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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.; J. 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 orher
primary mdlignont pleural tumors (19) reported to the
Connecticut Tumor Registry from 1955 through 1977 were
studied in an gttempt to identify high-risk jobs, Indusiries
and geographic Jocations and to estimate the risk atrributa-
ble to asbestos exposure in the workplace. Data were ob-
tained from hospital records, death certificates cnd city
directorfes for cases, case spouses and a random sample
(604) of Connecticut decedents (1955-1975). Three cases
involved histories of work In asbesros products manufac-
ture, bul there was no evidence of residential risk in that
geographic area. Relative risk (RR)} for carpenters and
cabinetmakers was 2.25 (p < .05); for plumbers and pipe-
fitters, 3.87 (p < .05), and 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 years at diognosis.
Reduction of urnecessary occupational asbestos exposure
remains the highest public health priority.

ln 1980, Lewinsohn et al? described mesothelioma in
Connecticut from 1935 through 1977. Problems 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
substantial rise, however, in the male-female ratic 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 cascs 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.® This proposal was based on estimated asbestos
concentralions 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 associaied with some form of
asbestos 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 proportion of cases involving
possible exposure 1o asbestos in the workplace.

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 questions concern-
ing the existence of a threshold and the nature of the as-
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sestreiesetieloma dose-response  relationship.89  The

salace allowed us tw approach these problems
ety 18 lieu of dust mezsurements, job and industry
cros, avemiz'ned for study suojects for periods up to SO
voits wete Lsed 25 indicators of cxposure.

Methodology

< = mesotheiioma has often been confused with other
w4 £m3MT mors, an anatornic pathology review of all
sisy cecoried 1o the CTR between 1955 and 1977 was
wmaioiisen, Histoiogic materia., along with gross autopsy
g ¢ ol r2ports, was submitied 10 one of us (R.AV.)
<20 wwew, Mo personal identifiers or occupational dasa
wer ~awes Althouzh the final results of this review will
m¢ m.>shel separately, specific findings will be discussed
worsp ramtNI OT TAC present report.

“-¢ CTR registered 196 cases of primary malignant
measiaiom: during the vears 1955 o 1977 inclusive.
Wi~ me e\ceotion of the Vewerzns Administration (VA)
sfoe iy in Cornecticut, it is mandatory for hospitals to
-srott ciagnosed malignant neoplasms to the certral
<zt A review of all autopsy records from the larger of
sre twa VA nospitals in the state from 1955 through 1977

¢ w23 “ive 2dditional cases of mesothelioma, bringing the
~a ~umber to 201, This included 137 cases with site

-

AR

\

rwwtdo 29 with site peritoneum, and 35 of other or un-
v=onn sii¢s, Concerns about diagnostic sensitivily prompt-
s e nclusion of 19 cases reported as pleural twumors
atnes thin mesothelioma during the same 23-year period.
Taese oncems were justified by the slide review thas
emnrfes sevenal cases of mesothelioma in this group. The
zoiz cake studs population size was 220 (Table 1).

Ve sical, demozraphic, and occupational data have been
sooeded Tor these 220 cases, Similar information was
aewe by Roush et ald® for a computer-generated ran-

s wmele of 604 decedents {1955-1975) aged 20 1o 98

Table 1 — Sex, Age and Diagnostic Classification of 201 Cases of
Msignant Mesothelioma and 19 Other Pleural Tumors Diagnosed
| in Connecticut, 1955-1977
Disgnosis® Males  Females Total Mean Aget
Meury 100 37 137 63
—esothelioma .
Plaural umor 11 8 19 63
sorer than
~gsuthelicmal
Ser ~rneal 1N 29 59
-2cthelioma
Mzssinelioma 3t 21 14 35 54
amver sites 3nd
¥ JNKNOWE 5iT23
Tote 150 70 220 61

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

L
Az 31agnosis
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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 50 years prior to
date of diagnosis or death, provided that the subject was at
least 20 years old at the time.!? The Price and Lee 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-
kilitics for domestic exposure that may have originated in
the workplace.

The three-digit 1970 U.S. Census industrial and occupa-
tional codes!2 were assigned to the employrment informa-
tion ascertained. [ndustrial coding was determincd on the
basis of product descriptions for each cmployer which were
found in the manufacturing directorics of Connecricut
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 proportion of females {46% cases, 31% controls)
had no known work history. Although nonoccupational
etiologies may be a possibility, the absence of reliable
occupational data for females prevented a formal analysis
of their occupational 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 ralio was approximately 1:3. Seven cases
inciuded 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
ratic was used 1o estimate relative risk (RR).14

To increase statistical power and provide a more direct
measure of causation, efforts were madec 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 refecrence to information about disgase status. Compari-
sons of case-control proportions with occupational asbestos

Mesothelioma in Connecticut/Tera etal
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exposure (possible and likely) werc analyzed separately for
cach of three sources of information — job title, industry
title, and job tilec and industry title. For cach of these
comparisons, adjustment was made (nonsimultaneously) for
age (30 1o 49 years, 50 10 69 yrars, 70 10 89 ycars), year of
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birth (1870-1889, 1890-1909, 1910-1929, 1930-1949), and
geographic [ocation, The 1966 labor market area (LMA)
divisions of Connecticut were utilized for the geographic
risk analysis.}® Particular aticntion was given to the LMAs
surrounding Cennccticul’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 "lixely" category that could be documented from
DCs, CDs or both for an individual, a scorc of 2 was as-
signed. A job title from the “possible” group was given a
score of 1 and from the "unlikelv' subset, a score of O.
These values were summed across all available time periods
for which employment information was available. Indi-
viduals lfecking any cmployment history, which included
those never employed and thosc for whom data were mis-
sing, were excluded. Each of the remaining study subjects
was assigned a final single job index of cxposure. This
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crude measure provided an ordered exposure variable,
which was catcgorized into five levels. Level O included a
job index of 0, leve! 1 included z job index of 1, level 2, a
job index of 2; level 3, job indexes of 3 and 4; and level 4,
job indexes greater than 4. Each study subject with a job
index of exposure was assigned 10 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 |ack-
ing for controls and has not been systematically ¢ollected
for cases over time.)

Mantel-Haenszel swandardized odds ratios were com-
puted, comparing cases and controls acrass each of the four
levels of “exposure” to “no exposure.” Finally, the Coch.
ran-Mantcel-Haenszel Test of Partial Association!s way
applied to test the disease-exposure relationship for trend
while controlling for the potential confounding of agc,
which was stratified into 20-year intcrvals: 30 to 49 years;
50 10 69 years; 70 1o 89 years. The 90+ stratum with wo
few numbers to be informative (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
10 1210, Since age and year of birth are likely 1o be related
to occupational asbestos expasure, as well as 10 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,
Wwas not substantial. The swandardized odds ratios differed
minimally from the crude, and simultaneous adjustment
was not deemed necessary.

The proportions of individuals with al least 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 1. The percentages with 1.4
and 5-8 job titles were nearly 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 - Demographic Characterictics of Cases and Controls®

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

Birth Cohort 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, boarn after
1874

152

allributable to the larger proportion of retirees in the latier
group. For all other time periods the percentages of cases
and controls with 2 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 earlicr
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 < .0S) (Table 6). Excess risk
was observed for engincers, masons, electricians, forcmen,
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 swdy
provided adequaic power 1o 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
mesatheiioma occurred in the only individual who had
worked in a beat yard. All seven plumbers 2nd pipcfitters
were regisiered at the CTR with pleural mesotheliome,
and all dcath certificates reported 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 (refative 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 gifferent employers were represented
among the five individuals with pleural and onc with peri-
toneal mesothelioma who 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, yielding an LMA-adjusted RR of 1.63
{p < .01). The attributable 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 relalive risks of 2 or more 2t the 035 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 2n AR of 26%. Power calculations for
this portion of the analysis yielded results similar to those
described above. Substantial interregional variation wes
observed in the percent “exposed” and in the risk for
disease. One large industrizlized region {LMA1) exhibited
nearly a four-fold risk (# = .02). One employer in LMAI
accounted for three limes as many cases (six) s controls
{two} with an unadjusted RR of 9.83. All the cases from
LMAS {with thc exception of one with “industry un-
hnown™) had worked at onc time in an industry judged e
be associated with “‘probable” or “possible exposure.’
Histolagic review of all male cases from LMAT1 (2n area ff‘
which an asbestos plant is located) and LMAS (an area in

Mesothelioma in Connecticut/Teta et @
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r" Tabie 5 — Completeness of Qccupational Data for Cases snd Controls From Death Certificates and City Directories
L —
% with Joh 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 1o Dx 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 36 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
S0 yr prior 1o Dxt 10 18 3 14 3 8
DCand CD a3 99 89 94 NC# NCH
1-4 job titles! IA] 72 .. ... . .
5-8 job titles! 27 27

—

p—

e ———— ¢ . " — e e s | s cosrrrire .

* Uninformative titles such as retired, student excluded

T when seven cases in living persons excluded from the denominator, percentages become 86, 76, §2
1 Cases less than 20 years of age at search year excluded from denominator

§ NCindicates not calculated

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

which shipyards are located) resulted in reciassification 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 community.

Using “‘exposure” either through jeb or industry as a
criterion, the stalewide proportion of cases with an indica-
tor of occupational exposure was B5%, yielding an age-
adjusted RR of 1.57 (p < .03) and an AR of 36%.

In an examination of a birth cohort effect, all indi-
viduals, except those born between 1330 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 Tite AR Interval N*
Engineers 2.72 (.85, 8.88) 11

(.37,12.50) 5
(1.13, 448) 35

Brickmasons and stanemasons = 2.15
Cabinetmakers and carpenters  2.257

Electricians 1.29 (.39, 4,24} 14
Foremen 1.57 {.84, 2.94} 50
Painters, construction, and 1.39 (.52, 3.71 20

maintenance

Plumbers and pipefitters 387t (1381082 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-adjustcd (1870-1889; 1890-
1909; 1910-1929; 1930-1943) RR was 1.69 (o < .01)
Utilizing the job "exposure’ score as previously defined,
a monotonic increase in risk associated with higher levels of
estimated asbeslos exposure was suggested, particularly for
the oldest age group (Table 8). There was a slight increase

Table 7 - RR of Mesothalioma 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

equipment, and supplies 2.79 (.66, 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 product 508"  (1.60,16.11) 10
Autamobils repair and
related service .65 (.08, 5.53) ]

* N indicatas the number of male cases and controls 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 contrals 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 Leve| of
QOccupational Ashestos Exposure by Age

Level of Occupational Asbestos Exposure

xzfor
Age Group 0 1 2 3* af N Trend
30-49 100 339 47 117 ..t 85 NS
50-69 .00 131 158 1,80 157 257 NS
70-89 100 219 1.7¢ 4.59% 5358 272 .yogt
Allages' 160 119 134 220" 2735 §1: .pags

* Level 3 is exposure scores 3 or &
Lavel 4 is exposure scores § 10 16

¥ AR tould not be calculated due to 0 denominator; one ¢ase, 0
controls with “exposura”

§ p<.001

" Aga-adjusted relative risks

9 p <.005

for the 30 to 49-year-old group, but numbers were small
and the variances of the RR estimates were large. There was
a sizeable number of cases (80} and controls (177} in the
50- to 69-ycar-old group, angd & 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 rzlative
risks for this discase. The ARs for those exposed in these
two levels were 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 (o < .0003) and for the 70 10 89-year-old age group
(o < .0001).

Discussion

The major difficulties encountered in a noninterview
rctrospective study of an asbestos-mesotheljoma association
rclate to the inadequacy of eccupationi 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 Jevel of
completeness varicd geographically, with the less mobile
industrialized regiuns having more complete CD coverage
than the mare 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 these 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 carcinogenic
hazards such as asbestos, were avoided in this noninierview
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 AC group. A3
atempt was made to test the possibility of a systematj
inflation of case scores due Lo more complete occupationy
informaion for the diseased population. Job title avajj,
bility for the maximum of eight time periods searched wyg
comparable for both groups (Table §) 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 gne
year prior to death. The elevated risks associated with the
older age group and with the 1910-1929 birth cohort are
consistent with the poor dust control measures in most
workplaces prevalent in earlier years,

Peto et al*” in their review of a number of studies
showed a wide variation in the pleural-peritoncal ratig
among asbestas-exposed persons. We have determined this
ratio in our cases and attempted to relate it {o some param-
eters that scem 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 1o 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 to 89
years at diagnosis. Job AR in the exposed was about 80%
for these older men. Results {Table &) for carpenters and
cabinetmakers (14 of 1S pleural) and plumbers and pipe-
fitters (seven of seven pleural) arc consistent with the above
propeortions 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 a: work, These data also indjcate that
occupational exposure to asbestos probably explains most
of the disease in these older men and that it began in the
1930s.

Peto et all7 showed that mesothelioma death rates were
independent of age at first exposure, and it may therefore
be assumned 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 mesothelioma of the pleura increases sharply in
the males in the older age groups with the higher “ex-
posure™ scores 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 random misclassification of exposure
status, based on subjective, "blind" review of limited work
histories restricts our ability to draw firm conclusions, be-
cause such errors produce attenualion toward an RR of 1.
This is particularly relevant with regard to the ‘true”
proporlion occupationally exposcd and the “'true" magni-
tude of the RR, which is likely to be higher than our find-
ings indicate. “Blind" subjeciive 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 relatively low exposure levels 20 10
50 years prior to diagnosis 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 muay be related to some
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