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Before 1966, there was evidence from a number of studies conducted in several
different countries that people with a history of occupational exposure to asbestos dust
are at risk of developing asbestosis and mesothelioma and at very high risk of lung
cancer.'* There was also evidence that mesothelioma or lung cancer resulting from
ashestos exposure does not usually appear until many years after initial exposure.’
Little more was known about the sometimes fatal effects of exposure to asbestos dust
aithm}:gh there was some evidence that it increases the rigk of cancer of the digestive
tract. .

Thiz investigation was started in 1966 primarily to obtain information on the
combined effecis of cigarcilc smoking and exposure to asbestos dust in respect to
death from lung cancer and chronic noninfectious pulmonary diseases; to obtain
further evidence concerning cancer other than mesothelioma and lung cancer; and to
obtain information on the degree to which occupational exposure to asbestos dust
increases total death rates from all causes combined. Some of the early findings have
beer published.®’

in any study of the effects of exposure to asbestos dust it is necessary to have
information on two groups of people: an exposed group and a nonexposed group
usually called the “control group,” Qbviously, the two groups should be as alike as
posgible except in respect to asbestos exposure. In mortality studies, the total

. population is often used as the control group; and age-sex specific death rates as
officially reported for the total population are compared with the age-sex specific
death rates of asbestos workers. When this is done (and we have done it) it is only
because of lack of availability of a more suitable control group. For this investigation,
we could not use the total population as the only control group for the reason that we
had to have information on the age-specific death rates of men with each of various
types of smoking histories; and such information is not available for the total
population. Therefore, we had to obtain a more suitable control group described later.

THE EXPOSED GROUP

This investigation was made possible by the splendid cooperation of the Interna-
tiona! Association of Heat and Frost Insulators and Ashestos Workers that has about

*Support to the Environmental Scicnces Laboratory for this research has been available by a
grant from the American Cancer Socicly, R-53. Additional support has been given by a grant to
the Laboratory from the National Institute for Occupational Safety and Health, OH 00320, and
by support to the Laboratary (rom the National Institate of Environmental Health Sciences,
Center Grant ES00928.
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120 locals in the United States and Canada. Until recently, most of the material
handled by these insulation workers ¢contained asbestos. Thecefore, we will refer to all
of the members as asbestos workers. The union supplied us with their complete
membership list and in 1966 we wrote to each member requesting him to complete a
questionnaire containing & number of questions including those on his smoking habits
and his use (or nonuse) of proteciive masks. Date of birth and date of entry into the
trade were ascertained from union records.

All of these men have been iraced through December 31. 1976 and copies of the
death certilicates of those who died have been obtained. Since cause of death recorded
on a death certificate is not always accurate, we wrote to the doctor who signed Lhe
certificate requesting further details on diagnosis as well as to the hospitals in which
treatment may have been given, requesting them to lend us histologic shides and/or
x-ray films. Treating physicians, pathologists, hospitals were extremely ¢ooperative in
this matter.

Some of the men on the 1966 membership list died before January 1, 1967 leaving
17.800 alive at that datc (TAsLE I). Altogether 2271 died in the ten—~year period

TasLe |
NUMRER OF MEN, MAN~YEARS OF OBSERVATION, ODSERVED DEATHRE AND AVERAGE AGE
DURING OBSERVATION, Tovar. anp Up TO anND MORE ToaN 20 YEARS FrOM ONSET OF
ASBESTOS EXPOSURE IN A COHORT OF ASBESTOS INSULATION WORKERS IN THE UnNitep
STATES AND CANADA, JaNUaRY 1, 1967-DECEMBER 31, 1976

o,

Asbestos Expasurc®
Total <20 Yenrs 20+ Years
MNumber of men 17,800 12,683 12,051
Number of man-—years 166,853 B9.467 77,391
Number of deaths 2,271 325 1,946
Average age during observation 44.4 36.3 338

*As of January 1, 1967, 5117 men had reached the 204 year point from onset of cecnpational
exposure 10 ashestos dusi. An additional 6934 men reached Lthat point at some fime between
Januwary 1, 1967 and Decernber 31, 1576,

January 1, 1967—December 31, 1976; the number of man-years of obscrvation
totaled 166,853, and Lhe average age of the men during the ten—year period was 44.4.
Of the 17,800 men, 5117 had entered the trade 20+ years prior (o January 1, 1967;
and 1573 of these died before January 1, 1977. Between January 1, 1967 and
December 11, 1976, another 6934 men passed the 20—year point since entering the
trade; and 373 of these died in the interval between the time they passed the 20-year
point and December 31, 1976. Thus a total of 5117 + 6934 - 12,051 men had either
reached the 20-year point prior to January 1, 1967 or reached that point before
January 1, 1977. The number of man—years of experience past the 20-year point
toialed 77,391; the average age during observation was 53.8; and there were 1946
deaths. This report is confined to the 77,391 man-years of observation and the 1946
deaths just mentioned.

THE ConTrOL GROUP

Starting on October 1, 1959, 468,688 men and 610,206 women were enrolled ina
long term prospective epidemiological study by volunteer workers of the American
Cancer Society in 1121 counties in 25 states.” All of them were over 30 years old at
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that time and most of them were over 40. Upon enrollment, each subject answered a
detailed questionnaire; and most of the survivors answered repeat questionnaires
distributed in 1961, 1963, and 1965, During that time, death certificates were
obiained o those who died; and when cancer was meniianed on 2 death certificate, the
doctor who signed the certificate was requested to supply additional information on
the cause ol death and the basis of the diagnosis. Follow—up was then discontinued for
SiX yaars.

Tracing of the subjects was resumed on October 1, 1971 and was continued
through September 30, 1972, (We are still following subjects who were very old at
that time). One of the major reasons we resumed the tracing was to obtain a suitable
vontrof group for the present investigation. Because of the extremely large number of
deaths aftar 1965, it was not feasible for us to request doctors to supply us with
additional information on cause of death.

The selection of the subjects was such that persons at the bottorn of the social scale
were almost entirely excluded (c.g.. impoverished migrant workers, illiterates, illegal
immigrants, prison inmates, ¢(¢.), Persons in these categorics are not members of the
ashestos insulation workers union; but they are included in the mortality statistics of
the United States, and their death rates are very high. On the other hand, unlike the
asbestos workers, a Jarge proportion of the male subjects was employed in sedentary
occupations involving little or no physical exertion; and lack of exercise is associated
with increased risk of coronary heart disease~-the leading cause of death among males
in the United States, In contrast, men lacking a college education and with a history of !
accupazmnai exposure to dust, fumes. gases, chemmaﬁs, or radiation arc most likely to ;
be in occupations involving physical exertion: and in this respect they are similar to !
members of the asbestos insulation workers union. Sume such oxposures increase the
risk of cancer or pulmonary disease. Most of the members of the asbestos insulation
workers union were while and virtually none of them were farmers.

For these reasons we selected as a control group for this investigation all of the
male subjects who met the following specifications: white, not & farmer, no more than
& high school education, 4 histary of occupational exposure to dust, fumes, vapors,
gases, chemicals or radiation and alive as of January 1, 1967 and traced therealter.
There were 73,763 such subjects. They were classified according to their smoking
histories and the age-specific death rates of each such class was computed.

There was a problem. Death rates in the control group were known for the period
Janvary |, 1967 through September 30, 1972 while members of the asbustos
insulation workers unjon were traced during the period January 1, 1967-December
34, 1976. According 1o official moriality statistics, death rates of the general
population of the United States changed somewhat during the second five—year period
January 1, 1972-December 31, 1976 compared with the first, January 1, 1967-
December 3}, 1971, increasing for some diseases and declininpg for other discoses.
Under the assumption that these changes probably also applied to the control group,
ihe death rates of the contral group were extrapolated to take this into account. The
principal effect of the extrapolation was to increase the death rates from lung cancer
and decrease the death rales from heart disease during the last five years as compared
with the first Bve years.

(CAUSES OF DBEATH

Beeause of the pressure o fill out a death certificate promptly so that the body
may be moved, what is recorded on the certificate is not always the best available
information on cause of death. For example, in the absence of the patient’s physician,
the certificaie may be signed by a doctor who knows less abous the case; or an autopsy
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may indicate that the tentative disgnosis of cause of death was incorrect; or a review of
the evidence may indicate for example, that the patient died of peritoneal mesothe-
lioma involving the pancreas rather than having died of primary carcinoma of the
pancreas. Fortunately, we were abic 10 obtain additional medica! information on
almost all of the asbestos workers who died; and in many instances histologic sections
or x-ray films were loaned to us for further review.

The frst column of figures in TABLE 2 shows the 1946 deaths classified by
underlying cause of death zccording to what was written on the death certificates,
following as nearly as possible the coding rules used by the United States National
Center for Health Statistics. The second column shows these same deaths classified
according to the best available medical information, including, in many instances,

TABLE 2

DeaTis QCCURRING 20+ YEARS AFTER ONSET OF QCCUPATIONAL EXPOSURE TO
AsBesTOS DUST, Cause OF DEATH CODED 1N Two DIFFERENT WAYS

A,
e et

Buscd on Based on
Death Buxt
Cenificates  Evidence
Only Available  Difference

Underlying Cause of Death (D) (BE) {BE)}-{D3C)
All Causes 1,946 1,946 —
Cancer, all sites 345 912 +67
Lung 397 450 +53
Plcural mesothelioma 23 61 4+ 3%
Perivomeal mesothelioma 24 169 -+ 88
Mesothelioma not specified above 54 0 - 54
Larynx, buceal and phaeynx 21 21 +6
Esophagus 17 17 0.
Kidncy 15 16 +1
Colon-rectum K 54 35 +1
Stontach I8 24 +3
Prostatc 24 26 e
Blader 7 9 +2
Pancreus 46 21 25
Onher specified siles 1o 83 ~27
Primary site unknown 35 17 ~18
Noninlections pulmonary diseases, oinl 177 204 +217
Asbestosis 76 160 +84
Cardrovascular diseases 638 566 ~72
Other and unspecified causes 286 264 —-22
Subtotal—all causes except cardiovascular discascs 1,308 1,380 +72

e e— — —

review of histologic sections by pathologists with a special interest in mesothelioma
and review of x-ray films by physicians with a special interesi in ashestosis. In some
instances, two or more pathologic conditions are present in such degrees that any one
of them alone or the combined effects might have been responsible for death. Qur
procedure is to code up to three such conditions (i.c., diseases or injuries). Following
international cuslom, we designate one of these as the underlying cause of death; but
this is sometimes a highly arbitrary decision. The third column of figures in TABLE 2
shows the difference between the first column, DC (death certificate), and the second
column, BE (best evidence).

‘ There were major discrepancies m the comparative figures. According to death
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certificates 845 deaths were due to cancer, while according to the best evidence
available 912 deaths were due to cancer, a difference of 67 deaths. On the other hand,
according to DC, 638 deaths were due to cardiovascular diseases (including stroke)
while according to BE only 566 deaths were due to cardiovascular diseases, a
difference of 72 in the opposite direction.

Cancer of the pancreas accounted for 46 deaths (DC) or 21 deaths (BE). The best
available medical information and review of histologic sections indicated that of the 46
deaths ascribed to primary cancer of the pancreas according to the death certificates,
15 were actually due 10 peritoneal mesothelioma, 6 were due to cancer of some other
specified primary site and five to unknown primary site, One death attributed to
myocardial infarction {DC) was probabtily due to primary cancer of the pancreas.

Cancer of other specified sites accounted for 110 deaths (DC) or 83 (BE) a
difference of 27, Cancer in which the primary site was unknown was assigned 35
deaths (DC) or 17 deaths (BE). Additional medical evidence {(sometimes from an
autopsy) accounted for this difference.

Mesothelioma accounted for 101 deaths (DC) or 170 deaths (BE), a difference of
69. Moyt of the extta 69 deaths had been recorded on the death centificate as due to
cancer of some other primary site or “cancer, primary site unknown.”

The category labeled “noninfectious pulmonary diseases’ includes chronic
bronchitis, emphysema, pulmonary fibrosis, other nonspecific pulmonary diseases, and
poeamoconiosis including asbestosis, This group of diseases caused 177 deaths (DC)
or 204 deaths (BE) a difference of 27, The subcategory, asbestosis was termed the
underlying cause of death for 76 (DC) or }60 (BE) of these deaths.

OBSERVED vs. EXPRCTED Nusssr oF DraThg

TarLES 3 and 4 show the 1946 observed deaths classified by cause of death in the
two different ways previously discussed: from death certificates (DC) and according
to the best evidence available (BE). Two different sets of expected numbers of deaths
are shown: the expected number based on the age and smoking history specific death
rates of men in the control group; and the expected number based upon the
age~-specific death rates of all white males in the United States as reported by the
National Center for Health Statistics for the period 19671976, The age standardiza-
tion was by fve—year age groups in each of two five~year intervals of time (1967-1971
and 1972-1976)., Thus altogether four sets of comparisons between observed and
expected numbers of deaths are shown, This was done because there may be
differences of opinion as to which set is preferable. in this analysis, in most instances,
we prefer comparisons of the cxpected deaths based on the control group rates with the
observed deaths classified according to the death certificates, Our reasons are: the
control group subjects were similar to the asbestos workers in respect to education and
in respect to general type of work (i.e. wark involving physical exercise and a history of
exposure to dust etc.}, smoking habits were taken into consideration, and although
death certificates are not always accurate, when two groups are compared it is highly
desirable that information on the causes of death come from the same source.
However, the set of comparisons just mentioned leads 1o overestimation ol the degree
of association between caposure to asbestos and death from cancer of the pancreas
while it underestimates the impact of mesothelioma and asbestosis. For these diseases,
we prefer the comparisons where cause of death was classified according 1o the best ;
evidence available (BE). |

Two indices of association are shown: the mortality difference which is the
chserved number of deaths minus the expected rumber of deaths, and the mortality
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ratio which is the observed number of deaths divided by the expecied number of
deaths.

The general findings are shown in TasLE 3. For total deaths (disregarding caunse of
death) the mortality ratios were 1.70 {control group) and 1.41 {U.S. white males) and
the mortality differences were +798.0 and + 570.0 respectively. For cancer of all sites
combined, the mortality ratics ranged from 3.05 (U.S. white males, DC) to 3.52
(contro] group, BE) and the mortality differences ranged from +567.9 to +653.0.
Thus, according to every comparison, total death rates and death rates from cancer
were elevated in the asbestos workers.

The expected number of deaths from noninfectious pulmonary diseases was higher
for the control group (68.2) than for U.S, white males (53.8). This is not surprising
since men in the control group had a history of occupational exposure to dust, fumes,
vapors, etc. The mortality ratios ranged from 2.60 (control group, DC) 10 3.79 (U.S.
white males, BE) and the mortality difference ranged from +108.8 to +130.2.
Ashestosis clearly accounted for these mortality differences. However, it seems likely
that many of these deaths were due (o the combined effects of asbestosiz and damage
to the lung parenchyma resulting from cigarette smoking, Bvidence on this will be
shown later in this paper.

In contrast, the expected pumbers of deaths from cardiovascular diseases were
lower for the control group (660.1) than for U5, white males (752.7). We do not know
the reason for this, but it may have been due 1o the fact that men in the control group
had a history of occupational exposures usually involving physical exercise (in contrast
to clerical work). The mortality ratios ranged from .75 (U.S. white males, BE) to .97
(control group, DC) and the mortality differences ranged from —22.1 to - 186.7.

Considering all causes of death except cardiovascular disease, the mortality ratios
ranged from 2.10 (U.5. white males, DC) to 2.83 (control group, BE).

TABLE 4 shows the findings for cancer of several different sites. For lung eancer,
the mortality ratios ranged from 4.24 (U5, white males, BC) to 5.51 (control group,
BE) and the mortality differences ranged from -303.3 to +368.3, Thus, no matier
which of the various comparisons is considered 10 be the most reliable, it is clearly
apparent that death rates from lung cander were greatly increased in this group of
asbestos workers—~-gnough so as 10 cause a significant decrease in their life expectan-
¢y. From the standpoint of fongevity, this was the most important effect of exposure to
asbestos dust in a group of workers, the majorily of whom had a history of cigarette
smoking,.

Death rates from mesothelioma are not available for either the contro! group or
U.S. white males; bul they are presumably extremely low in these two groups, so the
expected numbers of deaths from mesothclioma were probably less than 0.1, Conse-
quently the mortality ratios must be exiremely high. The mortality difference ranged
from a trifle less than 101 to a trifle less than 170, The former figure is certainly an
underestimate while the latter figure, which is based upon histologic evidence as well
as other evidence, is probably very close to correct. According 1o this evidence, 61 of
the asbestos workers died of pleural mesothclioma and 109 died of peritoneal
mesothelioma.

Cancer originaling in the larynx, pharynx or buccal cavity is mare readily
diagnosed than cancer of some other sites; and in a previous study, deaths from cancer
of these sites were generally reported correctly on death certificates. Therefore, we
were surprised that according to the death cerlificates only 21 of the asbestos workers
died of cancer of these sites, while zccording to the best available evidence 27 died of
these cancers. The mortality ratios ranged from 1.60 (U.S. while males, DC) to 3.60
(control group, BE). Two of the mortality differences are szamncally significant at
the level of p <.03; the other two are not.




Tapis 3
OBSERVED AND EXPECTED NUMBER OF DEATHS QCCURRING 204 YEARS AFTER ONSET OF OCCUPATIONAL EXPOSURE TO ASBESTOS DusTt
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Controf Groupt U.S. White Males =1

le):«seg:d OCbserved Ratio Observed Ratio’ g
—_— R Expected Minus Observed/  Expecied Minus Observed/ 2,

Underlying Cause of Death Fromt Tetal Deaths Expected Expected Deaths Expected Expected n
All causes — 1948 {1486 +758.0 170 1376.0 +570.0 1.4% B
Cancer Dec B45 2598 + 5860 3.26 27110 +567.9 3.05 :b
BE 912 +4633.8 3.52 +634.9 329 @

Cardiovascular 1y 638 660.1 221 0.97 7527 - 1147 0.85 &
BE 366 ~94.1 0.56 —186.7 0.75 e

Nouninfectious Polmonary (Lofgl) De 177 682 - 108.8 280 538 +123.2 3.29 ot
BE 204 +135.8 299 + {52 379 .
Asbesiosis pC 7% . +76.0 - . +760 - 2
BE 160 + 1600 _— +160.0 - &

Al other canses BC 286 1608 +125.2 1.78 2023 -8.3 0.58 %
BE 264 + 1032 164 ~28.3 0.90 3;

Subtotal-—all cavses exc. cardiovascular BC 1308 4879 +820. 258 6233 +684.7 219 =
BE 1330 <8921 2.83 +756.7 2.21 =2

*Control group and U.S. death rates nol available but thess have beeo rare causes of death in the peneral population. q’?;

TLike mies in American Cancer Sociely prospective study {see text}.
1DC means cause af death according 1o death certificate information. BE means cause of death according o best evidence available.
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Tasie 4

OBSERVED AND EXPECTED NUMBER OF CaNCER DieatHs OCCURRING 20+ YEARS AFTER ONSET
OF Occupational EXPOSURE TO ASBESTOS Dust

08y

Coatro! Gronp? U.S. White Males
Oliserved

Desth Chbserved Ratio Observed Raiio
—EEE  Bxpected Minus Observed  Bapected Minus Observed
Hnderlying Cause of Death {Cancers) Fremf Total Deaths Expected Expected Deaths Expected Expected

>
Lung BC 157 817 3153 4386 93,7 3033 424 =
BE 450 368.3 551 356.3 430 =3
Mesothelioma DC 191 * 1018 - * 101.0 — il
BE 170 170.0 — 1700 — Z
Larynx, buceat and pharynx Do 2 7.5 135 280 134 7.9 {.60 %
BE 27 19.5 1.60 13,9 205 e
Esaphagus B 17 51 R 334 6.5 1.5 .54 =
BE 17 1.9 134 10.5 264 ol
Kidney BC 15 8.3 6.5 1.76 1.0 8.0 2.15 >
BE 16 ™ 7.5 1.88 9.0 2.30 B
Colon—rectem ncC 54 30.s 235 1.77 34.1 199 [.5% @
BE 55 245 1.81 209 1.62 é
Stomach peC 18 12.5 5.5 1.44 2.7 53 142 o
BE 21 8.5 168 8.3 1.65 ==
Prostale BC 24 183 5.7 .31 19.7 43 1.21 &
BE 24 } 7.3 142 6.3 1.32 o
Bladder e 7 6.7 83 104 3.6 -6 0.82 2
BE g 23 1.34 0.4 1.05 2
Pancreas ! ) 46 160 3040 2.87. 5.5 30.5 296
BE 21 59 1.31 55 1.35
Other and unspecified cancers pe 145 72.1 729 pAH 66.3 8.7 2,18
BE 100 273 139 33.7 151

*Control group and 11.5. death rates not available but these have been rare causes of desth in the generat population.
TLike men in American Cancer Society prospective study (sce text).

1DC means caese of death according to death certificate information. BE means cause of death according 1o best evidence available.
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For cancer of the esophagus, the mortality ratios ranged from 2.64 to 3.34. The
mortality differences ranged from +10.5 to +11.9 and are statistically significant.
Without much doubt, exposure to asbestos dust increaszed the risk of this disease in a
group of men, the great majority of whom smoked cigareties, cigars or pipes.

Colon—rectum cancer was in third place (after lung cancer and mesothelioma) as a ;
cause of cancer death among the asbestos workers. The mortality ratios ranged from ;
1.59 to 1.81. The morality differences ranged from +19.9 to +24.5 and are
statistically significant (p <.05).

For kidney vancer, the mortality ratios ranged from 1.76 (control group, DC) to
2.30 (U.S. white males, BE) and the mortality differences ranged from +6.5 to +9.0.
Two of the mortality diffcrences are statistically significant; the other two are not.

Death rates from stomach cancer have been declining rapidly in the United Siates
and only 8 ¢(DC) or 21 (BE) of the asbestos workers died of this disease. The
mortality ratios ranged from 1.42 to 1.68. The mortality differences ranged from +5.3
to + 8.5 and are not statistically significant {p > .05). )

Mortality ratios for cancer of the prostate ranged from 1.21 (U.S. white males,
DCY to 1.42 {control group, BE). The mortality differences are not statistically
significant.

Very few of the ashestos workers died of biadder cancer and there is no indication
thai exposure to asbestos dust increases the risk of this disease.

The figures for cancer of the pancreas are interesting because so many of the
deaths attributed to this disease on death certificates were actually due to mesothelio-
ma. I the death certificate were to be believed, then it would appear that exposure to
asbestos dust greatly increases the risk’of cancer of the pancreas. Better evidence
suggests that death rates from cancer of the pancreas may be slightly elevated in
asbestos workers, but this is far from certain,

For cancer of all other sites combined (including cancer of unknown primary sites)
the mortality ratios ranged from 1.39 (contral group, BE) to 2.19 (1J.S. white males,
DC). The mortality differences ranged from +27.9 to +78.7 and are statistically
significant.

SMOorING HagiTg

Tabie 5 shows the age distribution of the ashestos workers as of January 1, 1967
and the smoking habils of those who answered the questionnaire in late 1966. It is
confined to the 12,051 men who by January I, 1967 had passed the 20-ycar point
since entering the trade or who passcd the point before January 1, 1977, Of the 8220
men who answerced the questionnaire, 891 (11%) said that they had never smoked
regularly; 488 (6%) had a history of pipe or cigar smoking but never smoked cigarettes
regalarly and; 6841 (83%) were either current or ex—gigaretie smokers, Some of the
cigarette smokers also smoked pipes or cigars or had done so in the past,

Our frst question related to the degree to which cigarette smoking increascd the
death rates of the asbestos workers.” This is shown in TABLES 6A and 6B for all causes
of death and for lung cancer identified as such from the best available medical
evidence (BE) {the preferred classification here because all comparisons are within
the asbesios workers group). The asbestos workers were first divided into five groups
according to smoking habits: 1) smoked 20+ cigarettes a day: 2) smoked cigarcites ,
regularly but < 20 a day; 3) history of regular pipe or cigar smoking but never smoked
cigarettes regularly; 4) never smaoked regulariy; and 5) smoking habits unknown. The
20+ a day and the < 20 a day cigarette smokers are each subdivided into four groups:
“current™ meaning that they were smoking cigarettes regularly in 1966, ex—cigarette
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TaBtg 5

NuMser OF STuDY GROUP MEN WHO ATTAINED AT LEAST 20 YEARS FROM ONSET OF QCCUPATIONAL EXPOSURE TO ASBESTOS DIUST AT
SoMe TiME Janvary |, 1967-DeCEMBER 3§, 1976, BY AGE January i, 1967, aAND BY SMOKING HISTORY AS OF 1966

r—

History of Smoking { Number of Men) g
Current Currest Mever {'-:-
Ageas ol Fotalin Cigarettes  Cigarettes  Ex-Cigareties  Ex-Cigarettes  Smoked  Pipe/Cigar  Unknown 7
Jan, L, 1967 AgeGronp  Cigarettes* 20+ fday <2/day 20+ feluy «<207day Regularly Oy History a
Total 12051 £341 3,708 164 i 823 373 891 48% 3831 i.
25-29 339 174 165 29 3 g prd '3 132 =
30-34 1,662 844 534 L0 160 43 142 66 610 <
35-39 2,610 1,423 863 . 16t 332 65 198 84 905 >
40-44 2,151 1,336 318 114 329 58 143 69 603 -3
45-49 1,526 923 487 94 265 49 107 61 435 o
50-54 1,250 792 198 74 253 44 84 &6 32 g
55-59 960 558 248 70 t93 33 65 40 297 o
6064 693 388 132 83 134 35 . 50 44 211 =
6569 413 203 75 27 74 t6 13 3 146 4
70-74 255 108 23 is - 42 {5 29 29 80 §‘
75-79 111 60 ¥ 12 i3 % 5 5 4] o
30-84 52 19 4 4 5 4 3 5 25 3
85+ 29 13 2 i & I - 5 2 9

*Includes the cigarerie smokers who did ol specily the number smoked per day.
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. TABLE 6A
OBSERVED AND EXPECTED NUMBER OF DEATHS OCCURRING 204+ YEARS AFTER ONSET OF
QccupaTioNAl. BXPOSURE TO ASBESTOS DUST By SMOKING HISTORY. BXPECTED DEATHS
ARE BASED ON AGE-SPECIFIC DEATH RAYTES OF ALL OF THE ASBESTOS WORKERS

e y—

Al Causes of Death Lung Cancer (BE)Y
Ohserved Expeoted Observed Expecled
Smoking History Deaths Deaths Deaths Deaths
Total* 1946 19460 450 450.0
20+ ciparettes/day
Current 5635 481.3 ird T1o.8
BEx, <5 yrs 166 137.5 54 333
Ex, 59 yra. én §9.6 10 17.1
Ex, 104 yrs. 112 136.3 15 .4
<20 cigarettes fday
Corrent 143 1276 k1 29.5
Bx, <85 yrs, - 22 0.0 5 4.8
Ex, 59 yis. 10 11.5 ] 2.5 §
Ex, 104 yrs, 3l 43.6 5 2.5
Pipe/cigar only 36 LR 3 242
Never smoked regularly 24 138.2 5 35.35
Unknown 614 3876 N 136 132.6
TabLE 6B

MorTALITY BATION OF ORSERVED AND EXPECTED NUMBER OF DEATHS PRESENTED IN
TasLi 8A RutATivVE 1O TOTAalL MEN AND TO Tiig MORTALITY RATIOS FOR MEN WHO
NEVER SMOKED REGULARLY {NBR)

All Causes of Death Lung Cancer (BE}
Ravio Ratio Ratiio Rallo
OQbserved / to Ohbserved/ to
Smoking History Expecied NSR Expected " NSR
Total* ] 1.00 1.68 1.00 7.10
204 cigarsites/day
Currem 1.17 {.9% {.46 10.40
Ex, <5 yrs. 1.21 203 1.62 11.51
Ex, 59 yrs. 0.88 1.48 0.58 4.15
Ex, 10+ yrs, 0.82 P38 0.48 .39
<20 cigarettes/day
Current 1.12 1.86 1.29 .15
Ex, 5 yrs. 1.10 1.85 1.04 7.40
Ex. 5-9yrs. 0.87 146 2.40 2.84
Ex, 10+ yra 0.71 1.20 0.51 362
Pipc/uigar only 0,76 1.29 Q.12 0.48
Never smoked regularly 0.59 1.00 .14 LOg
Linknown 1.04 1.76 1.03 7.28

*In addition to the smoking groups shown, the total includes the cigarette smokers who did not

specily the number smoked per day, or the length of time stopped if an ex-smoker.
tDied of lung cancer according to Lhe best evidence zvailable.
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smokers who had given up the habit for <5 years; ex—cigarette srnokers who had given
up the habit for 5 to 9 years; and ex—cigaret{c smokers who had given up the habit for
10+ years. _

TABLE 6A shows the observed and expected number of deaths in each smoking
category. The cxpected number for cach particular category was calculated by
applying the ape-specific death rates of all the asbestos workers (regardless of
smoking history) to the age-specific man-years of exposure to risk for that particular
smoking category. TABLE 6B, which is based upon TABLE 6A, shows two different
ratios: the mortality ratio calculated by dividing the observed number of deaths by the
expected number of deaths {by definition, the mortality ratio for all of the subjecis is
1.00), and the ratio relative to never smoked repularly, NSR, which is the mortality
ratio for each smoking category divided by the mortality ratio for men who never
smoked regularly (by definition this ratio for men who never smoked regularly is
1.00). The latter ratio is essentially the ratio which would have been obtained il men
who had ncver smoked regularly had been used as a control group; but this method of
calculation provides somewhat more stablc figures.

The pattern of relationships between smoking habits and death rates was found o
be essentially the same for asbhestos workers as for other groups of men as previously
reported by numerous different investigations.

The following applies to deaths from all cavses combined; and the mortality ratios
relative to NSR (never smoked regularly) (see TABLE 6B). The mortality ratios were
1,98 for men who currently smoked 20+ cigarettes a day, 1 .89 for those who currently
smoked «20 cigarettes a day, 1.29 for pipe and cigar smoking, and 1.00 for men who
never smoked vegularly, The mortality ratio for ex-cigarette smokers who previously
smioked 20+ cigarettes a day and had given up the habit <5 years was 2,03, This is
higher than the mortality ratio for men who currently smoked 204 cigarcties s day. It
is a usval finding and is almost certainly due to the fact that men with incurable lung
cancer or other advanced disease often give up smoking a few.months or longer before
they die. The 20+ a day cigarette smokers who had given up the habit for § fo 9 years
had a mortality ratio of 1.48 and those who had quit for 10+ years had 3 mortality
ratio of 1.38, so their death rates were lower than the death rates of men who currently
smoked 20+ cigarettes a day. The mortality ratios for ex-cigarette smokers who bad
previously smoked <20 cigarettes a day were; 1.85 (quit «5 years), 1.46 (quit 5o 9
years), and 1.20 (quit 104 years) as contrasted with a mortality ratio of 1.89 for men
who currently smoked «20 cigarcites a day.

For lung cancer, the patiern of relationship was about the same as described
above, but the mortality ratios of cigarette smokers were {ar higher.-For example, the
mortality ratio was 10.40 for men who curtently smoked 20+ cigarettes a day and
9.15 for men who currently smoked <20 cigarettes a day. ‘

There were too few deaths from each of various other diseases to present such 2
detailed analysis in relation to smoking habits. Some of the fndings are briefly
described below using the ratio Observed /Expected.

Only five men who never smoked regularly died of noninfectious pulmonary
diseases whereas 17.1 deaths were expected in this group (ratio .29), These five died of
asbestosis. Thus, for the subcategory asbestosis, there were five deaths among men
T who never smoked regularly whereas 13.3 were expected (ratio .38). Since all of the
’ other men were smokers (mainly cigarette smokers) it follows that death rates from
asbestosis were far higher in cigarette smokers than in nonsmokers.

The asbestosis death rates of men who currently smoked 20+ cigarettes a day was
2.8 times as high as the asbestosis death rate of men who never smoked regutarly. It is
clear that cigarette smoking greatly increases the risk of an asbestos worker dying
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from asbestosis or asbestosis combined with pulmanary fibrosis and emphysema
resulting from eigarette smoking.

None of the men who had never smoked regularly died of cancer of the esophagus,
larynx, pharynx or buccal cavity. The expected number of deaths from these cancers
was 3.6 for men who never smoked regularly, This suggests that in the absence of
exposurs to tobacco, exposure to asbestos dust may have tittle or no influence on death
rates from such cancers.

For pleural mesothelioma, there were three observed deaths vs. 4.8 expected
deaths among men who never smoked regularly (ratio .63); and five observed deaths
vs. 3.2 expected deaths for pipe/cigar smokers {ratio 1.59). Thus, for men who never
smoked cigarettes regulerly there were cight observed deaths and eight expected
deaths from this disease; so it appears that cigarette smoking has little or no effect
apon death rates from plenral mesothelioma.

OTHER COMPARISONS

In TagLE 7A, the observed number of lung cancer deaths among asbestos workers
in each of several diferent smoking categories is contrasted with the number expected
if their age-specific lung cancer death rates had been the same as those for contro)
group subjects who never smoked regularly. The observed numbers are based upon
death certificate information. The table is confined to asbestos workers whose smoking
habits were known. .

Adtogether, according 10 the death certificates, 276 lung cancer deaths occurred
among the ashestos workers whose smoking habits were known, whereas only 6.0 were
expected had their age-specific lung cancer death rates been the same as those for
control group subjects who never smaoked regularty. Thus, the mortality difference was
270.0 and the mortality ratio was 46.23,

The mortality ratios for various smoking categories were 87.36 for asbestos
workers who currently smoked 20+ cigarettes a day; 50.82 for those who currently
smoked <20 cigarettes a day; 36.56 for ex—cigarette smokers; 7.02 for pipe/cigar
smokers: and 5.33 for asbestos workers who never smoked regularly.

Taken at face value it would appear that the risk of dying of lung cancer is about
five times as great for a nonsmoker occupationally exposed to asbestos dust as for a
nonsmoker withoui such exposure. However, becauge of sniall numbers the ratia is
subject 1o considerable statistical sampling variation. By chance, the observed number
might have beenas low a5 one or two or as high as about nine. Therefore, all we can
say is that the actual mortality ratio is probably = 1.00 but could be as high as 12.00 or
sven a little higher. In any evenl, the mortality ratio for men who never smoked
regularly was very small as compared with the mortality ratios of the cigarette
smokers.

The rortality differences shown in TABLE 7B are copied dirvectly from TABLE TA.
Altogether, 270.0 more of the asbestos workers died of lung cancer than would have
died had their lung cancer death rates been the same as for nonsmokers not exposed to
asbestos dust. These may be called “extra™ lung cancer deaths, Of these “extra” |
deaths, 55.7% occurred in asbesios workers who corrently smoked 20+ cigarcttes a I
day; 11.3% in those who currently smoked <20 cigarettes a day; 29.9% in ex—cigarette
smokers; 1.3% in pipe/cigar smokers; and 1.2% in ashestos workers who never smoked
regularly. These fgures are shown to give some idea of the degree to which the lung
cancer death rate of a group of asbestos workers depends upon their distribution in
regard fo smoking habits. H

]
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TABLE 7A

OBSERVED NUMBER OF LUNG CaNCER DEATHS OCCURRING 20+ YEARS AFTER QNMSET OF
OCCUPATIONAL EXPOSURE T ASBESTOS DUST 8y SMOKING HISTORY COMPARED WITH
ExPECTED NUMBER Baser onN Luma CaNCER DEaTH Rates OF CONTROL GROUF
SuUBJBCTS WHO MEveEr SMOKED REGULARLY

Lung Cancer (DC)*

Ratio
Morgality  Observed/
Smoking History Chbrerved Expected  Differences  Hapected

Total (with smoking habits known} 278 6.0 +270.0 46,23
History of cigarettest 268 4.7 +263.3 5763
Current 20+ cigaveties/day 152 1.7 +150.3 87.36
Current <20 clgarettes/day 3 0.6 +304 50.82
Ex-cigarettes B3 2.3 +80.7 36.56
Pipe/cigar only 4 0.6 +34 7.02
Never smoked regularly 4 0.7 +3.3 5.33

Tane 7B

DISTRIBUTION OF LunG CANCER MORTALITY DIFFERENCES PRESENTED
m TABLE 74 BY SMOXKING HISTORY

Lung Cancer (DC)*
Mortality

Smoking Histary Differences Percent of Total

Total {with smoking habits kaown} +270.0 . 100.0

t History of cigareteest . +263.3 97.5

I Current 20+ cigarettes/day L1503 559

Cureent <20 cigarcttes/day So+304 113

Ex-cigarettes +80.7 299

X Pipe/cigar only +3.4 1.3

X Never smoked regufarly +3.3 1.2
A o e A 5 L e ot o P —r — e

*Died of lung cancer according 1o death centificate information,
Tiocludes the current cigarette smoking asbestos workers who did not specify the number

smoked per day.

TasLE 8 differs from all of the other tables in that it shows lung cancer death rates
per 100,000 man-years standardized for age on the age distribution of all of the
asbestos workers in this study. The lung cancer deaths were so reported on death
certificates. Just four groups are shown identified by occupational exposure to asbestos
dust, (yes or no) and history of cigarette smoking {(yes or no). The word “no” under the
*history of cigarette smoking?” means never smoked regularly (pipe and for cigar only
smokers being excluded from this table).

The mortality differences shown here were calculated by subtracting the death
rate of the “no, no” proup from the death rate of each of the four groups. The
mortality ratios were calculated by dividing the death raic of each group by the death
rate of the “no, no™ group.

The mortality ratios are 1.00 for “no, no,” {asbestos no; cigarette smoking, no);
5.17 for “yes, no” (asbestos, yes; cigarette smoking, no); 10.85 for “no, yes” (asbestos,

i
i
i
§
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no; cigarette smoking, yes); and 53.24 for “yes, yes™ (asbestos, yes; cigarelle smoking,
yes).
Now, suppose that occupational exposure to asbestos dust and cigarette smoking ,}
acted independently in respect to the production of lung cancer. In that event, the lung j
cancer death rate of asbestos workers with a history of cigarette smoking should be y
very close to the sum of the following three pumbers: 11.3 {the rate for the *no, no” I
group), 47.1 {the mortaliLy difference for the “yes, no” group), and 111.3 (the
mortality diference for the “no, yes” group). The sum comes to 169.7 lung cancer
deaths per 100,000 man—years which is a reasonable ¢stimats of what the lung cancer
death rate of the asbestos workers with a history of cigarette smoking would have been
if there had been no synergistic effect of the combined exposure. In contrast, the
observed Tung cancer death rate of the “yes, yes™ group was 601.6 per 100,000
man-~years, The difference, (601.6 ~ 169.7) = 431.9 lung cancer deaths per 100,000
man-~years, was presumably due to a synergistic effect in men with both of the two
types of exposure (asbestos dust and cigarette smoking).

Fhese particular ligures apply to the particular group of asbestos workers included
in this study. The net synergistic effect would not have been the same if their smoking

TanLe &

AGE-STANDARDIZED LUNG CANCER DEATH RATES* FOR CIGARETTE SMOKING AND/OR
QCOUPATIONAL EXPOSURE TO ASBESTOS DUSY COMPARED WITH NO SMOKING AND NO
OCCUPATIONAL EXPOSURE TO AvBeEsTOS DUSY

oo

Exposure History
1o Cigarelte Death Mortality Martality .
CGroup Asbestos?  Smoking? Rate Differance Ratio f
Control No No 1.3 0.0 1.00
Asbestos workers Yes No .58.4 4474 517
Control No Yes 1226 +111.3 10.835
Asbestos workers Yas Yes H01.6 + 590.3 53_;_2_4

*Rate per 100,000 man-years standardized for age an the distribution of the man-years of all
the asheslox workers. Number of lung eaneer deaths bhased on death certificate information.

habits had been different; and it probably would not have been the same if their lapsed
times from first ¢xposure to asbestos dust bad been different or if the amount of

asbestos dust they inhaled had been different.

COMMENTS

Underlying cause of death cannot always be ascertained with certainty; when
cancer is clearly the cause of death, the primary site of the disease cannot always be
ascertained with accuracy; and even when histologic sections are available, different
pathologists may disagree on the histologic type of a cancer, These difficulties are
troublesome from the standpoint of scientific accuracy as to details, but they make
tittle difference to the workers and their families. For example, both peritoneal
mesothelioma and cancer of the pancreas are painful diseases and the degree of painis
not dependent upon ascertaining which of these caused the death of the patient. If
inadequate information results in error as to which of these two cancers caused death,
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then it only means that the degree of association between death rates and exposure to
asbestos dust is overestimated for one of the two discases and correspondingly
underestimated for the other.

It is true that some diseases are more painful than others and some are more
expensive than others. But what is of most importance to the worker and most
important to society is whether a particular type of occupational exposure leads to
premature death or often leads to long term disability. Occupational exposure to
asbestos dust results in both of these. This is sufficient reason to take strong preventive
measures regardless of fusther details which are of scientific imterest or which can
have an influence on the outcome of 2 law suit,

Evidence from this study indicates a strong synergistic effect between two types of
exposure (asbestos dust and cigarette smoking) in respect to risk of lung cancer.

Evidence from this study indicates that among asbestos workers, ex-cigarette
smokers have substantially lower death rates than cigarette smokers who do not give
up the habit. This should be brought forcefully to the attention of present ashestos
workers. A young person who is so strongly addicted to cigarette smoking that he
cannot break the habit or is unwilling to do so would be particularly well advised not to
‘ enter a trade involving exposure to ashestos dust,

: Cigaretie smoking increases the risk of death from asbestosis, providing another
; reason why asbestos workers should avoid that habit.

a The major specific fatal effects of occupational exposure to asbestos dust are
J increased death rates from lung cancer, mesothelioma and asbestosis. The evidence
indicates that occupational exposure fo asbestos dust increases death rates from
cancer of the colon-rectum, and cancer of the esophagus. It prabably increases death
rates from cancer of the kidney and Trom another set of cancers taken as a group (i.c.,
larynx, pharynx and buccal cavity). Aside from this, the evidence suggests that death
rates from cancer of several other sites may be somewhat increased by occupational
exposure to asbestos dust. Because of small numbers, we cannot identify which, if any,
other specific sites are involved. As will be published in the near future by another
group of investigators, asbestos bodies have.been found in many different orgéns of
asbestos workers who died and whose lungs were found to contain a very Jarge number
of asbestos bodies. "

)t must be emphasized that only one group of asbestos workers is included in thig
investigation, namely membgrs of the insulation workers union. We have indicated the
degrec of confidence we have in various specific findings, and in many instances we
have given more than one estimate. For example, we said that “the mortality ratios for
colon—rectum cancer ranged from 1.59 to 1.81,” the mortality ratios having been
calculated from each of lour different sets of figures. In this particular case, all four
sels of comparisons led us to the conclusion that death rates from colon—récturn cancer
are increased by exposure to asbestos dust; but it would be folly to suppose that we
havec precisely determined the degree of association even in this group of asbestos
: workers.

: Aside from this, the degree of association between exposure to asbestos dust and
death rates from all causes combined as well as death rates from lung cancer vary with
o smoking history, lapsed time from onset of exposure to asbestos dust," presumably

’ with amount of asbestos dust inhaled, and probably with other factors as well, It seems

1 very unlikely that any two identifizble groups of people with occupational exposure to
: asbestos dust are exactly alike in respect 1o all of the factors just mentioned.
f Thercfore, we would not expect the exact figurcs reported here to be duplicated in a
: study of any other group of asbestos workers. We would expect the findings to be
qualitatively the same but not quantatively identical.
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