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ASBESTOS-ASSOCIATED DISEASES IN A COHORT OF CIGARETTE-FILTER WORKERS

James A. Tarcors, M.D., Wenpy A, Tuurser, R.N., ARLESE F. KasTor, Dr.P.H.,
EpwaArD A. GAENsLER, M.D., Jant F. Danaky, B.A., Karen H. Axtmax, M.D., anp Freberick P. L1, M.D.

Abstract To estimate the effects on health of occupa-
tiona! exposure 1o crocidolite, a highly toxic form of asbes-
tos, we studied a cohort of 33 men who worked in 1953 in
8 Massachusetts factory that manufactured cigarette fil-
ters containing crocidolite fibers from 1951 to 1857,
Twenty-eight of the men have died, as compared with
8.3 deaths expected. This increased mortality was attribut-
able 10 asbeslos-associated diseases. Fifteen deaths
were caused by cancer, as compared with 1.8 expected
(relative risk, 8.2; 95 percent confidence interval, 4.6 to
13.4), including eight from lung cancer, five from malig-
nant mesothelioma, and two from other types of cancer.

HE inhalation of asbestos may result in pulmo-

nary fibrosis (asbestosis),’ lung cancer,? or malig-
nant mesothelioma.’ We recently observed three cases
of malignant mesothelioma among former employees
of a Massachusetts company that manufactured ciga-
rette filters containing crocidolite asbestos from 1951
to 1957.° We now report a marked excess in mortality
and morbidity from ashestos-related diseases in an
independent cohort of 33 workers who made these
filters.

MeTHODS

From 195] to 1957, a subsidiary of a Massachusetts company
manufactured cigarette fliers according 10 a patented “dry” and
dusty process in which asbestos, cotton, and acetate fibers were
mechanically mixed, carded, and deposited on crepe paper.® The
parent company produced other asbestos-containing products be-
tween 1942 and 1971 by the conventional “wet”™ papermaking proc-
ess, in which asbesios was added to a pulp. Crocidolite, a member
of the amphibole family of long. straight asbestos fibers, was the
primary type of asbestos used. 1t is strongly associated with asbesto-
sis, lung cancer, and malignant mesothelioma,>® presumably be-
cause of its unusual resistance todegradation in the Jung.” Measure-
ments at six production focations in the factory on October 27, 1952,
showed an average of 80 particles of asbestos dust per milliliter of
air. which was within the then-current Massachusetts standard of
175 particles per milliliter. These levels greatly exceed the current
Nationat Institute for Occupational Safety and Health standard of
0.1 asbestos fibers {not particles) per milliliter.

- A list of all employees directly involved in manufacturing ciga-
rette filters at the factory on Seprember 22, 1953, was obtained from
the records of the Massachuscts Division of Occupational Hy-
giene. The cohort included none of the faciory workers previously
described by us.* The median age of these 33 white men on thatdate
was 34 years (range, 21 to 67). The subjects were studied from that
date until their death or until December 31, 1988, the closing date of

Fror: the Division of Biosiatistics and Epidemiology . Dana-Farber Cancer
Jastitute UAT., AFXK.. KHA. F.PL.). the Depanment of Medicine, Har-
ward Medical Schoo! J.A.T., K.H.A.. F.P.L.). the Clinica) Srudies Section.
Clinice! Epidemiofogy Branch. Nationa! Cancer instirute (W.A.T.. AF.K..
JF.D. FP1.), and the Division of Thoracic Services. Boston University
Schao! of Medicine (E.A.G.). Boston. Address reprint requests to Ds. Talcon at
the Danz-Farber Cancer Instituic, 44 Bmney St.. Bosion, MA 02115,

Supponied io pant by » grant (1F32CA08242) from the Nations) Cancer Institute
and by the Kellogg Foundation Program in Chinical Effectiveness. Ms. Thutber is
the recipient of an Amy Potter Research Nursing Fellowship. and Dr. Gacuwsht
Bas received 3 Research Career Award (HL1173) from the National Heant. Lung.
552 Blood Institute
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There were seven deaths from nonmalignant respiratory
disease, as compared with 0.5 expected (relative risk,
14.7; 95 percent confidence interval, 5.9 to 30.3), of
which five were due primarily to asbestosis. in contrast,
the mortality rates from cardiovascular diseases and all
other causes were not increased. Four of the five living
workers have puimonary asbestosis; three of them have
recently diagnosed cancers, inciuding two additional lung
cancers.

We conciude that the extremely high morbidity and mor-
tality in these workers were caused by intense exposure to
crocidolite asbestos fibers. (N Eng! J Med; 321:1220-3.)

the study (ithe mortality anahyis), or until the diagnosis of a first
cancer (the morbidity analysis). There were 773 and 766 person-
years of follow-up in the mortality and morbidity analyses, respec-
tively.

We attempted to contact each worker, or his next of kin if the
worker had died. W'e requested information about the worker's em-
ployment and health history and asked permission to review his
medical records. For 18 workers, this information was supplement-
ed with data gathered in an ongoing health survey of company
employees begun by one of us in 1971. For 29 workers we were able
to determine the total duration of employment by the company; for
23, the length of time spent manufacturing cigarette filters was
known. :

An experienced nosologist determined the underlying cause of
death from the death certificates of all deceased workers. Medical
records establishing the cause of death independently were availa-
ble for 22 of the 28 deceased workers, including all those whose
death was possibly related to asbestos. These included the results of
a postmortem examination in 8 workers, other pathology reports for
10, and other medical records for 4. Only death-certificate diagnoses
were obiained for six workers. Al diagnoses of cancer were verified
by a pathology report (18 workers) or radiographic and endoscopic
studies (] worker). Asbestosis was diagnosed in deceased workers
on the basis of the presence of pulmonary fibrosis and asbestos
bodies {in 12 workers) or clinical studies {in 3 workers). In living
workers, asbestosis was diagnosed on the basis of a chest radiograph
scored by one of us as 1/0 or more, according to the Interna-
tional {..abour Office’s scheme for the classification of pneumace-
nioses.

Relative risks for mortality. or the ratio of the numbers of deaths
observed to the numbers expecied, were bused on death rates specif-
ic to age and calendar time, according to cause, among the U.S.
male population.® The numbers of newly diagnosed (incident) can-
cers observed, other than malignant mesothelioma. were compared
with those expecied on the basis of incidence rates specific te age
and calendar time, according to site, from the Connecticut Tumer
Registry." More stable expecied values for malignant mesotheiio-
ma, an uncommon tumor, were calculated with data from the Sur-
veillance, Epidemiology, and End Results program of the Nationa!
Cancer Institute. which provided rates in approximately 3 percent
of the U.S. population for the time periods 1973 tv 1876 and 1577 1
1980'"? (and Connelly R: personal communication). In the calcu-
lations of significance and confidence intervals, an underlying Pois-
son distribution was assumed.’

REsuLTS
Twenty-eight (85 percent) of the 33 workers had

“died, and 5 were alive. The 28 deaths observed were

3.4 times the number expected (8.3 deaths} on the
basis of mortality rates for the U.S. whity male pop-»
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Tabie 1. Observed and Expected Numbers of Deaths among 33
Cryarette-Fitter Makers, According to Cause of Death.*

Cavss 0 Mrarn N s Dy avm Kitasng Ris 4% Ch

ONUEVL, FERTYN

Cancen (ICT) 140-230, 1 R 8.2 4.6-13.4)

Duscases of sesperaton sysem 7 0s 14.715.9-30.0)
Q0D 4-53)y)

L » of circut ) 4. 2(0.4-28
0CD 290-456) ' 12eezh

All other 1 1.9 0.5 (0.0-3.0)

Totat 28 8.3 342249

fation (T'able 1). This increased mortality was primar-
ily attributable 1o asbestos-associated cancers and
other respiratory diseases. Eight deaths were caused
by lung cancer (relative risk, 13.1; 95 percent confi-
dence interval, 5.6 to 27.2), five by malignant meso-
thelioma, and five by asbestosis. Another worker,
whose death certificate listed emphysema as the cause
of death, died seven months afier the diagnosis of a
lung adenocarcinoma.

The relative risk of death was higher during pro-
gressively later periods of follow-up: 2.1 during the
first 10 years, 2.4 during the second decade, and 4.8
thereafter (17 deaths observed; 95 percent confidence
interval, 2.8 t0 7.7). In the most recent follow-up peni-
od, 1973 to 1988, six deaths were due to lung cancer,
five to mesothelioma, three to asbestosis, and one each
to rectal cancer, bladder carcinoma, and acute myo-
cardial infarction.

Cancer developed in 19 of the 33 workers in the
cohort during the period of follow-up, as compared
with 3.5 cases of cancer expected (Table 2). Among
the 19 were 2 living workers with lung cancer and 1
with multiple myeloma. Eleven had fung cancer and 5
had malignant mesotheliomas. Twenty-five workers
{76 percent) were known 10 have been smokers during

their lifetimes, 5 (15 percent) were nonsmokers, and -

for 3 (9 percent) smoking status was unknown. All
11 workers in whom lung cancers developed had been
cigarette smokers. In 3 of these patients, the can-
cers were not diagnosed in communities near-the
faciory. and at the time of diagnosis the medical
histories obtained on hospital admission and the
discharge summaries did not mention expusure 10 as-
bestos. Asbestosis was diagnosed in 19 workers. in-
cluding the 5 workers who died from the disease, 10
who were diagnosed incidentally on the basis of pa-
thology specimens, and 4 of the § men who were still
alive.

For 23 workers whose period of cigarette-filter mak-
ing could be determined. the median duration of em-
ployment was 1.7 years (range. 0.7 1o 4). The median
time spent at other jobs in the paper company before
1971, when the use of crocidolite ended. was 16 years
{range. O 1o 23). The median intervals from the first
exposure to ashesios 1o the diagnosis of cancer were 28

ASBESTON ASNOCIATED DISEASES IN CIGAKETTL-FILTER WORRKRERS = TALCOTT 171 AL 190

vears for Jung cancet erange. 37 1o 30; and 39 vears fn
malignant mesothelioma (range, 26 10 37). We were
unable to find an association between cither duration
of filier making or tatat time eniploved by the compa-
ny and asbestos-relaied deaths. which predominated
in all exposure groups. For example. of six workers
with fewer than 2.5 vears of other work at the compa-
ny, three died of lung cancer, one died of peritoncal
mesothelioma, onc died of asbestosis, and onc is alive.
Na worker had a recognized exposure 10 asbestos out-
side the workplace. Two workers were exposed 1o oth-
er types of dust — one as a cotton weaver for 4 years
and one (whose diagnosis at death was asbestosis) as a
coal miner for 20 years. .

Discussion

The 3.4-fold increase in the mortality rate in our
cohort of cigarette-filter makers was almost entirely
attributable to the effect of 18 deaths from asbestos-
associated diseases: lung cancer, malignant mesotheli-
oma, and asbestosis. Lung cancer probably contribut-
ed to another death and has been diagnosed recently
in two of the five living workers. Asbestosis developed
in at least 19 of 33 workers, or 58 percent.

The relative risk of death from lung cancer in this
cohort, 13.1, is similar 10 the highest reported rates in
other industries, which range from 1.5 10 7.0.'*'° Since
differences in analytic techniques and the composition
of study and reference populations may influence rela-
tive risks,? these comparisons are only approximate.
Malignant mesothelioma and asbestosis are rare
causes of death, for which the population rates are Jess
reliable than those for lung cancer. Each accounted
for 5 of the 28 observed deaths in our cohort (18 per-
cent) — a large proportion even among asbestos
workers, 192

Several factors may account for such high death

* rates from asbestos-related diseases in our study. One

is the predominant exposure to cracidolite asbestos.
which has been associated with a higher risk than oth-
er asbestos fibers for malignant mesothelioma and
possibly other asbestos-associated diseases.®**2" In
most industrialized nations other than the United
States, crocidolite is now regulated more strictly than
other asbestos fibers.™ The outcomes in cohorts of

Table 2. Observed and Expected Incidence of Cancer among 33

. Cigarette-Filter Makers, According 1o Site.*

O PVEDEXPECTER

Tver of Cances No. o Cancixs 1955 CIe
CRIEMWED  EXPECTED

Lung 11 0.7 15) (7.8-25.00
Malignant mesothclioma? & 0.01 460 1150 30
Other malignant cancers 2 27 1.5(02-3.
Al 19 35 58i32%-f 4

* T denotes confidence mterval
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manufacturing workers with a predominant exposure
to crocidolite have been described previously in Brit-
ain™ and Canada.™ but not the United Siates. In ad-
dition. the nature of the industrial process may have
had an independent effect on outcome. McDonald and
coworkers found a higher incidence of lung cancer (at
comparable estimated levels of exposurc to asbestos)
among asbestos textile workers than among asbestos
millcts and miners and manufacturers of friction
products. They hypothesized that the unrecognized
exposure of textile workers to crocidolite or the gen-
eration of 3 higher proportion of respirable sizes of
asbestos fiber in textile manufacturing may explain
the difference.' The dry, dusty mechanical mixing
and carding of asbestos in cigarette-filter making may
also have exposed our cohort to a highly respira-
ble dust.

Difficulties in the retrospective estimation of the in-
tensity and duration of occupational exposure to as-
bestos are common and were encountered in the cur-
rent analysis. Other published reports suggest a
dose-response relation between exposure to ashestos
and asbestosis, Jung cancer, and perhaps malignant
mesothelioma 2 The measured Jevels of ashestos
dust at the cigarette-filter factory we studied were
much higher than the current standard, but industrial
exposures of this magnitude were often permitted in
industrialized nations at the time.” Moreover, the
dust measurements obtained at this workplace on a
single day may not be representative. Asbestos-associ-
ated discases developed in nearly all the 33 workers in
this cohort, making it difficult to identify additional
factors in the work environment that modify risk. Al-
though the duration of exposure was not known in the
case of all workers, very brief exposures were associat-
ed with the subsequent development of asbestos-relat-
ed disease; one man who died of asbestosis 27 years
later made cigarette filters for less than nine months

and had no other exposure to asbestos. Thus, even a-

brief exposure to this dry process apparently resulted
in a high risk, a possibility that is supported by an
carlier report of a worker employed part-time for nine

months as a cigarette-filter maker, in whom sympto-

matic asbestosis developed 18 years later.® However,
the latency period observed in our subjects between
the first expasure 1o asbestos and the diagnosis of can-
ce: was not shorter than that obscrved previousiy.™
We could identifv no incremental risk of asbestos-re-
lated disease that was incurred by additional employ-
nwni at ile parent company, despite the additional
exposure to crocidolite dust. In the manufacturing of
other paper progducts a1 the company, water was add-
ed 1o the asbestos and other fibers to produce a pulp.

The we1 pulp probably produced a less dusty environ-

ment during mixing and handling than did the dry
process of making cigarette filters.

Cigarette smoking. a known cocarcinogen with as-
bestos for Jung cancer, probably contributed 1o the

Nov, 2, 1989

high incidence of this discasc in our cohort. However,
the proportion of men in our study who smoked at any
time {76 percent) was within the reported range (67 to
94 pereent) for industrial cohorts cxposed to asbestos
in Western nations.> .

In three workers with lung cancer, exposure to as-
bestos appears to have been overlooked at first as a
potential cause. These omissions may reflect the fact
that asbestos has a much Jess common contributory
role than cigarette smoking in causing lung cancer.
However, documenting occupational exposure to
asbestos has medical and legal importance for the
patient with lung cancer, which is 2 more common
asbestos-related cause of death than malignant meso-
thelioma or asbestosis.>

These results emphasize that intense, Jocalized oc-
cupational exposures to asbestos may have effects dec-
ades after the exposures cease and that such effects
may remain unrecognized and unreported. Physicians
must be alert to the appearance of asbestos-related
discases from novel sources of industrial exposure.
The risk of such diseases in persons who smoked ciga-
rettes containing this filter material is unknown.

We are indebted to Dr. Rose Goldman for assistance in locating
the records of the Massachusetts Division of Occupational Hygiene
and 10 Drs. Brian MacMahon, Rnbtnj Mayer, and Colin Begg for
helpful comments on the manuscript.
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MECHANISMS OF DISEASE

Frankun H. Epstain, M.D., Editor

HYPERCAPNIA

SseEves E. WEINBERGER, M.D.,
Rucuary M. ScawarTzsTEIN, M.D.,
aND J. Woobrow WEiss, M.D.

YPERCAPNIA is a well-recognized consequence

of a variety of diseases, not only those involving
the lungs but also those affecting the neural, muscular.
chest-wall. and circulatory components of the respira-
tory svstem. In the past 20 years. we have developed a
greater appreciation of the way these components in-
teract in the genesis of hyvpercapnia. The impaired
elimination of carbon dioxide that results in hyper-
capnia reflects not merely abnormal lung function, but
rather a complex interaction of abnormalities in respi-
ratory drive. muscle function. and lung function.

In thir peper. we will first consider the fundamental
fuciors controliing the eliminatinn of carbon dioxide
and thus determining the parzial pressure of arteri-
al carbon dioxide (PaCQ.) We will then discuss
the mechanisms and clinical implications of hyper-
capnia to estzblish the clinical context in which it
commoénlhy occurs. We will stress the ways that the gas

From the Charics 4 Dznic Ressarch Institte and th: Harvard-Thomdike Lab-
oratony o) B fvvarl Bospital. Depantment of Medicine. Beik Jsras! Hogprea!
ard Hatvard Mio2ice Scnool, bosion. Addtess repriat requeses 1o Dr Wemberger
a1 the Pulmonzn Uns, Beth brae! Hospital. 330 Brookime Ave.. Bostor. M4
[l 8 .

Suppaned me 2 Pulmonan Spociahized Ceoior 0F Rescatch gran (HL-19%0
frorr th NLthon @ Hount, Lems,an Bload Tnsumie Aaton! Insutotes of Heae

exchanger (the lungs), the mechanical system (chest
wall and respiratory muscles), and the control system
{respiratory centers of the central nervous system)
contribute to the production of hypercapnia in dis-
ecase states.

FuNpAMENTAL FACTORs DETERMINING PaCO,

According to the standard equation, PaCO, is pro-
portional to carbon dioxide production (VCO,) and
inversely proportional to alveolar ventilation (Va):

PaCO, = K.
Va

The constant K has the value of 0.863 mm Hg when
carbon dioxide production is expressed in milliliters
per minute under standard conditions (dry gas at
standard temperature and pressure) and alveolar ven-
tilation is expressed in liters per minute under body

. conditions (saturated gas at body temperature and

pressure). Alveolar ventilation represents the compo-
nent of total ventilation per minute (expired minute
ventilation) that reaches perfused alveoli and is there-
fore effective in the elimination of carbon dioxide. The
portion of expired minute ventlation normally re-
maining in airways is “wasted” in werms of gas ex-
change and is frequently referred to as dead-space
ventilation. o

“ Because dead-space ventilation does not contribute
to the elimination of carbon dioxide whereas alveolar
ventilation does, any change in the relative amount of
dead space to alveolar ventlation will alter the volume
of carbon dioxide eliminated, assuming expired min-
ute ventilation is constant. The partitioning of each
breath into a dead space and an alveolar component is
commonly expressed as the ratio between the volume
of dead space and the total volume per breath — i.c..
the tidal volume. This ratis, normally €U.3u. can be
altered by varying the tidal volume. since the anatomi-
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