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Objective: As part of an exploratory investigation of an unusual occurrence of glioblastoma
at one jet engine manufacturing facility located in North Haven, Connecticut (CT), we
examined total and cause-specific (excluding central nervous system neoplasms) mortality rates
at eight of the company’s CT facilities. Methods: Subjects were 223,894 workers ever employed
in one or more of the manufacturing facilities from 1952 to 2001. Vital status was determined
through 2004 for 99 % of subjects and cause of death for 95 % of 68,701 deaths. We computed
standardized mortality ratios (SMRs) based on US and CT state rates and modeled internal
cohort rates. Results: We observed overall deficits in deaths based on national and state
comparisons from all causes, all cancers and most of the cause of death categories examined.
State comparisons revealed statistically significant excesses in deaths greater than 25% for
kidney cancer (68 deaths, SMR = 1.30, CI = 1.01-1.65) and “other non-malignant
respiratory disease” (291 deaths, SMR = 1.27, CI = 1.13—1.42) among subjects employed only
at North Haven, and for bronchitis (713 deaths, SMR = 1.28, CI = 1.18-1.37) among all
hourly workers. These excesses occurred mainly among shori-term workers and hourly workers.
Conclusions: We found no evidence of elevated mortality risks for all causes combined, all
cancers combined and most of the causes of death categories examined. The pattern of findings
for kidney cancer, bronchitis and other non-malignant respiratory disease, based on currently
available data, suggests these excesses may be due to non-occupational risk factors or to external
occupational factors. We will investigate these excesses further when detailed work history and
exposure data from the companion exposure assessment project become available. (J Occup
Environ Med. 2008;50:1117-1129)
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n 2002, in response to the perception
of an unusual occurrence of glioblas-
toma at one jet engine manufacturing
facility, we began work on a multi-
part epidemiology study to deter-
mine whether mortality or incidence
rates from central nervous system
(CNS) neoplasms were elevated at
the index site or seven other of the
company’s Connecticut (CT)-based
facilities. The epidemiology and bio-
statistical component of the study,
conducted by the University of Pitts-
burgh (UPitt), Department of Biosta-
tistics, includes historical cohort
mortality and cancer incidence stud-
ies, a nested case-control study of
malignant and benign neoplasms of
the brain and other CNS cancer sites
(termed CNS neoplasms) and a genet-
ics study based on tissue specimens
obtained from cases of malignant brain
neoplasms. A companion exposure as-
sessment project, conducted indepen-
dently by the University of Illinois at
Chicago (UIC), Division of Environ-
mental and Occupational Health Sci-
ences, is characterizing the historical
work practices and exposures that oc-
curred in each Pratt & Whitney
(P&W) study plant. Ultimately, UPitt
will link the work history and exposure
information to examine the relation-
ship between mortality and incidence
from CNS neoplasms and past work-
ing environments of the P&W study
plants.

We report here the results of our
first analysis of data from our histor-
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ical cohort mortality study with fo-
cus on total and cause-specific mor-
tality patterns, excluding those from
CNS neoplasms. Our detailed evalu-
ation of mortality from CNS neo-
plasms is reported elsewhere.' The
main objective of the current analy-
sis was to determine whether mortal-
ity rates from all causes combined or
from any malignant or non-malig-
nant cause of death category (exclud-
ing CNS neoplasms) were elevated
among the P&W workforce. For
cause of death categories with ele-
vated mortality rates, we also sought
to identify possible occupational as-
sociations using the currently avail-
able data on workplace factors. We
considered this epidemiological in-
vestigation exploratory in nature and
did attempt to test any a priori etio-
logic hypotheses.

Materials and Methods

Details on the methods and results
of our cohort enumeration, mortality
tracing and cause of death ascertain-
ment, and our statistical analysis
methods, are reported elsewhere.'
Following is a summary of these
methods and results.

Cohort Enumeration

The study cohort includes all per-
sons ever employed at one or more
of the eight CT study plants from
1952 through 2001, where 1952 is
the start-up date of the North Haven
(NH) plant where the “index” cases
arose. Plant locations and start-up
dates of the other plants are: East
Hartford—1930, Manchester Foundry—
1943, Southington Aircraft Road—
1943, Middletown—1966, Southington
Newell Street—-1967, Rocky Hill-
1967, and Cheshire-1990. From
1957 to 1965 the Middletown site
was a government-owned nuclear re-
search laboratory, the Connecticut
Advanced Nuclear Engineering Lab-
oratory (CANEL), operated by
P&W. P&W acquired the site in
1966 and began jet engine produc-
tion. Work histories were collected
for CANEL employees that contin-
ued to hold P&W jobs in 1966 after
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the acquisition; however, exposures
related to CANEL jobs will not be
characterized since the activities do
not truly correspond to those in jet
engine manufacturing and work his-
tories for employees who did not
transfer to P&W were unavailable.
We enumerated the study cohort
from multiple sources identified
through discussion with company
human resources personnel and ex-
haustive searches of the company’s
archives and facilities. The cohort
enumeration was verified to be com-
plete using internal and external data
sources. The study cohort includes
223,894 subjects who contributed
7,713,434 person-years of observa-
tion during the 1952-2004 study pe-
riod. Detailed characteristics of the
study cohort are presented else-
where.'

Vital Status Tracing and Cause
of Death Ascertainment

We used our standard two-stage
vital status tracing protocol to iden-
tify deaths among cohort members
with unconfirmed vital status (not
known from company-held records
to be alive as of the study end date).”
Deaths were coded to the underlying
cause of death using the International
Classification of Diseases (ICD)
rules in effect at time of death. The
Appendix (available online at www.
joem.org) provides the cause of
death categories and revision-spe-
cific ICD codes used in the general
mortality analysis. We identified
68,701 subjects or 30.7% of the co-
hort as deceased and cause of death
was obtained for 65,272 or 95.0%.
Only 2066 subjects, or 0.9% of the
cohort, were lost to follow-up. We
were able to confirm that 138,087
subjects or 61.6% of the cohort were
alive as of the study end date (12/31/
2004); the remainder (6.8%) was as-
sumed to be alive per our vital status
tracing protocol.

Statistical Methods

We computed standardized mor-
tality ratios (SMRs) based on U.S.
and CT state rates using a modified

life table procedure from the Occu-
pational Cohort Mortality Program.’
Population-weighted CT state rates
were obtained from the Mortality
and Population Data System main-
tained by UPitt (Due to Mortality
and Population Data System data
limitations [mortality rates for all
causes combined and non-malignant
causes limited to 1962-2004], ex-
pected numbers of deaths for these
cause of death categories during the
years 1952-61 were based on stan-
dard rates for 1962—64.).* County-
specific rates were not used as the
contiguous counties surrounding the
eight study plants comprised seven
of the eight counties in CT. Using the
proportional allocation module in
Occupational Cohort Mortality Pro-
gram, person-years and observed
deaths for subjects of unknown race
were assigned to white or non-white
categories in proportion to the factor-
specific distributions of study mem-
bers with known race. Statistically
significant deviations of the SMRs
below and above 1.00 were identi-
fied using Poisson probabilities.’

We used relative risk (RR) re-
gression modeling to investigate
the dependence of the internal co-
hort mortality rates for selected
cause of death categories (modeled
as time to death) on each of the study
factors considered.®’ Because no
non-CNS neoplasm category was of
a priori interest, we selected catego-
ries for more detailed external and
internal cohort rate analysis if the
results of the external mortality com-
parisons revealed a statistically sig-
nificant excess in deaths greater than
25%. We assessed the statistical sig-
nificance of each main effect (ex-
pressed as a global P-value) with a
likelihood ratio statistic and, for du-
ration of employment (DOE) and
time since first employment (TSFE),
also conducted a test for linear trend
(expressed as a trend P-value).

We computed corresponding
SMRs and RRs for selected sub-
groups defined by worker type
(short-term [<1 year] versus long-
term [1+ years]), age and year of
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hire, DOE and TSFE. Results were
not stratified by race due to the large
number of unknown values. DOE
was considered as a surrogate mea-
sure of a subject’s overall experience
or “exposure” in the working envi-
ronments of the study sites; TSFE
was used to account for the com-
bined induction and latency periods
of chronic diseases, which for some
diseases such as cancer, can equal 20
or more years.® Based upon P&W
clock number data, we also assigned
“payroll type” to each study member
as hourly, salary or mixed. This vari-
able was used as a surrogate measure
of socioeconomic status (SES) and,
if warranted, to control for potential
confounding by SES in some mortal-
ity comparisons. Using currently
available data, we also created a
“study plant group” variable to dis-
tinguish subjects who had exclusive
or partial employment at the “index”
NH plant from subjects never em-
ployed at NH or whose plant affilia-
tion is currently not known for all
jobs (unspecified) (Mortality analy-
ses of the P&W cohort are planned
that will enable stratification by each
of the eight study plants.). SMRs and
RRs based on small numbers of ob-
served or expected deaths were (and
should be) interpreted with appropri-
ate caution due to their relative
imprecision (ie, wide confidence in-
tervals). All tests on SMRs and RRs
were done at the 0.05 significance
level and no formal adjustments
were made for multiple comparisons.

Results

Table 1 shows, for the total cohort
during the entire 1952-2004 study
period, observed deaths and SMRs
for selected cause of death categories
based on both US and CT state death
rates. The all causes and all cancers
categories are shown with and with-
out all CNS neoplasms and all ma-
lignant CNS neoplasms, respectively
(All “CNS neoplasms” and “malig-
nant CNS neoplasms” are special
cause of death categories developed
for our companion paper on CNS
mortality. Refer to Marsh G, Bu-

chanich J, Youk A, et al, for corre-
sponding ICD codes."). Because of
the large number of observed deaths
associated with many categories,
some very small deficits or excesses
in deaths were statistically signifi-
cant (indicated here by confidence
interval on SMRs not including
1.00). The US and CT comparisons
revealed similar, statistically signifi-
cant overall deficits in deaths for
total mortality and most of the ma-
lignant and non-malignant cause of
death categories examined. The ex-
clusion of the special CNS neoplasm
categories had negligible effect on
the SMRs for total or all cancer
mortality. The state comparisons re-
vealed excesses in deaths compared
with US rate-based deficits for three
cause of death categories: a not sta-
tistically significant 4% excess in
deaths from ‘“all other respiratory
system cancer” (compared with a
24% deficit), a 39% not statistically
significant excess in cancer of the
eye (compared with a 9% deficit)
and a statistically significant 9% ex-
cess in deaths from ‘“bronchitis, em-
physema and asthma” (compared
with a 20% deficit).

Observed deaths and state rate-
based SMRs during 1952-2004 are
shown in Table 2 by study plant
group. About two-thirds (n =
46,092) of the deaths observed in the
cohort were among subjects who
never worked at the NH plant, and
11,354 (16.5%) deaths were ob-
served among subjects who worked
only or partly at NH. For subjects in
the only NH group, the all causes
combined and many cause-specific
SMRs were larger than those in the
other plant groups, but remained as
deficits or not statistically significant
excesses in deaths. The exclusion of
the special CNS neoplasm categories
had little or no effect on the SMRs
for total or all cancer mortality. Ele-
vated, statistically significant SMRs
were observed in the only NH group
for kidney cancer (68 deaths,
SMR = 1.30, CI = 1.01-1.65) and
“other non-malignant respiratory dis-
ease” (O-NMRD) (291 deaths,
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SMR = 1.27, CI = 1.13-1.42). The
overall 4% state rate-based excess
for ““all other respiratory system can-
cer” (Table 1) concentrated in the
never NH group, yielding a not sta-
tistically significant 30% excess
based on 41 deaths. The overall ex-
cesses in mortality from bronchitis,
emphysema and asthma (Table 1)
was due to a not statistically signifi-
cant 9% excess in the only NH group
and a statistically significant 15%
excess (1117 deaths, CI = 1.08—
1.22) in the never NH group.

Observed deaths and state rate-
based SMRs during 1952-2004 are
shown in Table 3 by payroll type.
About 78% (53,516) of the total
deaths occurred among hourly work-
ers. Only 3428 (5.0%) deaths were
observed among workers with mixed
payroll type. For most of the cause of
death categories examined, deficits
in deaths were observed for workers
of each payroll type and most of the
deficits were statistically significant.
For hourly workers, SMRs were gen-
erally larger than those observed for
salaried or mixed payroll workers
and for several cause of death cate-
gories we observed statistically sig-
nificant excesses in deaths. These
excesses included respiratory system
cancer (4995 deaths, SMR = 1.09,
CI = 1.06-1.12), and the subcate-
gory, cancer of the bronchus, tra-
chea, and lung (4761 deaths, SMR =
1.10, CI = 1.07-1.13); bronchitis,
emphysema, asthma (1258 deaths,
SMR = 1.22, CI = 1.16-1.29), and
the subcategories bronchitis (713
deaths, SMR = 1.28, CI = 1.18-
1.37), and emphysema (475 deaths,
SMR = 1.22, CI = 1.11-1.33). The
excesses noted in the only NH group
for kidney cancer and O-NMRD (Ta-
ble 2) occurred as not statistically
significant 10% and 5% excesses,
respectively, among the hourly
workers only.

Tables 4—6 show observed deaths,
SMRs (CT state comparison) and RRs
by selected study factors for the three
cause of death categories in Tables 2
and 3 that revealed a statistically
significant, greater than 25% excess
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TABLE 1
Observed Deaths and SMRs for Selected Causes of Death, US and Connecticut State Comparisons, All Workers,
1952-2004

us Connecticut
Cause of Death* Obs SMR 95% CIt SMR 95% ClIt
All causes (including all CNS neoplasmst) 68701 0.81 0.80-0.81 0.89 0.88-0.90
All causes (excluding all CNS neoplasmst) 68095 0.81 0.80-0.81 0.89 0.88-0.89
All cancer (including malignant CNS neoplasmst) 18641 0.87 0.86-0.88 0.89 0.88-0.90
All cancer (excluding malignant CNS neoplasmst) 18179 0.87 0.86-0.89 0.89 0.87-0.90
Buccal cavity and pharynx 415 0.89 0.81-0.98 0.80 0.73-0.88
Digestive organs and peritoneum 4624 0.89 0.86-0.91 0.83 0.81-0.85
Esophagus 551 0.97 0.90-1.06 0.83 0.77-0.91
Stomach 580 0.88 0.81-0.95 0.72 0.66-0.78
Large intestine 1647 0.90 0.86-0.95 0.89 0.84-0.93
Rectum 321 0.83 0.74-0.93 0.73 0.65-0.82
Biliary passages and liver primary 429 0.82 0.74-0.90 0.84 0.76-0.92
Pancreas 953 0.89 0.83-0.95 0.85 0.79-0.90
All other digestive 143 0.82 0.69-0.96 0.84 0.71-0.99
Respiratory system 6208 0.87 0.84-0.89 0.98 0.95-1.00
Larynx 186 0.80 0.69-0.92 0.79 0.68-0.91
Bronchus, trachea, lung 5972 0.87 0.85-0.89 0.98 0.96-1.01
All other respiratory 50 0.76 0.57-1.01 1.04 0.77-1.37
Breast 561 0.79 0.73-0.86 0.75 0.69-0.82
All uterine (female only) 117 0.59 0.49-0.71 0.70 0.58-0.84
Cervix (female only) 50 0.50 0.37-0.66 0.70 0.52-0.92
Other female genital organs (female only) 167 0.72 0.62-0.84 0.73 0.62-0.85
Prostate (male only) 1341 0.88 0.84-0.93 0.89 0.85-0.94
Testis and other male genital organs (male only) 39 0.63 0.45-0.87 0.65 0.46-0.89
Kidney 492 0.96 0.88-1.05 0.99 0.90-1.08
Bladder and other urinary organs 524 1.01 0.92-1.10 0.92 0.85-1.01
Malignant melanoma of skin 269 0.81 0.72-0.91 0.83 0.73-0.94
Eye 11 0.91 0.45-1.62 1.39 0.69-2.49
Thyroid gland and other endocrine glands and 48 0.72 0.53-0.96 0.70 0.52-0.93
related structures
Bone 36 0.67 0.47-0.92 0.82 0.58-1.14
All lymphatic and hematopoietic tissue 1766 0.85 0.82-0.90 0.88 0.84-0.92
Hodgkins disease 91 0.75 0.60-0.92 0.67 0.54-0.82
Non-hodgkins lymphoma 678 0.87 0.80-0.94 0.89 0.82-0.95
Leukemia and aleukemia 663 0.84 0.78-0.91 0.88 0.82-0.95
All other lymphopoietic tissue 334 0.89 0.80-0.99 0.95 0.85-1.06
All other malignant neoplasms§ 1564 0.92 0.87-0.96 0.87 0.82-0.91
Benign neoplasms|| 184 0.83 0.72-0.96 0.72 0.62-0.83
Diabetes mellitus 1379 0.74 0.70-0.78 0.88 0.83-0.93
Cerebrovascular disease 3433 0.71 0.68-0.73 0.83 0.80-0.85
All heart disease 22407 0.77 0.76-0.78 0.84 0.83-0.86
Rheumatic 197 0.52 0.45-0.60 0.54 0.47-0.62
Ischemic 16698 0.75 0.74-0.77 0.87 0.85-0.88
Chronic disease of endocardium and other 726 0.68 0.63-0.73 0.82 0.76-0.88
myocardial insufficiency
Hypertension with heart disease 574 0.65 0.59-0.71 0.80 0.74-0.87
All other heart disease 4212 0.91 0.88-0.93 0.79 0.77-0.82
Hypertension w/o heart disease 295 0.79 0.70-0.88 0.81 0.72-0.91
Nonmalignant respiratory disease 5319 0.78 0.76-0.81 0.91 0.89-0.94
Influenza and pneumonia 1474 0.69 0.66-0.73 0.73 0.69-0.76
Bronchitis, emphysema, asthma 1608 0.80 0.76-0.84 1.09 1.04-1.15
Bronchitis 915 0.86 0.81-0.92 1.10 1.03-1.17
Emphysema 598 0.74 0.68-0.80 1.13 1.04-1.22
Asthma 95 0.65 0.52-0.79 0.87 0.70-1.06
Other nonmalignant respiratory 2237 0.85 0.82-0.89 0.97 0.93-1.01
Ulcer of stomach and duodenum 169 0.60 0.51-0.69 0.82 0.70-0.96
Cirrhosis of liver 1254 0.71 0.67-0.75 0.74 0.70-0.78
Nephritis and nephrosis 670 0.77 0.72-0.84 0.77 0.72-0.83
All external causes of death 3727 0.52 0.51-0.54 0.74 0.72-0.77

(Continued)
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TABLE 1
(Continued)
us Connecticut
Cause of Death* Obs SMR 95% CIt SMR 95% Clt
Accidents 2302 0.51 0.49-0.53 0.72 0.69-0.75
Motor vehicle accidents 1052 0.49 0.46-0.52 0.79 0.74-0.84
All other accidents 1250 0.53 0.50-0.56 0.67 0.63-0.71
Suicides 1068 0.65 0.61-0.69 0.87 0.82-0.93
Homicides and other external 357 0.34 0.31-0.38 0.61 0.55-0.67
All other causes§ 7425 0.75 0.73-0.77 0.79 0.77-0.81
Acquired immunodeficiency syndrome (AIDS) (from 329 0.62 0.55-0.69 0.58 0.52-0.65
1987)
Unknown causes 3429

*See online Appendix for listing of corresponding ICD codes by ICD revision.

TSMRs are statistically significant at 5% level, if the 95% confidence interval does not include 1.00.

F“All CNS neoplasms” and “malignant CNS neoplasms” are special cause of death categories developed for our companion paper on CNS
mortality. See Marsh G, Buchanich J, Youk A, et al," for corresponding ICD codes.

§Does not include the CNS neoplasm category shown in online Appendix.

[Includes benign CNS neoplasms (see online Appendix for ICD codes).

in deaths (kidney cancer, O-NMRD,
and bronchitis). The analysis is lim-
ited to the main subgroup where the
excesses occurred and covers the en-
tire 1952-2004 study period. For
kidney cancer among only NH work-
ers (Table 4), external mortality
comparisons revealed elevated and
statistically significant SMRs for
hourly workers (66/68 deaths,
SMR = 1.38, CI = 1.07-1.76) and
workers hired after 1959 (42 deaths,
SMR = 1.57, CI = 1.13-2.12). In-
ternal comparisons revealed that
payroll type was a statistically signif-
icant predictor of mortality risk
(global P-value = 0.047) due to a
96% excess in deaths among hourly
workers (66/68 deaths, RR = 1.96,
CI = 0.48-8.02).

For O-NMRD among only NH
workers (Table 5), SMRs were ele-
vated and statistically significant for
many subcategories of the study fac-
tors considered, including short-term
workers (140 deaths, SMR = 1.45,
CI = 1.22-1.72) and hourly workers
(278 deaths, SMR = 1.32, CI =
1.17-1.49). Internal comparisons
found payroll type as a statistically
significant predictor of mortality risk
(global P-value = 0.009) due mostly
to a 52% excess in deaths among
hourly workers (278 deaths, RR =
1.52, CI = 0.81-2.89), and no evi-
dence of an association with DOE or

TSFE with or without the predictor
payroll type in the model (results
with predictor included not shown).

For bronchitis among all hourly
workers (Table 6), SMRs were ele-
vated and statistically significant for
many subcategories of the study fac-
tors considered, including short-term
workers (290 deaths, SMR = 1.47,
CI = 1.31-1.65), workers in the
never NH plant group (524 deaths,
SMR = 1.35, CI = 1.24-1.47), age
at hire less than 30 years old (315
deaths, SMR = 143, CI = 1.27-
1.59), year of hire 1960-1969 (203
deaths, SMR = 145, CI = 1.26—
1.67) and workers followed 30-39
years (195 deaths, SMR = 1.51,
CI = 1.31-1.74) and 40+ years (461
deaths, SMR = 1.31, CI = 1.19-
1.43). Internal comparisons found
study plant group as a borderline
statistically significant predictor of
bronchitis mortality risk (global
P-value = 0.056) due partly to the
excess among never NH workers.
RRs were similarly elevated in all
non-baseline categories of TSFE and
for 30-39 years was statistically sig-
nificant (RR = 2.49, CI = 1.14-
5.44). For each of the causes of death
examined in Tables 4-6, internal
comparisons revealed no evidence of
increasing risk with increasing DOE
or TSFE with or without the predic-

tor payroll type in the model (model
with predictor included not shown).

Discussion

At the total cohort level, our find-
ings indicated a statistically signifi-
cantly reduced mortality risk from all
causes combined and all cancer sites
combined with and without the in-
clusion of deaths from the special
CNS neoplasm cause of death cate-
gories used in our companion paper
of CNS neoplasm mortality." We
also found statistically significant
deficits in deaths from most of the
other malignant and non-malignant
disease categories examined. With
relatively few exceptions, these over-
all mortality patterns were main-
tained within subgroups of workers
defined by study plant groups and
payroll type. These favorable mortal-
ity patterns, particularly those for the
long-term chronic diseases exam-
ined, are probably influenced in part
by the “healthy worker effect,” a
relative absence of deleterious
health risks in relation to employ-
ment, and the effects of continuing
employment with its many bene-
fits, such as improved health care
and quality of life.

SES differences between the study
population and the general US and
CT state comparison populations
may also have influenced the overall
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TABLE 2

Observed Deaths and SMRs for Selected Causes of Death, Connecticut State Comparison, All Workers, 1952-2004, by

Study Plant Group

Cause of Death®

Only North Haven

Partially North Haven

Never North Haven

Unspecified Plant

Obs

SMR (95% CI)

Obs SMR (95% CI)

Obs SMR (95% Cl)

Obs

SMR (95% Cl)

All causes (including all CNS
neoplasms®)
All causes (excluding all CNS
neoplasms®)
All cancer (including malignant
CNS neoplasms®)
All cancer (excluding malignant
CNS neoplasms®)

All other respiratory

7868 0.95" (0.93-0.97) 3486 0.79* (0.77-0.82)

7797 0.95" (0.93-0.97) 3448 0.79* (0.77-0.82)

2196

2139

1

0.99 (0.95-1.03)

0.99 (0.94-1.03)

987 0.82** (0.77-0.87)

957 0.86™ (0.81-0.92)

2 0.73(0.09-2.62)

41

46092 0.90** (0.89-0.91) 11255 0.83** (0.81-0.85)
45691 0.90** (0.89-0.91) 11159 0.83** (0.81-0.85)
12470 0.90* (0.88-0.92) 2988 0.80™ (0.78-0.83)

12164 0.90* (0.89-0.92) 2919 0.80* (0.78-0.83)

6 0.72* (0.27-1.58)

Buccal cavity and pharynx 63 1.03(0.79-1.32) 16 0.54** (0.31-0.87) 287 0.85™ (0.75-0.95) 49 0.56™ (0.41-0.74)
Digestive organs and peritoneum 558 0.94 (0.86-1.02) 253 0.79** (0.70-0.90) 3088 0.84** (0.81-0.87) 725 0.74™ (0.69-0.80)
Esophagus 60 0.73"(0.56-0.94) 32 0.85(0.58-1.20) 369 0.85" (0.77-0.94) 90 0.83 (0.66-1.01)
Stomach 82 0.96(0.77-1.20) 39 0.86(0.61-1.18) 374 0.70" (0.63-0.77) 85 0.61™* (0.49-0.76)
Large intestine 197 1.05(0.91-1.20) 87 0.82(0.65-1.01) 1123 0.91* (0.86-0.97) 240 0.72* (0.63-0.82)
Rectum 40 0.93(0.66-1.27) 15 0.60" (0.33-0.98) 206 0.70* (0.61-0.81) 60 0.77* (0.59-0.99)
Biliary passages and liver 56 0.97(0.73-1.25) 26 0.87 (0.57-1.28) 281 0.83" (0.74-0.94) 66 0.74* (0.57-0.94)
primary

Pancreas 108 0.89(0.73-1.08) 42 0.65* (0.47-0.88) 646 0.87* (0.81-0.94) 157 0.79"* (0.67-0.92)
All other digestive 15 0.84(0.47-1.38) 12 1.23(0.64-2.16) 89 0.79* (0.64-0.98) 27 0.90 (0.59-1.31)
Respiratory system 727 1.06(0.99-1.14) 325 0.87*(0.78-0.97) 4185 1.00(0.97-1.03) 971 0.87** (0.82-0.93)
Larynx 24 0.87(0.56-1.29) 8 0.59(0.26-1.17) 127 0.82*(0.69-0.98) 27 0.68" (0.45-0.98)
Bronchus, trachea, lung 702 1.08 (1.00-1.16) 315 0.89*(0.79-0.99) 4017 1.00(0.97-1.04) 938 0.88™ (0.82-0.94)

(

(

(
(
(
(
(
1.30 (0.93-1.76)
(
(
(
(

Breast 51 0.70* (0.52-0.92) 30 0.78(0.52-1.11) 360 0.76* (0.68-0.84) 120 0.76™ (0.63-0.90)
All uterine (female only) 16 0.95 (0.54-1.54) 1 — 87 0.82(0.66-1.01) 13 0.36* (0.19-0.62)
Cervix (female only) 9 1.18(0.54-2.24) 1 — 38 0.84(0.59-1.15) 2 0.14* (0.02-0.50)
Other female genital organs 13 0.63(0.33-1.07) 5 0.43(0.14-1.00) 118 0.81*(0.67-0.97) 31 0.61* (0.42-0.87)
(female only)
Prostate (male only) 147 0.99 (0.83-1.16) 77 0.90(0.71-1.13) 886 0.88" (0.82-0.94) 231 0.89(0.78-1.01)
Testis & other male genital 6 0.92 (0.34-2.00) 1 — 24 0.59** (0.38-0.88) 8 0.85(0.37-1.67)
organs (male only)
Kidney 68 1.30*(1.01-1.65) 25 0.86(0.56-1.27) 323 0.98 (0.88-1.10) 76 0.87 (0.69-1.09)
Bladder and other urinary organs 57 1.07 (0.81-1.38) 24 0.72 (0.46-1.08) 372 0.98 (0.88-1.08) 71 0.70™ (0.55-0.89)
Malignant melanoma of skin 32 0.97(0.66-1.37) 16 0.85(0.48-1.38) 169 0.78* (0.67-0.91) 52 0.93(0.70-1.22)
Eye 2 2.33(0.28-8.42) 2 4.50(0.54-16.26) 5 0.96 (0.31-2.25) 2 1.40(0.17-5.06)
Thyroid gland and other 2 0.28 (0.03-1.03) 2 0.50(0.06-1.81) 35 0.78(0.54-1.09) 9 0.73(0.34-1.39)
endocrine glands and related
structures
Bone 7 1.41(0.57-2.90) 2 0.83(0.10-2.98) 21 0.72 (0.45-1.10) 6 0.82(0.30-1.79)
All lymphatic and hematopoietic 182 0.85*(0.73-0.99) 90 0.78* (0.63-0.96) 1193 0.90** (0.85-0.95) 301 0.86 (0.77-0.96)
tissue
Hodgkins disease 15 0.97 (0.54-1.61) 2 0.26" (0.03-0.92) 57 0.63* (0.48-0.81) 17 0.75(0.44-1.20)
Non-hodgkins lymphoma 66 0.83(0.64-1.05) 33 0.74(0.51-1.04) 463 0.91*(0.83-0.99) 116 0.86(0.71-1.03)
Leukemia and aleukemia 57 0.72*(0.54-0.93) 40 0.92(0.66-1.26) 460 0.92 (0.84-1.01) 106 0.81* (0.66-0.98)
All other lymphopoietic tissue 44 1.14(0.83-1.53) 15 0.76(0.42-1.25) 213 0.92 (0.80-1.06) 62 1.01(0.77-1.29)
All other malignant neoplasms® 208 1.05(0.91-1.21) 88 0.85(0.68-1.04) 1014 0.86* (0.80-0.91) 254 0.80* (0.71-0.91)
Benign neoplasms® 23 0.88(0.56-1.32) 14 0.96 (0.53-1.61) 115 0.68* (0.56-0.81) 32 0.70* (0.48-0.98)
Diabetes mellitus 156 0.88(0.75-1.03) 85 0.96(0.77-1.19) 907 0.88" (0.83-0.94) 231 0.84* (0.73-0.95)
Cerebrovascular disease 350 0.86™ (0.77-0.95) 168 0.74** (0.63-0.86) 2325 0.84** (0.81-0.88) 590 0.79** (0.73-0.86)
All heart disease 2486 0.94** (0.90-0.97) 1154 0.76** (0.72-0.81) 14949 0.85* (0.83-0.86) 3818 0.81** (0.78-0.83)
Rheumatic 16 0.47* (0.27-0.76) 13 0.62 (0.33-1.05) 132 0.55™ (0.46-0.66) 36 0.53** (0.37-0.73)
Ischemic 1764 0.96 (0.91-1.00) 855 0.77** (0.72-0.83) 11217 0.87** (0.85-0.89) 2862 0.83** (0.80-0.86)
Chronic disease of endocardium 82 0.93 (0.74-1.15) 39 0.78 (0.55-1.07) 469 0.80** (0.73-0.88) 136 0.83* (0.70-0.98)

and other myocardial
insufficiency
Hypertension with heart disease
All other heart disease
Hypertension w/o heart disease

68 0.76* (0.59-0.96)
556 0.93 (0.86-1.01)
43 1.02(0.73-1.37)

37 0.96 (0.67-1.32)
210 0.69** (0.60-0.79)
11 0.55* (0.28-0.99)

355 0.76™ (0.68-0.84)
2776 0.80™ (0.77-0.83)
195 0.82** (0.71-0.95)

114 0.95(0.78-1.14
670 0.72** (0.66-0.77
46 0.73*(0.54-0.98

(Continued

===
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TABLE 2
(Continued)

Cause of Death®

Only North Haven

Partially North Haven

Never North Haven

Unspecified Plant

Obs SMR (95% Cl)

Obs SMR (95% CI)

Obs  SMR (95% CI)

Obs SMR (95% Cl)

Nonmalignant respiratory
disease
Influenza and pneumonia
Bronchitis, emphysema,
asthma
Bronchitis
Emphysema
Asthma
Other nonmalignant
respiratory disease

Ulcer of stomach and duodenum
Cirrhosis of liver

Nephritis and nephrosis

All external causes of death

Accidents

Motor vehicle accidents

All other accidents
Suicides

Homicides and other external

All other causes®

591 1.03 (0.95-1.11)

143 0.71** (0.60-0.84)
157 1.09 (0.92-1.27)

97 1.18(0.96-1.44
50 1.04(0.77-1.37
10 0.72(0.34-1.32
291 1.27* (1.13-1.42

NN o2

18 0.91 (0.54-1.44)
161 0.79* (0.67-0.92)

91 0.90 (0.72-1.10)
512 0.76™ (0.69-0.83)
302 0.73** (0.65-0.82)
145 0.81** (0.68-0.95)
157 0.67** (0.57-0.78)
140 0.98 (0.83-1.16)

70 0.59™ (0.46-0.74)
877 0.83" (0.78-0.89)

264 0.79* (0.70-0.90)

71 0.63** (0.49-0.79)
79 0.91 (0.72-1.14)

47 0.94 (0.69-1.25)
25 0.82 (0.53-1.21)
7 1.16 (0.47-2.40)
114 0.86 (0.71-1.03)

5 0.43(0.14-1.01)
67 0.69** (0.53-0.87)
35 0.72* (0.50-0.99)
148 0.54** (0.46-0.63)
95 0.54** (0.44-0.66)

54 0.52* (0.39-0.68)
42 0.61** (0.44-0.83)
11 0.37** (0.19-0.66)
379 0.72** (0.65-0.80)

3597 0.93* (0.90-0.96)

1003 0.74** (0.70-0.79)
1117 1.15* (1.08-1.22)

867 0.82** (0.77-0.88)

257 0.70* (0.62-0.79)
255 0.95 (0.84-1.08)

634 1.16* (1.07-1.25) 137 0.89 (0.75-1.06)
416 117 (1.06-1.29) 107 1.12 (0.92-1.35)
67 0.94 (0.73-1.20) 11 0.59 (0.29-1.05)
1477 0.96(0.91-1.01) 355 0.84™ (0.76-0.93)

103 0.75* (0.61-0.91)
865 0.78* (0.73-0.83)
450 0.80* (0.72-0.87)
2532 0.77** (0.74-0.80)
1569 0.74** (0.70-0.78)

)
838 0.68™ (0.63-0.72)
731 0.89** (0.83-0.96)
232 0.64™ (0.56-0.73)
4910 0.80* (0.77-0.82

43 1.17 (0.85-1.58)
161 0.56™ (0.48-0.66)
94 0.62* (0.50-0.76)
535 0.70™ (0.64-0.76)
336 0.68™* (0.61-0.75)

201 0.68™ (0.59-0.78)
155 0.80** (0.68-0.94)
44 0.57** (0.41-0.76)
1259 0.77** (0.73-0.82)

Acquired immunodeficiency
syndrome (AIDS) (from 1987)
Unknown causes
Number at Risk

85 0.66** (0.53-0.82)

(
(
(
(
(
41 0.57* (0.41-0.77)
(
(
(
(
(

50.18" (0.06-0.42)

274 163
26,801

11,898

(
(
(
(
(
731 0.82** (0.77-0.89
(
(
(
(
(

)
215 0.62* (0.54-0.71)

153,130

(
(
(
(
(
135 0.68™ (0.57-0.80)
(
(
(
(
(

24 0.39* (0.25-0.59)

2,430 562
32,065

*P < 0.05; ™ P < 0.01.

2See online Appendix for listing of corresponding ICD codes by ICD revision.
P“All CNS neoplasms” and “malignant CNS neoplasms” are special cause of death categories developed for our companion paper on CNS
mortality. See Marsh G, Buchanich J, Youk A, et al," for corresponding ICD codes.
°Does not include the CNS neoplasm category shown in online Appendix.
9Includes benign CNS neoplasms (see online Appendix for ICD codes).

favorable patterns. Due to the technolog-
ical nature of the jet engine manufactur-
ing industry, the P&W cohort, unlike
many other industrial cohorts, included a
relatively large number of highly skilled
and highly paid managers, scientists and
operators, who would be of relatively
high SES in comparison with the general
population. As such, payroll type
(hourly, salary, mixed) in this cohort
may not correspond as well to SES as in
other occupational cohorts due to the
high skill level, and correspondingly
high pay, required of hourly operators.
Within our study, however, we observed
generally more favorable mortality pat-
terns among the salaried and mixed pay-
roll type workers compared with the
hourly workers. This could be due to the
fact that of the three components which
comprise SES, education, income and
occupation, education has been shown
to be most strongly correlated with

mortality.” ™" It is possible that while
hourly operators in skilled positions have
relatively high incomes, they do not
have correspondingly higher levels of
education. Also, while higher SES is
generally assumed to confer better health
status and decreased mortality rates than
lower SES,'* the relationship between
total and cause-specific mortality and
SES is complex. SES appears to have
different effects by gender'’ and by
race.'* For all-cause mortality, women
show slightly less of an effect than do
men."? The effect of SES appears to be
stronger in blacks than in whites for both
men and women. '

Our analysis of total and cause-
specific mortality by study plant
group and payroll type revealed sta-
tistically significant excesses in
deaths for only four main cause of
death categories that were not of a
priori interest—kidney cancer and

the residual category “all O-NMRD”
in the only NH plant group, “bron-
chitis, emphysema and asthma” in
the never NH group and among
hourly workers and respiratory sys-
tem cancer among hourly workers.
Kidney cancer is not generally con-
sidered to be occupationally rela-
ted,'® although some occupational
exposures have been implicated,
including asbestos'”'®* cadmium,"’
trichloroethylene,”® lead'®*' chro-
mium'®** and polychlorinated bi-
phenyls.>> Non-occupational risk
factors for kidney cancer include
obesity, hypertension and smoking,
including a dose-response relation-
ship with cigarette smoking.>* The
internal comparisons done as part of
our detailed evaluation of kidney
cancer mortality in the only NH
group revealed greater risks for
short-term workers, hourly workers
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TABLE 3
Observed Deaths and SMRs for Selected Causes of Death, Connecticut State Comparison, All Workers, 1952-2004, by Payroll Type
Salary Hourly Mixed
Cause of Death? Obs SMR (95% ClI) Obs SMR (95% ClI) Obs SMR (95% ClI)
All causes (including all CNS 11,757  0.72**(0.71-0.73) 53,516  0.95"(0.94-0.95) 3428 0.73**(0.70-0.75)
neoplasms®)
All causes (excluding all CNS 11,605  0.72** (0.71-0.73) 53,096  0.95"(0.94-0.96) 3394  0.73"(0.70-0.75)
neoplasms®)
All cancer (including malignant CNS 3526  0.73**(0.71-0.76) 14,105  0.95" (0.93-0.96) 1010 0.76** (0.72-0.81)
neoplasms®)
All cancer (excluding malignant CNS 3407  0.72*(0.70-0.75) 13,786  0.95* (0.94-0.97) 986 0.76** (0.72-0.81)
neoplasms®)
Buccal cavity and pharynx 58  0.57**(0.44-0.74) 344 0.88* (0.79-0.98) 13 0.42*(0.22-0.72)
Digestive organs and peritoneum 875 0.74** (0.69-0.79) 3517 0.87** (0.84-0.89) 232 0.67** (0.59-0.76)
Esophagus 63  0.49*(0.38-0.63) 468 0.93 (0.85-1.02) 20 0.50*(0.30-0.77)
Stomach 86  0.55" (0.44-0.68) 470  0.77**(0.70-0.84) 24 0.50* (0.32-0.74)
Large intestine 341 0.84** (0.75-0.93) 1223  0.91**(0.86-0.97) 83 0.72* (0.57-0.89)
Rectum 51 0.56** (0.42-0.73) 253  0.79** (0.69-0.89) 17 0.63 (0.31-1.01)
Biliary passages and liver primary 84 0.74** (0.59-0.92) 319  0.87*(0.77-0.97) 26 0.79 (0.51-1.15)
Pancreas 219  0.87**(0.75-0.99) 676  0.84**(0.78-0.91) 58 0.81 (0.62-1.05)
All other digestive 31 0.83 (0.56-1.18) 108 0.88 (0.72-1.06) 4 0.39* (0.11-0.99)
Respiratory system 936  0.66** (0.61-0.70) 4995  1.09** (1.06-1.12) 317  0.78** (0.69-0.87)
Larynx 22 0.48"(0.30-0.73) 155 0.87 (0.74-1.02) 9 0.63 (0.29-1.19)
Bronchus, trachea, lung 907  0.66* (0.62-0.71) 4761 1.10" (1.07-1.13) 304 0.78** (0.69-0.87)
All other respiratory 7 0.70 (0.28-1.44) 39 1.10 (0.78-1.50) 4 1.38 (0.38-3.53)
Breast 257  0.83** (0.73-0.94) 269  0.69* (0.61-0.78) 35 0.82 (0.57-1.13)
All uterine (female only) 40  0.64*(0.46-0.87) 74 0.78* (0.61-0.98) 3 0.33* (0.07-0.96)
Cervix (female only) 17 0.61* (0.36-0.98) 33 0.83 (0.57-1.17) 0 —
Other female genital organs 80 0.82 (0.65-1.02) 76 0.64** (0.51-0.80) 11 0.80 (0.40-1.44)
(female only)
Prostate (male only) 229 0.83* (0.74-0.96) 1023  0.89** (0.84-0.95) 89 0.97 (0.78-1.20)
Testis and other male genital or- 0 — 36 0.81 (0.57-1.13) 3 0.76 (0.16-2.22)
gans (male only)
Kidney 73  0.66* (0.52-0.83) 389 1.10 (0.99-1.22) 30 0.93 (0.63-1.33)
Bladder and other urinary organs 78 0.68* (0.53-0.84) 420 1.01 (0.92-1.11) 26 0.72 (0.47-1.06)
Malignant melanoma of skin 79 0.97 (0.77-1.21) 173 0.80** (0.68-0.92) 17 0.78 (0.45-1.25)
Eye 3 1.75 (0.36-5.12) 7 1.22 (0.49-2.50) 1 2.09 (0.05-11.63)
Thyroid gland and other endocrine 14 0.85 (0.46-1.42) 31 0.65* (0.44-0.93) 3 0.69 (0.14-2.02)
glands and related structures
Bone 3 0.32* (0.07-0.95) 29 0.89 (0.60-1.28) 4 1.55 (0.42-3.97)
All lymphatic and hematopoietic 393  0.85** (0.77-0.94) 1265  0.89** (0.84-0.94) 108 0.84 (0.69-1.01)
tissue
Hodgkins disease 18 0.57* (0.34-0.91) 67  0.68** (0.53-0.86) 6 0.71 (0.26-1.54)
Non-hodgkins lymphoma 148 0.82* (0.69-0.96) 486 0.91* (0.83-0.99) 44 0.87 (0.63-1.17)
Leukemia and aleukemia 145 0.84* (0.71-0.99) 479 0.90* (0.82-0.99) 39 0.81(0.57-1.10)
All other lymphopoietic tissue 82 1.07 (0.85-1.32) 233 0.92 (0.81-1.05) 19 0.87 (0.52-1.36)
All other malignant neoplasms® 291 0.71** (0.63-0.80) 1179  0.92* (0.87-0.97) 94 0.82 (0.66-1.00)
Benign neoplasms® 44 0.79 (0.57-1.06) 125  0.68* (0.56-0.81) 15 0.95 (0.53-1.57)
Diabetes mellitus 195  0.57**(0.49-0.66) 1110 0.97 (0.91-1.03) 84 0.88 (0.70-1.09)
Cerebrovascular disease 567  0.70** (0.64-0.76) 2682  0.86** (0.83-0.90) 184  0.77** (0.66-0.89)
All heart disease 3581 0.68* (0.66-0.70) 17,761 0.90** (0.88-0.91) 1155  0.72** (0.68-0.76)
Rheumatic 38  0.50* (0.35-0.68) 146 0.55" (0.47-0.65) 13 0.60 (0.32-1.03)
Ischemic 2626  0.71**(0.68-0.73) 13,219  0.92** (0.90-0.93) 853  0.74**(0.69-0.79)
Chronic disease of endocardium 127 0.69** (0.58-0.82) 564 0.86** (0.79-0.94) 35 0.66* (0.46-0.91)
and other myocardial insufficiency
Hypertension with heart disease 110  0.82** (0.68-0.99) 424 0.77**(0.70-0.84) 40 1.01 (0.72-1.38)
All other heart disease 680  0.59** (0.55-0.64) 3318  0.86** (0.83-0.89) 214 0.64** (0.56-0.73)
Hypertension w/o heart disease 48  0.65"(0.48-0.87) 234 0.86* (0.75-0.98) 13 0.62 (0.33-1.06)
Nonmalignant respiratory disease 879 0.71* (0.67-0.76) 4181 0.99 (0.96-1.02) 259  0.72** (0.64-0.82)
Influenza and pneumonia 251 0.64** (0.57-0.73) 1166 0.76** (0.72-0.81) 57  0.49* (0.37-0.63)
Bronchitis, emphysema, asthma 266 0.77** (0.68-0.87) 1258  1.22**(1.16-1.29) 84 0.87 (0.69-1.07)
Bronchitis 154  0.72* (0.61-0.84) 713 1.28"(1.18-1.37) 48 0.82 (0.60-1.09)
Emphysema 89 0.85 (0.68-1.04) 475 1.22** (1.11-1.33) 34 1.06 (0.73-1.47

)
(Continued)
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TABLE 3
(Continued)
Salary Hourly Mixed
Cause of Death? Obs SMR (95% Cl) Obs SMR (95% Cl) Obs SMR (95% CI)
Asthma 23 0.87 (0.55-1.31) 70 0.90 (0.70-1.13) 2 0.32 (0.04-1.17)
Other nonmalignant respiratory 362 0.73* (0.66-0.81) 1757 1.05 (0.99-1.10) 118 0.81* (0.67-0.97)
disease
Ulcer of stomach and duodenum 27 0.72 (0.48-1.05) 136 0.87 (0.73-1.03) 6 0.51 (0.19-1.11)
Cirrhosis of liver 196 0.54** (0.47-0.62) 1002 0.81** (0.76-0.86) 56 0.54** (0.41-0.70)
Nephritis and nephrosis 113 0.62** (0.51-0.74) 522 0.82** (0.75-0.89) 35 0.66* (0.46-0.92)
All external causes of death 592 0.55** (0.50-0.59) 3000 0.82** (0.79-0.85) 135 0.45** (0.37-0.53)
Accidents 338 0.49** (0.44-0.55) 1872 0.80** (0.76-0.83) 92 0.47** (0.38-0.58)
Motor vehicle accidents 143 0.49** (0.41-0.57) 876 0.91** (0.85-0.97) 3 0.40** (0.27-0.56)
All other accidents 195 0.50** (0.43-0.57) 996 0.72** (0.68-0.77) 59 0.52** (0.40-0.68)
Suicides 202 0.72** (0.62-0.82) 834 0.97 (0.91-1.04) 32 0.41** (0.28-0.58)
Homicides and other external 52 0.46** (0.35-0.61) 294 0.63* (0.56-0.70) 11 0.37** (0.18-0.66)
All other causes® 1390 0.66** (0.66—-0.73) 5682 0.83** (0.81-0.85) 353 0.62** (0.56-0.69)
Acquired immunodeficiency 28 0.28** (0.18-0.40) 294 0.65** (0.58-0.73) 7 0.26** (0.10-0.53)
syndrome (AIDS) (from 1987)
Unknown causes 569 2,745 115
Number at Risk 64,718 146,693 12,483

*P < 0.05; ** P < 0.01.

2See online Appendix for listing of corresponding ICD codes by ICD revision.

P“All CNS neoplasms” and “malignant CNS neoplasms” are special cause of death categories developed for our companion paper on CNS
mortality. See Marsh G, Buchanich J, Youk A, et al," for corresponding ICD codes.

°Does not include the CNS neoplasm category shown in online Appendix.

9dIncludes benign CNS neoplasms (see online Appendix for ICD codes).

TABLE 4
Observed Deaths, Standardized Mortality Ratios (SMR-CT State Comparison) and Relative Risks® (RR) for Kidney Cancer,
Workers in Only North Haven Plant Group, 1952-2004, by Selected Study Factors

External Rate Comparison Internal Rate Comparison
Study Factor Deaths SMR (95% CI) Non-cases® RR (95% CI) P°

Worker Type

Short-term (<1 yrs) 36 1.38 0.97-1.92 155,500 1.00 0.639

Long-term (1+ yrs) 32 1.23 0.84-1.74 104,097 0.89 (0.54-1.46)
Payroll Type

Salary 2 0.73 0.09-2.65 12,876 1.00

Hourly 66 1.38* 1.07-1.76 239,215 1.96 (0.48-8.02)

Mixed 0 — — 7506 — 0.047
Age at hire

<30 yr 31 1.31 0.89-1.86 177,673 1.00 0.989

30+ 37 1.29 0.91-1.77 81,924 1.01 (0.42-2.41)
Year of hire

<1960 26 1.01 0.66-1.48 87,270 1.00

1960+ 42 1.57* 1.13-2.12 172,327 1.42 (0.81-2.50) 0.225
Duration of employment (DOE) (yrs)

<1 36 1.38 0.96-1.90 155,500 1.00 0.570 (0.312)

1-4 18 1.60 0.95-2.52 56,954 1.11 (0.62-1.96)

5-19 7 0.85 0.34-1.75 24,793 0.65 (0.28-1.51)

20+ 7 1.16 0.47-2.38 22,350 0.72 (0.31-1.67)
Time since first employment (TSFE)

(yrs)

<20 12 1.15 0.59-2.00 36,901 1.00 0.885 (0.578)

20-29 18 1.33 0.79-2.10 66,099 0.72 (0.26-1.95)

30-39 23 1.19 0.76-1.79 120,829 0.62 (0.20-1.94)

40+ 15 1.69 0.95-2.79 35,768 0.65 (0.17-2.46)

*P < 0.05; P < 0.01.

?Risksets were matched on exact age, gender and date of birth (using a 1 yr caliper).
PThe number of persons in decedents’ risk sets used in calculation of RR.

°P-value: global, (trend).
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TABLE 5

Observed Deaths, Standardized Mortality Ratios (SMR-CT State Comparison) and Relative Risks® (RR) for Other
Nonmalignant Respiratory Disease (O-NMRD)®, Workers in Only North Haven Plant Group, 1952-2004, by Selected

Study Factors

External Rate Comparison

Internal Rate Comparison

Study Factor Deaths SMR (95% CI) Non-Cases® RR (95% CI) P
Worker type
Short-term (<1 yrs) 140 1.45* 1.22-1.72 332,096 1.00 0.091
Long-term (1+ yrs) 151 1.16 0.98-1.36 305,952 0.81 (0.61-1.03)
Payroll type
Salary 10 0.87 0.42-1.61 31,650 1.00
Hourly 278 1.32* 1.17-1.49 582,930 1.52 (0.81-2.89)
Mixed 3 0.42 0.09-1.22 23,468 0.42 (0.12-1.54) 0.009
Age at hire
<30 yr 79 1.30* 1.03-1.62 297,548 1.00 0.955
30+ 212 1.26** 1.10-1.45 340,500 1.01 (0.68-1.51)
Year of hire
<1960 176 1.36* 1.17-1.58 307,644 1.00 0.497 (0.506)
1960-69 98 1.15 0.93-1.40 294,021 0.86 (0.66-1.12)
1970+ 17 1.29 0.75-2.07 36,383 1.04 (0.60-1.79)
Duration of employment (DOE) (yrs)
<1 140 1.45** 1.22-1.71 332,096 1.00 0.278 (0.170)
1-4 56 1.14 0.86-1.48 135,484 0.77 (0.56-1.47)
5-19 57 1.25 0.95-1.62 81,376 0.91 (0.66-1.26)
20+ 38 1.14 0.80-1.56 89,092 0.76 (0.53-1.11)
Time since first employment (TSFE)
(yrs)
<20 37 1.13 0.80-1.56 71,646 1.00 0.345 (0.900)
20-29 76 1.32* 1.04-1.66 154,603 0.90 (0.55-1.47)
30-39 104 1.25* 1.02-1.52 280,488 0.74 (0.44-1.26)
40+ 74 1.33* 1.05-1.67 131,311 0.98 (0.55-1.78)

*P < 0.05; ™ P < 0.01.

?Risksets were matched on exact age, gender and date of birth (using a 1 yr caliper).
PExcludes influenza, bronchitis, pneumonia, asthma, emphysema.
°The number of persons in decedents’ risk sets used in calculation of RR.

dp-value: global, (trend).

and workers hired after 1959 and no
evidence of an association with DOE
or TSFE. This pattern of findings
suggests that the kidney cancer ex-
cess may be a reflection of non-
occupational risk factors, many of
which correlate with the lower SES
of hourly workers and the less
healthy behavior and lifestyle often
found among short-term workers.®
Also, because the only NH plant
group had the largest percentages of
hourly workers (91.0%) and short-
term workers (57.1%),' subjects had
ample opportunity for employment
and exposures outside of P&W.
The O-NMRD category, which
excludes influenza, pneumonia,
bronchitis, emphysema and asthma,
included, for these subjects, deaths
from occupationally related diseases

not likely related to P&W employ-
ment, such as silicosis and coal
workers’ pneumoconiosis, and
deaths from diseases possibly related
to employment including pneumoni-
tis due to solids and liquids, post-
inflammatory pulmonary fibrosis
and chronic airways obstruction, not
elsewhere classified. We know from
available death certificate informa-
tion that following P&W employ-
ment some men worked in the coal
mines of Pennsylvania and West
Virginia where some of the pneumo-
conioses may have developed; how-
ever, this does not appear to explain
the entire O-NMRD excess. In a case-
control study of jet engine repair
workers, Kilburn®® found excessive
respiratory symptoms attributable to
welding stainless steel combined

with cigarette smoking and con-
cluded that manganese exposure was
the responsible exposure agent. Nev-
ertheless, our detailed internal com-
parisons of O-NMRD mortality in
the only NH plant group found
greater risks for short-term workers
and hourly workers and no evidence
of an association with DOE or TSFE.
This pattern of findings and the
short-term workers’ greater opportu-
nity for other employment suggest
that the O-NMRD excess may reflect
the role of external occupational fac-
tors including the known histories of
coal mining work after employment
at P&W.

Our finding of statistically signif-
icantly elevated bronchitis mortality
among all hourly workers was simi-
lar to findings in the never NH plant
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TABLE 6
Observed Deaths, Standardized Mortality Ratios (SMR-CT State Comparison) and Relative Risks® (RR) for Bronchitis,
Hourly Workers, 1952-2004, by Selected Study Factors
External Rate Comparison Internal Rate Comparison
Study Factor Deaths SMR (95% CI) Non-cases® RR (95% CI) P°
Worker type
Short-term (<1 yrs) 290 1.47* 1.31-1.65 788,924 1.00 0.188
Long-term (1+ yrs) 423 1.18** 1.07-1.30 904,794 0.90 (0.77-1.05)
Study plant group
Never North Haven 524 1.35™ 1.24-1.47 1,137,636 1.00 0.056
Only North Haven 90 1.21 0.97-1.49 268,767 0.84 (0.67-1.05)
Partially North Haven 28 1.09 0.73-1.58 74,183 0.80 (0.55-1.17)
Unknown Plant 71 1.00 0.78-1.27 213,132 0.76* (0.59-0.97)
Age at hire
<30 yr 315 1.43* 1.27-1.59 1,097,684 1.00 0.709
30+ 398 117 1.05-1.29 596,034 1.04 (0.86-1.26)
Year of hire
<1960 475 1.19* 1.09-1.31 939,520 1.00 0.721 (0.573)
1960-69 203 1.45™ 1.26-1.67 653,301 1.08 (0.90-1.30)
1970+ 35 1.36 0.95-1.35 100,897 1.02 (0.71-1.46)
Duration of employment (DOE) (yrs)
<1 290 1.47* 1.31-1.65 788,924 1.00 0.542 (0.341)
1-4 156 1.21* 1.03-1.42 415,999 0.87 (0.72-1.06)
5-19 151 1.11 0.94-1.30 250,940 0.94 (0.77-1.16)
20+ 116 1.23* 1.01-1.47 237,855 0.89 (0.72-1.11)
Time since first employment (TSFE)
(yrs)
<20 12 0.34* 0.18-0.60 40,306 1.00 0.070 (0.905)
20-29 45 0.99 0.72-1.33 109,441 2.12 (0.99-4.53)
30-39 195 1.51* 1.31-1.74 581,139 2.49* (1.14-5.44)
40+ 461 1.31* 1.19-1.43 962,832 2.19 (0.99-4.78)

*P < 0.05; = P < 0.01.

®Risksets were matched on exact age, gender and date of birth (using a 1 yr caliper).
PThe number of persons in decedents’ risk sets used in calculation of RR.

°P-value: global, (trend).

group, which included the bulk of the
bronchitis deaths among hourly
workers. Bronchitis was included
as part of a larger cause of death
category of chronic obstructive pul-
monary diseases (“bronchitis, em-
physema and asthma”) the first two
of which are caused mainly by
cigarette smoking.”® As with kidney
cancer, the pattern of findings for
bronchitis suggest the role of non-
occupational risk factors, in particu-
lar higher rates of smoking, that cor-
relate with the lower SES of hourly
workers and the less healthy behav-
ior and lifestyle often found among
short-term workers. This same pat-
tern may explain our finding of ele-
vated mortality risks for respiratory
system cancer among all hourly
workers. We will investigate these
malignant and non-malignant respi-

ratory disease excesses further when
detailed work history and exposure
data become available in later phases
of the overall investigation.

The results of this evaluation of
total and cause-specific mortality
must be interpreted with consider-
ation given to the exploratory, hy-
pothesis generating nature of the
statistical analysis, especially consid-
ering that the overall investigation
began in response to an unusual oc-
currence of glioblastoma at the NH
facility. To minimize false positive
results stemming from the multiple
statistical comparisons inherent in
exploratory analyses, we examined a
relatively small number of available
study factors and limited the number
of corresponding subcategories.
Study factors were categorized a pri-
ori to the extent possible and re-

categorized only to evenly distribute
or ensure sufficient numbers of ob-
served deaths used in risk estimate
calculations. Despite these precau-
tions, the likelihood remains that
some comparisons were deemed sta-
tistically significant by chance fac-
tors alone.

Although large size and high sta-
tistical power are major strengths of
this study, many very small excesses
or deficits were detected as being
statistically significant. Recognizing
that very small excesses or deficits
derived from observational epidemi-
ology studies may not be meaningful
indicators of the presence or absence
of mortality risks, we placed little
importance on statistical significance
in these situations and focused pri-
marily on the magnitude, patterns
and consistency of our risk estimates
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across the subgroups of the study
population examined. Despite the
large overall size of the study, we
observed relatively small numbers of
deaths in some subcategories of the
rarer diseases examined resulting in
low precision in estimating mortality
risks via SMRs or RRs and low
statistical power to detect possibly
important mortality excesses.

The current analysis has other im-
portant limitations. Due to ongoing
efforts to finalize the work histories
and exposure assessment component
of the investigation, we were limited
here to evaluating only basic work
history factors, such as study plant
group, payroll type, year of hire, age
at hire, DOE and TSFE. Refinements
made to subjects’ work histories in
the ongoing exposure assessment
component of this investigation will
allow us to evaluate findings of in-
terest at the detailed job level and
with respect to potential exposures to
classes of chemical and physical
agents instead of the basic or surro-
gate work history factors analyzed
here. It will also permit us to assign
subjects to the current plant groups
more completely and to perform de-
tailed analyses of the remaining
seven study plants rather than only
NH.

Our historical cohort study has
many unique features and method-
ological strengths. It is among the
largest and most comprehensive his-
torical cohort studies ever under-
taken in the occupational setting. Our
cohort of 233,894 subjects contrib-
uted more than 7.7 million person-
years of observation, of which about
1.4 million or 18% were among
workers employed more than 5 years
and followed for 20 or more years
from first employment. This led to
the observation of 68,701 deaths
through 2004, including 18,641
deaths from all cancers combined.
Other major strengths of the study
include: long (up to 53 years) ob-
servation periods; nearly complete
cohort enumeration; internal and
external validation of cohort com-
pleteness; excellent rates of vital sta-

Mortality among Jet Engine Manufacturing Workers + Marsh et al

tus ascertainment and cause of death
determination; the use of national
and state external mortality compar-
isons and robust statistical modeling
of internal cohort rates.

Our study is also the first large-
scale, comprehensive epidemiologi-
cal study of workers in the jet engine
manufacturing and repair industry.
Only a limited number of health
studies have been conducted on al-
lied professions or subareas of this
industry including cancer incidence
studies of pilots and flight atten-
dants®’ =" several noise and hearing
studies for airport personnel’°—>?
toxicological studies on jet fuel,
engine exhaust, and jet engine
lubricating oils®>*? and one study
looking at respiratory, rheumatic
and neurobehavioral symptoms
among jet engine repair workers.*
Larger studies have been conducted
on aircraft maintenance work-
ers*®~*? and aircraft manufacturing
workers,*** each of which found
non-significant excesses of lymphatic
and hematopoietic cancers, in particular
non-Hodgkins lymphoma, among
workers exposed to solvents, a pattern
which was not seen in this cohort.

Conclusions

Our cohort mortality analysis of
total and cause-specific mortality,
excluding CNS neoplasms, resulted
generally in very favorable mortality
comparisons with the US and State
of CT. We found no evidence among
cohort members of elevated mortal-
ity risks for all causes combined, all
cancers combined and most of the
specific cause of death categories
examined. Although not a priori cat-
egories of interest, we observed
some isolated findings of elevated
mortality risks for kidney cancer,
bronchitis and a category of non-
malignant respiratory disease that
excluded influenza, pneumonia,
bronchitis, emphysema and asthma
(O-NMRD). The pattern of findings
based on currently available data
suggests that these excesses may be
due non-occupational risk factors or
to external occupational factors. We

will investigate these excesses fur-
ther when detailed work history and
exposure data from the companion
exposure assessment project become
available.
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