of a matched (age, height,
smoking status, initial FEV

 

1

 

) referent miner (RF, n 

 

5

 

 324) over a pre-
vious 6- to 18-yr follow-up period that ended between 1977 and 1988.
The calculation of the slope of FEV

 

1

 

 for each miner was based on two
measurements. No information was available on which to base an at-
tempt to locate two of the 634 miners.

 

Questionnaire

 

Between 1994 and 1997, a period corresponding to 10 to 18 yr after
the last previous health survey, we conducted a new follow-up ques-
tionnaire (FQ) survey in these miners, either by mail or telephone.
The questionnaire used in this survey has been previously described
(14). The following variables were analyzed in the FQ survey: (

 

1

 

) de-
mographics, including age (at interview or date of death) and total
years of schooling; (

 

2

 

) occupational history, including age at first job,
age of starting mining, age of leaving mining, and reason for leaving
mining; (

 

3

 

) smoking, including smoking status, whether smoke was in-
haled while smoking, age at which smoking began, age at which smok-

 

ing stopped, cigarettes smoked per day, pack-years smoked, and whether
filtered cigarettes were used; (

 

4

 

) chest symptoms, including cough,
phlegm production, dyspnea (Grades I to IV), and persistent or epi-
sodic wheezing; and (

 

5

 

) chest illnesses, defined as a “yes” response to
“Have you ever had asthma/emphysema/pneumonia”, or chronic
bronchitis, defined as cough and phlegm production on most days for
at least 3 mo each year? Analyses also considered whether asthma or
emphysema was reported by the subject as having been diagnosed by
a physician, and the subject’s age at diagnosis. Variables related to
coal mine dust exposure (mining region, tenure, years underground,
years at the coal face) have been previously analyzed and reported
elsewhere (14). All methods included in the protocol were approved
by the National Institutes for Occupational Safety and Health Human
Subjects Review Board.

 

Death Certificates

 

Serial reviews of national data bases were used to ascertain the vital
status of the 634 miners studied. Information about deaths was also

V
·
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obtained through mailings and telephone calls to family members of
the deceased. Copies of death certificates were obtained for all 92 of
the miners known to be deceased. Causes of death (both underlying
and contributing) were coded by a certified nosologist at the National
Center for Health Statistics according to the eighth or ninth revision
of the 

 

International Classification of Diseases ICD-8

 

 or 

 

ICD-9

 

, respec-
tively (15). The nosologist had no knowledge of case status or the
study objectives. For the seven miners who died before June 6, 1981,
causes of death were coded according to 

 

ICD-8

 

. All other death cer-
tificates were coded according to 

 

ICD-9

 

. The 

 

ICD-8

 

 codes were
checked against the 

 

ICD-9

 

 codes for the same underlying and contrib-
uting causes of death, and were found to be similar. The ICD codes
used in the definitions of cardiovascular diseases included 410, 412,
414 to 416, 425, 427, and 428. Nonmalignant respiratory diseases were
identified by ICD codes 011, 486, 487, 492, 496, 500, 505, 514, 515, 518,
and 519. Miners who died of either emphysema (code 492) or chronic
airway obstruction (code 496) were classified as having died of chronic
obstructive pulmonary disease (COPD). Causes of death were coded
for malignant neoplasms of the digestive organs (151, 153, 154); tra-
chea, bronchus, or lung (162); and other sites (197 to 199). In the anal-
ysis of deaths from cardiovascular disease, nonmalignant respiratory
disease, or COPD, all deaths from the particular cause were included
in the analysis, irrespective of other listed causes. Data were analyzed
irrespective of whether the cause of death was listed as a primary or
contributing cause.

 

Statistics

 

The Statistical Analysis System (SAS Institute Inc., Cary, NC) was
used for data analyses (16). Among the 264 miners who completed the
follow-up questionnaire, only 65 of the original matched-case-and-ref-
erent pairs were identified. However, when the groups of 121 CS and
143 RF miners who responded to the questionnaire were compared
with the respective cohorts among the entire group of 634 miners
from the NSCWP, they were found to be similar for all matched vari-
ables (age, height, smoking status, and initial FEV

 

1

 

). Therefore, we
decided to analyze the questionnaire and death certificate data for CS
and RF by using group comparisons. We used 

 

t

 

 tests for continuous
variables and chi-square tests for dichotomous variables when com-
paring grouped data for CS and RF. When making comparisons
among multiple groups for continuous variables, we used analysis of
variance (ANOVA) statistics.

A survival analysis, done with Cox’s proportional hazards model,
was used to determine the risk ratios for cardiovascular and pulmo-
nary mortality in CS versus RF subjects, by controlling for the poten-
tially confounding factors of age and smoking (using the SAS Proc
phreg). The survival time was defined as the period from the date of

the last NSCWP health survey questionnaire to death or to the end of
the mortality follow-up on January 31, 1997. The case status (CS ver-
sus RF) was entered into the model as a dummy variable. The sub-
ject’s age at the last health survey was added into the model in the
form of a continuous variable, and smoking status at the last NSCWP
survey was categorized into the two dichotomous variables of current
smoker and ex-smoker. Three models were established for death, as
follows: (

 

1

 

) from all causes; (

 

2

 

) from cardiovascular and nonmalignant
respiratory diseases; or (

 

3

 

) from COPD. Probability levels at p 

 

,

 

 0.05
were considered significant.

 

RESULTS

 

Subjects

 

Figure 1 shows the vital status of the 634 study miners at the
time of the FQ survey. Of the total, 73 individuals (37 CS and
36 RF) were lost to follow-up. Of the remaining 561 miners, 92
(53 CS and 39 RF) were deceased and 469 were still living. A
total of 264 (121 CS and 143 RF) FQ were completed by either
the miner (91%) or an immediate family member (9%) if the
miner was deceased. The groups of CS and RF miners with
completed FQ were compared (15). Among the FQ respon-
dents, CS and RF miners were similar for initial age, height,
and FEV

 

1

 

. For both the initial and final NSCWP surveys, the
proportions of current, ex-, and never smokers were similar
for the CS and RF groups.

Responses to the FQ showed that at the time of interview
or date of death, CS and RF miners were also similar for age,
marital status, age at first job, age at first coal job, and total
years of schooling (Table 1). The proportions of never-, ex-,
and current smokers, and of mean pack-years smoked, were
also similar for the CS and RF groups. A similar proportion of
CS and RF smokers had quit smoking since the final NSCWP
coal mine survey. For those miners who had ever smoked,
there were no differences between the CS and RF groups with
regard to inhaling cigarette smoke or smoking cigarettes with
a filter tip (data not shown).

 

Reasons for Leaving Coal Mining

 

A higher proportion of CS (87%) than of RF (76%) miners
had left mining at the time of the interview (p 

 

,

 

 0.05), al-
though the age at which miners in the two groups left the coal
industry was similar (53.9 yr versus 52.6 yr). Reasons associ-

Figure 1. Vital status at time of
the follow-up questionnaire for
original cohort of 634 miners.
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ated with an individual miner’s leaving the coal mining indus-
try are shown in Table 2. As compared with RF miners, a
higher proportion of CS miners left coal mining before retire-
ment because of chest/lung illnesses. Leaving mining through
regular retirement, because of mine closure or as a result of
being fired, taking another job outside of coal mining, injury,
or heart illnesses each affected similar proportions of the CS
and RF groups.

 

Chest Symptoms and Illnesses

 

Table 3 shows comparisons of incidences of respiratory symp-
toms and chest illnesses reported at the time of the FQ survey
since those in the last NSCWP survey. The interval between
the final NSCWP survey and the FQ survey was similar for the
CS and RF groups (mean 

 

5

 

 12 yr, p 

 

5

 

 0.91). The CS group
had higher incidences than the RF group of cough, phlegm
production, Grade II dyspnea, Grade III dyspnea, wheezing,
episodic wheezing, persistent wheezing, and wheezing with short-
ness of breath.

Incidences of chest illnesses since the last NSCWP survey
are also shown in Table 3. There were higher incidences for the
CS than for the RF group for bronchitis, self-reported asthma,
and emphysema.

 

Mortality

 

The original study cohort contained 634 miners. We were un-
able to confirm the vital status of 73 individuals. Of the re-

maining 561 miners, 92 were deceased and 469 were alive at
the time of our study.

Table 4 compares characteristics of the CS and RF groups
at the last NSCWP survey by follow-up vital status. Age, height,
and pack-years smoked were similar at the two groups’ last
NSCWP survey within the vital-status categories used in the
study. The RF group weighed less than the CS group miners at
their last NSCWP health survey for those miners still alive at
the time of the FQ survey. CS miners had significantly lower
values of FEV

 

1 

 

and

 

 

 

FVC, and of the FEV

 

1

 

/FVC ratio than did
their respective RF counterparts for those miners who were
lost to follow-up, alive at the time of the FQ survey, and de-
ceased at the time of the FQ survey. Deaths were somewhat
more common among the CS (53 of 273) than among the RF
(39 of 288) miners (p 

 

,

 

 0.06). Among the CS miners who were
never-smokers at their last NSCWP health survey, 20% (13 of
65) died, versus 7% (five of 68, p 

 

,

 

 0.05) of the RF miners.
Average age at death was similar for the CS and RF groups

(62 yr). There were a total of 248 underlying and contributing
causes of death identified on the 92 death certificates. Each
deceased miner had one underlying cause of death. The num-
ber of contributing causes of death per miner ranged from 0 to
6, with a mean of 2.7 causes. Comparisons of underlying and
other causes of death by vital status are shown in Table 5. A
higher proportion of CS (37 of 273, 13.6%) than of RF (20 of
288, 6.9%) miners (p 

 

,

 

 0.01) died of cardiovascular or nonma-
lignant respiratory disease.

Table 6 shows the annual rate of decline (slope) in FEV

 

1

 

,
FVC, and the FEV

 

1

 

/FVC ratio obtained from the NSCWP lon-
gitudinal lung function studies for CS and RF miners, catego-
rized by the subsequent follow-up vital status. Case subjects
who died had significantly greater rates of decline in both
FEV

 

1

 

 and FEV

 

1

 

/FVC ratio than did case subjects who were
alive or lost to follow-up.

Average annual rates of decline in FEV

 

1

 

 were greater for
CS than for RF miners among miners who, at the time of the

 

TABLE 1. CHARACTERISTICS OF CASES AND REFERENTS BASED
ON FOLLOW-UP QUESTIONNAIRE*

 

Cases
(

 

n

 

 

 

5

 

 121

 

)
Referents
(

 

n

 

 

 

5

 

 143

 

)

Age, yr

 

†

 

61.4 (9.4) 60.0 (9.9)
Vital status

Alive, n (%) 109 (90.1) 132 (92.3)
Deceased, n (%) 12 (9.9) 11 (7.7)

Marital status

 

†

 

Married, n (%) 113 (94.2) 137 (96.5)
Single, n (%) 7 (5.8) 8 (3.5)

Total years of schooling 11.0 (2.4) 11.0 (2.6)
Age at first job, yr 17.5 (2.0) 17.7 (1.9)
Age at first coal job, yr 22.9 (6.6) 23.4 (6.2)
Age when left coal industry, yr 53.9 (9.0) 52.6 (10.0)
Smoking, pack yr 24.2 (24.1) 21.3 (19.5)
Smoking status:

 

†

 

Never smoker, n (%) 30 (24.8) 42 (29.4)
Ex-smoker, n (%) 61 (50.4) 68 (47.6)
Current smoker, n (%) 30 (24.8) 33 (23.1)

* Values are mean 

 

6

 

 SD.

 

†

 

 At time of interview or date of death.

 

TABLE 2. REASONS ASSOCIATED WITH A MINER LEAVING THE
COAL MINING INDUSTRY, BASED ON FOLLOW-UP QUESTIONNAIRE

 

Reason for Leaving
Mining

Cases
(

 

n

 

 

 

5

 

 

 

105

 

)
Referents
(

 

n

 

 

 

5

 

 

 

108

 

)

Regular retirement 21 (20.0)* 27 (25.0)
Mine closure/fired 43 (41.0) 39 (36.1)
Other job outside mining 2 (1.9) 4 (3.7)
Injury 14 (13.3) 16 (14.8)
Chest/lung illness 18 (17.1) 6 (5.6)

 

†

 

Heart illness 4 (3.8) 4 (3.7)
Other illnesses 3 (2.9) 12 (11.1)

* Values are number (%).

 

†

 

 p 

 

,

 

 0.02.

 

TABLE 3. CUMULATIVE INCIDENCES OF RESPIRATORY SYMPTOMS
AND CHEST ILLNESSES FROM THE FINAL NATIONAL STUDY OF
COAL WORKERS’ PNEUMOCONIOSIS SURVEY TO THE
FOLLOW-UP QUESTIONNAIRE*

 

Symptom or
Illness Absent
at Last Survey

(

 

n

 

)

Cumulative Incidence,
n/N

 

†

 

 (

 

%

 

)

p ValueCases Referents

Cough 151 24/58 (41.4) 22/93 (23.7) 0.021
Phlegm production 144 30/62 (48.4) 19/82 (23.2) 0.002
Dyspnea

Grade II 176 41/76 (54.0) 31/100 (31.0) 0.002
Grade III 218 42/96 (43.8) 28/122 (23.0) 0.001

Wheezing (ever) 103 23/41 (56.1) 22/62 (35.5) 0.039
Episodic 215 17/91 (18.7) 10/124 (8.1) 0.020
Persistent 162 27/63 (42.9) 24/99 (24.2) 0.013
Wheezing with

shortness of breath 198 37/79 (46.8) 21/119 (17.7) 0.001
Pneumonia 208 18/92 (19.6) 15/116 (12.9) 0.193
Bronchitis 175 31/76 (40.8) 23/99 (23.2) 0.013
Asthma 254 6/114 (5.3) 1/140 (0.7) 0.048

 

‡

 

Emphysema 246 18/107 (16.8) 9/139 (6.5) 0.010

* Interval between final survey in U. S. National Study of Coal Workers’ Pneumoconi-
osis (NSCWP) and follow-up questionnaire for case miners and referent miners was
similar (mean 12 yr, p 

 

5

 

 0.910).

 

†

 

 N 

 

5

 

 symptom/illness absent at final NSCWP survey; n 

 

5

 

 symptom/illness present
at follow-up questionnaire. (%): Cumulative incidence from final NSCWP survey to fol-
low-up questionnaire. Note: the final NSCWP health surveys were conducted between
1977 and 1988, the follow-up questionnaire was administered between 1994 and
1997.

 

‡

 

 Fisher’s exact test (two-tailed).



 

636

 

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 163 2001

 

follow up study, were alive (

 

2

 

92 ml/yr versus 

 

2

 

5 ml/yr), had
died of cardiovascular or nonmalignant respiratory disease
(

 

2

 

109 ml/yr versus 

 

2

 

8 ml/yr), and had died of COPD (

 

2

 

118
ml/yr versus 

 

2

 

18 ml/yr).
Table 7 shows results from the Cox proportional hazards

analyses of the main effects of the factors studied. After ad-
justment for age and smoking, the relative risk estimates imply
that a coal miner with a rapid decline in FEV

 

1

 

 over an average
period of 11 yr (defined in this study as a case) would have
twice the risk of dying of cardiovascular or nonmalignant re-
spiratory disease, and a 3.2-fold greater risk of dying of
COPD, than would a miner with a stable FEV

 

1

 

 over a similar
follow-up period (i.e., classified as a referent); these associations
were statistically significant. Age and current smoking status
at the last NSCWP survey were also significantly associated
with increased mortality.

 

DISCUSSION

 

To better understand the potential consequences of the accel-
erated losses of lung function observed among some coal min-
ers, we investigated symptoms, illnesses, and vital status among
two groups of coal miners 19 to 28 yr after they had first par-
ticipated in a mine health survey. Our results indicated that
the group of miners who had shown accelerated loss of lung
function during their mining careers subsequently experi-

 

enced significantly more symptoms of cough, phlegm produc-
tion, wheezing, and high grades of dyspnea than did their col-
leagues with more stable lung function. Asthma, chronic
bronchitis, and emphysema, including illnesses reported as hav-
ing been diagnosed by a physician, were reported more com-
monly at follow-up by miners with rapid delines in FEV

 

1

 

. In
addition to experiencing respiratory tract symptoms and ill-
nesses, miners with steeper losses of lung function were more
likely to retire from mining because of chest illnesses, and
were also at significantly higher risk of death from cardiovas-
cular or nonmalignant respiratory disease.

Our study found that miners who had experienced high
rates of decline in FEV

 

1

 

 during their working careers subse-
quently reported greater rates of onset of several respiratory
tract symptoms and illnesses. Many previous cross-sectional
studies have associated a reduced level of FEV

 

1

 

 with respira-
tory tract symptoms and other adverse health outcomes (17),
although longitudinal relationships between changes in venti-
latory function and symptoms have not been as well studied.
Brodkin and colleagues reported a 3- to 5-yr longitudinal study
of symptoms and spirometry in 446 asbestos-exposed workers
(18). In their study, development of any of the cardinal symp-
toms (cough, phlegm production, wheezing, and dyspnea) was
associated with an increased rate of concurrent decline in
FEV

 

1

 

. In contrast, symptoms present at the initial survey were
associated with a subsequent decline in FEV

 

1

 

/FVC ratio, but
not in FEV

 

1

 

. In a group of 346 French dairy farmers, persis-
tence or emergence of chronic bronchitis, and also of dyspnea,
was associated with excess ventilatory decline over a period of
6 yr (19). Among male grain elevator workers participating in
a mandated health surveillance program, onset or persistence
of wheezing was associated with a significantly increased an-
nual decline in FEV

 

1

 

 over a period of 8.6 yr (20). Sharp and col-
leagues assessed symptoms and spirometry over a 7-yr period in
a group of 1,263 workers, and noted that declines in the FEV

 

1

 

/
FVC ratio were more prevalent among workers who had persis-
tent symptoms of cough, phlegm production, and dyspnea, or
who reported the onset of wheezing (21). Analyses of commu-
nity-based studies suggest that initial respiratory symptoms
predict only a slightly greater risk of progressive airflow limi-
tation (22), whereas accelerated loss of FEV

 

1

 

 is more com-
monly found among persons with persistent or newly devel-

 

TABLE 4. CHARACTERISTICS OF CASES AND REFERENTS BY FOLLOW-UP VITAL STATUS BASED ON THE LAST NATIONAL STUDY OF
COAL WORKERS’ PNEUMOCONIOSIS SURVEY*

 

Lost to Follow-Up Alive Deceased

Cases
(

 

n

 

 

 

5

 

 

 

37

 

)
Referents
(

 

n

 

 

 

5

 

 

 

36

 

)
Cases

(

 

n

 

 

 

5

 

 

 

220

 

)
Referents
(

 

n

 

 

 

5

 

 

 

249

 

)
Cases

(

 

n

 

 

 

5

 

 

 

53

 

)
Referents
(

 

n

 

 

 

5 39)

Age, yr Mean 44.4 45.7 48.5 48.2 53.5 53.7
SD 9.0 8.5 8.7 8.8 7.4 7.5

Height, cm Mean 176.5 176.3 176.3 175.8 175.3 176.5
SD 6.86 5.84 6.35 6.35 7.37 6.10

Weight, kg Mean 87.5 84.0 87.6 82.9† 83.5 83.6
SD 15.7 11.4 16.1 11.5 21.4 13.6

Smoking, pack-years Mean 16.1 17.9 18.5 16.7 22.5 22.1
SD 14.0 21.3 16.5 16.1 17.9 17.2

FEV1, L Mean 3.11 4.04‡ 2.91 3.86‡ 2.46 3.41‡

SD 0.63 0.69 0.73 0.68 0.91 0.57
FVC, L Mean 4.25 5.16‡ 4.12 5.00‡ 3.79 4.59†

SD 0.72 0.76 0.86 0.81 1.05 0.87
FEV1/FVC (%) Mean 73.3 78.2* 71.1 77.2‡ 64.4 74.8‡

SD 8.9 6.5 11.6 6.0 14.0 6.3

* n 5 634, consisting of 310 cases and 324 referents.
† p , 0.01 for cases versus referents.
‡ p , 0.001 for cases versus referents.
§ p , 0.0001 for cases versus referents.

TABLE 5. COMPARISONS OF UNDERLYING AND OTHER CAUSES
OF DEATH BY CASE STATUS*

Status

Cases Referents Total

n (%) n (%) n (%)

Alive 220 (80.6) 249 (86.5) 469 (83.6)
Deceased

All causes 53 (19.4) 39 (13.5) 92 (16.4)
Cardiovascular† 27 (9.9) 15 (5.2) 42 (7.5)
Pulmonary

COPD† 12 (4.4) 4 (1.4) 16 (2.9)
Non-COPD 16 (5.9) 9 (3.1) 25 (4.5)

Definition of abbreviation: COPD 5 chronic obstructive pulmonary disease.
* From International Classification of Diseases (ICD-9).
† p , 0.05 for cases versus referents.
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oped symptoms (23). The findings of the present study are con-
sistent with these previous reports. Additionally, because of
its design, our study extends these findings by providing evi-
dence that rapid declines in FEV1 may become apparent even
before the reporting of respiratory symptoms and illnesses.

According to the Cox proportional hazards models, deaths
from cardiovascular and nonmalignant respiratory diseases, and
deaths from COPD, were significantly more common among
the miners in our study who had previously experienced accel-
erated declines in FEV1. The mean FEV1 levels for CS and RF
miners were very similar at their initial health surveys (14).
Thus, the current findings provide evidence that, in addition to
FEV1 level, accelerated declines in lung function are an indi-
cator of increased risk of death. The relationship between
FEV1 level and subsequent mortality has been observed in a
number of community-based studies (24, 25). Impairments of
lung function were also found to have increased the risk of mor-
tality from COPD among coal miners as well, and respiratory
symptoms heralded an increased risk of subsequent mortality
from nonmalignant respiratory diseases (26). However, only a
few previous studies have investigated the importance of longi-
tudinal change in ventilatory function with regard to subse-
quent mortality. Rapid declines in FEV1 have been noted to
presage mortality from heart disease (27, 28). In a follow-up
study of 1,691 persons in the Busselton (Australia) Health
Study, Ryan and colleagues observed that decline in lung
function was a predictor of death from cardiovascular disease
and from all causes, independent of average FEV1 level and
other risk factors (29). The current investigation strengthens

the evidence from these previous studies that rapid longitudi-
nal decline in FEV1 is associated with subsequent mortality,
and highlights an association with mortality from COPD.

The results of this study document the potential consequences
of rapid declines in lung function, and emphasize the impor-
tance of recognition and effective interventions for individuals
who experience accelerated losses of FEV1. By demonstrating
that lung functional declines can often be documented before
symptoms and illnesses are reported, the findings of the present
study increase the plausibility that medical monitoring pro-
grams can be important components of an effective lung dis-
ease prevention strategy. Studies of the natural history of
chronic airflow obstruction have previously shown that for in-
dividuals with accelerated losses of lung function, exposure con-
trol (e.g., engineering controls, smoking cessation) does not
generally result in an improvement in FEV1, but rather a re-
turn to the age-appropriate rates of decline (30, 31). Thus, the
risks of illness and premature death among workers exposed
to respiratory hazards are more likely to be reduced when
accelerated loss of FEV1 is recognized early and exposures
promptly controlled (32).

Our study had several limitations. First, although ascertain-
ment of vital status was available for 88% of the cohort, the
questionnaire follow-up was less complete. The group of min-
ers that completed the questionnaire may not have been fully
representative of the entire cohort. It is possible that reduced
participation significantly biased the subsequent morbidity re-
ported here. However, there is evidence that the health of
study participants may be better than that of nonparticipants

TABLE 6. ANNUAL RATE OF DECLINE (SLOPE) IN SPIROMETRY INDICES FOR CASES AND REFERENTS BY FOLLOW-UP VITAL STATUS

Cases
(n 5 310)

Referents
(n 5 324)

Lost to follow-up
(n 5 37)

Alive
(n 5 220)

Deceased
(n 5 53)

Lost to follow-up
(n 5 36)

Alive
(n 5 249)

Deceased
(n 5 39)

Interval, yr* Mean 11.2 11.7 11.0 11.8 11.8 10.2†

SD 2.9 2.8 3.4 2.7 2.9 2.5
FEV1, ml/yr Mean 287.0 291.9 2106.5† 22.90 24.8 27.9

SD 32.7 30.5 29.8 33.0 24.2 22.3
FVC, ml/yr Mean 2101.7 2103.5 2111.7 20.5 216.6 222.2

SD 52.5 49.8 49.3 41.4 35.4 42.8
FEV1/FVC, %/yr Mean 20.25 20.33 20.72‡ 0.03 0.15 0.17

SD 0.71 0.65 0.86 0.57 0.50 0.47

* Interval during National Study of Coal Workers’ Pneumoconiosis over which spirometry declines were calculated.
† p , 0.01 (deceased versus lost and alive within cases and referents).
‡ p , 0.001 (deceased versus lost and alive within cases and referents).

TABLE 7. SURVIVAL ANALYSES RESULTS USING COX’S REGRESSION MODEL

Variable

Model 1
(Death n 5 92,

Censored n 5 469)*

Model 2
(Death n 5 57,

Censored n 5 504)†

Model 3
(Death n 5 16,

Censored n 5 545)‡

Coefficient
(SE)

Risk Ratio
(p Value)

Coefficient
(SE)

Risk Ratio
(p Value)

Coefficient
(SE)

Risk Ratio
(p Value)

Age, yr 0.077 1.080 0.090 1.094 0.117 1.124
(0.015) (0.0001) (0.019) (0.0001) (0.039) (0.0027)

Current smoker (1,0) 0.757 2.132 0.738 2.093 2.208 9.096
(0.272) (0.0055) (0.333) (0.0265) (1.036) (0.0330)

Ex-smoker (1,0) 20.525 0.591 21.115 0.328 215.484 0.000
(0.365) (0.1504) (0.533) (0.0366) (2.071) (0.9940)

Case status (1,0) 0.371 1.449 0.728 2.072 1.162 3.196
(0.211) (0.0791) (0.278) (0.0087) (0.578) (0.0443)

* Model 1 for death from all causes.
† Model 2 for death from cardiovascular and non-malignant respiratory diseases.
‡ Model 3 for death with COPD.
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(33), and it seems unlikely that in the case of our study, the de-
velopment of symptoms and illnesses among the nonpartici-
pant cases was sufficiently disparate from that among the non-
participant referents that full participation would have nullified
the overall results. Second, the CS and RF miners examined in
the study were identified among the 5,900 miners who had par-
ticipated in the longitudinal cohort of the NSCWP. This study
cohort may not have been entirely representative of the overall
population of active underground coal miners in the United
States. The NSCWP miners worked predominantly at larger
mines, which may present a lower risk for occupational ill-
nesses than do smaller mines. Lynch (34) reported that under-
ground bituminous coal mines with fewer than 10 workers ac-
counted for 11% of all reported cases of respiratory dust
disease, while accounting for only 1.7% of working hours in
mines. A review of chest X-ray B-readings for coal miners with
20 or more years of underground experience revealed that a
higher proportion (20.5%) of those who worked in small mines
(fewer than 20 workers) had Category 1/1 or greater than did
miners (17%) working in larger mines (100 or more workers).

These factors may have affected the overall patterns of
morbidity and mortality that were observed in our study. How-
ever, it seems unlikely that a larger sample, including more
small mines, would have affected the conclusion that coal min-
ers with clinically significant losses of lung function are at
greater risk for developing respiratory tract symptoms and ill-
nesses, and for premature death from cardiovascular or non-
malignant respiratory disease, particularly COPD, than are
miners without such losses.

The information available from this study does not contain
sufficient detail to permit a full reconstruction of the chrono-
logic relationships among declines in lung function, develop-
ment of symptoms, and establishment of lung disease in the
miners that we studied. Since the participants had only two to
four spirometry tests over a period of 6 to 18 yr, these data
cannot indicate how early the declines that we observed would
become apparent with regular testing. There is also evidence
that occupational losses in FEV1 may not follow a linear pat-
tern over time (35). Future investigations may need to address
the efficiency of different strategies for early detection of ex-
cessive losses of lung function. Furthermore, although our
study was performed among coal miners, dust-related losses of
lung function have been observed in other occupations (3),
and similarly affected workers in other industries may have a
similar potential for development of respiratory symptoms, ill-
nesses, and mortality.

Summary

We followed a select group of underground coal miners longitudi-
nally. Both never-smoking and smoking miners who experienced
accelerated declines in FEV1 subsequently developed more fre-
quent respiratory symptoms and chest illnesses than those who
did not experience such declines. They were also at significantly
greater risk of death from cardiovascular or nonmalignant respi-
ratory disease than were their colleagues with more stable lung
function. These findings support the potential efficacy of medical
screening with spirometry among dust-exposed workers for iden-
tifying individuals with rapid losses of lung function and to allow
targeted early interventions to preserve lung function.
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