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Mesothelioma in Connecticut,

1955-1977

Occupational and Geographic Associations

Mary Jane Teta, M.P.H_; Hilton C. Lewinsohn, M.B., B.Ch.; ). Wister Meigs, M.D.; Romeo A. Vidone, M.D_;

Linda Z. Mowad, R.N.; and John T. Flannery, B.A.

Ali cases of malignant mesothelloma (201) and orther
primary malignont pleural tumors (18) reported to the
Connecticut Tumor Registry from 1955 through 1977 were
studied in an attempt to identify high-risk jobs, Industries
and geographic locations and to estimate the risk atrributa-
ble to asbestos exposure in the workplace. Dara were ob-
tained from hospital records, death certificates end city
directorfes for cases, case spouses and @ random sample
(604) of Connecticut decedents (1955-1975). Three cases
involved histories of work In asbestos products manufac.
ture, but there was no evidence of residential risk in that
geogrophic area. Relative risk (RR) for carpenters and
cabinetmakers was 2.25 (p < .05); for plumbers and pipe-
fitters, 3.87 (p < .05); ond for persons "ever employed” in
the rubber industry, 5.08 (p < .01). Occupational exposure
was indicated in 83% of the cases; attributable risk (AR)
was 36%. Risk increased with greater exposure and older
age. AR was 815 in men aged 70 to 89 yeors ar diognosis.
Reduction of vrnecessary occupolional asbestos exposure
remains the highest public health priority.

ln 1980, Lewinsohn et al! described mesothelioma in
Connecticut from 1935 through 1977. Probiems of diagno-
sis and ascertainment made results for the years prior to
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1955 of uncerrain value. From 1955 through 1977 the
age-adjusted rates among males rose from about 0.19 to
0.60/100,000 and among females from 0.13 to 0.19/
100,000.

Bruckman et al? claimed in 1977 that increases in the
discase are due to the increase in the "‘cumulative asbestos
consumption’ and that emissions into the environment
{e.g., building construction, demolition, automobile brake
linings) are somehow involved as causative factors. The
substantizl rise, however, in the male-female ratio is more
consistent with occupational exposures of men at work.
Bruckman et al were unable to provide complete occupa-
tional histories for the 133 diagnosed cases of mesotheli-
oma (1935-1972) drawn from the Connecticut Tumor
Registry (CTR) on which their report was based. Despite
this limitation, the Air Compliance Unit of the Connecticut
Department of Environmental Protection has proposed an
ambient air standard of 30 ng/m3, measured over a 30-day
interval.3 This proposal was based on estimated asbestos
concentrations at several selected sites in Connecticut.

Mesothelioma is a rare disease with approximately 2.2
cases per million population expected annually.? The
proportion of cases not associated with some form of
asbhestos exposure has been reported to be near 15%.57
This disease may serve as a marker for unsuspected past
asbestos exposure. The present study was designed pri-
marily to examine the job categories and industry titles of
identified cases of malignant mesothelioma recorded in
the CTR in an attempt to (1) identify job categorics, in-
dustries, specific employers, and Connecticut geographic
locations that are associated with an excess risk for meso-
thelioma and that may also be associated with asbestos
usage; and (2) determine the propartion of cases involving
passible exposure to asbestos in the workplacs.

The health implications of the proposed ambient air
standard make it desirable to estimate the kinds and num-
bers of cases that may be due to occupational asbestos
exposure, other as vet undetermined risk factors, or possi-
ble asbestos exposure from the gencral environment.

There remain numerous unanswered gquestions concern-
ing the existence of a threshold and the nature of the as-
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semeseieliomd dose-response  relationship.89  The

asalaoe allowed us w approach these problems
=ty 17 ey of dust mezsurements, job and industry
cres iweniz'ned for study suojects for periods up to SO

voits wete Lsed 2s indicators of exposure.

Methodology

< = mesdotheiioma has often been confused with other
w4 2m3MT mors, an anatormic pathology review of all
cisy wenoried 1o the CTR between 1955 and 1977 was
wmaiciisen, Histofogic materia., along with gross autopsy
g ¢ ol r2ports, was submitied 10 one of us (R.AV))
<20 wwvew, No persenal identifiers or occupational daza
wew ~oudes Althoush the final results of this review will
r¢ mo>shel separately, specific findings will be discussed
wosp lomWNI OT IAC present reponrt.

“-¢ CTR registered 196 cases of primary malignant
measidiom: during the vears 1955 10 1977 inclusive.
W i~ ~e a\geotion of the Veterans Administration (VA)
~tar iy in Cornecticut, it is mandatory for hospitals to
-sroct ciagnosed malignant neoplasms to the certral
=gzt A review of all autopss records from the larger of
sre twa VA nospitals in the state from 1955 through 1977

¢ se3 “ive 2dditional cases of mesothelioma, bringing the
~i ~umber to 2010 This included 137 cases with site

-

AR

\
rwwtdo 29 with site peritoneum, and 3S of other or un-
wmewn sizes, Concerns about diagnostic sensitivity prompr-
s¢ e ‘nelusion of 19 cases reported as pleural tumors
atnes thin masothelioma during the same 23-year period.
Taese soncems were justified by the slide review tha:
Wemnted sevenal cases of mesothelioma in this group. The
sz case studs population size was 220 (Table 1).

\tz2ical, demozraphic, and occupational data have been
sooeded Tor these 220 cases. Similar information was
a~ewe by Roush et ald® for a computer-generated ran-

s wrele of 604 decedents (1955-1975) aged 20 1o 98

Table 1 — Sex, Age and Diagnostic Classificatian of 201 Cases of
Msignant Mesothelioma and 19 Other Pleural Tumors Diagnosed
| in Connecticut, 1955-1977
Diagnosis® Males  Females Total Mean Agel
Meury 100 37 137 63
—esothelioma .
Pla 3l umor 11 8 19 63
sorer than
~gsuthelicma)
Sor raeal 18 o 29 59
-2cthelioma
Mzssinelioma at 21 14 35 54
amver sites 3nd
¥ JNKNOWR 5iT25
Tote 150 70 220 61

* Word Health Organization (1976}, s originally recorded by

3
Az 31agnosis

780

e

years who provided a control group. These controls were
drawn without stratification of any kind from the death
certificate files of the Division of Health Statistics of the
Connecticut State Department of Health Services (CSDHS).
Death certificates (DCs) provided demographic data and
usual occupation for study subjects at Time of death, City
directories (CDs) were searched for residential and employ-
ment histories 1, 10, 20, 25, 30, 40, and S0 years prior to
date of diagnosis or death, provided that the subject was at
least 20 years cld at the time.}! The Price and Les City
Directories, which are available for about two thirds of
Connecticut towns from 1890 to 1980, have a target
porulation of 92% of the adult males in the state. A similar
occupational history and cancer search was conducted for
all spouses {n = 193) of the 220 cases to explore the possi-
kilities for domestic exposure that may have originated in
the workplace.

The three-digit 1970 U.S. Census industrial and occupa-
tional codest2 were assigned to the employment informa-
tion ascertained. Industrial coding was determined on the
basis of product descriptions for each cmployer which were
found in the manufacturing directorics of Connecticut
published by the State Department of Labor and in the
Price and Lee directories for nonmanufacturing industries.13

The study population for occupational analysis was re-
stricted to males over 30 years of age at death or diagnosis.

large proporiion of fermnales {46% cases, 31% controls)
hac no known work history. Although nonoccupational
eliologies mavy be 2 possibility, the absence of reliable
occupational data for females prevented a formal analysis
of their occuparional asbestos exposure. Since all cases were
born after 1874, controls born prior to 1875 were ex-
cluded. There remained 611 male subjects for the occupa-
tional analysis: 136 mesothelioma cascs; 11 cases of pleural
tumors, other than mesothelioma; and 464 controls. The
case-control ratio was approximately 1:3. Seven cases
included in the analysis were those of individuals who were
alive at the time of the data collection period (1978).

Study subjects were first compared on the basis of
whether they had "ever worked" in selected jobs or indus-
trics with known potential for occupational asbestos ex-
posure or for which there were sufficient numbers 1o be
informative. Formal statistical comparisons were made for
seven job categarics (engineers; brickmasons and stone-
masons; cabinetmakers and carpenters; electricians; fore-
men; painlers, construction and maintcnance workers;
and plumbers and pipefitters) and for eight industry cate-
gorics (construction; miscellaneous nonmetallic mineral
and stone products; clectrical machinery equipment and
supplics; aircraft and parts; ship and boat building; yarn,
thread and fabric mills; rubber product; and automobile
repair and related service). The Mantel-Haenszel odds
ratio was used to estimate relative risk {RR).14

To increase statistical power and provide a more direct
measure of causution, efforts were madc to classify study
stubjects in terms of the probability of occupational asbgs-
tos exposure. A subsct of jobs and another subset of in-
dustrics were selected for which exposure to asbestos was
considered either “possible” or “likely" (Tables 2 and 3)-
These subsets were developed by one of us (H.C.L.) Witf}'
out reference 1o information about disease status. Compari-
sons of case-control proportions with occupational asbestos

Mesothelioma in Connecticut/Tera etal
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Tabte 3 — Esumazes of tho Probabdility of Asbestds Expesaresin Two Categories by
U.S. Ceasuz Cade aad Jab Tale
Catbgury
Likely Pagidia
v, s,
Ceprus Census
Cese Job Title Cods Job Title
012 Eleeineal ang elestromiz 006 Aeranyulice! snd esironstical zagineer
enqinkdr on Cwvil anginair
013 Induetriai angincer 012 Saicz enquncer
[AE] Mechanical enjineer 081 tayneer, at.c.
aM Bolzrmaker 035 Persannel and laber relalions werkers
*38C  Railroed 3nd cor st o Y40 Tasehirs, colltge and usvarsity
*€22  Plumbtrs snd proolitte-s 12 Elenentary 1hodl tachary
®S525  Pgwsi 1131 9n sparator *151  Cheeuzal teenncians 1
*53¢8  Rrolers ana slaters 152 Ontumen :
M3 Asbrstas 3nd tnsulatisn 173 Teshnizens nec ;
w3rkers 180 Painters and seulprors ;
615  Qey will inctatars ana 218 Managers ang sugenniendeats sudding !
Lthers 22v  Qfficees, pilats, ond pursess. snip 1
$22  Furnazemen, cmelter- ne ) d and i t
men nd poyrirs 403 Glathurinyg I
il Cangrucnion aacers, 410 2rickm3sang ang stanemasans
ex:tuding carpenters’ 413 Cabineimakers
heiger: AlS Cerpunters

a%s Craasmen scrrickmen, hoicrengn
=330 Electnzang
437 Eleciric puwrer inemsn 3nd ceblemen
436 Excaveung, grading, and roed machine openatars,
218 bullaner
441 foraman nec,
442 forgemen and Fammermen
A6 Heet treaters. annaalers ynd temperers
454 Jubgnd dir witaes, metsl
c455  Lecomaties anginaer
481 Machinuts
47t Mochanice aad repairmen, aircraty
'473  Automabile mechanics
481 Heavy sguizment mechenics. ingiue.g diezi
82 Hgausehod spplience and actemory nslaliers
and michyniey
4a? L.30m tixers
452 Mucolisnecds mechanics ang repairmen
485  Netapreified methamey srd regniemen
802 Millwnghy
503 wmolgars mel
*510  Painters, zenshuctian and marmlynance
51a Pariarn and model makars, excluding pader
£33 Acllers and hashary, metai
315 Sheetmetol warksr and Linsmitss
545 Statignary snymenry
530 Strycwrs!l wérel craltiman
9% Talaphons instaliars and reparrmen
$81  Toaol and 3 makan
$1C  Thachan, eziminen, 3ng inspecton;
manulacening
811 Clotming iraners ang presen
621 Filers, polisners, ndun, bulfers
*621 Gatagn workars snd oy cistinn sligndanh
041 Miging operitive
§50  Dril prom operatvey
§51 Conding machne operatves
81 Swmlors ang Jecansngy
82 Sawy
T$70  Cerding 'agoiag and combing caeratnn
'6)1  Somnen, twitsn and winden
T813  Wemvan
1674 Taideoperatnes, nec.
1680 Waldery sng fleme-cuttan
1681 Winding nparainm, nac
€90 Machine vpanitves, macatianesus aeciling
L E Mncellansaus epenaive
89 Notwoecilied 2etetne
131G Motorman, mine, leclary. legging camp 4t
162 Frogni ang meienal Meadies
b3 341 Lanpnhoramen snd stevednra

94 Mardreisers and cormeiIglogat)

© An geoupshion 1aentilisd in raferenca (rCeR a heving Jstantial for mbein enposure of
seivally d9aLned 1a canjunclion with ¢ cons ta tha litsranny

T Qccupatens in tenie ligrm 1hat aved further investrgalion (o detarmine enethef mbetios
tex 1A ware (rvehens n dTINCT e 203N woal or manmate liben

n.5.3, = NGL OtAsNens Slatuliwa|

exposure (possible and likely) were analyzed separately for
cach of three sources of information — job rtitle, industry
title, and job titlc and industry title. For cach of these
comparisons, adjustment was made {nonsimultaneously) for
age (30 to 49 years, 50 10 69 years, 70 1o 89 years), year of
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Tabia 3 ~ Ettimata of the Prodabllity of Achettot Expioturss in Twe Cotsgonim by
.S, Consus Coda and taduztry Tide

- . Categary
- Lintly _Powibie N
us. us. -
Cenzus Consus
Code ingnatry Title Code Indusiry Thie
057 Nonmewihe mimng ond guareying 127 Cement, zancreic avpsum, and plasecr
it logl products
087 General auddIng cantrazrars 176 Struetural elay araduey
068 Genpral cantraciers, axzopt duilding 156 Fasnicated srruetural masal produey
050  Specl trade zantrocior 283 Aevervge indusiries
138 Mucrllensous nonmateltic miners 33T Micolleneous textile mill praduss
it Z1008 produzt 378 Pulp. paper, end papdrbourd milix
5 gy dumancer, fael workl falling 33)  Paparboard contenees gngd doam
are haszning mills 348 Plasues, synthcues ana raging
H Dtres pmary iron and sleel exzluding fivers
| rustnes 73 RAubber araducs
123 Prrdaty slumiduim ingu)inieg €07 Asitrgads and railway dxprdzs Yrvice
149 Qthar 3rmary adalserous ingustnas a1} Trueking sarvice
(68 Mizczliancouz hidnzated mewd €13 Water tnszarniian
peaducs 427 An trenspuriabion
17 Engires and nurdingy 58]  Alkahglc drvirages — ewhoisjate
193 Meusshold apphaazes 603 Quepartmentana mail order
207 Radio, TV and communizatian isiebiishments
Kagrant 877 Mutcllaneaus genanal marchandae
208 Elecncal machinery, tqUIBment storeg
¢ 50plinL n 0. 648 Guahne sirvce stangm
203 Novjpectind alactrical machery #23  Miscallonmous venicie gaalury
ecdizmentand szl 758 Electricat repaie snaps
221 Buenitand paris 783 Muscelianagus repuir services
W3 Shptviiding 1nd boat building eng 957 Clemantpry ny secondary sehonks
rzanag 8%  Cobleges ang unvarsinies
223 Railraa locamelives 303 867  €ducauanal servicas, nac.
enanen| 8§68 Engineering and arshiiecurl
233 Scerufcand santrolling erviges
wytrymend

2% Jrewe

28} Buwericighrand powdr

417 warer 2oply

§29  Liectreal goads = whalesale

£33 Mechinery squigrrant ond wipplio =
wrgleia

§38  Prieleym pracuct - whaloale

560 Paperatd 1 preducl = whalesaly

553 LumBer and consirvehon mathr =
wholinl

697 Lumbder In3 auilcing materiat
rytaidirg

€39 Werer vanicls aralers

6a7 Tire, 2ate2ry, and 3czezary Sealary

868  Moumhald agphances, TV and ndie
i

757 Autgmabily reosir and relatid ®roen

179 Laentineg, clesmag, and othar
PMment urvices

917 Feoeral padhe ag minntraticn

927 Stete sudac admerilravion

mn L2¢3: pubic aaminaNaTIAN

(A2 Aot cirenme clamiticd!

birth (1870-1889, 1890-1909, 1910-1929, 1930-1949), and
geographic location. The 1966 labor market area (LMA)
divisions of Connecticut were ulilized for the geographic
risk analysis.}5 Particular atiention was given to the LMAs
surrounding Connecticut's five largest urban areas and two
rapidly expanding, previously rural regions.

A scoring proccdure was developed to provide an indica-
tor of the duration and severity of occupational asbestos-
exposure for both cases and controls. For cach job title
in the "licaly” category that could be documented from
DCs, CDs or both for an individual, a score of 2 was as-
signed. A job title from the “paossible’ group was given a
score of 1 and from the "unlikely' subset, a score of O.
These values were summed across all available time periods
for which employment information was available. Indi-
viduals lacking any employment history, which included
those never employed and those for whom data were mis-
sing, were excluded. Each of the remaining study subjects
was assigned a final single job index of exposure. This
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crude measure provided an ordered exposure variable,
which was catcgorized into five levels. Level Q included a
job index of 0, level 1 included z job index of 1, level 2, a
job index of 2; level 3, job indexes of 3 and 4; and leve! 4,
job indexes greater than 4. Each study subject with a job
index of exposure was assigned to one of the five groups.
{Although the medical records of some cases noled past
occupational asbestos exposure, this information could not
be incorporated into the analysis since such data were lack-
ing for controls and has not been systematically collected
for cases over time.)

Mantel-Haenszel standardized odds ratios were com-
puted, comparing ¢ases and controls acrass each of the four
levels of “exposure’’ to “no exposure.” Finally, the Coch-
ran-Mantel-Haenszel Test of Partial Associationl way
applied to test the disease-exposure relationship for trend
while controlling for the potential confounding of agc,
which was stratified into 20-year intervals: 30 to 49 years;
50 10 69 years; 70 1o 89 years. The S0+ stratum with 106
few numbers to be infarmative (two cases, seven controls)
was excluded from the dose-response analysis. These results
are reported for an estimated exposure index based on job
only. The coding of industries into the broad categories of
the U.S. Census does not discriminate satisfactorily among
jobs with different exposures.

Controls tended to be older at death with a mean age of
68 years as opposed to 64 for cases (Table 4). They pre-
dominated in the earlier birth cohorts with 81% born prior
t0 1910, Since age and year of birth are likely to be related
to occupational asbestos exposure, as well as 1o disease
status, they were considered potential confounders and
controlled for in the analysis whenever sample size per-
mitted. The confounding effect of these variables, however,
Was not substantial. The standardized odds ratios differed
minimally from the crude, and simultaneous adjustment
was not deemed necessary.

The proportions of individuals with al Jeast one job title
from DCs, CDs or both were cemparable for cases and con-
trols and virtually complete using all sources — 98% for
cases, 99% for controls (Table 5§, The percentages with 1-4
and 5-8 job titles were nezrly identical. CDg provided fewer
job and industry titles than DCs but more names of specific
employers. One vear prior 1o death or diagnosis less in-
formztion was obrained for controls from CDs, most likely

Table 4 - Demougraphic Characteristics of Cases and Controls®

Cases Contrals
Mean year of death or diagnesis 1969 1986
Mean age at death ar diagnosis 64 68

Birth Cahort Distribution, %

1870 ~ 1889 8 32
1890 - 13809 56 49
1810 - 1829 33 18
1930 — 1949 3 1
100 100

Males older than 30 years at death or diagnosis, born after
1874

752

allributable to the larger proportion of retirees in the latier
group. For all other time periods the percentages of cases
and control$ with a job or industry title were similar, Using
both CDs and DCs, at least one industry title was avajlable
for 89% of cases and 90% of controls.

Results

We have described secular and time trends for mesothel.
ioma in Connccticut from 1935 through 1977 in an earlier
report.} {n the present case-control occupational risk analy-
sis for the years 1955 through 1977, based on job utie
alone, the more than twofold risk for cabinctmakers and
carpenters and the nearly fourfold risk for plumbers and
pipefitters were significant (o < .05) (Table 6). Excess risk
was observed for engincers, masons, electricians, foremen,
and painters, but in nonc of these categories did it reach
statistical significance at the .05 level. 1t should be noted
that far the job- and industry-specific analyses the study
provided adequale power to detect only large associations
for the less common categories of employment, Fourteen
of the 15 cases among the carpenters were diagnosed as
pleural mesothelioma and the single case of periotoncal
mesotheiioma occurred in the only individual who had
worked in a boat yard. All seven plumbers 2nd pipefitters
were regisiered at the CTR with pleural mesotheliome,
and all dcath certificates reparted them to be in this iob
category. Although CD data were available for only four of
these cases, it was in perfect agreement with DC data and
revealed first cmployment in this category to be at least 30
years before diagnosis for each.

A parallel comparison of cascs and controls using indus-
lry title alone revealed a significant association with the
rubber industry (relative rish [RR] = 5.08;p < .01) (Table
7), which was particularly striking when limited 10 subjects
70 ta 89 years of age at death or diagnosis (RR = 16.97;
P < .005). Three different employers were represented
among the five individuals with pleural and onc with peri-
toneal mesothelioma whe had worked at one time in the
rubber industry. .

The proportion of cases with “possible™ or “likely ex-
posure' to asbestos on the basis of job title was 67% for
the entire state, yieiding an LMA-adjusted RR of 1.63
{p < .07). The attribytable risk (AR) in the exposed group
was 39%. There was little varialion in risk across these geo-
graphic regions. The study provided more than 90% power
to detecl relative risks of 2 or more a1 the .05 level for this
comparison.

On the basis of industry title, the overall propartion
considered to have been expascd was 66% with an RR of
1.36 (p < .10) and an AR of 26%. Power calculations for
this portion of the analysis yielded results similar to those
described above. Subsiantial interregional variation was
observed in the percent “exposed” and in the risk for
disease. One large industrialized region [LMAT) exhibited
nearly a four-fold risk (¢ = .02). One employer in LMAI
accounted for three times as many cases {six) as controls
{two} with an unadjusted RR of 9.83, All the cases from
LMAS {with the exception of one with “industry un-
known™) had warked at one time in an industry judged to
be associated with “‘probable’ or “possible exposure.’
Histolagic review of all male cases from LMA1 (2n area ff‘
which an asbestos plant is located) and LMAS (an area in

Mesothelioma in Connecticut/Teta et @l
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r" Table 5 — Completeness of Qccupational Data for Cases snd Controls From Death Cortificates and City Directories
L —
% with Job Title” % With Industry Title % With Employer Name
Saurce Cases Controls Cases Controls Cases Controls
oC g2t 96 737 85 59t 41
(o1} 76 63 69 67 n 53
1 yr priar to Ox 46 26 45 22 a3 17
10 yr prior to Dx= 53 42 43 40 45 28
20 yr prior to Ox# 46 45 39 45 40 29
25 yr prior to Ox= 41 39 35 39 34 27
30 yr prior 1o Dx? 30 35 30 36 31 25
40 yr prior 1o Dx¥ 26 24 19 23 138 15
50 yr prior 10 Ox¥ 10 18 ] 14 3 8
DCand CD a3 99 89 94 NC# NCH
1-4 job titlest IA] 72 .. ... . .
5-8 job titles! 27 27

, —— s

—

p—

e ———— ¢ . " — e e s | s cosrrrire .

* Uninformative titles such as retired, student excluded

T when seven tases in living persons excluded from the denominator, percentages become 36, 76, §2
1 Cases less than 20 years of age at search yaar excluded from denominetor

§ NCindicates not calculated

I Total number of jobs for cases = 475 {3.23/case) ; for controls = 1 412 (3.04/control)

which shipyards are located) resulted in reclassification of
two (8%) and one (17%), respectively, as "'not mesothelio-
ma'' or “'probably not mesothelioma.' There was no ¢b-
servable indication of diagnostic bias (false-positives) in
these regions where knowledge of an exposure hazard was
available in the medical cormmunity.

Using “‘exposure” either through job or industry as a
criterion, the statewide proportion of cases with an indica-
tor of occupational exposure was BS%, yielding an age-
adjusted RR of 1.57 {p < .03) and an AR of 36%.

In an examination of a birth cohort effect, 2!l indi-
viduals, except those born between 1930 and 1949, were
more likely than controls to have been exposed 1o asbestos

Table § — RA of Mesathelioma Associated With
Selected Job Categaries

95%
Confidence
Job Tide AR Interval N*
Engineers 2.72 (.85, 8.88) 11

(.37,12.80) 5
{1.13, 4.48) 35

Brickmasons and stanemasons ~ 2,15
Cabinetmakers and carpenters  2.257

Electricians 1.29 (.39, 4.28) 14
Foremen 1.57 {.84, 2.94) 50
Painters, construction, and 1.39 (.52, 3.71} 20

maintenance

Plumbers and pipefitters 387t (1.38,1082 13

on the basis of their job title. The differcnces were statis-
tically significant (RR = 2,16, p < .02) for the 1910-1929
cohort only. The overal! cohort-adjusted (1870-1889; 1890-
1909; 1910-1929; 1930-1949) RR was 1.69 (o < .01)
Utilizing the job “exposure” score as previously defined,
a monolonic increase in risk associated with higher [evels of
estimated asbestos exposure was suggested, particularly for
the oldest age group (Table 8). There was a slight increase

Table 7 - RR of Mesathalioma Associated With
Selected Industry Categories

95%
Confidence
Industry Title RR Intervel N*
Construction 1.2 (.60, 2.45) 45

Miscellanecus nonmetallic

mineral and stone

products 1.64
Electrical machinery

equipmant, and supplies 2.79 (.86, 6.67) 20

{.15, 18.06) 3

Aircraft and parts 1.03 (.43, 2.4%) 25
Shipbuilding and boat )
building 1.09 (.35, 3.42) 18
Yarn, thread and fabric mills .57 (.17, 1820 20
Rubber praduct 508" (1.60,16.11) 10
Autamobils repair and
related service .65 (.08, 5.53) ]

* N indicatas the number of male cases and controis older than
30 years at death or diagnosis. born after 1874, who "ever
worked” in the category; total N for each independently
calculated RA was 611 {147 cases, 464 controls)

T p<.05
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* N indicates number of male cases and controls older than 30
years at death or diagnosis, barn after 1874, who “ever
worked” in the category; total N for each indapendenty
calculated RR was 611 (147 cases, 464 cantrols)
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Table B ~ RR of Mesathelioma Associated With Lavel of
QOccupstional Asbastas Exposure by Ags

Level of Occupational Asbestos Expasure

xzfor
Age Group 0 1 2 3* at N Trend
30-49 .00 33 47 137 .. % B NS
50-69 .00 131 158 1850 167 257 NS
70-89 100 219 1.7¢ 4.58% 5358 272 .uog1
Allages' 160 119 134 220% 2.73% g1 .oags

* Level 3 is exposure scores 3 or 4
Lavel 4 is exposure scores 5 10 16

¥ AR tould nat be calcutated due to 0 denominator; one case, 0
controls with “exposura"

§ p<.001

" Aga-adjusted relative risks

9 p < .005

for the 30 to 49-year-0ld group, but numbers were small
and the variances of the RR estimates were large. Thers was
a sizeable number of cases (80} and controls (177} in the
50- to 69-ycar-old group, and a fairly constant risk 2§50-
ciated with increasing estimatcd exposure was indicated,
Those males 70 years or clder (n = 272) with job exposure
scores in levels 3 and 4 exhibited highly significant relative
risks for this discase. The ARs for those exposced in thess
two levels werc 78% and 81%, respectively. The test for
trend that compared the relative proportions of cases and
controls across increasing levels of estimated asbestos
exposure, while controlling for age, was highly significant
overall {p < .00035) and for the 70 1o 39-year-old age group
(o < .0001).

Discussion

The major difficultics encountered in a noninterview
rctrospective study of an asbestos-mesothelioma association
rclate to the inadequacy of occupational histories, the
patential for misclassification of exposure status, and errors
in diagnosis. Although partial employment data were ob-
tained for nearly all study subjects, complete work histories
were available for very few and information regarding part-
time work or nobbics was completely absent. The level of
completeness varied geographically, with the less mobile
industrialized regions having more complete CD coverage
than the more rural less populated areas. Completeness by
geographic region did not differ, however, belween cases
and controls. For the seven cases in living persons, occupa.
tional information could be obtained from CDs only. When
the analyses were repeated excluding thuse individuals,
however, the findings were unchanged. These occupational
history limitations were balanced in part by the advantage
that respondent memory bias and faulty interviewing tech-
niques, associated with widely publicized carcinagenic
hazards such as asbestos, were avoided in this nonjnierview
approach,

Ailhough the inability to reconstruct dust measurements
prevented direct examination of a dose-response relation-
shin, the job "exposure’ index, a correlate of asbesios
exposure, demonstraicd increasing discase risk with higher
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scores, particularly for the 70 to 89-year-old agC group. A3
attempt was made to test the possibility of a systemati,
inflation of case scores due to more complete occupationy
informasion for the diseased population. Job title avajj,
bility for the maximum of eight time periods searched we
comparable for both groups (Table 5) with 71% of ¢
and 72% of controls having 1-4 job titles and 27% of eacy
having 5-8 job titles. in addition the age-stratified relatjy,
risk calculations made adjustment for the large proportion
of retirces in the control sroup with fewer job titles gn,
year prior to dcath. The elevated risks associated with the
older age group and with the 1910-1929 birth cohort are
consistent with the poor dust contro! measures in most
workp.aces prevalent in earlier years,

Peto et al*” in their review of a number of studies
showed a wide variation in the pleural-peritoncal ratiq
among asbestos-exposed persons. We have determined this
ratio in our cases and attempted to relate it {o some param-
eters that secm to influence its distribution, An analysis of
proportions of cases of mesothelioma by site within each of
three age groups, 30 to 49 vears, 50 10 69 years, and 70 to
89 years, for each sex scparately, showed that among men
the proportions of pleural disease increased as age in-
creased, while the proportions of peritoneal disease
decreascd. Pleural mesothelioma accounted for 79% of
cases aged 50 to 69 years and 93% of cases aged 70 10 89
years at diagnosis. Job AR in the exposed was about 80%
for these older men. Results (Table 6) for carpenters and
cabinetmakers (14 of 15 pleural) and plumbers and pipe-
fitters (seven of seven pleural) arc consistent with the above
proportions and with Table 8 in suggesting that pleural
mesothelioma, in men over 50 in Connecticut, is highly
likely to have been associated with and probably caused by
exposure 10 asbestos at work. These data also indicate that
occupational exposure to asbestos probably explains most
of the disease in these older men and that it began in the
1930s.

Peto et all”? showed that mesothelioma death rates were
independent of age at first exposure, and it may therefore
be assurned that age in itsclf has no direct influence. These
authors did show a strong correlation between disease and
length of time since first exposure. The fact that the inci-
dence of mcsothelioma of the pleura increases sharply in
the males in the older age groups with the higher “ex-
posure™ scorcs in our cases, is consistent with the long
latency known 1o be associated with this disease. This is
also in conformity with Peto et al’s findings.

The potential for randam misclassification of exposure
status, based on subjective, "blind” review of limited work
histories restricts our ability to draw firm conclusions, be-
cause such grrors produce attenualion toward an RR of 1.
This is particularly relevant with regard 1o the 'true”
proportion occupationally exposed and the “'true” magni-
twde of the RR, which is likely 1o be higher than our find-
ings indicate. "Blind" subjective review has also been used
by other investigators in estimating cxposure, but most
often in conjunction with interview data,18.19

It is widely held that refatively low exposure levels 20 to
50 years prior to dizgnosis may lead to the development
of mesothelioma, The cases described with no known ex-
posure may fall into this category, may have been exposed
from the general environment, or may be related to some
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