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

James A, Tarcori, M.D.. WENDY A. Tuurser, RN, ARLENE F. KANTOR, Dr.P.H,,
EbwarD A, Gaenster, M.D.. JaNe F. Danany, B.A | Karex Ho Axtdan, M.D.. anp Frepekick P L MLD.

Abstract To estimate the effects on health of occupa-
tional exposure to crocidolite, a highly toxic form of asbes-
tos, we studied a cohort of 33 men who worked in 1953 in
a Massachusetts factory that manufactured cigarette fil-
ters containing crocidolite fibers from 1951 to 1957.
Twenty-eight of the men have died, as compared with
8.3 deaths expected. This increased mortality was attribut-
able to asbestos-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 crocidalite asbestos from 1951
to 1957.* We now report a marked excess in mortality
and morbidity from asbestos-related diseases in an
independent cohort of 33 workers who made these
filters.

MEeTHODS

From 195] to 1957, a subsidiary of a Massachusetts company
manufactured cigarette filters according to 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 197) by the conventional “wet” papermaking proc-
ess, in which asbestos was added to a pulp. Crocidolite, 2 member
of the amphibole family of long. straight asbestos fibers, was the
primary type of asbestos used. It is strongly associated with asbesto-
sis. lung cancer. and malignant mesothelioma,*¢ presumably be-
cause of its unusual resistance to degradation in the lung.” Measure-
ments at six production locations in the factory on October 27, 1952.
showed an average of 80 parncles of asbestos dust per milliliter of
air. which was within the then-current Massachusetts standard of
175 partucles per milliliter. These levels greatly exceed the current
National Institute for Occupational Safery and Health standard of
0.1 asbestos fibers (not partcles) per milliliter.

A list of all employees directly involved in manufacturing ciga-
rette filters at the factory on September 220 1955 was obtained from
the records of the Muassachuscits Division of Occupational Hy-
giene. The cohort included none of the factory workers previoush
described by us.* The median age of these 33 white men on that date
was 34 years (range, 2] to 67). The subjects were studied from that
date until their death or until December 31, 1988. the ciosing date of
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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 pulmonary asbestosis; three of them have
recently diagnosed cancers, including two additional lung
cancers.

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

the study (the mortality analysis), 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. We 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 heaith 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 o 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 obtained for six workers. All diagnoses of cancer were verified
by a pathology report (18 workers) or radiographic and endoscopic
studies (1 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 Labour Ofhce’s scheme for the classification of pneumoce-
nioses.®

Relative risks for mortality. or the ratio of the numbers of deaths
observed to the numbers expected, were based on death rates spedif-
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 mahcnant mesothehoma. were compared
with those expected on the basis of incidence rates specihic te ay
and calendar time. according to site, from the Connecticut Tur
Registry.'" More stable expected values for malignant mesothicu -
ma. an uncommon tumor, were calculated with data from the Sui-
veillance. Epidemiology. and End Results program of the Nationa!
Cancer Institute. which provided rates in approximately 10 percens
of the U.S. popul.tion for the ime periods 1473 10 1976 and 1477 4w
1980 (and Connelly R: personal communicationi. I the calou-
lations of significance and confidence intervals. an underlving Pois-
son distribution was assumed

ResuLTs
Twentyv-eight (85 percent) of the 33 workers had
died, and 5 »~re alive. The 28 deaths observed wern
3.4 times the number expected (8.3 deaths: on the
basis of mortahiny rates for the US white male poae -
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Tabie 1 Observed and Expected Numbers of Deaths among 33
Cigarette-Filter Makers. According to Cause of Death.*

Catst o1 Pnate Nooor Dyatne Kiiatng Koo gods Ch
ORSERVEL RATRCYR

Cancers (1CD 1401239 15 1K £E246- 13 4

Discases of resprratons sysiem 7 0.5 14 7¢59 303
(CD 46 S1Y)

Inscases of circulatory system s 4.1 1.2 (0.4-2.8)
(ICD 390-455)

All other ) 1.9 0.5@.0-3.0

Total 2% 83 3402249

*CI denoies confidence interval, and ICD international Classification of Discases

lation (Table 1). This increased mortality was primar-
ily attributable to 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 after 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 10 7.7). In the most recent follow-up peri-
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 lung cancer and 5
had malignant mesotheliomas. Twentv-five workers
(76 percent) were known to have been smokers during
their lifetimes, 5 (15 percenti 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
factory. and at the time of diagnosis the medical
hisiories obtained on hospital admission and the
dischiarge summaries did not menuon exposure to as-
bestos. Asbestosis was diagnosed in 19 workers. in-
cluding the 3 workers who died from the disease. 10
who were diagnosed incidentally on the basis of pa-
thology specimiens, and 4 of the 3 men who were still
Calive.

For 23 workers whose period of cigarette-filter mak-
ing could be determined. the median duraton of em-
plovment was 1.7 vears (range. 0.7 10 4. The median
time spent at other jobs in the paper company hefore
1971, when the use of crocidohte ended. was Ju vears
itange. 010 251, The median mtervals from the first
sxnosure to ashestos to the disenosic of cancer were 28

vears for lung cancer trange. 17 w0 30 and 34 vears for
malignant mesothelioma (range. 26 10 37). We were
unable 1o find an association between either duration
of filter making or totai ume emploved by the compa-
nv and asbestos-related 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. one died of asbestosis. and one is alive.
No worker had a recognized exposure to ashestos out-
side the workplace. Two workers were exposed to 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 to the highest reported rates in
other industries, which range from 1.5 to 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 less
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.'%?!

Several factors mav account for such high death
rates from asbestos-related diseases in our study. One
is the predominant exposure to crocidolite asbestos.
which has been associated with a higher risk than oth-
er asbestos fibers for malignant mesothelioma and
possibly other asbestos-associated diseases."=" In
most 1ndustrialized 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 32
Cigarette-Filter Makers, According to Site.*

OBSEFvED EXPE T
Tyrr OF CaNCER Ne.or Cancike (084 ()2

CBISERVED EXPECTi!

Lung 1 0.7 IS1iT.8-27 0.
Malignant mesothehomia® s 0.1 400 S T
Other malignant cancers 3 27 [T USC
All e KON SSER RN

* Ci denotz« confidence interva’
Hincivdes four squamous-vell tum e adenocarainonice. three amaliocdi tumone on:
large-cel wmor. and one unditierer

PR (A
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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 States. In ad-
diton. 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 exposure to asbestos)
among asbestos textile workers than among asbestos
millers and miners and manufacturers of friction
products. They hypothesized that the unrecognized
exposure of textile workers to crocidolite or the gen-
eration of a 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 asbestos
and asbestosis, lung cancer, and perhaps malignant
mesothelioma.®?? The measured levels of asbestos
dust at the cigarette-filter factory we studied were
much higher than the current standard, but industrial
exposures of this magnitude were ofien 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 diseases 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 filiers 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 possibilitv that is supported by an
earlier report of a worker emploved part-time for nine
months as a cigarette-filter maker, in whom sympto-
matic asbestosis developed 18 vears later.?® However,
the latency period observed in our subjects between
the first exposure to asbestos and the diagnosis of can-
¢er wes pot shorter than that obscrved previously.”
We could identifv no incremental risk of asbestos-re-
lated disease that was incurred by additional employ-
Tt at e parent company. despite the addiuonal
exposure to crocidohite dust. In the manufacturing of
other paper products at the company, water was add-
ed to the asbestos and other fibers 1o produce a pulp.
The wet pulp probably produced a less dusty environ-
ment during mixing and handling than did the drv
process of making cigaretie filters.

Cigarette smoking. a known cocarcinogen with as-
hestos for lung cancer, probably contributed to the

Nov. 2, 1980

high incidence of this diseasc 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 exposed 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 less 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 a more common
asbestos-related cause of death than malignant meso-
thelioma or asbestosis.*

These results emphasize that intense, localized 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
diseases 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 to Drs. Brian MacMahon, Robert J. Mayer, and Colin Begg for
helpful comments on the manuscript.
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MECHANISMS OF DISEASE
FrankLin H. EpsTeIN, M.D., Editor

HYPERCAPNIA

STEVEN E. WEINBERGER, M.D.,
Ricuarp M. ScuwarTzsTEIN, M.D |
AND J. Wooprow WErss, 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 vears. we have developed a
greater appreciauon of the wav these components in-
teract 1u the genesis of hvpercapnia. The impaired
eliminaticn of carbon dioxide that results in hvper-
capnia reflects not merely abnormal lung funcuion. bu:
rather a complex interaction of abnormalities in respi-
ratory drive. muscle function. and lung function.
vo vt first consider the fundamenial

lh [isj: };. IS
tactors contralhing the eliminanon of carbon dioxids

and thas derrnunitig the paraul pressure of arten-
al carbon dioxide (PaCO.} We will then discuss
the mechanisms and clinical implications of hvper-
capuic o esnblish the chinical context i which 1t
commoniy oocurs. We will stress the wayvs that the gas

Bett Laus® Hos
e D Werr

L b .
Pulponurs Uni Beth fsrae! Hospited,

-4 Dieme Rescarch Instute and the Harvard - Trorndike Lan-

exchanger (the lungs), the mechanical svstem :
wall and respiratory muscles), and the control s
(respiratory centers of the central nervous sy
contribute to the production of hypercapnia
ease states.

FuNDAMENTAL FacTORs DETERMINING PaC

According to the standard equation, PaCO, i
portional to carbon dioxide production (VCO;
inversely proportional to alveolar ventilation (}

co,
Va

The constant K has the value of 0.863 mm Hg
carbon dioxide production is expressed in mill
per minute under standard conditions (dry
standard temperature and pressure) and alveola
tilation is expressed in liters per minute under
conditions (saturated gas at body temperatur
pressure). Alveolar ventlation represents the ¢
nent of total ventilation per minute (expired n
ventilatuon) that reaches perfused alveoh and is
fore effective in the elimination of carbon dioxid
portion of expired minute ventlation norma.
maining in airwavs is “wasted” in terms of g
change and is frequently referred to as dead
ventilation.

Because dead-space ventilation does not cont
to the elimination of carbon dioxide whereas al
ventilation does, anv change in the relative ame
dead space to alveolar venulation will alter the v
of carbon dioxide eliminated. assuming expire
ute ventilation is constani. The partitioning o
breath into a dead space and an alveolar compo
commonly expressed as the ratio between the
of dead space and the total volume per breath -
the udal valume. This ratic, normalh so.au .
altered by varving the tidal volume. since the an

PaCO, = K



