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. Mortality Pattern in a Cohort
of Asbestos Workers

A Study Based on Employment Experience

THOMAS F MANCUSO, M D and ANAS & EL-ATTAR, M B, Cu 3. Sc 1), Pittsburgh, Pa.

{ Y N PREVIOUS PAPERs, the basic epidemiological
) I approaches to the study of industrial popula-
8 tions, demographic and cohort, were discussed,
* and their potential contributions and limitations
. cited."'** Recently, we have considered several
 facets of long ferm studies. the dynamic
] changes of a cohort and their influence on the
- -statistical evaluation of a cohort’s progress and
observation over time, and the concept of the
. successive cohort approach.* 7 In these studies,
y our objectives have been to improve on the
: methods of studying industrial populations over
long periods of time and to cast some light on
particular aspects of the occupational hazard tor
k. the population at nisk,
.‘ »». The purpose of the present paper is to carry
rout these objectives pertaining to methodology
by introducing an egsential refinement—the
haractefistic of “duration of employment”—to
St the cohort studies established through the same
i . national resource (Social Security records ), and

[« to- determine what relationship exists between
' —v-———‘—-—-—-—.
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warkers exposed to ashestos and spectfic causes
of death

For epidemiological purposes, the queshon
15 what combmation of resources and methods
can be brought to bear, 1n the absence of com-
pany data, to establish long-term epudennolog-
1cal studies of mdustrial populations, and to ap-
proviate em wonmental exposure and the de-
gree of 115k for the population under studyv. In
the epidemiological evaluation of environmental
exposures, duration of employment, length and
continuty of exposure, and provision of some
consistent measurement of employment expo-
sure over the vears constitute the imtial broad
separation of the population under study and a
method of defining the population more likely
to be at risk. This measure of risk—duration of
employment—was not included in our earher
study® because such data were not available at
that tyme, Sinece then, following esploratory ef-
forts which adhered to the policy of the Social
Security Administration to safeguard the confi-
dential nature of the data, arrangements were
completed to obtain nformation on duration of
employment on a statistigal basis for gach mem-
ber of the cohort.

The principal hyvpothesis being tested 1s
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whethet the duration of cumulative employ-
ment experience among workers in the asbestos
products mdustry 15 related to an ncreased
mortahty rate generally for all causes of death

and particularly for specific underlving causes-

of death.

Wagner, m his pioneering observations of the
relationship between mesothelioma and ashestos
evposure, focused attention on the biological
effects of asbestos, which study has served as a
basis for international research and effort per-
taming to experimental pathology and epidemi-
ological studies.”® The importance of duration
of emplovment in such epidemiological studies
(for evaluating the strength of association be-
tween ashestos and malignancies in longitudinal
cohort stuchies) has been well recogmzed by pre-
vious investigators Unfortunately, this tvpe of
information has been quate limited and not gen-
erally available. consequently, there are only a
few cohort 1epoits on ashestos in the literatare
which include some tvpe of reference to dura-
tion of employment. Further, n each study,
officral vital-statistics data of the general popu-
lation of the country, state, or countv were uti-
iized for control purposes. The liputations of
the wve of the general population for contiol
purposes has been recogmized 1

Dallt defined and observed a cobort of men
caploved moscheduled jobs i an ashestos tex-
tile plant who had been emplosed for 20 vews
o more i the wame plant  He concluded that
the avcrage Inng-caucer risk was i the order of
10 times that espenienced by the general popu-
lattion and that the 1k had becone progies-
siveld fess as the dwation of employment en-
postre under obd dusty conditions - decreased
{ follow g the mstitution of cettam 1egulations
and continl meastues at o g en pont tie )

These obsern ations were tinther substantiated
by Knon et al i a contmuation of this basie
studh 7 which ievealed o dedieased lung ean-
et 1sh sibsequent to that pomt i time (1933)
In this manner. the observation ot the effectine-
ness of the eovanonmental contiol measmes, 1o
the deciease v ashestos CAposiue u\uitmg L
the decrease at Tung cancer, angmented data on
the previously established direct assoctabon be-
tween lung cancer and asbestos exposwe

[t- was abo appaent from Kuoy and Doll's
obsenvations that the cffectiveness ot the emvi-
roranental caontiol measures at vatious penods
conld have .« mitluence i testing onr proposed
livpotheas Tt s evident that 4 10-vear penod
ot cinplovinent esposire i the ashestos mndus-
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try during 1920-1939 would be completel
ferent from that of 10 years of employm
the same plant during 1940-1959, This was ]
of the essential reasons for using the genex
cohort method for testing this hypothesis,-

Braun et al,'* in their study of asbestos mi
in Canada, establ:shed a cohort at a given polil
in time (1950), the members of which had;
more years of previous employment; the inv
gators observed this cohort for a period of
8 years. The cohort composition was char
terized by varying lengths of employment
they related to other factors such as smokin
and weighted-exposure categories. An analys
of this study has been made,’® citing the inher: -5
ent limitations and the lack of justification f
the negative conclusion derived.

Mancuso,* through the use of 1938-39 Socxal
Security records, established a company cohortu
of asbestos workers who were observed to mid- 45
1960 In this study, the need for data by dura--g
tion and the development of more appropriate
controls for industrial cohort populations were-3)
expressed and served as the basis for the present#§
studw h

Sclikoft et al ' utilized union records to es- -
tabhish a cohort of msulation workers as of 1943,
mn which group the elapsed time from initial |
oxposure was the essential criterion, character- -78
g the cohort as those with a history of 207738
vears ur longer since the first exposure to asbes- g
tos dust The consistency of employment for
this oceupational trade group has been histort-
cally reflected in the cypression “once a pipe -
coverer, alwans a pipe coverer.” Consequently,
the duration of cmiployment may have been
ertensive

Enterline,’? ntilizing the Social Security ap-
proach, established an industry cohort, consist-
mg of a number of the ashestos-products plants,
of workers who were emploved at some time
duing 1948-1951 and observed to mid-1963. -
Cohoits were established in the same manner .
for cotton testile plants, which together with
the specific death 1ates for the US were uti-
lired for comparable purposes Enterhine far-
ther cited the difficulty of wmterpreting findings
in the absence of data on duration of employ-
ment. and the hmitations of the Socal Security
data for this purpose. \We have been able to
mercome these problems in the present studv

The present study constitutes an application
of the observations denved from our explora- i
tons t methodology of study ing industnal pop-
nlittons [t chifters from pevious prospective




" Yol. 9 No. 4
 Apnl 1967

asbestos studies m the bawe utilization of a
generation cohort and mteinal conttols, with
gradient levels of employment as assesssed
through Social Secuiity recards

The problem of “adequate contiols has been
a major obstacle m mdustnal health studies and
is further accentuated w prospective longi-
tudinal studies covermg a pertod of many vears
This problem, too. has been considered in ow
present study.

The primary emphasts and dnection of the
cohort study was to

I Demonstrate the method of utthzing au
internal control wiath a geneiation cohott, ac-
cording to age and specihe levels of employ-
ment experience for a company under study (as
¢ derived from Social Secuuty data)
./ 2 Evaluate the effects of duration of cumu-
lative emplovment experience on the motahty
4. pattern of workers exposed to ashestos, specifi-
2> cally in relation to mahgnant neoplasms, cai-
2. diovascular diseases, and usbestos:s To our
> Jnowledge, the present study 1s the fust report
to provide such essential data peitaimng to all
B gradients of levels of duration of cumulative
. employment experience in an asbestos mdustry,

a well-defined “total” population at rik, fol-

% lowed for a long peiiod of time (24.5 years)

P which a generation cohort method and internal
‘Gontrol 1s used.

.- The study was conducted m the same manner

as the previous ashestos study® in the establish-
“ment of the cohort for 1938 and 1939 through
S_oc1al Security records, the method of follow-

. Data pertaining to sex, color, year of birth,
date of death, and a complete emplovment his-

g;fditional data made it possible to classnfy the
;population by sex, age, and cumulative employ-

ge, cumu]anve duratlon of employment and
gars of observation in a long-term cohort study
discussed in a previous paper) were considered
i.the computation of person years and analysis

B34, the data.
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Age

The cohort was classthed 1 age gronps o 13-
24 2544, 43-64. .and 63 and over. The date
for which the age-specific death rates were cal-
culated was the date at death, for the age at
entiance generation method. the age was calen-
lated as ot 1940 The lmitations and metits of
the vanous methads of comparons, age at
death and age at enbance,* seived as o basis for
om selection and classification of the prescut
cohort v age at 1940

Cumulative Employment Expericnce

Fach ses-age group was classthed according
ta the cunmlative emplovment evperience they
acquued dunng the perod 1938 thiough nud-
1964 mto the followmg 3 levels

btz e Lanplagment capegiesne

caiplayaient 1o periirg (ur)
| 0120
11 21- 70
1 Ti-120
v 121-170
\ 17 1=27 5"

Death 1ates for the sclected underhy mg causes
of death were caleulated for each sex-age level
of cumulative employment experience and for
Level Ul through V combined

Development of an Internal Control

In the present study, emplovees of the 1938
and 1939 cohort who had a cumulative employ-
ment experience of 2 vears or less during the
period 1938 to mid-1964 were selected as an m-
ternal control.

Average annual death rates for emplovees
who had a cumulative employment experience
of 2 vears or less (Level I} were computed by
sex and age group. For each sex and age group
of employees having cumulative employment
experience of more than 2 years (Levels Ii, III,
ete ), the expected number of deaths was de-
termined for the selected specific underlying
cause of death by applying the average annual
death rates of the employees having cumulative
employment experience of 2 years or less for
that age group. The standard mortality ratios
{SMR) were caleulated based on the observed
and eipected number of deaths due to under-
lying selected causes of death for age at death
and age at 1940.

Siie s cuuea s ' viment experience for an em-

ployee who wus alise by mid-1964 and has a continuous
eraployment 1 the asbestos plant smce 1938 1s 275 sears

.
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Characteristics of the Cohort

The ashestos plant had onlv white employees
m the vears the colimt way solected, 1438 o
1939 ( Table 1), About 5% ot thea were e
The age compartson showed o conmdenible
mmber of voung emplovers Specthieally . mone
E than two-thirds of the emplovees mthe cohort
m 1938 o 1939 were w the age @oup 13234
vears 1940 Durmg the penod 1938 to -
1984, the cnmulative emplovment capernence
F classified by sex and age at 1940 tor the cohont
population 15 illustrated - Table It was
noted. for examply, that about 234 of the male
employees were m Lesel 1380 were i Lesel
i, and 477 were mothe combmed Levels HI
IV, and V of cumulatin e employnient experience
| the asbestos plant
. Dunng the penod 1940 to und-1964. thaie
kf, were 330 males and 31 fenaales 1 the plant co-

din ¢

oot

o

hort who died, excluding 4 war casualties
death at sea, and 6 deaths duning 1938-1939.

The distribution of the mumber of deaths by
level of cumulative cmploviient evpenence
among the cohort population 1 dlustrated
*Table 1 For all levels of comulative emplos-
-ment experience, there were 330 deaths (26 6¢)
j.in @ total male population ot 1263 and thete
were only 31 deathy (13.6%) umong 228 total
female emplovees

ornlasms of digesthy ¢ orgasis and 1w Fibian am sen

In our study the cohort population tepie-
% sented the combmed cohoits of those employed
B in 1938 and those whose first emiployment was
recorded by Social Secinitv as bewg in 1939
nformation was not avalable to characteiize
the members of the cohort by first employment
i, the plant prior to 1938 and this, consequent-
y, deferred any analysis by the successive co-
port method"’ Howeve:, i our preliminary

gerence. The 1939 cohort employees, repre-
nting mostly new employees, sustained a low-
. mortality for all causes ot death and for the
cted specific causes of death under study.
f the total 1265 male emplovees in the 1938~
3 cohort, there were 328 male employees

; 'at belonged to the 1939 cohort, of which there

.hludmg 2 deaths caused by malignant neo-
laSms of lung, trachea and bionchus and none

MANCUSO & EL-ATTAR 133
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deathy mdindmg 31 deaths due (o asbestosiy
and 33 deaths due o mahigiant neoplosns ol
the hine trachea and broncloe

I essence the hettar sinvval tor those of the
1939 cohort and the ohsonvation that pove of
the e of ashestosis ocamad anwony thos
whose tecords appeared w1939 as recmded
Soctal Secnrite when conrpared to those whos
vccords appeared e 19385 could be due to e
wlnence ot previons emplosinent puom to 1935
e the same plaot amonye the 1935 coliort and
alvo because of the effectiveness uf the cinnons
nental changes and mmprovomonts e sbse-
<|lu,llf LS Therelote om ()I)\u\.(hmm [RITERE
duction of ok althoogh Tnomted e awree-
sment wath the ohservations idicatod by Doll
aud Kunov et al -t

The subseguent fimdmgs (o tollow |-
fate to the combied 193839 cohort of empioy -
ves of the ashestos products plant Tuble 2
charactenizes the mnuber of deaths by the ane-
derlvimg selected canses of death s noted In
sevand fevel of conpdatsve cuplovisont expene-
ence nong the males there wore 33 malig-
nant timors ot the ling (424 of 4l mahanan-
aey). of which 3 ocemed w Level £ (0 1-20
cumitiatine vears of emplovment)  OF the 43
deaths due to respnateiv discase, 31 deaths
were due to asbestosts For the lemales thee
weie 11 deaths due to mahgnant ucoplasms and
of this group 6 (34%) were due to mahgnancies
of the lung (one was in Level 1), and all of the
S deaths due to respiratory disease were due to
asbestasts - Thete were 8 mahgnant neoplasms
of the peritoneum andjor mesothehoma, 1den-
uficd i the 330 male deaths of all causes, 1 of
which accurred i Level I Table 2 provides the
imtial distribution and mdication of the nflu-
ence of dunation of employvment  As was seen in
Table 1, the age group n each corresponding
level varies and consequently influences the ob-
servations ielative to duration of employment
and specific causes of death

Table 3 applies the average annual mortality
rate by age and undeilying causes of death of
the mteinal control (Level 1) to those with
cumulative years of employment esvperience of
more than 2 vears (Luvels H-V inclusne), and
as such provides an “over view” of the mortality
patterns of the cohort, without relating to spe-
aific levels of employment It must be borne in
mind that the internal contiol (Level 1) is a sub-
cohort of the same cohort population and differs
only in hemg charactenzed hy the shortest
duration of cumulative years of employment ex-
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134 MORTALITY IN ASBESTOS WORKERS

penence (2 - © lse) n the ashestos indus-
trv during 1938 to mid-1964. In Table 3 the
mortality rates are calculated by 2 methods-
(1} age at entrance, the “generation cohort ap-
proach,” and (2) age at death, the “usual age
specihe death rates.”

In Table 3, the SMR calculated by age at
death and age at entrance :llustrated higher
values as compared to the control. Most of the
observed additional deaths were due to malig-
nant neoplasms (specifically those of the lung,
trachea, and bronchus, the digestive organs and
pertoneum, and abo “unspecified mahgnant
neoplasms™), diseases of the cardiovascular sys-
tem, diseases of the respiratory system (specifi-
cally ashestosi), and diseases of digestive sys-
ten)

The SMR and average annual smoitahits 1ates
tor ages 23-44, classified by age at entiance,
was much hugher than the age 45-64 for malig-
nant neoplasms ot the digestive migans and of
the lung  This difference wias more marked for
mahigmant neoplasms of the lung for age 2544
and was 10 times that of the contrel group.

For the age at death, the lnghest 1ate tor lung
qancer occurred w the age @oup 45-64

The SMR aud mortahity wates tor lung cancer
i the older age woup 43-64 (s dassified by
hoth age at entuance and age at deathd los-
tated the effect of the “mternal control” on the
dference between the obverved and the on-
pected When the expenence of this age groap
with Taovel T oewmplovment expenence (0 1=2
vedaty ) iy .tpphcd to the (.l)lil."ﬁ()()lll{lll&': JZE
wronp to dorne the expected ate, the eapected
rade would be fueher by vatae of the imffnence
of cruplovicnt poor o 1935 i this espedt
therctore the diffesence observed constitiges a
sery comersrbive estimate

Effects of Cumulative Employvment
Experience on the Mortality Pattern

For the pnrpose of assessmy the relationship
between He motadity pattern and the dorabon
of unpfu\rmnt the rates by ace at TUH e
nsed tor the variessn reasons to be discrssed To
examane thin rclattonsbup, mortalibe rates were
st el an ollowy all canses all neoplasms aalie-
nant neaplasios of digestive organs and peo-
tomenn mabignant neoplams of Jung hion-
chin and tached cadinvaccnby diveasie (v
cept vasonhie Jessons atfectmer the cential non -
s st and asbestosiy Tabde b dlostates
the obvopved  the ovpected wnd thee e
utnend rctabite satos pec 10D DO For sedee kel

underlying cause of death and SMR as ¢
by age at 1940 and level of cumulative ens
ment experience. o
The main descripion of the results -
sented in Table 4 15 directed at the age g
2544 age at entrance of the generation colg
according to the corresponding cause of d#
m order to lessen the possible influence of.
vious employment. -

All Causes of Death

It 1s noted that, with the exception of 1
and more vears of level of cumulative empRy
ment experience, there is a consistent increg
mn the average annual mortality rates as thy
cumulative employment experience increasess
For example, the average annual mortality rates?
due to all causes for age group 2544 are 528
for 0 1-2.0 years {control group); 1001 for 2.1
70 vears, 2280 for 7.1-12 0 years, 6788 for 1.1~ ;
17 0 vears, and 3398 for 17 1 and more years of ;
cumulatne vears of employment experience:
The same holds true with SMR values whe
in the same age groups, there are values of 207
for 11-70, 432 for 7.1-12 0, 1287 for 12.1-17.0,
and 644 for 17 1 and more vears of employment
evpuiience

i

R

f s .

All Neoplasms

Table 4 mdicates an apparent mcrease in the
average amual mortality ates for all neoplasms
as the conmulative eniploviient eperience m-
creased For enample, the aserage annual mor-
tality rates for all neoplasms for the age group
234t we 132 fo 01-26 vears {control
gioup! 348 tor 2 1-T 0 vears 570 for T1-120
vears 3133 for 12 1170 yews, and 1081 for
[7 1 and mote years of camulative employment
expentence The sane holds tiue wath the SMR
valies whete e the same age gioup. SMR
vahiies wie 264 for 2 1-T 0 veans. 432 for 7 1-120 ]
cears 2376 for 12.1-17 0 wud 819 for 171 and
more tears ob enmnhative emplovment

Vlalignant Neoplasms—Digestive Orguns

and Peritoneum

Fhete vy o total of 25 deaths m the age
manp 23-64 av of 1910 due to malignant neo-
plasis ot digestne mgans and  peritonenn
oitlv 3 deaths oecorred m the contiol group
12240 vears of comubatne emplovment ey
prrence ) and 22 deaths securted m the higher l
vl Becanse of the very small mumber of
cases for cach level of comulative emplovment
and e woup at s cifficalt to demonstate 2




i ? No 4
Apnil 1967

relationship between the mortality rates from
neoplasms of digestine vrgdans and pertonen
and the cumulatne emplovment eypenence
The average annual mortahity rates. howeser
were higher for all the comulative emplovinent
expenience of any age oup than {or the contiol
group. For e\.zmph‘ the average iotality rates
fOL employees with 7 1=12 0 veas of cumalatn e
employment expertence was 12 ties that of the
control fon the same age gronp 2544 veas

Malignant Neoplasms— Lung.
Bronchus, and Trachea

As 18 poted 1 Table 4 the micreased o tadit
rates m assocration with the macase of camul..
tive employment cxpenence i appaent Lo the
age group 25~ yveary e aates of 26 for 0 1~
2.0 years, tates of 150 tor 2 1-7 0 vears, 163 fm
71120 vears, and 1367 for 12 1-170 vean
There was, however, a decluns m the mortahity
rate for 17 1 and muie veanrs of cumalative eme-
plovment experience 1t w evident that the rate
and risk for ling cancar does macase with
sduration of cmploament  The degroe of il
,appears highest after cmploviment ol 12 vy
more At this stage of om myveshgation, we

hnnot attach undue significance to the rate for
lung cancer for Level 1, smce the data and spe-

fwe do not know wlmt spectfic earher year
owould represent the actual first year of employ-
ment m the company—m contrast to the year as
utilized in this study for entiance mto the co-
7 hort. However, Level T (0 1-2 vears) for age

group 2514 can he comldered a possible over-

this age group :md lm el of employment es-
Werience, The consistency of the increase in
irate, recagnizing the built-in factors for succes-
e levels of increasing employment, piovides
ddmonal support to the relationship of lung
fancer and asbestos evposure.

ALY

e

It is noted from Table 4 that there 1s a con-
Sistent increase in the aveiage annual nortality
frates as the cumulative employment expenence
; .....nple. the average :mnu;d

cept vascular lesxons affecting cential nerv-
LA ’5-!4 are 211 for
e - 851 for 71~
wnd 849 for

ks gu.-tnm —~
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171wl mere veaus of crronladine mplu\mr-ul
experence The same pictine holds trae waith
SMR valnes where 1 the sane age gronp the
are salies of 132 0 27 TO N s 309 by T 1 -
120 veams 195 Lo 121170 veas uud 403 b
171 and mmone vears ol gunrdatne crplovinent
('\!)"I e dpg ¢

Asbestosis

Ju Table 4 exelidime the ooy wath the kol
at conaletive cruplnvment expenence ol 17
aned e veas the et anungd moreahin
vates angd SR values incicase with the g ase
”F ”“' l”l””'(l“\ et llll)l()\ b ¢ \[N TH et J"l
deaths die to asbestnss Lorvaanple Lo e
wonp 25 nates due o ashestoss were 0
pzerod dor O1=20 vears HHO w2170 veans
Jddten TIA120 v 2009 fen P2 1T 0 v
andd 340 For 1T 1 and viore vas ol cutanletive
ciplotinent expetiene

It w of mterest to note thal anons o total
{1 obsenvadd deaths due te disease of 1ospnaton
suaterr (o all age gonps of cuplinces who
have warkod more than 2 vears m the wshestos
srcdistin Y there were 31 deaths dae ter ashie st
sis, 3 deaths due to chirone wtestitiel poca-
womig, a1 oceath due to siliconin—a totad ol
37 deaths Baeluding these 37 deathy b the
41 obsesved deaths  the enamder wdl he
observed versus 37 evpected (as was derned
be appliing the wvaersge annaal mottality vate
of mteinal contiol)  This v an dlustiation ot
the fact that the execess n motabits among em.
plovees with prolonged  Gunulatne vears o
emplovment espenience s o e significant ob-
senvation and net due to any b of selection
m the nternad contiol

Table £ also provides 1ates and SMR by age
gionp, m which the cohmt s charactenzed as
of 2.1 or more years of employ ment evperience
m comparnon to Level I (122 vews) The
cohott 1s abo characterized as “all level,” je,
it tnciudes Level §, which also compares the
total with Level I as the internal control. These
two additional charactenizations of the cohort
{21 andl more, and all levels) serve to illustrate
the averaging effect m the former and the hilu-
tion elect m the latter, which oceurs 1n continst
to the rates observed for speaific fevels of cm-
plovment experience for the corresponding age
groups.

Discussion

Although we hmve oveicome some of the
Iimitations of our previous asbestos study* and
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some of the problems mherent to p:o.,
studies 1n general, there still remains the bua...
limitation of establishing more precisely the
population at risk, as defined by department and

occupation mn the utilzation ob the Social Se-

curity approach in establishing company co-
horts  The total population of a company may
not be at rnk. [t 15 more likely that a smaller
group of employvees in specific departments
and for operations rather than those throughout
the plant would be more directly exposed Con-
sequently, the ashestos-company cohort utiiz-
g the Socal Secunty approach constitutes a
conservative estimate of 15k because of the dilu-
tion fuctor of mcluding all employees. This
“dilution factor” was present also and probably
was augmented m Enterline’s asbestos industry
study, which combed a number of ashestos
comparnies '

It must be reahized that emplovment data
prior to 1938 are not avadable from Social Se-
cunty records and this unknown length of em-
ployment prior to 1938 could have some hearing
on the nterpretation of ohservations. It v well
known that pior employ ment i the same o m
a different plant depends on the age of the em-
plovee w1940, Therelme, b evample an em-
plnee whose age w19 By 1940 & assumied to
have s mdustial emploviment puim to 1938
antt an cplovee whose age » 45 by 1940 »
assteed 0 have abont 36 veans ot eoploviment
priog to 1938 siee age 15 8 comndered to be
the fust age ob active employment The clasa-
freations of the cobiort In level of comadative em-
plov o nt epen nee which s based on the eine-
plovivent ecod dme 1938 to nud- 1964 docs
oot tharctme reprosent the  actual level ot
comnlative cmploviment esperience snce the
st vewr ol emplovinent me the ashostos plant
wonld ot hie detcrmmed  This e spocihicalh
e b the older age wonps, as ot 1940 P
cach doveb of emplovinent the cassthcation fo
the v age woup (e 13-241 16 connsdered
to bee the  actinth level” of coplovinent i the
aslicstos plant stce s aue aronp has no cn-
plon ot paom e 1938 Cousequentis the ap-
pheation of Tevel as wc teroal conteol for
the asge sronp 13=-24 provides the actoal come
patsony between the vanons levels of camnla-
tve cosploviont expenence L the older age
wionps however the comparative pictire v dhil-
forcnt Lo examipde e the awe gioup 43-04,
Hare s a ponod sf wshuoswn cnplovinent pros
o 19538 swlich conld avedase to 27 veans (43 —
1S =~ 271 o U b the -ht

ade dnng

#siced Uy 0.1-2.0 years of cumul

'« mant awnenence during the period 18
mud- 1964, could actually represent a hightl
leve! of employment when the unknown’é
ployment nriar tn 1938 15 also considered.

The age group 2544 lies between the 't
age groups, 15-24 and 45-84, relative to™
employment experience prior to 1938, g
effects on the employment classification are
sented. Consequently, any comparison be
Level 1 and other levels for the older age gr
represent a conservative comparison. In es
when the employment prior to 1938 is addee
then the Level I for age 15-24 could be cod
sidered to be the “actual” Level I, and for agni38
2544, when this prior employment 15 adM
Level [ could be a mixture of the equivalent of.
Levels [, I, and III, finally, for age 45-84;
Level | could be a miture of Levels 1L, 1V
and V. The mortalty rates for Level I used in"
the study, therefore, would for the older age
groups constitute a rate which represents tha
of a level of employment that exceeds the hxmts
of the designated employment classifications)
Foi age group 4584, this high rate of Level ¥
ts cartied through us the control comparison in
the dovelopment of the expected rates and SMR
in cach wieceeding level of employment experi-
ence and for each ot the varous categores of
case of death

For these 1easons. we have focused on the
generanion cohort ubhizing the age group 2544 -
at entrance as o homogeneous cohort, which
provides & mote 1epresentative indication of the
progiession and changes of rate according to .
varons Jevels of emplovment and yvears of ex- 3
penence Smce there stdl itemamns the linatation
ot not knowing the tmplovment prior to 1938,
the rates derived will, i ths jespeet, consbitute
4 comenvative estimate o this method of es-
tublishung mortahts ates, however, the use of
ut el control of the same age group {age
at eunbrance ) equahizes the previous emplovient
facton

fu the ageat-enhiance method, all of the
population of the speafied age group will grow
older by a comtant immber of vears during the
pevad of ohsenvation (1940 to mid-1964) This
agig process, however, would not wifluence the
1esults sice the SMR and the evpected num-

o

hor ot deaths are derived by applying the aver- “
are annnal mortalitv vates from the mtetnal
contiol ot the sane age, which 1 tieated and ‘

phseived e the same manner
The mean dination of <~mplo.\ment and the
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degree of environmental esposute prior ta 193
would be the same for any simnlar age @oup
and difterent for arous age gioups s classtfied
by age at 1940, Simalarky, previous medical care
prior to 1940 wonld then he the vame as well as
for subsequent vears, but will vary waith each
age group. In this method, classdying the wo-
hott by age as of 1940 and followed tor 243
rears provides @ complete mortahity pattern of
« generation of ench corresponding age gioup
during the period of observation The age-at-
entiance {gencration cohort) method provides
3 more precise measurement by restrictmg abl
the deaths to members of the corresponding
generation it sk who have common chaacter-
istics pertanmng to the sem of bnth, penod of
death, changes m entnonmental exposure, and
previous emplovment evposure as well .o
changes 1n medical cate and subsequent levels
of eployment esperience. It s evadent that au
internal control, such oy Level 1, apphed o the
¥ generation cohart method, does not have the
[ Lhmutations of age at death method and hav a
i number of wherent advantages !

In this respect, too, follow-up stuches on con-
firmaticn of primarv causes of death and sup-
plementary histological examunations when ap-
plied to the cohoit as a whole, include the sub-
. - cohort designated as the mternal control This
=" gvercomes some of the problems previously ex-
per:cnced of the mabiiity to apply the same
Beffort of confirmation of dnagnosxs to the study

'.or location of the contsol group

It was noted ftom the data presented that,
“with the exception of Level V of camulatie
Lémployment e\perience, there 1s a consistent
B mcrease in the average annual mortality rates
jias the cumulative emplovment experience in-
Bcidases. This relationship was more apparent
or age 25-44 than in other age groups for the
ons ‘explammed above, Level V was an ex-
ption to the rule. In fact, the mortality rates
. Level V were hngher than those for Level 1
‘Tevel I1, but were not higher than that of
Qd IV. This drop of the mortahty rate tor
vel ¥V as compared to that in Level 1V could
‘due'to one or more of the following reasons.
b employment experience for Level V differs
h that of Level 1V by the additional employ-
it history during 1935-1964, which repre-
{jEnts a period with much better environme=+-!
‘ntrol; those who are classified as Leve!

mortahity preture for Lesel Vowas obsersed for
the penod 1933 to nud-1964 4y campared to the
penod ot 1950 to pud-1964 for Level IV s 2
consequence of the dvnamic changes ot the
cohart !

The present study pravides tuither conhnnge
tion of the ligh ok of cancer ot selected sites
ashestas product workers and abo tpanhes the
hask of an assocwation of imcreased osk fiom
cancer with the gradient of einplovinent espen-
ence (Table 41, As was mdicated, thee was
consiatent meiease i the average mtalihy 1ate
tor all causes of death m general wid speetheally
tor mahguant peoplesnm cardiovasealar dhs-
vasen, nd ashestons e assactation with mene
polonged  emplovment w ashestos mdustn
This meteased mottahty tate was evident for all
cancer m general and speaificallh for cancer of
hang, onchus, and baches and digestne or-
gans, However, o evaluahiog mahgnint neg-
plasms by dhnation of employment, the problem
of vompeting tisk stall holds @ penson who was
ewposed to ashevtos dust conld die Jrom asbes-
toshs andjor cardsos aseudar disceases and/or ma-
hgnant neaplasm,

“Therefare, an wpmtant factar which mHu-
enced the extent of the observations relatne to
the strength of the association w this study was
the questton of competitive nisks i the analvss
of the causes of death * The sigmficance of the
frequency of ashestosis as a came of death, and
its occurrence as a secondary cause of death,
was nated m our earher study. Deaths at eaiher
ages lessen the mumber of swynors, who may
hve long enough to meet the requirements of
the latent period, to develop lung cancer or
mesotheloma  Envwonmental ewvposure  and
dust concentrations were undoubtedly ngher in
the earher years of maaufacture and prior to
the establishment of the cohort aud chrysotile
was used almost exclusively.'® 10 Consequent!y
more workers developed ashestosis more readily
and died at an earher age and this has lessened
the extent of the findtngs relative to mahgnancy.
Undoubtedly, contmnual long-term observation
of the present cohort, with a further extension
of the latent peniod, would be most appropriate,
and mn particular for the age group 15-24 and
25—14 at entrance to the generation cohort.

- esent study, there was an unusually
high number of malignancies spemfied on the
Axath certificate as “primary site unknown” 8

1+ e~ ' re males employed 2 or more years.

cohort represent those with bett- Vs - " <mte queries, to obtain fur-
»Moffice employees or sale-—- T . ‘-~ histological re-
3 ",‘Z.e : "5'.' »
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160 MORTALITY IN ASSESTOS WORKERS

view of these cases This situation was unfortu-
nate hecause the resolution of these “unknown”
cases might have had some bearing on the
obseivations pertaming to cancer of the diges-
tive system, stomach, colon, and rectum or some
other site. In our first study, such a hlatalog:cal
review added to the number of lung cancers and
detected several mesotheliomas. There were 9
cases of mesathelioma of the pertoneum and
pleura, which occurred among 361 deaths of the
cohort (2.5%), Hammond et ‘al. observed 10
mesothebiomas ( peritoneum and pleura) among
307 deaths. For malignant neoplasms of the
central nervous system, there was 1 subject
among the females who died in 1939 and 3
among the males who died between 1940 and
mud-1964  There was 1 death due to lymphn-
sarcoma and 4 deaths due to leukemia ebserved
in the male gionp. Further mterpetation of
these mahignant sites was deferred.

Of interest, tao, was the higher mortality rate
than that evpected for sutewdes and acerdents
and homicides combined There were 8 deaths
due to suicides and 15 deaths due to accidents
and homcides i the total wlite male cobhmt,
All of the smcrdes escept 1 were emploved m
the ashestos indusbiy tor mote than 2 vems.

Usctul supplementans eprdemiological mfor-
mation relative to discase patteins can be ob-
tamed by conmdenmg the nwluple cavses at
death and then seyuence For example, w ows
present studyinclided anthe 142 deaths of the
cardhioviasenlar svstem ¢ 330-334 and 400-465)
were T subjects i whom asbestosis was md-
cated on the death cerptficate as a secondan
catise of death and 1 sath cancer of the large
intestine s a secondws cause ot death Thare
were 6 cases coded prmany as con pulmonale, m
4ot which abestoss was dicated as secondany
Grne of the subpects” death

We ninenved m the fist stndy the contnibu-
tion deined fiom fnther mquus and how the
supplementary mnforation would have altered
the sequence of codmg of the caine of deatls as
recorded ou the death certificates

It was ot possible i this extension of o
ongmal study 1o obtam tarther wtormation to
amphfy adequatels the relatiomslups between
secondary and prumary cawses of death

To a certan extent, the problem ot umitiple
canses of death masked the proper mterpreta-
tion of the cardios ascular problem observed
ot ashestos studh, Enterlme’™ indicated a
stemficanth high nottabtc om hopertensive
heatt disease mong ashestos products worhers

" posure to asbestos dust, therefore, might 2

as cornpared to that of United States and %
ers in ather industries. Qur findings did ind
cardrovascular diseases (excluding va .
sions affecting the central nervous system), (G5
associated with employment, as was evideghad
by the consistent increased mortality rate’
more prolonged duration of employment in'tR
asbestos wdustry. The nisk of dying from. o
diovascular disease was 2.5 times that of*
mternal control for age 45-84 (as of 1940);

the cardiavascular system either directly. {dh
to an unknown mechanism) and/or indire
(due to cor pulmonale and/or right heart*fa
ure) g
In the present study, there was g total of 338
deaths in which the primary cause of death was
due to asbestosis—31 1n males and 8 in females!
These asbestosis deaths, coded as a pnmary
cause of death, provided a higher mortality ruiws
in association with the increased level of ew- .
ployment experience in the asbestos industry. 3
[n addttion, there were 21 deaths in whick:
asbestosis appeared as a secondary cause of*‘ . }
death. As mdicated before, there was no at:~¢4 R &
tempt to utilize the secondary cause of death in %3
the analvsis of the findings. i

ODonnell,” a pathologist who had initially £
ohserved a high association between asbestosis
and lung cancer among the employees of this
plant. has now 1eported—hased upon the adms. <
sons to only 1 of 3 mam hospitals m the com- ¢
mumty area—33 cases of proved asbestosis with
28 mahgnant neoplasmy 23 bronchogenic and
3 mesotheliomas of the peritoneum and pleura™
This 15 of particular interest to owr studv be-
case of the 23 lung-cancer cases Only 12 em-
plovees could be identified as bemg m our
1438-1939 cohort. a significant factor swhen
comsidered i hight of the finding that of the 12
matched deaths of our cohort as compared with ;
O'Donnell’'s lnng-cancer cases, only 10 were so |
chassified o cohort and 2 were classified as
deaths trom other causes  These additional 2
lng-cancer cases had accumulave employ-
ment espenience of Levels [1 and IV, when
these are added to the corresponding levels of
emplovinent esperience of the cohort, the mor-
tdity rate shown in Table 4 would be rased
correspondinghy and the totad ang cancers for
the white males increased to 2 T e L
tntal cohort.

This lack of dentification ¢
mic-sveh of the matched cuas
vvdence ot the underestnnati




view of these cases This situation was unfortu-
nate because the resolution of these “unknown”
cases might have had some beariny on the
ohservations pertaining to cancer of the diges-
tive system, stomach, colon, and rectum or some
other site. In our first study, such a histelogical
review added to the numeber of lung cancers and
detected several mesotheliomas. There were 8
cases of mesothehoma of the peritoneum ard
pleura, which occurred among 381 deaths of the
cohort (2.5%). Hammond et al. observed 10
mesotheliomas ( peritoneum and pleura) among
307 deaths. For malignant neoplasms of the
central nervous system, there was 1 subject
among the females who died in 1939 and 3
among the males who died between 1940 and
md-1964 There was 1 death due to lymphn-
sarcoma and 1 deaths due to leukemia cbserved
in the male gonp. Further mterpietation of
these mahignant sites was deferred.

Of interest, tao, was the higher mortality rate
than that evpected tor suteides and accidents
and homicides combined There were 8 deaths
due to stcides and 15 deaths due to acadents
and homicides m the total white male cohort,
All of the smcrwdes exeept 1 were emploved m
the ashestos mdushy tor mate than 2 veas.

Usetal supplementany epridemiological nfor-
mation relabive to discase patterns can be ob-
tamed by conmdermg the multple canses ol
death and then seqguence For evample, 1 ow
present study, mcdided in the 142 deaths of the
carehonascnlar wistem ¢ 330-334 and 400-485)
were T subjects e whom ashestosis was mds-
cated on the death certtficate s a secondan
caise of death and T with cancer of the large
infestine s a seconduiy cause ot death Thee
were 0 Gases coderd prmany as ¢con pulmonale, m
4 ot which asheatoss was midicated as secondan
catise of the subjects’ death

We observed in the fist study the contitbu-
tion cetnved flam fnther iquusy aond how the
supplementary nformation would have altered
the sequence of cading of the caune of deaths as
recorded on the death certificates

It was oot pasable o this extension of o
ongmdl study to obtam torther wtormation to
amphfv adequately the velationshaps between
sccondary and pramary canses of death

To a cettam extent, the problem ot miltiple
cases oF death musked the proper mterpreta-
tion of the eadimvascnlar problem observed 1
o ashestos study,  Enterlme’™ dndieated a
stiemficantly high mottabte from hvpertensie
heatt diease among ashestos products worhers

MOBTALITY IN ASSESTOS WORKERS

" posure to asbestos dust, therefore, might af

PR
as vorapared to that of United States and
ers in other industries. Our findings did indl
cardiovascular diseases (excluding vasculat, §
51015 a!fectmg the central nervous system), tG3
associated with employment, as was evidey o P
by the consistent increased mortality rate w
more prolonged duration of employment in
asbestos wndustry. The risk of dying from g
drovascular disease was 2.5 times that of 4
internal controi for age 45-64 (as of 1940);

the cardiovascular system either directly. (
to an unknown mechantsm) and/or ind
(due to cor pulmonale and/or right heart'fa:
re )

In the present study, there was a total of
deaths m which the primary cause of death was 88
due to ashestosis—-31 1n males and 8 in females?;
These asbestosis deaths, coded as a primar
cause of death, provided a higher mortality ra
in association with the mcreased level ot ew- .
plovment experience 1n the asbestos industry, 3
In addition, there were 21 deaths in whichy
asbestosis appeared as a secondary cause of
death. As indicated before, there was no at:~{
tempt to utilize the secondary cause of death in
the analvsis of the findings.

O'Donnell,” a pathologist who had initially
ohserved a high association between asbestosis
and lung cancer among the emplovees of this
plant, has now 1eported—based upon the adms-
sions to only 1 of 3 mamn hospitals m the com-  *-
munity area—33 cases of proved asbestosis with ]
28 mahgnant neoplasms 23 bronchogentc and
5 mesatheliomas of the pertoneum and plewra™
Thi 1» of particular nterest to our studv be-
cause of the 23 tung-cancer cases Only 12 em-
plivees could be identified as bemg m our
1938-1939 cohort. a significant factor when
cotsidered in hight of the finding that of the 12
matched deaths of our cohort as compared with
ODonnell's lung-cancer cases, only 10 were so
classifiedd m 0w cohort and 2 were classified as
deaths trom other causes  These additional 2
lung-caneer cases had accumulatne emplay-
ment espertence of Levels [ and IV, when
these are added to the corresponding levels of
emplovment evperience of the cohort, the mor-
taits rate shown in Table 4 would be rased
correspotidingly and the tots” “-~o ~ancers for
the white males mereased te
tntal cohoit.

This lack of identificatinr
one-sovth of the matched ¢
vvdence of the niderestin,
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. our cohort, parbicularlv when 1t 1s 1ealized
that the observahions made on the total matched
cases (related to one-tourth ot the lung cancers
m our asbestos cohoit) constitute admussions to

g only one of the hospitals. O'Donnell. moreover,

- reported only cases of respiratoiy cancer that

were associated with ashestous
Although we ohsenned 9 cases ot mesotheh-

oma, 1 of the pleura and 8 of the pertoneun.

O'Donnell reported 3 additional cases of meswo-

thehoma in employ ees of the same plant {which

E: workers were not part of our 1938-1939 cohoit)

Ancther death due to mesothelioma of the

peritoneum occurred m a lormer employvee

&  who was not in our cobmt and was not m

O'Donnell’s group of cases of mesothehona

e This total of 13 cases of mesothehoma (ull of

- emplovees fram a single plant m a small com-

> munty engaged in the manufacture of the same

- asbestos products) provides a very strong asso-

’ ciation for such a rare disease, m which all ex-

cept 1 of the 10 mesothehoma of our study weire

employed for more than 2 vears

B In general, the pathological confirmation by

e O'Donnell of lung cancers and mesothelioma

g~ among former emplovees of the same plant

B (from which plant our cohort was established,
over the same period of time—1940-1963) fur-
, ther substantiates the velationship of malignan-

\ cies and asbestos exposure, observed m our co-

iy ‘bhort study of employees classified by duration of
Eemployment.

A

..Summary and Conclusions

A cohort study of 1265 white males and 228
white females who were employed m a plant
manufacturing asbestos products 1n 1938-1939
was established through Social Security records
d observed to mid-1964.
3> The cohort study represents a series of refine-
“w nts in methodology pertaining to prospective
T idemiological studies of mdustnal popula-
Hons. The Social Security cohort approach has
Ehten developed to include the classification of
*members of a cohort by duration of employ-
eut from 1938 in the plant under study. A
ethod also is demonstrated of establishing a
mogeneous generation cohort and an wnternal
ntrol according to age and specific levels of
pioyment experience for a company under
Bandy, as derived from Social Securty.

i ,f,-lt was observed in this study that when the
HI5-1550 . ..!n it -~ considered as mdividual
"‘U thae the 1ouu uoe had a lower mortality

"" '.k«
s

MANCUSO & EL-ATTAR 161

i
H

expenence than the 1938 one which was pn-
marth nfluenced by the years of employment
prier to 1935 Fuether, the 1939 cohort observa-
tion provided an indication of the clectts eness
of enmvuonmental changes and control measures
m subseqquent vears. For the purposes of our
studs, the combmed cohort of 1938-1939 was
utithzed and the levels of accumulativ e employ- 5
ment cvperience from 1938 to und-1964 and i
were classified as follows Lesel 1, 0.1-2 0 vears, '
Level 1L 2 1-T O years, Lesel UL T1-12 G veurs,
Level 1V, 120-17 0 vears: and Level V) 17.1-
27.3 yeary

Of emplovees mi the 1935 .nd 1939 cohort
that had a cunmlative cployment expenence
at 2 yceais on less dunng the pernd of 1935 to
nuid-1964, Level | way utthzed as an mterual
control dassified Iy age

There way a total of 330 deaths among the
white males and 31 tor the females  Among the
males there were 33 mabignant tumors of the
hing and 43 deaths due to respiratory disease,
31 of which were due to asbestosis. Among the
temales, ot the 11 deaths due to mahgnancies,
6 were due to malignancy of the lung and il 8
deathy due to respnatony diseases were due to
ashestows, There were 9 mabgnant neoplasms
of the peritoneum and/or mesothehoma, 8 m
the males and 1 in the femdles  Amang the 71

mahgnancies for the white males employed 2 - B
or more years, 8 were specified on the death i
certificate as “primary site unknown.”
The relationship of cumulative emplovment N
evperience on the mortality pattern was as- 'g
sessed for  all causes, all neoplasms. mahgunant "
neoplasms ot the digestine organs and peit- y
toneum, mahgnant neoplasms ot hing, diseases Ak
of cardovascular system (evcept vascular le- ‘3,’
sions affecting central nervous svstem), and B
asbestosis There was a consistent increase mn RS

the average mortalty rates as the cumulative
employment expertence increased This was true
for each of these categories with the exception
of the digestive system, which involved a small-
er number of cases and analysis could not be
made

The problem of “competing” 11sks of deaths
due to asbestosis, cardiovascular disease and/or
malignant neoplasms, and the relationship of
primary and secondary causes of death are also
discussed. It is concluded that the duration of
cumulative employment experience among as-
bestos workers in the asbestos-products com-
pany was directly related o a general increased
mortahty rate for all causes of death and spe-
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cifically for malignant neupuasiu,
lar diseases, and asbestosis.

Addendum

A few months after the close of the cohort
follow-up in mid-19684, 11 deaths among the
1938-1939 cohort were reported. The causes of
these [1 deaths follow {, lymphasarcoma of the
lung, 6. cardiovascular diseases (including 1
case of cerebral embolism), 1, pulmonary fibro-
sis: 2, asbestosss; and 1, smcide. All of the de-
ceased were emploved in the same asbestos
plant for more than 7 vears since 1938
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