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In 1964, we reported data concerning the mortality experience of a cohort of
asbestos insulation workers in the New York-New Jersey metropolitan area 1943-
1962.' Significant increases in deaths of lung cancer, mesothelioma, gastrointestinal
cancer and asbestosis were found. Findings were limited o obscrvation of oniy 632
men, however. On January 1, 1967, a larger cohort was enrolled for prospdttive
observation and included all 17,800 men on the rolls of the insulation workers’ union
{International Association of Heat and Frost [nsulators and Asbestos Warkers,
AFL-C10, CLC) in the United States and Canada on that day. This second cohort
inciuded the survivors of the original 632 New York-New Jerscy men. Observation
has been maintained and an interval report of deaths in this group since January |,
1967 has been made.? The present analysis details findings among these men through

December 31, 1976.

ASBESTOS INSULATION [N THE UNITED STATES

Asbestos, as a mixture of fiber and sodium silicate, was first used as an insulation
material in 1866 and as asbestos cement about 1870. Magnesia with asbestos as a
binder soon foilowed and air-cell covering, using corregated asbestos paper, was
introduced in 1898.

The first union of insulation workers in the United States was formed in New York
City in 1883 under a charter issued by the Knights of [.abor (predecessor of the
American Federation of Labor), as *The Salamander Association of Boiler and Pipe
Felters.” The prescnt union of insulation workers in this country as chartered by the
AFL in 1910, as the [nternational Association of Heat and Frost Insulators and
Asbestos Warkers, by the amalgamation of the Salamanders Association of New York
with other independent locals throughout the country. Members of this union are
insulation workers, primarily employed in the building trades doing construction
insulation work but also empioyed as insulation workers in refineries, industrial plants,

*This studv was supported by grants from the American Cancer Society (R-53), the National
Institute for Qccupational Safety and Health (OH003203 and the National Institute of Environ-
mental Health Sciences (E500928) of the U.S. Deparunent of Health, Education and Welfare,
and the Health Research Council of the City of New York (1J1272).
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shipyards and powerhouse construction and repair. Much of their work is in the open
but sometimes. as in shipyards, in rather tight quarters. The men generally work in all
parts of the trade, with few specialists at one or another part of it. Conditions at work
vary from job to job and from company to company, with fewer than 10% of the men
remaining with one company during their working lifetimes.’ Data published concern-
ing work practices in other countries suggest that asbesios exposure in insulation work
has been approximately the same the world over.*

Asbestos exposure to which i{l&lalion workers are subtect has been limited, varied
and intermittent. Some of the materials used have contained no asbestos. In the earlv
part of the century, magnesia pipe coverings used shredded rope as a binder. wih no
asbestos. Somewhat later, wool-felt, cork and rock wool were used. Starting during
World War I, ibrous glass products came into increasing use and. during the 1970s,
their utilization was greatly expanded, as asbestds content of insulation materials
sharply decreased. Magnesia block insulation. including molded pipe coverings.
usually contained approximately |5% asbestos, while asbestos cement generally had
15-20% or less of asbestos. Asbestos paper products contained a higher asbestos
content, but were used in much smaller guantities.

Until approximately the early 1940s, chrysotile alone was utilized in the manufac-
ture of the asbestos insulation products used by these men. Amosite began 10 be used
in the mid-1930s in small quantities but became more widely utilized during World
War [[ and subsequently.?

Few dust counts were made in insulation work until the mid-1960s. However,
analysis of available data, including reconstruction of work situations and extrapoia-
tion 10 the past of observations made more recently, suggest that insulation workers
would bhave been exposed 10 dust levels of 4-12 fibers/ml (as time weighted

TABLE 1A
MEMBERSHIP OF NEW YORK AND NEW JERSEY
INSULATION WORKERS' UNION® JANUARY |, 1943,
CLASSIFIED BY AGE AND YEARS FROM FIRST EXPOSURE TO ASBESTOS DusTt

Total
Age. Nu:}ber Number of Years Since First Exposure (o Asbestos
Years Members 0-9 10-14 15-19 20-24 25-29 3034 35.39 40-44 J45-49 30+
15-19 2 2
20-24 14 14
25-29 38 19 19
30-34 122 2 94 26
35-19 76 1 k2| 47 & 1
40 44 74 I 4 28 30 10 1
45-49 77 1 19 29 24 4
50-54 82 | 2 9 24 18 A K]
55-59 65 ! 4 0 11 20 19 1
6064 41 2 N % B 13 & 4
6569 2] | 2 N | 3 X 4 2
7073 13 2 2 2 2 2 3
75-79 3 ]
80--84 2 | 1
Total 632 40 §45 140 10% 0 67 3) 1§ 4 \
*Locals 12 and 32 of the International Axsoctation of Heat and 1 rost fnsulators and \sbestos

- Workers, AFL.-CIO.
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o . TasLe 1B
. MAN-YEARS OF OBSERVATION, JANUARY |, 1943-DECemBER 31, 1962, OF JaNUARY 1,

+* 1943 MEMBERSHIP OF NEW YORK AND NEw JERSEY INSULATION WORKERS' Unton®
~ CLASSIEIED BY  ATTAINED AGE AND YEARS FROM FiksT EXPOSURE TO AsBESTOS Dusy

= &l&éincd .. } Total . Years from Onsei
Age, Years' Man-years <20 23-34 154
. LT _ 3 s — _
S 20-24 44 44 — —
e 28220 165 165 —
ce ST T 30-34 542 $42 — —
; 35-39 1.068 773 293 —
- o 40-44 1.339 253 1086 —
Co © 45-49 1.588 74 1510 4
50-54 . 1,562 39 1368 155
T 55—_59 ’ 1.344 28 782 5§34
- 60-64 1.142 22 361 759
- 45-69 849 17 t7s 657
70-74 513 9 72 432
75-79 242 — 33 209
30-34 84 — 1 33
854 29 — — 29
Total 10,515 1970 5683 8862

-*International Association of Heat and Frost Insulators and Asbestos Warkers, AFL-ClO.

averages).’ While there might have been periods of little or ng exposure, there could .
aiso have been times of peak exposures much higher than the calculated averages.

MORTALITY EXPERIENCE OF NEW YORK-NEW JERSEY
INSULATION WORKERS 1943-1976

R On January 1, 1943, there were 632 men registered as members of the two Jocals
of the International Association of Heat and Frost Insulators and Asbestos Workers in
the New York-New Jersey metropolitan area (Locals 12 and 32). Their age distribu-
tion alcording to years from onset is contained in TABLE |A and man-years of

. observation 1943-1962 are shown in TaBLE 1 B.

Each of these men was traced to December 31, 1962: expected and observed
deaths are found in TABLE 2. Nine men died before reaching 20 years from first
employment, and they are excluded from TasLE 2. which is limited 1o the 623 men
who achieved that point. While deaths related to asbestos exposure of the kind
experienced by insulation workers may sometimes occur in less than 20 years from
onsct of empioyment {lung cancer, asbestosis and. occasionally, mesothelioma) these
are not common and we consider that analyses of experiences beyond the 20-year point
more ¢learly define the inftuence of such cxposure. It was of intcrest. parenthetically,
that there was no excess in total deaths of all causes during the first 10 vears of
obscrvation, 1943-1952, in the post 20 vears from onset experience—(although an
excess was secn for lung cancer specifically), as example of the “healthy worker
effect.”

Observation of the survivors of the original cohort has continued prospectively and
by December 31, 1976, 478 of the original 632 men had died. The same overall pattern
of causes of death has continued, although distribution of deaths by cause has changed
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TaBLE 2
EXPECTED AND ORSERVED DEATHS AMONG 623 ASBESTOS [NSULATION WORKERS
NEW YORK-NEW JERSEY. 20 OR MORE YEARS AFTER ONSET OF WORK
JANUARY |, [943-DecesBer 31, 1962
{8545 Man-years of QObservation)

L ]
Undertying Cause of Death Expected® Observed
Total deaths-alt causes 195.4 283
Total cancer-all sites 21 9s
Cuncer of lung _ 08 6.0 42
Pleural mesothelioma ¥ 3
Peritoneal mesothelioma + 3
Cancer of esophagus, stomach. colon-rectum 97 29
Cancer of larvnx, pharynx, buccal cavity 1.7 2
Cancer of kidney v 07 0
All other cancer 140 18
Noninfectious pulmonary diseases. wotal 4.0 14
Asbestosis + 12
All other causes 1593 144
*Expected deaths are based upon white malke age-specnic U.S. death rates of the €S,
National Cenier for Heaith Siatistics, 1949-1962. Rates for specific causes of death for
1943-1948 were extrapolated from rates tor 1949-1955, .
tRautes are nol available, but these have beea rare causes of death in the general population.

. somewhat, reflecting a number of epidemiological influences. Thus. pleural and
peritoncal mesothelioma, which tend 10 occur somewhat later than bronchogenic
carcinoma. became proportionately more common (TABLE 3). This change in prepon-
derance also reflects the smalter proportions of older men who ever smoked cigarettes,

i and also a “sugvivor ctfect.” Since the cigarette smokers in the original group had

.‘ TasLE 3

} EXPECTED AND OBSERVED DEATHS AMONG 632 NEW YORK-NEW JERSEY

ASBESTOS INSULATION WORKERS JANUARY t, 1943-DecEMBer 31, 1976
; . (13.925 Man-years of Observation)
b

H Underlving Cause of Death Expected® Observed

§ Total deaths, all causes 328.9 478

» Total cancer, all sites 37.0 210

é Cancer of lung 13.3 93
Pleural mesothelioma t 11
Peritoneat mesothelioma ¥ 27
Cancer of csophagus 13 {
Cancer of stomach 33 19
Cancer of coton-rectum %3 23
Cancer of larynx, pharynx, buccal cavity M [
Cancer of Kidaey i3 2
All other cancer 215 2%

Noninfectious pulmonary diseases, totd RN 35
Asbestosis * 41
All other causes ol 223

*Expected deaths are based upon white male dgespeviie US dessn rates of the U S,
Nationsl Center for Headth Statistics, 194941976 Rates lor speciic vause of death Tor
1943-1948 were extrupolated leom cates lor 1949 193§

1Rat.cs are not avallable, but these have been rare causes ot deathin the yeneral popuiation

RS iy PRSP

SANCRARAASRLMOTRIITER bl o Aiwins -




- Sclikoff ez al.: Mortality of nsulation Workers

tacreased mortality risk (cspecially from lung cancer and cardiovascutar discase)
there would likely have been comparatively fewer men with a history of cipurette
; smoking‘aqd still fewer who continued smoking at least the same amount, amony the
" cohort survivers, as the years went by. Except as influenced by other factors associated
“with advancing lapscd time since onset of asbestos work, this would make for fewer
_.deaths of sung cancer,” with more men at risk of dying of ather asbestos-associated
dlSC«Sﬁ
--kung cancer remained the most important cause of excess deaths. with 93 such
dcalhs obscrved vs. 13.3 expected. Thnrly cight deaths occurred of mesothelioma, |1
pleural and 27 peritoncal. The increase in gastrointestinal cancer originally reported
in 1964 was again scen, with 43 deaths observed, 15.1 expected. There were 41 deaths
of asbestosis. in addition, 4 dcaths were obscrved of other noninfectious pulmonary
- diseases. Apart from cancer. asbestosis. and other noninfectious pulmonary diseases,
observed deaths were fewer than cxpected of all other causes: only 223 seen,

--"_"‘.‘ _ approximately 40 fewer than anticipated.

This experience. with 19% of decaths due to lung cancer, 8% the result of
_mesothelioma. 9% of gastrointestinal cancer and 9% of asbestosis and other noninfec-
tious pulmonary diseases. begins to provide a broad outline of the total moriality
experience of insulation workers employed under conditions of the past (much fess
asbestos tnsulation was uscd in new construction after 1972, although vanable and

" intermittent asbestos exposure would be expected 10 have continued to occur during

: " repair work). 76% of the original cohort enrolled in 1943 had died by the ggd of 1976,

L Variations in distribution of deaths by cause over time may be seen in TABLE 4.
“ Among the 9 deaths listed before 20 years from onset of exposure, there was none of
-lung cancer, mesothclioma, gastrointestinal ¢ancer, or asbestosis and other noninlec-
tious pulmonary diseases. Variations are also ¢vident in the two periods, 20-34 vears
and 35 or more years from onset. Although the proportion af deaths due to cancer of

_alt sites was virtually identical in the two periods (44.5% and 44.3%), the specitic
neaplasms were quite different in proportional distribution Lung cancer accounted lor
49% of the cancer deaths in the shorter period but only 43% later. There were 7 deaths
o{mesothehoma in the 6263 man-years of observation durmg the 20-34 year span but
31 such deaths in the 5692 man-years later on. [t is of interest, 100, that the proportion
of mesotheliomas that were pleural in Jocation also changed over time; 4 of the 7 were
pleural in the earlicr period. against only 7 of 31 in the second period. 1U1s clear that
unless opportunity for prolonged observation is available, it will be diflicult to fully
evaluate the distribution of deaths by cause among asbestos-exposed groups. Concomi-
tantly, such analysis will be enhanced by considering deaths in cach period of durition
from onset, separately.

Not unexpectedly, deaths of asbestosis were ugain largely concentrated in the 35
or more years from onsct period: 38 of the 41 such deaths were found at this time.

It has been of interest to inquire concerning the experience of those insulation
workers whose exposure began after 1943, since this would reflect postwar conditions.
Eight hundred and nincty men joined the New York-New Jersey metropolitan area
locals of the union during the period January 1, 1943-December 31, 1962, Most (833)

had had no prior asbestos employment before entering the union. These men have been
observed prospectively from the time of admission to the union to December 31, 1976
(TABLES SA and 5B). Our experience with their pre-1943 predecessors had demon-
strated that we were 1o cxpect relatively few deaths before 20 years from onsct of their
work. Still, because of the importance of cvaluating postwar experience among men
not exposed in carlicr years, we undertook this study. TABLE 6 details their mortahity
experience from first employment to Decemtber 31, 1976, In the 15,520 man-vears of
obscrvation during the less than 20-vear period, there was no unusual monality
experience. Altogether, there were fewer deaths than expected Gagain, the “healthy




TaBLE 4

EXPLCTED AND OBSERVED DIATHS AMONG 632 Niw YORK-NEW JERSEY ASBESTOS INSULATION WORKERS
Jantiaky 1, 1943-Dicesiek 31, 1976

Less than 20 Years 2034 Yeurs 35.0r Mare Years
Number of Men Attaining Category 325 1 19§ z
Manryears of Observalion {970 6263 5092 z
Undurlying Cause of Death Expected® Observed Expected* Obscrved Expected Observed 2
Total deaths, ull causes 94 9 50.4 19 239.5 350 OZ _
Totalwoner. ol sits L 2 135 ) 04 155 ¢
Cangral targ 02 0 30 2% 101 67 ;J<
Pleural mesothehama f 0 1 4 g ] 2
Pertoredd mesolhelioma t 0 I ] %" 5
{anerol ewphaguy 0.02 0 04 0 10 l 6
Cancerol stemch 0} 0 1$ 6 34 13 e
Canceral colon rectum 0.1 0 19 1 6.2 16 5
Cancerof larvng, planvex, by,
bucedd caty 0.0 ) 08 1 19 2 0
Cancerot hidicy 0.03 0 04 0, 09 2 "
Al oter cancer 0.5 0 55 i {85 iy a,
Nunnifed s pulmonary diseases, 4
wlal 0.1 0 16 4 16 4l q
Asbiestosis t 0 t ] t 3 ¢
! 149§ |54

All alher cauney 78 7 (’s 3 [

*hapnated doaths are boved upon white male agesspeeihic U5, death rates of the US. Navonat Center for Headth Statitics, 1943 1578, Rates for
speetbi aaas afshealh [ 19431948 were extrapolated from rates for 1949 1955,
FRuley ate tat avatlable. but these e bien rire causes of death in he general pupl’xlulmn,




TABLE SA
NEW YORK AND NEW JERSEY INSULATION WOAKERs DS8SERVED JANUARY 1, 1943
DECEMBER 31, 1962, AND SUBSEQUENTLY To DeCEMBER 31, 1976
{Number of Men Attaining Cazegory)

- . Union Members Jan. |, 1943 Men Juining Union 1943-1962
o N Years from Onset Years from Onsct
e Period Total <20 20-34  35- Total <20 20-34  35-
o 194341852 632 325 523 199 12 412 — -
Lo 1953-1962 542 30 193 3 333 833 — —
B 1963-1969 370 — 154 328 %28 828 258 —
. 1970-1976 234 - 32 124 21 Sl 31¢ —
TABLE SB

MAN-YEARS OF OBSERVATION OF NEW YORK AND NEW JERSEY
INSULATION WORKERS, 943-1976
{Number of Man-vears)

Union Members Jan. 1, 1943 Men Joining Union 1943 -1962
Years from Onset Years from Onset
Period Total <20 20-34 5~ Total <20 2034 IS

1943-1952 5928 1682 3253 993 1658 1658 & -
1953-1962 4587 288 2430 1869 5906 5906 — —_

1963-1969 2088 — 418 1670 5752 5156 596 —
1970-1976 1322 — 162 1160 S485 1800 2688 —
TasLE 6
EXPECTED AND OBSERVED DEATHS AMONG 833 NEW YORK-NEW JERSEY ASBESTOS
PASEE. I . INSULATION WORKERS FIRST EMPLOYED JanUary |, 1943=-DECTMBER 1), 1962,

AND OBSERVED FROM I'IRST EMPLOYMENT-DECEMBER 31, 1976
(Duration from Onset of Employment)

Less than 20 Years 20-34 Yeuars
Number of Men Attaining Category 833 523
Man-years of Observation 15,520 3281
Underlying Cause of Death Expected*  Observed  Expected®  Observed
Total deaths, ail causes 393 23 248 39
Total cancer, all sites s b) 3.0 1S
Cancerof lung 1.t 2 1.8 8
Pleural mesothelioma t 0 ¥ 2
Peritoneal mesothelioina t 0 t i
Cancer of esophagus, stomach,
colon-rectum 0.7 1 08 2
Cancer of farynx, pharynx, buccal cavity 0.2 l 0.3 1
Cancer of kidney 0.1 0 0.1 1
All other cancer 3o i 20 0
Naoninfectious pulmonary diseases, total 0.5 o 0.6 7
Asbestosis ¥ 0 t 6
All other causes 342 18 19.2 17

*Expected deaths are based upon white male agesspeaitic U.S. death rates of the US.
Natianal Center for ilealth Stuustics, 1949-1976. Rates for specitic causes of demh for
1943-1948 were extrapolated {rom rates lor 1949-1935.
tRaies are not available, but these have been rare causes of death in the genernd population.
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worker effect”’} and there was no increase in cancer deaths. No mesotheitornas were
seen, nor deaths of asbestosis. There was no signiticant increase of cither lung cancer
or gastrointestinal cancer. Since the 20-ycar point, we have bceun ta see the changes
predicted by our earlicr studies. In the 3281 men-ycars of observation 20-34 years
from onset, there were approximately three times as many cancer deaths as expected,
primarily due to lung cancer. Mesotheliomas were now first seen and some deaths ¢f
asbestosis occurred. These had occurred primarily during the period 1970-1976
(TasLE 7).

When the post-1943 workers were compared with those hirst exposed before that
time. and evaluation was limited to obsa#ations less than 20 years from 1irst cxposure.
it was found that ncither group had unusual lung cancer. mesothclioma or asbestosis
experience. TABLE 8 demonstrates that among 325 pre-World War 1l men who had
not reached 20 years from onset of exposure during their period ol observation.
covering 1970 man-years, no ¢xcess of these discases was seen. Similarly, among the
833 post-war men, with 13,520 mun-years of vbservanion during the shorter than
20-year from onset point. and with exposures starting [943-1962. neither mesothe-
lioma nov asbestosis deaths occurred and there were not significant excess deaths of
lung cancer. This is of interest in that, by and large. unly chrysotile exposure had
occurred before 1943 for the first group, whilc amosite was added to chrysoule in
teems of potential exposure from 1943 on. The after-1943 group was potentiaily
exposed to both types of asbestos throughout their work expericnce. These data
indicate that amosite did not shorten the period of clinical latency for asbestos-
associated discase in these insulation workers. Further. taken together with the data in
TABLES 6 and 7, these observations suggest that the mortality experience QU insulators
exposed to both chrysotile and amasite will be in the same direciion as those originally
exposed only to chrysotile and later to insulation dusts also containing amostte. TABLE
9, reviewing deaths of selected causes 20-34 years from onsct in the post-1943 group,
and comparing the findings with observations in the pre-1943 group tor the same ume
span, suggests that this will be the case.

MORTALITY EXPERIENCE OF INSULATORS IN THE
UNITED STATES AND Canaba 1967-1976

There were 17.800 men on the rolls of the asbestos workers union in the United
States and Canada on January 1, 1967, A goud deal of information concerning these
men was available, including date of birth, date of tirst insulstion work, emplovment
status on January 1, 1967. Additional infarmation was obtained by questionninre I'rom
a majority of the men concerning cutrent symptoms. respirator use, smokiny hubits.
work practices.

We have maintained obscrvation of this cohort since 19467, with the valuable
assistance of the local and international officers of the unwon. The men are registered
in approximately 120 local unions in the various parts of the United States and
Canada, including Alaska and Hiowaii, Whenever an nsthtion waorker associated
with the union dies, we are notitied. Inmast instances, 4 death certicase s fornarded:
i not, it is obtained. As with the New York-New Jersey vroup, information s then
sought concerning the detatls of the arcumstances of death,* achudine climeal daia,

roentgenograns, histological material obtasaed atsurgery ordutedsy Fhe chisticas and

Haternational Association of Lleat and Frost Insudatins and sbostoy Woshers, AEL i,
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TABIE T
EXpECTIO AND OBstRvED DIATHS ANMONG 833 NEW YORK aD NEw JERSEY AsRISTOS INSULATION WORKERS FIRSE [MPLOYED
Janvary 1 143 Diciser 31, 1962 axn Ouservin rrow FiRst EsetoyMENT-DECEMBLR 31, 1976

Noginlectious
Pulmoniry

[ung € aneer . Nisedses, Tot, .
g " Anee Pleutal Perituncal Diseases. Total Ashestosis

Expected? Observed Mesothelioma Mesathelon Expected” {served Observed

1943 1952 00 0 00 0
1953-1962 (2 0.2 0
19631909 7 . |
1970-197 (1 2 : §

- b rp———

' xpected deaths are based upon ulnlg mate age-specilic LS. death rates uf the US § Natian Conter fnr Ih.lllll NTENTES I Y 1976, Raies for
1943-1948 were extrapohted from rates for 19491935,

SADHIO A UC




e

* SR

R AT
e

L g

kb3 o
g <1

-
ey o

Expie 1l b ash Qusepviy DEaTis OF Suecten Causrs

5

Tame &
AMONG 632 NFW YORK Niw JLRsty ASHESTOS INsUTATION WORKERS Fiest

joki daxtary 1, 1943, AND 833 WORKERS FiksT EMPLOYED Jastary 1, 1943 -DECiMBER 31, 1962, OBSERVED FROM

i

TANLARY 1, 1943 ok Datior FIRsT Euprovment-Dreesatk 31, 1976
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[ s ther 20 Years
[ bt seaille b,

Deaths frorm Selected Causes Less thien 20 Years fram Firs Exposuee
Lo Possible Amasite andfer Chrysotile Asbestos [xposured

Mesotheliomat Nuoifectiogs Asbestosis]
Pulmonary
Rate i Rate
- Yisest
Lung Cancer iy Do Top per 1060

-Exp’ Obs  Obs.  Manyears  Bxp* o Obs Obs.  Man-years

(Lt oy Biulg

02 0 0 i 0.1 ] 0 0

1l 2 { 0 A3 0 0 0

o atmmatas

b etk e b

Lo Tromyrates for 1949 1955,

1S, death rates af the U 8. National <enter fur Health Statistics, 1949- 1976, Kates fur

bt thiese have been art causes of death 1 the generad papulation.
aroduced shortly before and duciug, World War 1.
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Tantk 9
Lxrecren ant Ousrrven DEATHS OF SHECTED Catsts AMONG 632 NEW YORK-NEW JERSEY ASBESTOS INSULATION WORKFRS
FIRST EMPLOYED BEVORE JANUARY T, 1943, aND 833 WORKERS FIRST EMPLOYED JANUARY 1, 1943101 kIR 3, 1962,
OnstRven [ROM JANUARY 1, 1943 om DATE OF TIRST EMpLoyviny Decesmig 31, (976

Deaths of Selected Canses 2034 Years from Onset of Exposare

Mesothellomat Nominfectious Asbustosist

Numberal  Man-years Lune Cance Rate D’f"ullr‘n‘unvx;‘ryv' Rate

Menin of Bkl periggy DS tond per 1000
First Eaposure Cotegory  Observation — fxp™  Obs. Oba Manyeas  Exp*  Obs Obs, Man-years

Belore 1943
1943-1952 5 3 Il 0.3 07
19531962 2430 |4 165 07
1963-1969 418 03 W 0.1
19701976 ] 162 0.2 617 0.1

Tolal 0263 30 I

19431942
1943-1952 - - - - o -

1933-1942 - — =
1963 1949 254 39 02 1
19201974 515 2085 16 6
8

| [ 6% I
2 RN b
3

Towl 313 i 1% 09 7

*Eapucted deaths are Dased pan white male agerspecitic US, death rates of the 108 National Center for Health Statition, 1949 1970 Rtes for
1943 1948 were extrapobated From rates for [949 1958,
Rates are not availzble, but these have been e Gauses of death in the penera! poithitian, J'
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MEMBERSHIP OF ASBESTOS [NSLLATION WORKERS UNION®, JaNuaRry 1. 1967,
CLASSIFIED 8Y AGF AND RY YFARS FROM FirsT EXPOSURE TO ASBESTOS DUsY

Toual
Age u:;‘ocr Number of Years Since First Exposure to Asbestos
Years Members 09 10-14 15-19 20-24 3579 10-34 35-39 10-49 0+
15-19 244 244
20-24 1.695 1695
25-29 2412 2066 345 1

30-34 2,762 1065 1356 341
35-39 2.988 313 1141 1342 192

40-44 2,260 79 424 1026 591 139 1
45-49 1.5%9 49 13 433 1 487 2

50-54 1,297 17 3 S B 33?2 77T sl 77

$5-59 984 13 X 129 206 136 1de {91 i

60-64 703 1 2 39 131 126 %7 a9 179

65-69 119 — 6 18 44 38 45 29 201 2l
70-74 255 — — 6 14 » M 1e e 71
75-79 il - 1 — 4 ] 3 7 37 <0
80-84 52 — - - — 2 | 2 16 3
85+ 29 2 7 20

Total 17800 5552 3562 3569 1953 1398 534 425 617 193

*Membership in the United States and Canada of the Laternational Association of Heat and
Frost Insutators and Asbestos Workers, AFL-CIO, CLC.

al data are reviewed and the pathotogical material examined. Most of
r this cohort is in terms of underlying cause of death categorized
according to best evidence available (BC). Further details are also given in the tables
for underlying cause assigned on the basis of death certificate information only (DC).

At the outset of the study, a majority of the men were below the age of 40 (10.101
of 17.800). The majority, two, had yet to achieve 20 years from first exposure (12,633
of 17.800) (TasLe 10).

During the period January 1, 1967-December 31, 1976. the cohort changed its age
and duration from onset distribution with the passage of time. Many of the men who
started in the less than 20 year from onsct group achieved 20+ vears from onset
during the decade of observation (TaBLE 11). Altogether, 12,683 men, with 39,362
man-years of experience, suffered 325 deaths in the period before 20 years. There

rocnigenologic
the presentation fo

Taprk 11

OBsIERVATION OF 17,800 ASBESTOS INSULATION WORKERS IN THE U
AND CANADA JANtARY [ [967-Drcesiser 31, 1976

NITLD STATES

<20 Years 20+ Years
Total from QOnset feom Ltset
Numoer of men 17,500 12,683 12081
Muan-years ol
obscrvation 1 X3 N9 462 1A
Dcaihs 22m LN (4n
Average age

during observation 141
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occurred 1946 deaths among 12,051 men who had achicved 20+ vears from onset,
with 72,391 man-vears of observation. The average upe during observation was 361

years for the shorter group and 33.5 years for those with longer duration from onset.

During the decade of observauon 2271 deaths oceurred (TABLE 12), whereas only
1658.9 deaths were expected (bused upon white male age specific mortahity data of the
U.S. Nationat Center for Health Stauistics). The excess deaths were primarity the
result of an increased number of instances of cancer of several sies. Investugation of
the deaths found 486 due 10 bronchogenic carcinoma, between 4 and 3 umes the
number anticipated. There were 175 deaths of mesothehoma, 63 pleural in Jocation

Tapie 12
DeaTHS AnONG 17.800 ASBESTOS INSULATION WARKERS IN THE UNITED Statrs
AND CANADA JANUARY T, 1967-Di EMBER 31, 1976
NUMBER OF MEN 17800
MANSYEARS OF QBSERVATION 166.853

Observed Ratio o ¢
Underlying Cause of Death Fxpecteg® (BE) (DC) (7] (D)
Total deaths. all causes 1638 9 227 137 PaT
Total cancer. ull sites 319.7 922 I 28
Cancer of lung 105.6 419 4,60 400
Pleural mesothelioma T 23 —
Peritoneal mesothelioma T hot
Mesothelioma. n.o.s. t i} 53 —
Cancer of ¢sophagus 7. I3 18 233
Cancer of stomach i4.2 A 18 .26
Cancer of colon-rectum %1 39 38 .52
Cancer of larynx 1.3 11 9 1.91
Cancer of pharynx, buccal 10.1 21 16 159
Cancer of kidney 5[ 19 18 2
All other cancer 1318 184 282 1.1
Noninfectious pulmonary
discases, total 39.0 212 188 1%y 319
Asbestosis 1 163 78 - :
All other causes 1280.2 1064 116! 0.83 091

*Expccted deaths are based upon white male age-specitic LS. death rates of (he LS.
National Center for Health Statistics, 1967 1976,

tRates are not available. but these have heen rare causes of death in the general population.

(BE): Best ¢vidence. Number of deaths Categonized ailer review of best available inform
(aulopsy. surgical, clinical).

(DC): Number of deaths as recorded from death certificate information only,

Jdiun

and 112 peritoneal. There was a modest increase in deatbs of gastrointestinal cancer
(esophagus. stomach, colon-rectum).

Cancers of several other sites were also significantiy increased over the number
expecied. There were 11 deaths of cancer of the larynx, 21 of the buccal cavity and
oro-pharynx, as well as 19 deaths of cancer of the kidney. In each instance, this was
twice the number anticipated. Comment had previously been made” concerning
interest in these sites but, at the time, there were inadequate data for evaluation,
Additional experience has indicated that the carly hints were predicuive.

Review of information concerning the deuths allowed a distinction o be made
between deaths caused by asbestosis and those of other noninfections pulmonary
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diseases, including emphysema and cor pulmonale. Thereby. 168 deaths were assigned
to asbestosis and 34 were attributed 10 other noninfectious pulmonary discases.
campared with a total expectation of 59.0 in the general popuiation. Fhe question of
whether noninfectious pulmonary diseases, other than asbestosis. are or are not
increased in asbestos workers is a complex problem. Continuing guestions of nomen-
clature of “chroric obstructive lung disease™ in general, and uncertainties of dessgna-
tion and pathological categorization were recently well reviewed by C. M. Fletcher.”

Chronic nonspecific lung disease. particularly that due to cigarette snoking. may
have an influence on the course of the asbestosis. providing an added burden to
damaged lungs. We have evidence that there is such inllucnce.” On the other hand.
diffuse interstitial parenchymal fibrosis@r dilfuse pleural fibrosis wouid be gisadvan-
tageous for individuals with extensive chronic obstructive lung disease. particutarly
with superimposed pulmonary infections or other physioiogical stress. Such disadvan-
tageous additional contributions, in individual cases. may play important roles 1n
determining the adequacy of a patienl’s respiratory res¢rye. Cateponizing Jdeaths 1n
terms of a single underlying cause, however, does not allow tor nclusion of nuances ot
interaction among the several factors, nor ta depict the tull spectrum ol such
interacting disease, from cases in which little other than usbestatic puimonary librosis
may be involved 1o those in which all ¢vidence indicates that cigarelte smoking and
chronic abstructive lung disease were the principal factors.

For causes other than cancer and asbestosis and other noninfectious discuses, there
were fewer deaths than expected. 1064 against 1280.2. In paruculuar. there were fewer
deaths of arteriosclerotic cardiovascular discase and its consequences. This is further
considered cisewhere.* and it may well be that the active physical work associated with
employment as insulation workers is advantageous in preventing or delaying death of
cardiovascular disease, although the influence of initial sclecrion upon admission 19
the trade cannot be disregarded.

It is evident that most excess deaths in this cohort were due o cancer (673) rather
than to asbestosis and other noninfectious pulmonary discases (133). This is notewor-
thy, since the present United States Standard lor occupativnal expusure to asbestos is
in large part derived from reported recommendations designed 10 prevent asbestosis.”

DEATHS OF LESS COMMON MALIGNANT NEQPLASMS

larynx, pharynx and oral cavity and cancer of the Kidney. there wus stifl as excess of
cancer of other sites, with 184 observed, compared with 131.8 expected. TAsLE 13
pravides information concerning expected and observed deaths for a number of vther
sites. For some, there was no evidence of increased inadence, as with leukemia,
lymphoma, primary cancer of the liver, testes. bladder. Relatively small increases
were suggested for brain, skin, pancreds, prostate. The overall increase is of some
interest, especially in view of the known possibility of asbestos nbnls beng dissen-
nated 1o virtually all organs following inhalation or ingestion. AN e e long been
properly accustomed o sceking veriheation of incredases bevond chance expectation
CUstatistically signiticnt’™) e medence of cancers of detined sites This perspective
does not contradict the potental umportance of mote pencrdl INCTEases i1 Caneer
incidence of 4 larpe vanety of sites. perhaps not teaciiny (evels ol statistcal
sigmlicance in any one location but sull sicidime depnite nvreases of the averad
cancer burden of the groups investigated.

Apart from lung cancer, mesothelioma, sastrointestinal cancer, cancer of the
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MuL1IPLE CaNCERS

From a purely statistical point of view. in view of the increased incidence of cancer
of several sites among asbestos insulation workers. we w ould expect that a proporuon
of these men would sutfer mnultiple cancers simultaneously, even bevond the tendency
of such findings to be made among individuals with cancer. in peneral " Agaun this
would not be reflected in tabulations of causes of death by single unacrlving cause, s
is the usual pracrice. Analysis of our experience demonstrated one hundred malienant
neoplasms present but not caustng death (TaRLE [4). Sometlimes these addittonal
neoplasms were mentioned on the death certificate but us an “other signiticant

- condition,” not in the section on the underlyving cause of death. Forty were present

among the 1064 cases where death was due to causes other than cancer or asbestosis

Tascr 3
DEATHS AMONG 17,800 ASBESTOS [NSULATION WORKERY IN THE UNITED STAnty
anp CanaDa JANUARY 1, 1967 Deceumatr 31, 1976 ~8
NUMBER OF MIN [7.400
MAN-VEARS OF OBSERVATION 166,853

Observed Ratiowe ¢
Underlying Cause of Death Expected* (B (DCOY (BEY Oy
Total deaths, all causes 165%.9 AN 2271 1.37 1.37
Cancer. all sites 3197 993 922 3 288
Deaths of less common
malignant ncoplasins
Pancreas 175 23 49 132 281
Liver, biliary passages 7.2 s 19 0.70 268
Bladder 9.1 9 7 0.99 .77
Testes 1.9 2 | — —
Prostate 204 30 28 .47 1.37
Leukemia 131 3 15 .15 13
Lymphoma 20.1 19 16 093 0.580
Skin 6.6 12 N 1.82 1.22
Brain 10.4 14 17 1.33 1.63

*Expected deaths are based upon white mate age-speaific US. death rates of the US.
National Center for Healih Statistics, 19671976,

(BE): Best evidence. Number of deaths categorized after review of best available information
(autopsy, surgical, clinical).

(DC): Number of deaths as recorded from death certificate infarmation only,

{TARLE 15). Among the 168 deaths of asbestosis, cancer was also present in 7, 6 of
these being bronchogenic carcinona. Analysis of the circumstances leading to death,
however, indicated that the underlying cause was asbestotic pulmonary msuiliciency,
and that the lung cancers were present but with no decisive influence at the time of
dcath. Nineteen other cancers were present among the 486 deaths of luny cancer and
L0 other cancers accompanied the 175 deaths of mesothelioma. There were 9
“incidental”™ neoplasms among the 99 deaths ol gastromntestingl cancer Although
Cxperiences are so far limited, it may not be wholly unexpected that there were
propartionately more incidental neoplasms accompanying deaths of coion-rectum
cancer, compared 10 those of lung cancer (3.5% vs. 3973, One mav speculate that thes
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MORTALITY EXPERIENCE AMONG 17,800 ASBESTOS INSULATION WORKERS 1IN THE UNITED
STATES AND CANADA 1967-1976: OOBSERVATIONS IN 31271 CONSECLNYVE DEATHS

Malignant Neoplasms Present. but not Causing Death®

Site Number
Lung 24
Pleural mesothetioma 2
Peritoncal mesothelioma !
Esophagus 0
Stomach |
Colon iV
Oropharynx 3
Larynx ~& :
Kidney 2
Other 42t

*Twenty-one ol these neoplasms were mentioned on the deash certilicale (UL wefe aot

categorized as underlying cause of death}:
tincluding leukemia 3. lymphoma 3. bladder 3, prostate 13, thyroid, eic.
$1n 92 individuals; total includes multiple cancers in cighl cuses.

could be due to the longer clinical course of many patients with colon-recium cancer,
compared 10 lung cancer, with greater opportunity, simply in termis of time. 1 devetop
additional discase.

Multiple cancers were prese
insulation workers (48 of 2271).
to be the case aumong those for whom cancer was the primary cause of death (4.5
while only 3 of the 1276 other deaths had this inding.

From a chinical point of view, in the management of putients with asbestos-
associated disease, the potential for incidentad or multiple cancers is ol some
and awareness of the possibility may assist in both the diagnostic
individuals with history of signuicant

nt. overall, in 2.15% of deaths wmong these asbestos
Tt is perhaps 1 be expected that this was more axely
‘)

importance,
investigation and long-term surveillance of

asbestos exposure.

LAPSED PERIOD

d that most asbestos associated discase 1s first seen after
considerable periods from onset of exposurc in both occupational and environmental
circumstances. This is true both for the presence and extent of parenchyvmal fibrosis
and pleural librosis and for ealcification.™* and for asbestas-associated neoplasms.
Data obtained in this investipation now provide a more complete everview of this
sease in less than 20 vears trom onsct

It is now well appreciate

question. Broadly, we saw some Limited excess di
of exposure (TABLE 10}, Amung 12.6%3 men with such experience. covening 39,462
man-years of observation, the number of cancer deaths wis abeut dovtled. with 420
deaths expected and 33 vbserved. There were no cxcess deaths of gastromtestinal
cancer and only 3 deaths of mesathelioma, with these 1o the 1A 89 seurs trom onset
ar and sex speciic mortahity dat of the LS. Natonal Caacer tor

catepory. Age, ye
Lo Decapedted.

Health Statistics indicitted that 119 deaths ot jung vanver were
Thirty-six occurred. There were N dentins ol ashestusis
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On the other hand. extensive disease wus seen among the 12,051 men who had
reached 20 or more years from onset during the decade of studv. Here. 1376.0 deaths
were anticipated; 1946 occurred. There were 160 deaths of asbestosis and 912 of
cancer. It was at this time that bronchogenic carcinoma made its heaviest contribu-
tion, with 93.7 such deaths expected and 450 observed. One hundred and seventy
deaths of mesathelioma were then seen and the increase in gastrointestinal cancer
found. TABLE 17 depicts these data in some detail. in five-vear penods from onsct of
employment. Lung cancer data are given as both expected and observed numbers of
death. This practice cannot be followed for mesothelioma, where expected deaths
cannot be computed for the general population. Instead, we have provided data 1n both
number of deaths of pleural and peritoneatl mescthelioma. as well as in terms of
number of deaths of these causes per thousand persons years at risk. The latter does
not 1ake into account variations in achieved age, but this may have less intluence than
achieved duration from onset of emplovment. It will be seen that very major increases
in numbers of deaths of lung cancer are first scen at 15-23 years from onset of work.
with continued further increases. The exiraordinary increase in deaths of mesothe-
lioma, both of the pleura and the peritoneum. is not abserved until somewhan later.
reaching 2.78 deaths per thousand person-vears at risk for pleural me?®helioma at
35-39 years from onset of work, and 5.47 dcaths of peritoncal mesothehoma per
thousand person-years at 45+ years from onset.,

In another reflection of the clinical concerns among these workers, TasLe 18
indicates that approximately one-third of all deaths were due to lung cancer at 3¢-34
years from onset, while mesothelioma accounted for |3% of ail deaths at 35-34 years.

TaBlg 1§

MORTALITY EXPERIENCE AMONG 17,800 ASBESTOS INSLLATION WORKERS IN THE LINITUD
STATES AND CANADA 1967 21976 OBSERVATIONS IN 2271 CONSTCUTIVE DEains
NUMBER OF INCIDENTAL MALIGNANT NEOPLASMS (NOT CAUSING DEATHY IN RELATION
70 UNDERLYING CAUSE OF DEATH AS EsTABLISHED 8Y BesT EviDEsee (BE)

[pcidental Maiignant

, Neapiasnis
Number of P

Deaths of _'\0 of Totl

Underlying Cause of Death Urderlving Csuse Deaths Cuncers
Cancer all sites - 995 45 30
Cancer of lung 436 17 19
Pleural mesothelioma 63 4 4
Peritoneal mesothelioma 112 5 6
Cancer of esophagus 18 1 i
Cancer of stomach 22 3 3
Cancer of colon-rectum 59 S 3
Cancer of larynx 1 0 0
Cancer of pharynx, buccal cavity 21 2 3
Cancer of kidney 19 0 0
All other cancers 1%4 8 9
Noninfectious pulmonary
diseases, total 252 10 o
Asbestosis 163 ? kN
All other causes 1064 37 40

Total 2271 92 100

*Six of these were lung cancer.
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DiATks ASONG 17800 ASHSIOs INSULATION WORKERS 18 THE UNiEED STATES AND CANABA JANLARY I, 1967 Drcrmeer 31, 1976,
ASATYSIS BY DEration sroM Onser oF EserovausT

Before 20 Years [rm Onset 20w More Years from Onet
Tutal Men 11,683 (2050 °

Mai-years of Observation 89,462 71391
Observed Rutivofe Observed Ratio a/e

[ ndeslying Cause of Dexth Expected®  (BE) (DC)  (BL)  (DC) Expected® (B} (DC) (B} (DC)

Tutal deaths, ull causts W PSS LIE LS 10 46 1946 LA L4l
Cameet ity 426 00 15 18l Ml 91 #4539 308
030 2 937 40 T 480 4N
) - - " SR I -
0 - - 0 M -
0

[
o

Catcer of lung g
Pienral mesothelioma i
Peritoneal mesothelionny t
Mevihehoma, .05, f
{arvet ol esophagus 0.6
Cabeer of stonwach 13
(Cancer of colun-rectum 41
Caneer uf larynx
{ wneer of pharynx, bueedd
{aner ol hidney
Allather caneer

Nanlec o pulmenay discitses, okl

{

t 0 M -
6 17 17 164
17 2 163
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*Facled deaths are based pon white male apeapestiic LS. death e ol the LS. Nationial Cneer for Tl Sietities, (967 1936
U e e ot avaiboble, bu hese have been rase cagses of death i ihe generad popuniian
(B Bl esdence Nuntber of deaths categarized alter resiew of best availble information frutapsy  sutgial, nieal)

1605 Number of deaths o recurded from death certihicat mlarmaton only,
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Deathis Avong 17800 AskestoS INSULATION WORKERS IN UNITED STATES AND Canaba, JANUARY L, 1967 DEcemner 31, 1976.
'f\T\'«\l‘YSIS BY D('RATLO.\‘ 'ROM ONS["F ar E.\IPI OYMENT

Lung Cancer Pleura! Mesotheliona Peritoneal Mesothelioma

No,/100) No 1100

Personsyears . Persun- Persin-
' Observed Ratia /e Nunmber \

Dorations from Number of years A
Onset (Years)  of Men Observation  Exp® (BE) (DC) (BR) (DC) (BE) (DC)  (RE) : ' (BE)

i 5,190 209 0.7 0 — i ( i
[0-14 ). ()63 i3 2] 7 285 182 Q )
1519 9,948 1 66 8.3 Y 401 006 ] N
0N S U L S N N YA ¥R B 019 010
359 69 sl N4 WS %6 300 4K 063 09
W 3 X E R T ST W VL 1) B Y/ B 0.8 L
1539 WS DS 65 5 S WIS 178 332
10 4 A S B R 127 506
45+ 1448 5,308 178 £9 53 389 1 4 264 V47

b
¢!
4
!
0

I N T -1
e N e toa

Fapeeted deatls are bused upon white male age-specific 1S, dealh rates of the LS. Natuea Center for Health Statisties, 1967 1996 Snoking
Faats nat tiken nlo aceount.

{81 Best evidence, Nember of deaths categorized after review of best avaifable tsfarmaten fatopsy, surgical, clinieal)

{DC): Number of deaths as recorded from death certificate information only.
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: TasLL 18
DEATHS AMONG 17.300 AsArsTOsS INSLLATION WORKERS IN THE LU MITED STATES AND
Canany, JANUARY b 1967-Decivsrr 310 {976
ASALYSIS BY DURATION FROM ONSET OF EMPLOYMENT

Percent ot Al ealhs

‘ Mesothelioma
, Lung
\(c);r:cirgfm Total Cancer Pleural Peritoneal Total
Employment  Deaths  {BE) (DCY (BE) (DO (BEy (DO BEy DO
<10 3 0 0 0 0 0 ¢ u Q0
10-14 85 82 39 .0 0 0 N 9
15-19 80 153 1+® ) 1 e G 16
20-24 320 184 178 19 13 09 s iy 23
25-29 38% A I AR P39 0y <3 <2
30-34 T30 19 03 1T 0y 6% 1% i 5.5
35-39 233 237 s s9 1e 1S o 11 <9
30-34 203 17 153 200 1S §9 3 o 6.4
45+ 142 (6 120 3> 09 66 1 G- 41
Total R 34189 s 1 4y I - 16

*Totat inctules mesothetioma not specihied as either pieural or pentoncai.

{BE): Best evidence. Number of death categorized after review of best aviiathe wformation
(autopsy, surgical, chacal).

(DC): Number ol desths as recerded [rom death certiticate information oaly.

Allogether, lung cancer was responsible for 2177 of all deaths observed by us in this
cohort and mesathelioma for 8%,

INVESTIGATION AND CATEGORIZATION OF CALSES OF DEATH

It is widely known that causes of death as recorded on death certificates may be in
errar and thal, even when accurate, these may be coded with wonsiceranle variation
among different agencies, despite the cxistence of agreed upon international ruics and
recommentations.”” Yet death rates based upon lirge series of causes of death as
recorded on death certificates are nevertheless useful, and are widely utilized. This
distinction. however, leads 1o the understanding that comparisons between observed
causes of death and those expected from national or local “death rates” should not be
considered in rigid exact terms, especially when considering the mortality experience
of very specific groups. For these, there are no perfect “controls™ that would tuke into
account their age distribution, ethnic derivation, smoking habits, econonue circum-
stances, prior personal and social history, and so on.

The ratter is further complicated by the fact that deaths 1w the general
population, which provide the basis for established comparison death rates, are not
verified by investigation or exanunation of available daty concermng the <ircum-
stances associated with the deaths. OFf course, one ny cleet to treat the deathsn the
study population in exactly the same way, with 10 dUempt o review date other than
that recorded on the death certincate, axphlictly aceepuine » hatever errers mieht exast
in causes of death recorded aod impliaitiy hopig that wbateser errars cunt are verd
much the same n the two sets ol data, dedths m the veneral popuiaton snd thase in
the group undee invesingation. Certanly T Ll meihod i e el per. ittt
less Lime consuming.'®
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But this approach has & number of drawbacks. First. where the distribution of
causes of death in the group being studied is dilferent than that found in the general
population. one may expect that the distribution of inherent ¢rror might also be
different. Second. data may be available which can shed much light on the causes of
death under investigation and not inctuding such information permits the risk of
reporting results which are simply inaccurute. 1t is perhaps madequate comiort to skirt
this difliculty by clearly stating that only death certificate diagnoses are reported; this
only gives the reason for potential inaccuraey. There,are aiso technical issues, and
these are of particular concern among asbestos-exposed groups, in the sixth. seventh
and cighth revisions of the International Classitication of causes of death. There have
been no clear categories for the diffuse malignant mesothcliomas of the pleyra and
peritoneum which occur, and while some improvements have been made in the ninth
revision now being introduced. we 'ear that these will still not resolve the problem.

Just as there are no perfect controls, there 15 aiso ny single perfect solution, and it
is unlikely that there will be such in the foresceable future. especrally $®ce data
available lor ascertainment of cawse of deatls. even when investigations during lfe and
at autopsy have been undertaken, are not atwavs complete and are surely not uniform.

Taser 19

MORTAUITY EXPERIENCE AMONG 17,500 ASBESTOS [INSULATION WORKERS IN THE
USITED STATES AnD CANADA 1967-1977 OBSERVATIONS IN 227t CONSECUTIVE

DEATHS WITH UNBERIVING CALsE at Diath COnEn ACCORDING TO D ATH
CERTIFICATE INFORMATION ONLY AND ACCORDING 10 BEST BEvioesct

Death Best
Certiicate Evidence s of
B Lt I
Underlsing Cause of Deuth Expected No vie No. e Evidence
Cancer all sites 9.7 922 288 995 3.1 93
Cancer of lung, 105.6 29 3006 86 1.60 38
Pleural mesothelioma t 25 — 63 40
Pentoncal mesothelioma t 24 — 12 — 21
Mesotheliona, n.o.s. 3% - 0 —
Cancer of esuphagus 1y 253 IS 2383 100
Cunceer of stomach s 120 22154 82
Cancer of colun-rectum 38152 3155 9%
Cancer of larvnx, pharynx,
buccal cavity 14.8 25169 32 216 78
Cancer of hidney 3.1 ig 223 19 236 9s
Cancer of prostate 2004 28 LY 0 147 Y3
Cancer of bladder 91 o0 9 0YY 7%
Cancer of pancreas 175 49 2.8 23 LR 213
Caneer of liver T2 19 263 S 0.7 180
Cancer of brain 10.4 700 1S 121
Noninfectous pulmonary
thiseases, tolal 390 188 3.19 212 33y 89
Asbestons t 78 - 16X . 46
Allother causes 1talr 0.9 1064 O K3 109

e oS Natonal

*Expecied deaths based on white maic age-speciic |
Centee lor Heaith Statistics, 1967 1976

TRates notavalable. but these have heen rare Catses of deth in the peneeat poptlition
(BLD): Best evidence. Number of deaths Catesorized atier review ol best.oilbibie avrorm s hion
EDC): Numiser of deaths 2s recorded Jrom deatn certticate iInforaaton only
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We have clected 1o approach this problem by providing data in more than one way.
including causes of death as recorded on the death certiticate in our cases. tor
comparison with “expected” deaths based upon the data of the €S, Natonal Center
for Hcalth Statistics, as well as causes of death established after detailed review of all
available information. Such data were retrieved in 1961 of the 2271 deaths. However.
detailed information was not equally available for all categories of causes of death.
This was 10 be expected, in the naturc of things. As a rule, the best available
information for establishing the causc of death was considered 1o be autopsy Hndings.
with pathological information derived from surgical intervention next, and. io therr
absence. clinical and roentgenological abservations made during iife. particularly in
the period before death. Where no such details were avadable, the cause of death as
recorded (rom death certiticate information was then utilized. Among the Y93 cases of
cancer, we were required 1o depend upd® the death certincate alone 10 oniv 28, with
other information available in 967 cases (977). In ail 175 cases of mesothetioma.
surgical and/or autopsy findings were uulized. We depended upon deatn ceruncate
information alone in 10 of the 4%¥6 cases of lung cancer.

Similarly. in 166 of 168 deaths of asbestosis, informagion wis available 10 addition
1o the death certincate, leaving dependence of the latter in only 1%, In contrast. tor
causes other than cancer and asbestosis, additional information was avaiiadie in only
three-quarters of the cases. Analysis ol the distribution of deatns within tins category
showed that this was by no means unexpected. Sudden death attributed to myocarasal
infarction or cerebrovascular accident is vlften not further investigaed nor need
clinical abnormalities have preexisted. 1t was therefore no surprise that in 136 cases
the medical attendant or the medical examiner warranted such death certincate
diagnosis without other information being available. It would seem ditticult to avoid
differences in quality of ascertainment. under such varied circumstances.

Analysis of our data suggests that, by and large, death certificate dingnuoses were
nat far off the mark. This speaks highly for the diagnostic acumen and quaiity ol care
provided Lo these men by their medical attendants. Cancer as the underlving cause of
Geath was indicated by the death certificate in 922 instances compared with 938 s
sategorized after considering all avaidable information (TaBLE 19). The specine
diagnosis of cancer of the fung and cancer of the several sites of gastrowmntesuinal
cancer, as well as cancer of the larynx, oro-pharynx and kidney was also generally well
predicled by the death certificate diagnosis.

In a number of instances, however, there was important disparity between causes
of death as recorded on the death certificate and those judged to be the case after
review of zvailable clinical and puthological material. This was true for pleural and
peritoneal mesothelioma, asbestosis, cancer of the pancreds, primary cancer of the
liver. cancer of the brain and chronic obstructive lung disease.

In 49 cases, cancer of the pancreas was listed on the death certificate as cause of
death. Only 17.5 such deaths were expected (TasLe 1), 1 we were 1o 2ecept cause of
death as listed on the death certificate to establish the “observed™ number of deaths
for this discase, we would have to conclude that cancer of the pancreas 1s sipmiticantiy
inereased as a cause of death among asbestos insulation workers. But this 1s not the
case; when all available material was reviewed, it was found that oelv 21 deaths
contpared with the 49 so cateporized vn the death certinicate were due to cancer ol the
pancreas. Faur were the resull of metastatic lung cander., 13 were 1ound un review ul
histological maternad 1o be ciases of peritencad mesothehot and © were best eategor-
12ed as abdommal carcimonia, prunary site not estabinbed. Twowere due to canver of
the colon. This 15 not o sav that we ave esiabbished that there o o mcreased
incirdence of cuncer of the puncreas mone sbestos warkers 0t s possandle there s
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computation of “expected™ rates for cancer ol the pancreas since 1t may well be that
some of the ¢ascs so categorized in the general popnluation from which the expected
rates were dertved. might reaily be instances of fung cancer, colon cancer apd ever,
perhaps, peritoneal mesothelioma. Since these deaths in the zeneral population have
not been investigated 10 verify death certmicate cause of death, 1t is not possible o
know whether such inaccuracy exists, nor its degree.

Asbestosis was another example where categorization by death certificate would
be misleading since only 78 deaths of this discase were so caleporized compiured with
168 after review. A variety of other diagnoses were otlered in the discrepant cases.
primarily those of “chronic obstructive lung discase.” or other noninfectious respira-
tory discase. acute infections, and. in two cascs, cancer of the lung. It was of interest
thatin |16 of the 97 cases called asbestosis after review but 1n which asbestosis was not
listed as the underlying cause of death. it was mentioned on the death certificate under
the rubric of “other significant conditions.” In 129 other cases. asbestosis waus again
mentioned on the death certificate, but not as unaeriving cause of death. Altoecther.
asbestosis was mentioned in 230 of the 2271 death certiticates.

In 7 cases. asbestosis so categarized by death certificate designaoed was
reassigned to other categories after review, with death found duc to lune cancer in 3,
peritoneal mesothelioma in one and myocardial infarction in another.

Accuracy ol diagnosis of mesothelioma, and its being recorded on deathv certiti-
cates, is a special problem. First. there are the ditficuities and subtleties of patholog-
ical diagnosis, of particular importance when cases of this neoplasm are seen '
throughout the United States and Canada by pathologists with varied expericnce. ’
Somctimes. there is the added difliculty of extenging the pathological disgnosis to the
death certificate, not infrequently compieted by a physician who may or mav not have ‘
been the regulur medical attendant and fuily cognizant of pathological iadings: to this
could be added the problem occasioned by the fact that the death certificate must i
often be completed belore there has been full consideration of pastmartem tindings.

When these ditfer with the death certificate diagnosis. an amended certiticate is ! by
expected to be filed. In our experience, this is rarely done. When to these are added the { Iy
administrative uncertainties and insecurities of classification, it s not surprising that

only about onc-quarter of the deaths of mesothelioma in this serics were correctly

recorded on death certificates as pleural or peritoncal, although 104 of the 175 cases

were recorded as “mesathelioma.” even if not with fuil details.

We are presently analyzing the 175 deaths of pleural and peritoneal mesothelio- \
ma, and the results will be reported. In 108 of the 112 cases of peritoneal mesothelto-
ma, surgical and pathological material was submitted to us far review and this was the
case as well as 61 of the 63 pleural mesothchomas (96.5% and 96.8%).

The association of pleural and peritoncal mesothehoma with prior asbestos
exposure is so striking'? that it is not surprising thar overdiagnosis might now
sometimes occur. We found such to be the case in this study. In 8 cases 1n which
mesothelioma was recorded as underlying cause of death on the death certiticate,
review of the histological material showed the diagnoss to be other than mesothelioma
(cancer of the tung in S cases, metastatic carcinoma in 1 and Wegener's granulomato-
sis involving the pleura in another). In the eighth case, pleural mesotheiioma was
present but was not the cause of death, which was better attributed o concurrent
cancer of the stomach.

Where mesothelioma appeared as the diagnosis on the death certiticate, depending
upon the exact phrasing used. this might be coded n the cighth revision of the
fnternational List in catepories 1589 (mabignant neoplasm of pentoneuwm). 1630
(malignant neoplasm of pleurit), 197.0 (secondary malignant neoplasm ol jung). 193.0
(mahgnant ncoplasm of abdomen), 198.9 {secondary inihignant neoplismy, sapecined s
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secondary). 199.0 (multiple malignant neoplasm  [carcinomatosis. disseminated
cancer!). 199.1 (malignant neoplasm without specticaton of siie) wnd, not infre-
guently, 228 (benign ncoplasm of other and unspecitied organs and tssues). There 13
at the moment no reliable way 10 extract (he numbers of plecral and peritoneal
mesotheliomas from death certificate dia categorized and recorded by heaith
statistics agencies in Lhe past. using the several revisions of the lnternational
Classitication of causes of death,

We might add that, overall, pathologists’ dixgnoses were much more accurate than
death ceruficate characterization of causes of death would lead one to beiieve. This
again bespeaks a high'degree of competence on the part of pathoiogists in the United
States and Canada (we are aware, of course, that diagnosuce suspicion may be
increased in those instances in which it is known that asbestos exposure had occurred.
as with individuals among whom accupational history indicated such exposure: this
could perhaps have accounted for some of the over-diagnosis). FHowever this might be,
it is clear that a problem exists in translating the information obtained in pathologicut
study to the death certificate diagnosis. av@ell as 3 proviem of subsequent coding of
the stated cause of death.

CONCULLSIONS Ve

Asbestos insulation workers in the Linited States and Canada sutler an extraordi-
nary increased nisk of death of cancer and asbestosis, associated wuh their employ-
ment. This includes increases in death of lung cancer, pleural mesothelioma. perito-
necal mesothelioma, cancer of the esophagus, colon and rectum, cancer of the larynx,
ora-pharynx, kidney and perhaps stomach. Some increases were seen 1n cancer of
several other sites, as weil, but data are inadequate at this thne to permit characterza-
tion of their signiticance, although attention is called to such wider crease.

Little inerense in cancer deaths, nor of asbestosis. was observed in less than 1319
years from onset of exposure. In general, the period of lutency between onset of
exposure and death was 2, 3, 4, or more decades. Large increases 1 lung cancer
occurred at 15-35 years from onset while pleural and peritencal mesothelioma showed
their greatest inadence somewhat later. Under the conditions of exposure which
obtained, the period of clinical latency for asbestosis was atso prolonged and in many
cases was 30-30 years or more from onset of emptoyment. 1t wouid appear that in
studies of the cticcts of such asbestos exposure il would be advaniageous to analyze
the cxperience of exposed individuals in duration-from-onset CXPOSUIe categories, with
particular reference to durations of more than 30 vears. If this is not done, the risk is
run of obscuring the neoplastic etfects of asbestos cxposure by the ce-mingling of later
deaths with those which may have occurred much carlier and which would be much
less likely to have been influenced by asbestas exposure. In the same way, studies
should include, whenever possible, the opportunity for observation of the mortality
experience of the individuals at risk at least 30-35 and preferably 40 or inore vears
from anset of their cxposure. Again, unless this is passible, only the very himited carly
effects will be identitied and the full import of the exposures mav not be appreciated.

Our expericnees demonstrate the advintages of review of all available intormation
concermng the circumstances assockited with the deaths that vceur. Depending
eatirely upon death cerificate diagnosis can tead 1o CITONEDUs [¢parts ol causes of
death, a problem that can be mitigated by CHATACICNIZENE Caliaes o deati aecardie to
the best available information. Using this approach, we found that e APpUarent
increased ncidence of cancer of the IRENCTCAs aisongt astestos mnsuliion workers,
indicated by death certilicate dignosis, hid oot realhy et and that muany so
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Selikolf er al.: Morwality of Insulation Workers M
designated were duc 10 other causes. The same was found for primary cancer of the
liver and cancer of the brain, both of which would have been considered ol increased
incidence using solely death certiticate diagnosis. but were not so estabhished followiny
review of histological material. This, of course. could well be vnticipated with
exposures Lo agents which increase the risk of neoplasms known to metastasize to these
sites {bronchogenic carcinoma. pastrointestinal caneer).

Our experiences do not indicate that the addition of amosile asbestos exposure
during and after World War 1l to the chrysonie asbestos exposure which existed
before then, and which continued. demonstrably ahered the nature of the asbestos-
induced discases which resulted. nor their extent. Further, linited experiences sugeest
that asbestos insulation emplovment begun 1943-1962 carried the same type of
tong-term risk as that begun before that time. We have no information concermng the
nature or extent of risk among insulation workers whose employment began alter
1963.
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