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Abstract

Background—We updated through 2007 the mortality experience of 1,874 workers employed at
a New York State chemical manufacturing plant between 1946 and 2006.

Methods—Reassessed exposures to vinyl chloride, carbon disulfide, and shift work and
categories of o-toluidine exposure were based on year, department and job title. Standardized
mortality ratios (SMR) compared mortality to that of the US population. Internal comparisons
used directly standardized rate ratios.

Results—Hepatobiliary cancer mortality was elevated among workers ever exposed to vinyl
chloride (SMR =3.80, 95% confidence interval 1.89-6.80); directly standardized rates increased
with increasing vinyl chloride exposure duration. No increase in non-Hodgkin lymphoma
mortality was observed with vinyl chloride and shift work exposures. Internal comparisons
showed increased coronary artery disease mortality among long-term workers exposed to carbon
disulfide and shift work for 4 years or more.

Conclusions—Excess coronary artery disease mortality confirms earlier results; further
investigation is needed to understand risk factors.
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INTRODUCTION

Workers at a rubber and plastic chemical manufacturing plant in New York State have been
studied repeatedly to evaluate the effects of occupational exposures [Carreon et al., 2010;
Nicholson et al., 1975, 1984; Oliver and Weber, 1984; Prince et al., 2000; Ward et al., 1991,
1996]. The facility opened in 1946 for production of vinyl chloride monomer and polyvinyl
chloride (PVC), and expanded in 1951, increasing the number of hourly employees,
polymerization reaction vessels and monomer reactors. In 1960, on-site production of vinyl
chloride monomer ceased, and vinyl chloride was received in tank cars for synthesis of PVC
which continued until about 1996. Beginning in 1957, the plant made an antioxidant used in
tire manufacturing using o-toluidine, aniline, hydroquinone, and toluene. The plant also
produced a family of accelerators used in the manufacture of rubber from the mid-1950s
until 1970, and one rubber accelerator from 1970 to 1994 using carbon disulfide, sulfur,
aniline, benzothiazole, and nitrobenzene [Hanley et al., 2012; Nicholson et al., 1975]. Two
departments have been the main focus of previous studies, the PVC, Vinyl department and
the Rubber Chemicals department; both were physically located on the same industrial site
but in different buildings with mostly separate work forces.

In the 1970s and the 1980s, Nicholson et al. [1975, 1984] evaluated mortality among 296
workers exposed to vinyl chloride at this plant for at least 5 years. Although the population
studied was relatively young, excess risk of all-cancer mortality was reported [standardized
mortality ratio (SMR) =1.77 (P < 0.05)]. Twenty-one deaths were due to cardiovascular
diseases (SMR =1.06) and six to hepatobiliary cancer (SMR =31.58, P < 0.001).

In 1980, Oliver and Weber [1984] conducted a cross-sectional study of chest pain among 89
workers employed in the Rubber Chemicals department and exposed to, among other agents,
carbon disulfide, hydrogen sulphide, o-toluidine, aniline, and nitrobenzene. The control
group included 65 employees working in PVVC production. The results showed an
association between chest pain and angina and current employment in the Rubber Chemicals
department, after controlling for age and cigarette smoking. The association was not
dependent on duration of exposure; however, small numbers did not allow testing for longer
latency nor assessing independently the possible effects of different exposures.

In 1988, the union representing workers at the plant requested that the National Institute for
Occupational Safety and Health (NIOSH) investigate an apparent cluster of bladder cancer
cases. Ward et al. [1991] investigated bladder cancer incidence among 1,749 workers
employed at the plant from 1946 to 1988. Thirteen bladder cancer cases were observed, with
only 3.61 expected, based on rates in New York State (excluding New York City)
[standardized incidence ratio (SIR) =3.6, 90% confidence interval (Cl) 2.13-5.73]. Seven
cases occurred among employees working in the Rubber Chemicals department.

Prince et al. [2000] conducted a retrospective mortality study of the same cohort of workers
studied by Ward et al., to investigate whether ischemic heart disease was elevated among
workers in the Rubber Chemicals department, since the union had observed an elevated
number of heart attacks, coronary by-pass operations and elevated cholesterol levels among
its members. The cohort was followed through December 31, 1994. Mortality was compared
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to population rates in the United States and to local county rates. Excess mortality for
ischemic heart disease was found among workers in the Rubber Chemicals department
compared to that of the US population (SMR 1.51, 95% CI: 0.94-2.3); the excess was most
pronounced at younger ages (<50 years, SMR =2.4, 95% CI: 1.1-4.6).

The purpose of this report is to update the NIOSH cohort [Prince et al., 2000] adding 13
years of vital status follow-up and expanding the exposure assessment. In addition to
documented exposures to o-toluidine, aniline, and nitrobenzene, exposures at the plant
included vinyl chloride, carbon disulfide and rotating shift work [Hanley et al., 2012];
therefore, we evaluated the effect of these exposures with outcomes selected a priori. We
selected hepatobiliary cancers (cancers of the biliary passages, liver, and gallbladder) as the
outcome of interest for vinyl chloride exposure; for carbon disulfide exposure, we
investigated coronary artery disease; for shift work, coronary artery disease, colorectal,
prostate, and breast cancers and non-Hodgkin lymphoma; and for o-toluidine, bladder
cancer. For vinyl chloride exposure, we additionally considered non-Hodgkin lymphoma
and pancreatic and brain cancers.

METHODS

Cohort Definition

The original cohort included 1,749 workers employed at the plant for 1 day or more from
1946 to 1988. For earlier studies [Ward et al., 1991; Prince et al., 2000], personnel records
(as of August 1988) were microfilmed for all workers, including office and salaried
personnel. Work history data (begin and end dates, department and job title) were coded and
entered into an electronic database. For the update, a company-provided electronic work
history database (complete as of April 2006) was merged with the existing NIOSH database.
The cohort was expanded to include workers hired after the original cutoff date of August 1,
1988, and work history records were updated for workers who were actively employed on
that date. When discrepancies between the two sources were identified, the data were
manually reviewed and compared with existing microfilmed records. If no microfilm was
available, data most recently provided were used.

Records were available for 1,887 workers. Ten workers with no work histories (three from
the original cohort and seven hired after August 1, 1988) were excluded along with two
workers missing date of birth. A worker who died in 1959 was also excluded from analyses
because comparison mortality rate files began on January 1, 1960. Consequently, analyses of
the expanded cohort included 1,874 workers employed for 1 day or more at the plant
between 1946 and 2006. This number includes eighteen workers inadvertently excluded
from previous analyses and 111 workers hired after August 1, 1988.

This study was approved by the NIOSH Institutional Review Board. As a records study, it
was exempted from informed consent requirements.

Vital Status Ascertainment

Vital status was ascertained through 2007 by linking with records of the National Center for
Health Statistics’ National Death Index [Cowper et al., 2002]. Causes of death were
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obtained by National Death Index Plus, and a special request was submitted to the Florida
Department of Health for deaths that occurred in that state. The National Death Index is
reported to have the highest sensitivity of all major U.S. mortality databases and high
accuracy in cause of death coding [Sathiakumar et al., 1998; Cowper et al., 2002].

Causes of death were coded to the revision of the International Classification of Diseases in
effect at the time of death. Cohort members with a valid Social Security Number who were
known to be alive as of January 1, 1979 (the date from which death records are available at
the National Death Index) and not found to be deceased, were considered alive.

Exposure Assessment

Since only scant legacy data were available for vinyl chloride in the electronic industrial
hygiene sampling database provided by the company, we considered any worker assigned to
the PVC, Vinyl department prior to 1995 exposed to vinyl chloride. In addition, several jobs
assigned to other departments (i.e., Shipping, Packaging & Warehouse, Rubber Compounds,
Quality Control, Laboratory, and Research & Development) were considered exposed to
vinyl chloride (see Hanley et al. [2012] for the rationale), as were multiple jobs assigned to
departments whose work was conducted throughout the plant (i.e., Maintenance, Yard/
Janitor). In addition, guards, nurses, engineers, yardmen, coop employees, workers on
temporary assignment from company headquarters, and other jobs with no assigned
department prior to 1995 were considered exposed to vinyl chloride, because they moved
around the plant.

On April 5, 1974, the Occupational Safety and Health Administration (OSHA) issued an
emergency temporary standard reducing the Permissible Exposure Limit (PEL) ceiling for
vinyl chloride from 500 to 50 ppm, and on October 4, 1974, OSHA issued a permanent
standard reducing the 8-hr PEL to 1 ppm; however, the emergency temporary standard
remained in effect until April 1, 1975 [Levine et al., 1975]. According to Union and
Company officials, the ambient concentrations in the PVC, Vinyl department averaged 53
ppm vinyl chloride in 1973 and 40-50 ppm in 1974 until late 1974, when they dropped to
less than 10 ppm. Because of the presumptive change in exposure levels at the plant, we
additionally considered exposures to vinyl chloride occurring prior to January 1, 1975 in
separate analyses.

We considered any worker assigned to the Rubber Chemicals department from 1954 to 1994
as exposed to carbon disulfide. Multiple jobs assigned to other departments (i.e., Shipping,
Packaging & Warehouse, Quality Control, Laboratory and Research & Development; see
Hanley et al. [2012] for the rationale) and departments whose work was conducted
throughout the plant (i.e., Maintenance, Yard/Janitor) were also considered exposed to
carbon disulfide. In addition, we considered some jobs in the PVC, Vinyl department as
exposed to carbon disulfide when the job title specifically indicated work in the Rubber
Chemicals department. Furthermore guards, nurses, engineers, yardmen, co-op employees,
workers on temporary assignment from company headquarters, and other jobs with no
assigned department from 1954 to 1994 were considered exposed to carbon disulfide,
because they moved around the plant. We selected these years, departments and jobs based
on reported use of carbon disulfide at the plant and partial industrial hygiene data.
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The plant operated 24 hr a day, 7 days a week, and numerous workers were in a forward
rotating shift work schedule. For example, each of four groups worked Wednesday to
Tuesday evening shift; off 2 days; Friday to Thursday day shift; off 2 days; Saturday/Sunday
to Friday/Saturday overnight shift; off 4 days, on a rotating basis. Maintenance workers
worked only on the day shift, unless called in for emergency repair work. Jobs considered
exposed to rotating shift work in the PVC, Vinyl department included area manager, various
chemical operators, general utility operator, various production operators, foreman, and
supervisor; Rubber Chemicals department jobs included area manager, antioxidant
packaging operator, various chemical operators, various production operators, foreman, and
supervisor.

For o-toluidine, we developed an exposure classification scheme that incorporated year,
department and job title. The exposure categories include: definitely exposed moderate/high
and regularly, probably exposed low and regularly, probably exposed low and irregularly/
occasionally, and probably not exposed. These categories broadly account for intensity and
frequency of exposure. A detailed description of the methods used to develop these
categories and examples of jobs assigned to each category are provided by Hanley et al.
[2012].

Workers were considered unexposed to the agents analyzed in this study during employment
at other company locations and after separation from the company.

Statistical Analysis

We used the NIOSH Life Table Analysis System (LTAS. NET Version 3.0.4) [Schubauer-
Berigan et al., 2011] to conduct the statistical analyses. Standardized mortality ratios,
adjusted for gender, race, age (in 5-year categories), and calendar year (in 5-year categories),
were based on US mortality rates (beginning in 1960) for 119 underlying cause of death
categories [Robinson et al., 2006]. Additional analyses used New York State (excluding
New York City) underlying cause mortality rates or US multiple cause of death rates (i.e.,
considering all causes of death listed on the death certificate). For all analyses, person-years-
at-risk began on the later of January 1, 1960 (the rate file begin date) or the date of first
employment at the plant. Person-years-at-risk ended at the earliest of the date of death (for
deceased cohort members), the date last observed (for cohort members lost to follow-up), or
December 31, 2007. Estimated 95% confidence intervals (Cls) for the SMRs were based on
the Poisson distribution. Life table analyses were conducted for the total cohort and
separately for those employed less than 90 days and 90 days or more.

We used directly standardized rate ratios (SRR) for internal analyses with 95% Cls
estimated using approximate methods [Rothman and Greenland, 1998]. We conducted linear
trend tests using the Rothman trend test [Rothman and Greenland, 1998] for all a priori
outcomes using quartiles of employment duration (or duration of exposure to vinyl chloride,
carbon disulfide, and/or shift work) defined by the distribution of the metric among
decedents. Cohort studies have shown that the average latency between initial vinyl chloride
exposure and liver cancer diagnosis is approximately 22 years [Lelbach, 1996].
Consequently, we allowed for varying periods of cancer induction/latency by lagging
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exposure duration by 20 years for hepatobiliary cancer and by 10 and 20 years for other
cancer outcomes.

Smoking Adjustment

Selected results for coronary artery disease mortality were indirectly adjusted for cigarette
smoking [Axelson and Steenland, 1988], using three sources of cohort smoking data
(described below), published US smoking rates among men in 1987 (the median year of the
available cohort smoking data) [National Center for Health Statistics, 1988], and rate ratios
for coronary artery disease mortality and smoking among men [Thun et al., 2000]. To
incorporate uncertainty into the adjustment, we used Monte Carlo sensitivity analyses that
resulted in 95% Monte Carlo limits for the smoking bias factor and subsequent smoking-
adjusted SMRs and SRRs [Steenland and Greenland, 2004].

Tobacco smoking data were available for a subset of the cohort from three sources:

1. Company medical records for a 5% random sample of current and former workers
collected in 1989 (n =143) [Ward et al., 1991].

2. Completed questionnaires (n =98) from then current workers in the Rubber
Chemicals (n =64) and PVC, Vinyl (n =52) departments who participated in a
biomonitoring study in 1990 [Ward et al., 1996].

3. Company historical medical records for a non-random subset of current and former
workers collected by NIOSH in 2006 (n =167).

These sources captured varying information regarding smoking; however, all provided, at a
minimum, smoking status at the time the information was obtained from the workers. When
all three sources were considered, 18% of cohort members had smoking data; however, the
indirect adjustment was repeated using only data from the first source since the other two
sources did not constitute random samples.

RESULTS

The cohort of 1,874 workers was followed through 2007 for a total of 59,966 person-years-
at-risk (mean 32 years; Table I). A majority of workers (1,739) were men. As of December
31, 2007, 76% were still alive (median age 58 years), 24% were deceased (median age at
death 64 years), and 2% had been lost to follow up (median age 27 years). Seventy eight
percent of the workers were considered ever exposed (=1 day) to vinyl chloride, and 58%
ever exposed (21 day) to vinyl chloride in 1974 or earlier. Sixty-seven percent of workers
were classified as ever exposed (=1 day) to carbon disulfide, and a larger percentage (77%)
had performed some shift work (=1 day). Exposure durations ranged from less than 1 year to
40 years or longer. For o-toluidine, 69% had ever been exposed (=1 day), with 49%
considered to be definitely exposed with moderate to high and regular exposure.

Observed causes of death, corresponding SMRs based on US rates and 95% Cls are
presented in Table Il, overall and by duration of employment. Among all workers combined,
all-cause and all-cancer mortality were not elevated, but excess mortality was observed for
the following a priori causes of death: hepatobiliary cancers, non-Hodgkin lymphoma and
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coronary artery disease (in addition to diseases of the heart). No other cause of death showed
a statistically significant excess, but reduced risks were observed for intestinal cancer (also
an a priori cause) and transportation injuries.

Among short-term workers (employed less than 90 days), all-cause mortality was elevated,
largely due to increased mortality from diseases of the heart. Mortality due to tuberculosis
and human immunodeficiency virus (HIV)-related disease were also elevated. Among long-
term workers (employed 90 days or more), hepatobiliary cancer mortality remained
elevated; non-statistically significant elevations were observed for coronary artery disease
and non-Hodgkin lymphoma.

Similar results were observed among men (not shown); the results for women were largely
uninformative (12 deaths) and are not shown. Similar results were observed when we used
New York State (excluding New York City) mortality rates (results not shown). When we
used multiple cause of death US rates, results (not shown) were similar to those based on
underlying cause of death US rates, but excess mortality was observed for conduction
disorder (an impairment of transmission of the cardiac electrical impulse; 118 observed
deaths, SMR =1.43, 95% CI: 1.18-1.71).

The coronary artery disease SMR of 1.24 (95% CI: 1.04-1.48) among all workers was
adjusted for gender, race, age, and calendar year, but not for possible smoking differences
between the cohort and the US population. The distribution of smoking was 31.4% never,
26.9% former, and 41.6% current among workers in the cohort with smoking data (using all
three sources) and 36.6% never, 29.9% former, and 33.5% current among US males in 1987
(age-adjusted to the cohort). Using estimated coronary artery disease mortality rate ratios
(compared to non-smokers) of 1.3 and 1.9 for former and current smokers, respectively, the
estimated bias factor (f) for the coronary artery disease SMR expected from smoking-related
differences is given by

~ 1x0.314+1.3 x 0.269+1.9 x 0.416

= =1.05
1 x 0.366+41.3 x 0.29941.9 x 0.335

using an indirect adjustment method described by Axelson and Steenland [1988].
Consequently, the smoking-adjusted SMR was 1.19. Ninety-five percent Monte Carlo limits
for the bias factor (1.01-1.08) and the smoking-adjusted SMR (0.99-1.42) were estimated
using methods described by Steenland and Greenland [2004]. Similar results were observed
when only source one of the smoking data was used (estimated median bias factor 1.06,
bias-adjusted SMR 1.17, and 95% Monte Carlo limits 0.98-1.41).

Vinyl Chloride Exposure and Hepatobiliary Cancer

Eleven deaths were in the category of “Malignant neoplasms of biliary passages, liver, and
gall bladder”; of these, five were “liver, primary,” five were “liver, unspecified,” and one
was intrahepatic bile duct. Compared to the US population, hepatobiliary cancer mortality in
the cohort was highest in the 1970s (two deaths, SMR 10.04, 95% CI: 1.22-36.2) and the
1980s (three deaths, SMR 6.93, 95% CI: 1.43-20.2); the excess was not statistically
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significant in the 1990s (two deaths, SMR 1.86, 95% CI: 0.23-6.73) and 2000s (four deaths,
SMR 2.43, 95% CI: 0.66-6.23).

Compared to the US population, hepatobiliary cancer mortality was elevated in the highest
three quartiles of overall employment duration; compared to the lowest quartile, we
observed a statistically significant trend in the standardized rates with employment duration,
among all workers and when short-term workers were excluded (Table I11).

Vinyl chloride exposed workers had increased hepatobiliary cancer mortality compared to
the US population (11 observed deaths, SMR =3.80, 95% CI: 1.89-6.80). All 11 deaths
occurred among workers considered ever exposed to vinyl chloride in 1974 or earlier (SMR
=4.20, 95% CI: 2.09-7.51). When results were stratified by duration of vinyl chloride
exposure (lagged 20 years), a 10-fold increase in hepatobiliary cancer mortality was
observed among workers exposed to vinyl chloride 16 or more years, and mortality
increased 13-fold among those with 16 or more years of vinyl chloride exposure prior to
1975 (Table I11). Compared to workers with lower duration of vinyl chloride exposure, clear
trends were observed for the two metrics. Similar results were observed in analyses limited
to long-term workers.

Shift Work and Vinyl Chloride Exposures and Non-Hodgkin Lymphoma

Among workers who performed shift work, non-Hodgkin lymphoma mortality was
increased compared to the US population (eight observed deaths, SMR =2.31, 95% ClI:
1.00-4.55), but not compared to fellow workers who did not perform shift work (SRR
=0.69, 95% CI: 0.18-2.69). Workers with vinyl chloride exposure had increased non-
Hodgkin lymphoma mortality compared to the US population, but it was not statistically
significant (SMR =2.03, 95% CI: 0.88-4.00), and no increase was observed in internal
comparisons (SRR =0.46, 95% CI: 0.10-2.13). When only exposure to vinyl chloride in
1974 or earlier was considered, similar results were observed (SMR =2.22, 95% CI: 0.96—
4.37 and SRR =0.61, 95% CI: 0.12-3.21).

No increase in mortality was observed with overall employment or increased shift work or
vinyl chloride duration (Table IV). These results were generally unchanged when short-term
workers were excluded or when exposure lag periods of 10 and 20 years were applied
(results not shown).

Carbon Disulfide and Shift Work Exposures and Coronary Artery Disease

Coronary artery disease mortality was not associated with duration of employment (Table
V). As many workers exposed to carbon disulfide also performed shift work, we evaluated
the risk of coronary artery disease mortality in groups defined by duration of exposure to
these agents (Table V). Compared to the US population, statistically significant increases in
mortality were observed among workers with both exposures for 90 days or more, and
among workers with fewer than 90 days of both exposures. Using cutpoints of 4 years
(median exposure duration among long-term cases), the results were no longer statistically
significant.
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The elevation in coronary artery disease mortality among workers exposed 90 days or more
to both shift work and carbon disulfide (SMR 1.36, 95% CI: 1.03-1.76) was adjusted for
gender, race, age, and calendar year, but not for smoking. The distribution of smoking was
26.9% never, 29.0% former, and 44.1% current among similarly exposed workers in the
cohort with all sources of smoking data and 35.3% never, 31.8% former, and 32.9% current
among US males in 1987 (age-adjusted to the exposed). The estimated bias factor (f) for the
coronary artery disease SMR expected from smoking-related differences is given by

~ 1x0.269+1.3 x 0.2904+1.9 x 0.441

= =1.07
1% 0.3534+1.3 x 0.31841.9 x 0.329

The smoking-adjusted SMR was 1.28 with 95% Monte Carlo limits of 1.03-1.11 for the bias
factor and 0.98-1.66 for the smoking-adjusted SMR. Similar results were observed when
only source 1 of the smoking data was used (estimated median bias factor 1.09, bias-
adjusted SMR 1.24, and 95% Monte Carlo limits 0.96-1.62).

Coronary artery disease mortality was significantly higher among workers with more than 4
years of exposure to both shift work and carbon disulfide compared to workers with less
than 4 years of exposure to both shift work and carbon disulfide, but only when short-term
workers were excluded (Table V). Compared to the same referent group, mortality was not
higher among workers with 4 years or more of just one of these exposures.

Other Outcomes

Eleven deaths occurred in the cohort due to pancreatic cancer (5.79 expected). Nine of these
occurred among long-term workers (SMR =1.85, 95% ClI: 0.85-3.52). Among workers
considered exposed to vinyl chloride, pancreatic cancer deaths were non-statistically
significantly increased compared to the US population (eight deaths observed, SMR =1.61,
95% Cl: 0.69-3.17); and no increase was observed with the internal comparison group of
workers not exposed to vinyl chloride (SRR =0.54, 95% CI: 0.11-2.72). We observed
similar results among workers exposed to vinyl chloride in 1974 or earlier (eight deaths
observed, SMR =1.74, 95% ClI: 0.75-3.42 and SRR =0.61, 95% CI: 0.11-3.45).
Furthermore, we did not observe significant trends for pancreatic cancer mortality with
duration of employment or duration of vinyl chloride exposure (results not shown).

Brain cancer was also an outcome of interest for vinyl chloride exposure; however, no
further analyses were conducted since only two deaths occurred (3.93 expected). Other
outcomes of interest for shift work—colorectal, prostate and breast cancer—had small
numbers of deaths and were not further analyzed. For o-toluidine exposure, the a priori
outcome was bladder cancer mortality; however, with only four observed deaths (2.57
expected), no further analyses were performed.

DISCUSSION

This study found evidence for excess hepatobiliary cancer mortality among workers exposed
to vinyl chloride in a chemical manufacturing plant, as well as a trend with 20-year lagged

AmJ Ind Med. Author manuscript; available in PMC 2015 July 23.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carreon et al.

Page 10

duration of exposure. Our findings support an earlier study that showed an increase in
hepatobiliary cancer among plant workers [Nicholson et al., 1975, 1984], and are consistent
with other occupational studies of exposure to vinyl chloride [International Agency for
Research on Cancer, 2012]. The International Agency for Research on Cancer (IARC) has
classified vinyl chloride as a Group 1 carcinogen that causes angiosarcoma of the liver and
hepatocellular carcinoma, based on sufficient evidence in humans and sufficient evidence in
experimental animals [International Agency for Research on Cancer, 2012]. Approximately
20% of the workers in our cohort were exposed to vinyl chloride in 1974 or earlier for 5 or
more years. Surviving workers may still be at increased risk of developing hepatobiliary
cancer.

The IARC Working Group that reviewed the evidence of carcinogenicity for vinyl chloride
for Monograph 100 did not find strong evidence for associations of exposure to vinyl
chloride with cancers of the brain, lymphatic and hematopoietic tissues, or melanoma of the
skin. We evaluated the association between non-Hodgkin lymphoma mortality and duration
of exposure to vinyl chloride, but did not see an association with either metric (duration of
vinyl chloride exposure or duration of vinyl chloride exposure in 1974 or earlier). Since a
weak association between vinyl chloride exposure and pancreatic cancer has been reported
[Ojajarvi et al., 2001], we decided to explore this association a posteriori in our study. We
found no evidence of an association with pancreatic cancer mortality, using both duration of
exposure metrics and different cutoff points of duration of employment and duration of
exposure.

Shift work, defined as any work that is done outside of normal daytime working hours, has
been linked to cancer [Costa et al., 2010] and heart disease [Mosendane and Raal, 2008;
Frost et al., 2009; Vyas et al., 2012], but the data are not conclusive. The exact mechanisms
by which shift work could cause chronic disease are still not completely understood. For
cancer, one hypothesis suggests that light at night suppresses secretion of endogenous
melatonin, which may affect the risk of cancer through a number of pathways [Wang et al.,
2011]. Other factors related to shift work being considered in the development of cancer
include circadian rhythm disruption, long-term sleep disruption and deprivation, immune
supression, and desynchronization of clock genes [Costa et al., 2010].

Compared to the US population, this cohort had an increased risk of mortality due to non-
Hodgkin lymphoma. This increase does not appear to be associated with HIV-related
disease, as mortality from tuberculosis and HIV-related diseases was not elevated among
long-term workers, whereas non-Hodgkin lymphoma mortality was. In internal analyses,
associations of non-Hodgkin lymphoma mortality with shift work duration were not
observed. Lahti et al. [2008] evaluated the effect of nighttime shift work in a retrospective
cohort study of 1,666,272 people in Finland. Using a cumulative index of nighttime work
(lagged by 10 years), they reported non-Hodgkin lymphoma risk ratios among men of 1.1
(95% ClI: 1.03-1.19) for ever nighttime shift work and 1.28 (95% CI: 1.03-1.59) for long-
term (21 or more years) nighttime shift work compared to those unexposed to nighttime shift
work. A recent case-control study also reported an excess risk of non-Hodgkin lymphoma
associated with night work among men [Parent et al., 2012]. Studies with greater power than
ours are needed to confirm these findings.
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Cardiovascular disease mortality is usually lower in occupational cohorts because of the
healthy worker effect, a bias due to preferential selection of relatively healthy persons for
employment [Li and Sung, 1999]. Nevertheless, in this study, we found overall excess
mortality for coronary artery disease among all workers, and in particular among short-term
workers. Steenland and Stayner [1991] have indicated that short-term workers usually have
higher mortality rates in cohort studies, because most of their contributed person-years occur
after they have terminated employment in the plant under study. Kolstad and Olsen [1999]
reported that shorter durations of employment are associated with more preemployment
hospitalizations for alcohol use, accidents, and the effects of violence. For this reason, we
conducted analyses for all workers and then excluding short-term workers (<90 days of
employment). Our trend analyses were generally similar when short-term workers were
excluded, although some loss of power was observed.

We found statistically significantly increased coronary artery disease mortality among
workers exposed to shift work and carbon disulfide. In internal comparisons, long-term
workers exposed to carbon disulfide and shift work for 4 years or more had a near threefold
increase in coronary artery disease mortality, compared to workers exposed less than 4
years. The previous mortality study conducted in this cohort [Prince et al., 2000] reported
excess ischemic heart disease mortality among workers in the Rubber Chemicals
department. In this study, we further expanded the exposure definitions by classifying
workers into categories of carbon disulfide and shift work exposure, based not only on
department, but also on job title and year. While the results are not directly comparable, they
confirm the earlier finding of excess cardiovascular disease mortality in the plant and affirm
the need for further investigation into the causes of the observed excess.

Increased mortality among workers occupationally exposed to carbon disulfide has been
reported [Swaen et al., 1994; Pepllonska et al., 2001]. The effect of carbon disulfide
exposure on cardiovascular disease incidence has also been investigated, but the results are
inconsistent [Tan et al., 2002]. Concurrent exposure to other chemicals, such as hydrogen
sulfide, as well as failure to control for other cardiovascular disease risk factors is a
limitation of these studies [Sulsky et al., 2002]. To our knowledge, ours is the first study to
evaluate the effect of concurrent exposure to carbon disulfide and shift work.

Shift work has been hypothesized to contribute to the development of cardiovascular disease
and other metabolic disorders through pathways that include disturbed circadian rhythms,
changes in biomarkers of atherosclerosis, lifestyle changes, job strain, and stress and social
stress [Puttonen et al., 2010; Wang et al., 2011]. However, there is still no consistent
evidence that shift work increases the risk of cardiovascular disease [Boggild and Knutsson,
1999; Frost et al., 2009; Puttonen et al., 2010]. In a systematic review of epidemiologic
studies, Frost et al. [2009] showed a stronger association between shift work and coronary
heart disease morbidity than mortality and suggested that selection out of shift work could
explain the weaker association with mortality. The authors could not rule out
methodological problems such as exposure misclassification, selection bias, and inadequate
control of confounding in the interpretation of the results of these studies.
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Moreover, cardiovascular disease has a multicausal etiology that includes smoking, diabetes,
hypertension, high blood cholesterol, and family history of cardiovascular disease. Other
factors, such as behavioral, social, and psychological factors also explain some but not all
the variance in cardiovascular disease. It is also possible that a combination of two or more
risk factors greatly increases the risk, and therefore carbon disulfide and shift work may be
cofactors in the presence of other risk factors. Smoking, in particular, has been reported to
be more common among shift workers than day workers [Boggild and Knutsson, 1999]. In
this study, we used an indirect method of adjustment to account for the effect of smoking,
which had a modest effect on the risk estimates: a 7% increase in coronary artery disease
mortality among workers exposed to both shift-work and carbon disulfide (using the 90-day
threshold) compared to the US population. Thus, smoking differences between exposed
workers and the US population could explain some of the observed coronary artery disease
mortality elevation, and since the adjusted result was not statistically significant, it could be
due to chance. We were not able to account for some of the other confounding factors;
however, studies of shift work and ischemic heart disease have found no strong indication
that alcohol consumption or exercise differ between shift workers and day-only workers
[Frost et al., 2009].

There is also indication that overtime work can increase blood pressure and lead to increased
heart disease [Virtanen et al., 2010]. We were informed that plant employees sometimes
worked overtime hours, but we did not know the extent of the overtime work.

For o-toluidine exposure, the outcome of interest was bladder cancer. Four bladder cancer
deaths occurred in the cohort, but the increased overall risk was not statistically significant.
Bladder cancer mortality may not be a good indicator of risk, since the relative 5-year
survival is approximately 80% [Silverman et al., 2006]. We have evaluated the effect of o-
toluidine exposure on the risk of bladder cancer incidence among workers in the updated
cohort, and identified 50-bladder cancer cases and a near threefold excess when compared
with the New York State population [Carredn et al., 2013].

Our study data were limited to personnel records and some industrial hygiene data. Our
classifications for exposure to vinyl chloride, carbon disulfide and shift work were based on
department, job title, and year, and there was the possibility of misclassification. Particularly
since carbon disulfide was used in only one manufacturing process, it is possible that some
unexposed workers were considered exposed. We have no reason to believe that there is
differential exposure misclassification in this study. Non-differential misclassification biases
the risk estimate usually, although not always, towards the null value of 1.0 [Checkoway et
al., 2004]. Except for gender, race and age, and a limited number of smoking histories that
we used to develop an indirect measure of control of confounding by smoking, we had no
information on lifestyle choices and other confounders that affect cancer and coronary artery
disease. In addition, our study size may not be large enough to detect some of the
associations. Workers in this study have a relatively short duration of employment (median
1.6 years) which could limit our ability to detect an association, if one exists.

In conclusion, we found evidence for excess mortality from hepatobiliary cancers among
workers exposed to vinyl chloride. Moreover, we found that hepatobiliary cancer mortality
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risk increased with duration of vinyl chloride exposure, but did not find associations
between vinyl chloride and non-Hodgkin lymphoma or pancreatic cancer. No differences
were observed in separate analyses considering exposures to vinyl chloride occurring prior
to January 1, 1975. No association was observed between shift work and non-Hodgkin
lymphoma. Coronary artery disease mortality was elevated among long-term workers
exposed to both carbon disulfide and shift work for 4 years or more compared to workers
with less exposure. Due to small numbers, we were unable to evaluate the effect of shift
work on the risk of colorectal, prostate or breast cancer mortality, the effect of vinyl chloride
exposure on the risk of brain cancer mortality, or the effect of o-toluidine exposure on the
risk of bladder cancer mortality.

A bladder cancer surveillance program is currently in effect at the plant for current and
retired employees of the Rubber Chemicals department. Exposure to vinyl chloride has
ceased at the plant. However, medical care for workers, currently employed, and retired,
who ever worked in the PVC, Vinyl department should include monitoring for hepatobiliary
cancer. In previous studies, NIOSH investigators recommended that the labor-management
health and safety committee consider a plant-based intervention program to monitor and
reduce cardiovascular risk factors [Prince et al., 2000]. We continue to support this
recommendation.
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TABLE |

Demographic and Employment Characteristics of Workers Employed at a Chemical Manufacturing Plant

Characteristic No. (%0) Median (range)

Total workers® 1874

From original study 1,431 (76%)
From original study with work history updated after 8/1/1988 314 (17%)

Missed from original studyb 18 (1%)

Hired after 8/1/1988 111 (6%)
Vital status as of 12/31/2007

Alive 1,382 (74%)

Dead 443 (24%)

Unknown (considered alive until the date lost to follow-up) 49 (2%)

Gender, race

Female, white 70 (4%)

Female, other than white 16 (1%)

Female, race unknown® 49 (3%)

Male, white 712 (38%)

Male, other than white 61 (3%)

Male, race unknown® 966 (52%)
Person-years at-risk 59,966
Age at first employment (years) 23 (17-65)
Age at death, among deceased (years) 64 (20-97)
Age at date last observed, among alive (years) 58 (28-93)
Duration of employment (years) 1.6 (0.005-46)
Active at work history end (on 04/27/2006) 73 (4%)

Duration (years) of vinyl chloride exposured 1.5 (0.003-43)

None 416 (22%)
>0—<1lyear 635 (34%)
1-<5 years 327 (17%)
5-<10 years 121 (6%)
10+years 375 (20%)
Duration (years) of vinyl chloride exposure in 1974 or earlierd 1.3 (0.003-41)
None 788 (42%)
>0—<1lyear 482 (26%)
1-<5 years 255 (14%)
5-<10 years 106 (6%)
10+years 243 (13%)
Duration (years) of carbon disulfide exposured 1.2 (0.003-40)
None 615 (33%)
>0—<1lyear 587 (31%)
1-<5 years 265 (14%)
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Characteristic No. (%0) Median (range)
5-<10 years 122 (7%)
10+years 285 (15%)
Duration (years) of shift work exposured 0.98 (0.005-42)
None 430 (23%)
>0—<lyear 727 (39%)
1-<5 years 292 (16%)
5-<10 years 153 (8%)
10+years 272 (15%)

4-category classification for o-toluidine

Probably not exposed

Possibly exposed low and irregularly/occasionally

Possibly exposed low and regularly

Definitely exposed moderate/high and regularly

590 (31%)
169 (9%)
199 (11%)
916 (49%)

aAfter excluding 10 workers with no work history information, two workers with missing date of birth, and 1 worker who died prior to 1/1/1960

(rate file begin date).

bRecords were located for 18 workers hired prior to 8/1/1988 but not included in earlier studies.

Race/ethnicity was not available for the some cohort members. For the analysis, race was assumed to be White, based on racial demographics in

the geographic area of the study.

dAmong workers with 1 day or more of the indicated exposure.

AmJ Ind Med. Author manuscript; available in PMC 2015 July 23.



Page 18

Carreon et al.

2050 0 0 TV'Z-LT°0 280 ¢ 002¥T0 690 € BIUBNG[R PUE BIWSNNGT
18'€T-0 0 0 19'€-20°0 G90 T 80€-100 S50 T ewoaAw aidninN
18'0T-9L°0 Le € €T7-16°0 01z 8 9y-6TT 8T TT ewoydwA| upiBpoH ~UoN
vr're-9T0 819 T 85'9-0 0 0 LULv00  8eT T aseasip UPBPOH
6T'5-550 €0Z ¥ 61'2-59°0 QT U GZZ-6L0 6T 9T anssi anatodojeway pue dneydwA| Jo swsejdosN
S0 0 0 97'2-80°0 890 ¢ S6'T-L00 Y50 ¢ wasAs snonsau 4o suied Jauo 7 uresq NN
¥8'€-€50 G9T § LST-97°0 60 I 99'T-090  ¥0T LT Salls paty1oadsun pue JaYio Jo NIA
85'TT-0 0 0 YS7-8%°0 LT ¥ 862’0  SST ¥ sueflo Areurn Jalpo pue Jappe|q 40 NI
¥2'0T-50°0 v8T T 81°2-10°0 60 T €67-800 ¥90 ¢ Asuppy Jo N
97'9-€0°0 AT I Zrve0 YOT G 0£26€0 90T 9 sueBlo Areutin Jo NIN
68'TT-0'0 62€ ¢ LTT-00 €0 ¢ 15T-9T0 650 ¥ areisold Jo NI
90'0T-¥€'0 87 ¢ 21700 €0 ¢ EVT-GT0 950 ¥ sueBlo [enual ajew Jo NIA
¥8'82-0 0 0 1€'6-20°0 G660 T €Lv-200 980 T 1seaiq 4o NI
98'T.0 0 0 §8'52-2T°0 vy 1T 8802600 G/€ T we)sAs Aiojendsal Jo sired Jayio NIA
09'2-T5°0 QT L Y€T-€90 v6'0  0¢ 98'T-690 860 L€ Bun pue ‘snysuo.q ‘eaydes Jo NIA
€810 0 0 99'9-22°0 v8T 796610 SST ¢ XuAle| o NIA
8y'Z-8v'0 2T L 66 T-89°0 660 €€ 6€T-€L0 20T O wasAs Aojelidsal Jo NIN
vL'1-92°0 AN 25°€-68°0 8T 6 ore-S60 06T TIT sealoued JO NN
L1800 ST T LG9-TLT LG5t 0T €/'6-09T 0z€ TT Jappeyq |1ef pue “Janl| ‘sabessed Arellig Jo NIA
L0°21-80°0 90€¢ 1 12€-100 850 1T 05€-2T0 160 ¢ wnjoal Jo NI
2820 0 0 YT 1800 6€0 € 160-L00 €€0 € WNoas 1dedxa aunsaul JO NN
8£'21-90°0 we 1 ¥6'€-2r0 vST ¥ €8°€-€50 ¥9T & yoBWOIS JO NI
09'8-¥0'0 vST T 66'2-120 20T € 987060 IIT ¥ snBeydoss Jo NIAI
00€-T5°0 8T 9 18'1-88°0 €T 0F €87-260 ¢€T  9¢ wnauojiiad pue suefiio aANsabip Jo NIA
8521900 9z 1 €L'T-0 0 0 97'z-T00 6€0 T xuAreyd pue AjiAed [e2onq 40 NIN
6T°2-86'0 05T 92 €21-280 10T 6 0€T-060 80T  TZT $180UBD ||V
6LT-T2'T 8T L0T €0'T-€8°0 260 9€€ ZUT-260 20T £ s8sNed ||
1D %56 NS S0 1D %36 HNS S0 10%56 qdNS SS90 eU¥eap J0 3snea Bulkiapun

(217G = u) sAep 06> paAojdwa SIBMIOM  (29€'T= u) SAep 06< pPaA0|dWd SIBMIONA (¥/8'T= u) saaxjdom ||

jue|d Burinoeinuey [ealway) e 1e pakojdw3 siaxopn 10} JuswAojdw3 Jo uoneing Aq pue |[eJanQ soney All[eLIo|N pazipepurls

Ir31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AmJ Ind Med. Author manuscript; available in PMC 2015 July 23.



Page 19

Carreon et al.

29'9-0 0 0 L22-10°0 wo T G8T-T00 €€0 T sired
0£'2-6€0 0T 9 18°0-TT°0 GE0 G 86'0-,20 S50 TIT saLnfur uonenodsuel |
¥2'8-850 8T ¢ €52-120 660 ¥ 787550 €T L SUOIPUOD pauyap-||1 pue swoldwAs
G9'/-€0°0 LET T 21'€-89°0 85T 8 962-TL0 95T 6 wajsAs Areunnoiusb ays o sesessiq
vZ'2e-ST0 6LG T 16'5-€0°0 0T T €5'9-2¢0 18T ¢ 3NSSI SAOBUUOD pue LWBJSAS [BI9]9XS0NISNL 3L} 40 S3seasIq
ve'L-250 57 € 92'2-8€0 v0T 9 Srz-650 62T 6 wa)sAs aAnsabIp Jo sesessip JaLO
06'Z-0T'0 080 ¢ eV’ T-¥2°0 990 9 9€'T-0¢0 690 8 95B3SIP JOAI| DIUOIY JALIO PUE SISOULID
99'79-62°0 91T 1T 26'5-0 0 0 S8 /400 YT T UOONSYO [BUNS3IUI PUE BIUIBH
TE'€-950 ST 9 92 T-L€0 2o T 861250 180 81T wajsAs aansabip ayp Jo sasessiq
v.'8-%00 ST 1 02'€¥50 Wi 9 90€-090 6YT L saseasip Alojelidsal 1810
€5'6.2-0 0 0 9,'62-¥T°0 ves T 08',2-€T0 667 T sasojuodownaud JaLpo
ST'E-T00 950 1 611620 290 6 YTT-060 290 0T aseasip Areuownd aAIONASAO J1UCIYD
¥8'G-€0°0 SOT T 702070 660 L 96'T-€V'0 00T 8 (u10gmau 1daoxa) eluoWINaUd
6€'202-0 0 0 68'6-9T°0 o T qT2eST0 LS T ezUANU|
8y'Z-8T0 S80 € ¥€'T-850 060 2 0€T-650 060 /T wajsAs A10yelidsal 8y} Jo sasessiq
197200 €80 T €9'1-L2°0 SL0 9 95T-0€0 9.0 L 9859 d1eydwA| pue ‘SuIaA ‘saLIaLIE 8y} JO Saseasiq
18'7-15°0 88T v 8E'T-€Y°0 180 €T 0ST-¥S0 €60 LT 2SBSSIP 1e|NISeA0.qRIsD
12570 YT S 9T'T-G7'0 vL0 61 €2T-€50 ¢80 2 wa)sAs AI07eINII0 8U} JO S3SBBSIP JBYIO
16'9-€0°0 STT T 6v'2-67°0 2T L 667250 T¢T 8 Heay au3 Jo sasessIp JaL0
S6'€-0 0 0 6v'2-2r'0 STT 9 21290 160 9 19pJosIp uonoNpuoD
¥8'6-69°0 L£€ € 652-82°0 0T ¢ 167850 vrT L AyredoAwoipien
08'2-62'T 6T 92 8€'T-€6°0 YT 0T 8y'T-¥0T  ¥2¢T  O€T asessip Alsle Aleuolod
LT'8-70°0 Wi 1 19'Z-6T°0 60 € 652820 10T ¥ 95e3SIP 1By YNM UoISUsRdAH
§GC—CCT 6LT T€ ¢€'1-¢6'0 T vt o' 1-¢0'T 0’1 GqT Meay ay} Jo saseasiq
6€2-82T eLT  9€ €2'1-88°0 vOT YT T€T-L60 €TT 6.1 253SIP JBINISEAOIPIED ||V
90°€-0 0 0 €9'T-€2°0 0L0 orT-6T0 090 § sueflio asuss pue WaISAs SNOAJBU 8y} 40 S18pIosid
6.v-200 980 1 18T-€T0 290 € T,1-8T0 190 ¥ s18pJosIp Ayeuosiad pue ‘anoinauoydAsd ‘fejusin
Y10 TT ¢ LS'T-92°0 Lo 9 LST-¥€0 080 8 sniIjjsw selaqeIq
6227’1 vee L 18'0-0 0 0 122-€v0 0T L aseasIp paje|a) AIH pue sisojnosagn L
19'ST-0 0 0 €7'1-25°0 vSZ € 6T9¥¥0 ¢TZ € swsejdoau paytoadsun pue ubiuag
1D %56 dNS  sg0 10 %56 HANS S0 1D%S6 qdNS SS90 eU¥eap Jo asnea Bulkispun

(216 = u) sAep 06> paAo|dwa SI8YIOAN

Author Manuscript

(29€'T=u) sAep 06< paAo|dwa SI3YIONN

Author Manuscript

(728'T=U) SIXI0M ||V

Author Manuscript

Author Manuscript

available in PMC 2015 July 23.

)

AmJ Ind Med. Author manuscript



Page 20

Carredn et al.

“(e1ep uibaq aj1y 81eJ) 096T ‘T Atenuer 03 Jorid ysi Je siesA-uosiad G/ pue yyeap paAIasqo T apnjoxa S}Nsay '/ 00Z—096T ‘S8led Uyreap Jo asned BulAjisapun SN UO paseq aJe mm_\,_mn

'8|ge} 8y} woJj paniwio
alam (sueblo Buiwioy Poojq pue Poo|q dy) JO SBSLaSIP PUR BNSSI) SNOBUBINIGNS PUB UIXS 8y} JO Saseasip ‘sueblo [enuab sjeway JO NIAI) SYIeap 048z Yim sa1i0Ba1es yreap 4o asned JolelAl *(Juiy saiel/sel|
/UsO1U/A0B 2P MMA/:d1L) 831SgaM HSOIN 8y} U0 parenge pue [900z] ‘e 18 uosuiqoy Ul pagiiasap se saliobaled yreap 4o asned gTT 01 paddew a1am sapod (QDI) 9seasi O UONeDILISSe]D feuoneussul,

‘wsejdoau Jueubifew ‘NIA {[eAISIUI 90UBPIUOD ‘D ‘013el AN[ELIOW PazZIpIepuels “YINS ‘Syieap panIasqo ‘sdo

v A 9T S3SNED UMOUNUN
¢1'e-0T'0 980 ¢ 18'0-€0°0 €0 ¢ 16'0-0T0 9€0 ¥ Sasned [enpisay
€0¢-0 0 0 ¥9'T-G0°0 0 ¢ 9T'T-¥0'0 g0 4 SpIOIWOY pue Jjnessy
TL€—¢L0 08T L ¥8'0-90°0 620 € 8C'T-€E0 0.0 07 ULley-j|es [euonusiu|
S6'T-20°0 ¥50 ¢ 7' 1-8¢°0 690 /L €CT-0€0 S90 6 Ainfur Jsyro
1D %56 NS SdO 1D %56 dNS  sdo 1D%S6 gdINS S80 eUIeap Jo asnea Bulkj1epun

(215 = u) sAep 06> paAojdwa SIION  (29€'T= U) SAep 06 paAoldwia SI8MI0NA (7/8'T=u) Saaxjdom ||/

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AmJ Ind Med. Author manuscript; available in PMC 2015 July 23.


http://www.cdc.gov/niosh/ltas/rates.html
http://www.cdc.gov/niosh/ltas/rates.html

Page 21

Carreon et al.

“JeIWIS 818M SuIoding sy} 80UIS PBUIGUIOD 819M S3]1ienb yuNoy pue piiy) UL,
'1002-096T ‘SisAjeue yyeap Jo asnea Buikjispun SN uo paseq aie mm_zmo_
"S)UBPadap Jaoued Alerjiqoreday |fe Buowe oLIBW Jo uonngLIsip Aq paulep wm__:m:Om

"011eJ 81RJ PaZIpJepuelS ‘HYS [eAISIUI 90UBPIIUOD ‘[ 013es A)I[eLIOW PaZIpIepURIS "HINS ‘SUIesp PaAIssqo ‘SO si Je sieak-uosiad ‘Y Ad

0T'0 =" 700 =%
§12-280 Sy 00e-/0§ 8€T 9  0'T v'12-20'T 89y 000G  8€T 9 0T 912
7'0T-GT'0 2T Le-ev0  Zse T Tiee ¥9'6-02°0 86T LTI-€V0 2S¢ Z e’ 91>-89
(wussaya)) T 20v-€T0 TITT ¢  Ove6e (wseya1) T 096620 €21 € S0ESs  89>0

o(s1eak oz pabbe| ‘sieak) Jaljtes 1o /6T ul ansodxe apLIojyd |AulA Jo uoneing

9200 = "*'d 8£00°0 = P*'d
§€C¥90 88 8E€-TOY 60T 9 9v8T v'8T-780 Z6€  8€-T07 60T 9 ov8T 912
0TT-5T0 62T TvI-8Y0 ¥6€ ¢ 09T°€ Z01-120 SY'T  TYI-8Y0 VB z 09T'e  9T>¥L
(ua1ay01) T STv¥T0 STT ¢  g68'se  (uasesal) T 6967920 92T € T96'WS V>

o(s1eak oz pabbe| ‘sieak) ainsodxe apriojyo |AulA Jo uoneing

vv0'0 =Py 0500 = P*d

LT.-890 87’9 ¥6T-990 LE'S 4 20L'T 0¢€—¢90 'y  ¥61-990 LE°G 4 20L'T €e<
TT9-€L0 899 G§8T-96T TCL 14 v.6'€ €'G2-6.°0 8y 98T-96T TCL 14 v16'c €e>—€¢
80T-S0'T 99°0T €€V9T L1671 € 108'€ 6'87—GT'T 19°L €E€¥9T 16°L € 108'E €>-L1
(yuasaygal) T ¢2¢L'€-200 190 T ger've (yuatayar) T 6€¢-TT10 ¥6°0 4 687'0S LT>
(s1eak) JuswAojdwa Jo uoneing

1D %56 d4S  10%S6 HINS Sd0 dVAd 1D %S6 g8 10%S6 gdNS SHO  "VAd I8N

SAep 06 paAo|dwa SIaYJ0AN SIIOM ||V

uoneing ainsodx3 apLiojyd
JAuIA pue uoneing uawAojdw3 Jo sajiuend Aq (QuawAojdw3 sAeq 06=<) SI9MJOAN WIS 1 -Buo pue SISMJOAA |t 1oy AlleLiol Jaaue) AlerjigoledaH

3I3ngavie

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AmJ Ind Med. Author manuscript; available in PMC 2015 July 23.



Page 22

Carreon et al.

'31nsodxa apLIojyd JAUIA JO

3J0W 10 SIeaA 9 pue ‘(sIeak 9'9 Sem S)uapadap pasodxa Buowe ueipaw) ainsodxa aplIojyd JAUIA JO SIeak 9 ueyl ss3) ‘ainsodxa apLiojyd |AUIA ou se paulyap atam sdnolb aaiy) ‘0 sem a|1senb 1samo| ay) aouls
‘a1nsodxa apLIoYd [AUIA JO UOIRIND J0) PUE ‘XI0M LIS JO 810U 10 Jeak T pue ‘(sieak T'T sem sjuapadap pasodxa Buole uelpaw) }JoM JIYs 0 Jeak T uey) ssa] ‘YI0M 141YS ou Se paulyap alam sdnolb saiyy
‘0 SeM 3]11Jenb 1S9MO] ay1 82UIS HJ0M LIS JO UoITeINp 10} ‘s)uapadap ewoydwA| uryBpoH-uou |je Buowe uoirenp juswAojdwa Jo uonNgLIsIp a3yl A paulyap a1am sajienb JuawAojdws Jo uoneinp Jod,

"011eJ 81RJ PaZIpJepuels ‘HYS [eAISIUI 90UBPIIUOD ‘[ 013es AJI[eLIOW PaZIpIBpURIS ‘HINS ‘SUIesp PaAIssqo ‘SO HfsH Je sieak-uosiad ‘v Ad

8e'0 =P"*d Zr0 ="
85°€-90°0 87’0 096090 6T¢C 14 T0L'0T  682-80°0 y'0  09G-090 6T¢C 14 T0L'0T 9=<
L87-900 ¢S0 096-6T0 GST 4 OET'6T ¥9'€-0T°0 090 926190 S¢e 14 ces'le 9>-0<
(yussaygal) T ¥'0T-G€'0  88¢C 4 690'vT (yussagal) T 298-190 S6°C € €EY'1e 0
(sseak) Jailses 4o /6T Ul 8insodxa apLIoJyd JAUIA JO uoleIng

G20 ="y €0 =Py
052900 6€°0 S6'7—€50 €6T 14 0S6'€T 61°¢-L00 6€0 S6'V—€S0 €6'T 14 0S6'€T 9<
18°€-90°0 870 0’68170 6V'T 4 €0g'ee ¥9°¢-60°0 87'0 6¥'5890 14%4 14 9ze'ee 9>—0<
(CUEIEIED)) T 8/1-090 <6V 4 1¥9'9 (CUEIEIED)) T L¢1-060 SEV € 689'CT 0
(sreak) ainsodxe apLojyd JAuIA Jo uoneing

150 =" £6'0 ="*d
90°'G-6T°0 86°0 ¢5'6-LL0  LEC S 0TY'ce T9¢¥10 190 ¢9G-LL0 LEC S 0T¥'ee 1<
EEV-1¥00 6€°0 €8'.~v00 T¥'T T 8SC'TT 80'¢—800 w0 8¥y9-9v0 (444 € G86'€T T>-0<
(yussagal) T 0€'L~¥¢0 20¢ 4 [4XA (yuasagal) T 99/-€50 65°C € TLS'€T 0
(sseak) aom-y1ys jo uopeing

ov'0=""*d
YSv—¢€0 GS9T € 008'0T  0T'GE-CV0 G8'€  ¥SV—<CE€0 ST € 008'0T ST1<
¥S56-6T0 €97 4 €0LT¢  TSET-LTO 0S'T ¥5G610 €91 4 €0.'TC ST>-T1T
¢¢'ST-L0T 12’9 € 902'TT 9222650 ¢9t  VECI-TET 87 14 TTL9T  TT>-9T0
0 T6T (yuasagal) T 067¢T-¢€ro LS€ 4 152'0T 9T'0>
(sreak) yuswAojdwsa Jo uoneing
1D %56 Hds 1D%S6 dINS SdO0 dVAd 1D %56 Hds 1D %56 HNS S90 dVAd eIIBN

SAep 06 PaAo|dwa SIaYJ0AN SIIOM ||V

uoneing ainsodx3 apLojyD JAUIA

pue 3JoAA WIYS pue uoneing uswAojdw3 Aq (uawAojdwg sAeq 06<) SIoXI0M WL -BuoT pue s1axIoM |1 104 AlljeriolA ewoydwAT uiBpoH-uoN

Author Manuscript

Al 31avl

Author Manuscript

Author Manuscript

Author Manuscript

AmJ Ind Med. Author manuscript; available in PMC 2015 July 23.



Page 23

Carreon et al.

"SJuapadap aseasip Alapie Areuolod wisl-buol Buowre uonelnp ainsodxa uelpaw uo paseq juiodind

q

*S)uapadap aseasip Aisne Areuosod Buowe (sAep+06) JuswAojdws wis)-Huoj uo paseq E_ogsom

'sAep ‘p ‘sIeak ‘A IOM LIYS ‘MS ‘apIINSIP U0gJed ‘CSD ‘011el 8kl PazIpJepurls ‘qYS ([eAIaIUl B0UPIIUOD ‘| ‘oljel All[eriow paziplepuels ‘YIS ‘Syresp paaIasqo ‘SO s 1e sieak-uosiad ‘Yv Ad

€6'9-G0'T 0L'C 96'T-€60 LET 0€ 2se'L S9v7-¥8°0 L6'T 96'T-€6'0 LET 0€ ese'L +ApisD '+AyiMS
09°¢-LL0 W1 9871-60 ¢<CT T¢ vve'9 ¢8'1-19°0 SO'T 98T-GL0 <1 T¢ vve'9 Ap>1280 '+Ay:MS
0T'¢-LS0 0T'T ¢ST-¥90 10T €¢ 9ve's (0720 Sy A0 8.0 ¢9T-¥90 10T €¢ 9ve's +Ay:250 ‘Ay>1MS
(souauayal) T V1690 €0T 0 650'GZ  (90ussejel) T 0/T-660 TET 95 vel'ly  Ap>sD'Ay>ms
Q%Em 8Ins0dxa apIYNSIP UOCILD HIOM YIYS
T€¢<¢S0 60T 9LT-€0T 9€T 89 T8T'6T €9'7-99°0 €0T 9LT-€0T 9€T 89 T8T'6T  +P06:°SD '+P06:MS
¥8'T-€€0 8.0 6€T-050 /80 LT 60L2T 92T-/€0 890 6ET-050 /80 LT 60L'CT  PO6>:SD '+P06:MS
EV'1-GC°0 090 O0¥V'T-¢S0 880 8T 08S'L 16'0—L2°0 190 O¥'1T-¢S0 880 8T 08G'L  +P06:¥SD 'P06>:MS
(COIEIETEY)) T V€990 T1€1 1T TEY'Y (CRIEIETEN)] T ¢C€¢8TT 891 LE 96%'02  P06>:°SD ‘POB>:MS
dnoub ainsodxa spiyINSIP UOGIED ‘YI0M HIYS

L£0=""®d Sy'0 =P
0.¢-0L°0 8€'T P¥9T-¥.0 €TT LZ [4%47 T9'T-87°0 880 ¥9'T-¥.0 €ETT Le 4137 +A9z
8€°€-v.L0 65T <¢LTv.0 91T ve Ter'y §5¢-19°0 €TT ¢LTvL0 91T e Ter'y K9z>-81
G¢'€-2¢6'0 €LT G8T-¥80 LCT LZ 8.v'8 8¢'¢—69°0 G¢'T S8T-¥80 LCT Le 8.v'8 Ag1>-8
(yuasayal) T 297890 v0T 92 689'92 (yussagal) T LLT-10T GS€1 ¢S GSL'ey Ag>
(s1eak) JuswAojdwsa Jo uoneing
1D %56 HdS 1D %G6 HINS SdO0  dVAd 1D %56 HdS  1D%S6 HINS SS90  dVAd JLIBN

SAep 06< paAo|dwa SI9YJOAN SIIOM ||V

Author Manuscript

AF1avl

Author Manuscript

Author Manuscript

IO BIYS pue apiynsiqg uogJe) o1 ainsodx3 Aq
paulyaq sdnoio ui pue uoneing uswAhojdw3 Aq (QuawAojdw3 sAeq 06<) SISMIOAN WIS 1 -BU0T pue SIBNIOM ||V 104 Allfelio asessiq Alsuy AJeuolo)

Author Manuscript

AmJ Ind Med. Author manuscript; available in PMC 2015 July 23.



