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

James A. Taj.con, M.D.. Wendy A. Thdrber. R.N., Ari.ene F. Kantor, Dr.P.H.,
Edward A Gaensi.er, M.D.. Jane F. Danahy, B.A.. Karen H. Antman. M.D., and Frederick P. Li, M.D.

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.

T
HE inhalation of asbestos may result in pulmo­
nary fibrosis (asbestosis),1 lung cancer,2 or malig­
nant mesothelioma.3 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 1957.4 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.

Methods

From 1951 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.5 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, a 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.3,6 presumably be­
cause of its unusual resistance to degradation in the lung.7 Measure­
ments at six production locations 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 
National 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 factorv on September 22. 1953. was obtained from 
th» records of the Massachusetts Division of Occupational H\- 
git iK. The cohort included none of the factory workers previously 
riese nbed b\ us.’ T he median ae< of these 33 w lute men on that dau 
was 34 years (range, 21 to 67). The subjects were studied from that 
date until their death or until December 3i. 1988. the closing 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 nexi 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 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 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
tiona) Labour Office's scheme for the classification of pneumoco­
nioses.8

Relative risks for morta)it\. or the ratio of the numbers uf death' 
observed to the numbers expected, were based on death rates spec if- 
ic to age and calendar time, according to cause, among the L .S. 
male population.9 The numbers of newly diagnosed (incident) can­
cers observed, other than mahenant mesothelioma, wen comp.-.ri-d 
with those expected on the basis of incidence rate> sprciti. tv ae- 
and calendar time, according to site, from the Connecticut 
Registry .H More stable expected values for malignant niesoth?-;i 
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 approximated in pen cn: 
of the l\S popul.ition for the time periods 19”3 to 197b and 1(*“ i.
1980! 1 ■1 ‘ (and Connelly R: personal communication.'- In the i.ik il­
lations of significance and confidence intervals, an undcrhmg Pois­
son distribution was assumed

Results

Twenty-eight (85 percent) of the 33 workers had 
died, and 5 '•■'■re alive. The 28 deaths observed wen 
3.4 times the number expected (8.3 deaths: on the 
basis of mortality rates lur the l\S. white male p ■. ■-
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1 able 1 Observed and Expected Numbers of Deaths among 33 
Cigarette-Filter Makers. According to Cause ot Death *

r»fM <*i in *1" No oi Dl ATM'. kiumi Ks» iut'-

OHM HV||i Ufinii-

Cancers <1C|) I4(V■ 15 1.8 ti 2 (4 <vi? 4i

Diseases of resptrafon system 
()CI> 519)

7 0 5 |4 7 (5 9 TO 31

diseases of circulatory system 
OCD3<XM58i

s 4.1 1.2 (0.4-2.8)

All other 1 19 0 5 in.tt-3.lt)

Total 28 8.3 3 4 12.2-4.9)

•Cl denotes confidence interval, and 1CD International Classification of Diseases

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 
Jung 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 to 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. Twenty-five workers 
(76 percent) were known to 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. It) 3 of these patients, the can­
cers were not diagnosed in communities near the 
factory, and at the time of diagnosis the medical 
histories obtained on hospital admission and the 
discharge summaries did no; mention exposure to 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 th< 5 men who were still 
alive

For 23 workers whose period of cigarette-filter mak­
ing could be determined, the median duration ol em­
ployment was 1.7 scars (range. 0.7 to 4). The median 
time spent at other jobs in the papet company before 
1971. when the use of crocidohte ended, was It) years 
'tunge. 0 to 25). The median intervals irom the first 
* ism r to asbestos to the diagnosis ol cancer were 28

s t ars lor lung cancel irangc. 17 to 40) and 31 s cat s lot 
malignant mesothelioma (range. 26 to 37). We were 
unable to find an association between cither duration 
of filter making or lota: time employed by the compa­
ny and asbestos-related deaths, which predominated 
in all exposure groups For example, of six workers 
with few er than 2.5 years of other work at the compa­
ny. three died of lung cancer, one died of peritoneal 
mesothelioma, one died of asbestosis. and one is alive. 
No worker had a recognized exposure to asbestos 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.O.1419 Since 
differences in analytic techniques and the composition 
of study and reference populations may influence rela­
tive risks,20 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.19,21

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 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 Czr.ce: among 33 
Cigarette-Filter Makers. According to Site *

OBSfFVH; K\Pt : Tf 1
Tf PI OF CaMH. Nr. oi Cancers

CeSFk\ED EXPECT: !
(ov, no

Lung 11- 0.7 15.1 (7.5-;-

Malignant mesothelioma^ 5 0.01 4M' i !5(i ll

Other malignant canecry 3 2" 1 i (0 2- 3

Ail >Q 3.5 5 5 13 3 - 8

• Ci denote^ confidence inters a’
■^Includes lour squamou'-cel! turr.~ tv.o adenvtcar,. imm..-. thrc\ smali .Ui rurn or: 

largc-cel; tumor, and one unJinerena -.-2 tumor 
Dr. three. lb-. pr\r,..r\ v;, wc' r . ?*.- :
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manufacturing workers with a predominant exposure 
to rroeidolite have been described previously in Brit­
ain'' and Canada/1' hut not the United States. In ad­
dition. the nature ol the industrial process may have 
bad an independent effect on outcome. McDonald and 
towoikers 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.18 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.6,22 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 often permitted in 
industrialized nations at the time.27 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 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 possibilitv that is supported by an 
earlier report of a worker employ ed part-time for nine 
months as a cigarette-filter maker, in whom sympto­
matic asbestosis developed 18 years later.28 However, 
the latencv period observed in our subjects between 
the first exposuic to asbestos and the diagnosis of can- 
c et was not shortei than that observed previously .2' 
We could identify no incremental risk of asbestos-re­
lated disease that was incurred by additional employ­
ment at die parent company , despite the additional 
exposure to crocidolite dust. In the manufacturing of 
other paper products at the company, water was add­
ed to the asbestos and other fibers to produce a pulp 
The wet pulp probablv produced a less dusty environ­
ment during mixing and handling than did the drv 
process oi making cigarette filters.

Cigarette smoking, a known cocarcinogen with as­
bestos for lung cancer, probably contributed to the

high incidence of this disease 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 percent) for industrial cohorts exposed to asbestos 
in Western nations.30

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.31

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.,
Richard M. Schwartzstein, M.D., 

and J. Woodrow Weiss, M.D.

H
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 system. In the past 20 years, we have developed a 
greater appreciation of the wav ihese components in­
teract in the genesis of hvpcicapnia. The impaired 
elimination ot carbon dioxide that results in hyper­
capnia reflects not merely abnormal lung function, but 
rather a complex interaction of abnormalities in respi­
rators driv e, muscle function, and lung function.

In tin.- p..p'.:. wt wii! first tonoricr the fundamental 
lartnrs comr- 'liing tin- elimination ol carbon dioxide 
and thus determining the partial pressure- of arteri­
al carbon dioxide (PaCOp We will then discuss 
the mechanisms and clinical implications of hyper­
capnia to establish the- clinical context in which it 
common!' o-. <_ u;s. W e "ill stress the ways that the gas

Ft.”: ?:>. i. ^ Li.tb. Research lnstnuti anc! the Harvard-Tnomdike La~-
ora’o >1 B_:' '--a. H V'pui. Deranrmv Midicim. Bv’v I^-:‘ 
abd H j * * ufo V., c . Ns •;. vd. bo-; Adiiib" rejoin' k j j-." !' !*• D: V» c :r.Ne-ce' 
a: the PuiroTib' l re;. Bvih Israel Hospital. ?y- B'xK'knn-. A\e . Bo>tor. VA 
(’221c

Sapp 'rtc r r ■ „ .or.ar* Six v i. o: ki search grac tHL -1 ^ >
w.'- :l \ - : « - 1 o- . bbdBhwvM-'’-’-. . Na.io:;.! lm::*._:c> o.' He.’:'

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

Fundamental Factors Determining PaC
According to the standard equation, PaC02 i 

portional to carbon dioxide production (VCOj 
inversely proportional to alveolar ventilation (X

PaC02 = K—
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 j 
standard temperature and pressure) and alveola 
tilation is expressed in liters per minute under 
conditions (saturated gas at body lemperatur 
pressure). Alveolar ventilation represents the a 
nem of total ventilation per minute (expired r 
ventilation) that reaches perfused alveoli and is 
fore effective in the elimination of carbon dioxid 
portion of expired minute ventilation norma! 
maining in airways 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, any change in the relative ante 
dead space to alveolar ventilation will alter the v 
of carbon dioxide eliminated, assuming expire! 
utc ventilation is constant. 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 bre ath - 
the tidal volume. This ratio, normalh =Sb..-iu. . 
altered bv varvine the tidal volume, since the an


