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ABSTRACT

Objectives Several industry-specific hazards are
present in the poultry working environment. It is not well
known whether risk factors unique to poultry working
increase all-cause and cancer mortality relative to other
industry types. The study objective was to compare
all-cause and cancer mortality among poultry workers to
non-poultry food workers.

Methods Occupational data for 30411 poultry

and 16405 non-poultry workers were obtained from
United Food and Commercial Workers union records

and matched to the National Death Index up to 31
December 2019 to conduct a retrospective cohort study.
Unadjusted and adjusted hazard ratios (aHR) and their
95% Cls from time-stratified Cox proportional hazard
regression models were run to compare all-cause and
cancer mortality among poultry and non-poultry workers.
Results Across the full cohort, no statistically significant
elevation in all-cause or cancer mortality among poultry
workers was observed (all-cause: aHR 0.98, 95% Cl

0.95 to 1.01; cancer: aHR 1.05, 95% Cl 0.97 to 1.13);
however, time-period sensitivity was evident. After
accounting for calendar time, poultry workers hired
before 1960 had a 62% greater cancer mortality hazard
compared with non-poultry workers (aHR 1.62, 95% Cl
1.25 to 2.11). Poultry workers hired between 1980 and
1989 had a 59% (aHR 1.59, 95% CI1.40 to 1.79)and
86% (aHR 1.86, 95% CI1.39 to 2.48) greater all-cause
and cancer mortality risk, respectively.

Conclusions Union poultry workers hired in the United
States during the 20th century faced greater all-cause
and cancer mortality compared with non-poultry workers;
however, this elevation was period-sensitive, varying by
employment start date.

INTRODUCTION

Poultry consumption in the United States (US) has
tripled since the mid-1950s, driving workforce
demand and labour output expectations.'™ Indi-
viduals employed in the poultry production supply
chain are often from low-income, immigrant or
rural populations.* Historically, these populations
have an elevated risk for poor health outcomes and
are disproportionately impacted by hazardous work
environments.* Poultry jobs add an additional layer
of risk as they are one of the most dangerous and
physically demanding manufacturing jobs in the
US.” Employees are often expected to work for
longer than 8hours in confined spaces that often
include hazardous chemicals, air-borne particulate
matter and infectious biological agents.”” Excess
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Several work environment exposures found
in poultry processing have been associated
with poor health outcomes, namely respiratory
diseases, injuries and cancers.

WHAT THIS STUDY ADDS

= This study is the longest mortality study of
union poultry workers in the United States. Our
analytic approach of the full UFCW cohort was
also the first to consider time period sensitivity.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our results indicate elevated mortality among
poultry workers for certain hiring cohorts.
Future research should use an ecological lens,
providing foundational information to influence
public health efforts on industrial standards and

safety regulations.

acute and chronic diseases have been associated
with poultry working, with suspected exposures
from raising, handling, slaughtering and processing
live or raw poultry products.'® "' Working in these
environments has also been associated with oropha-
ryngeal, lung and oesophageal cancer.'' '

While several studies have investigated poultry
working, there is little consensus on the evidence
of poultry working and adverse health or cancer
outcomes resulting in excess mortality. For instance,
asthma, rhinitis and chronic bronchitis have been
associated with organic and inorganic poultry dust
often found in poultry settings.”> Microbial agents
from poultry shedding and manure, and the disin-
fectants and detergents used in the poultry cleaning
process are also linked to respiratory diseases.'® '*
Poultry oncogenic viruses, such as Marek’s disease
virus, avian leukosis/sarcoma virus and reticuloen-
dotheliosis, formaldehyde in poultry cleaning agents
and several other carcinogens have been suspected
to cause cancer in humans; however, the research is
sparse and the findings are inconclusive.” 2

There is limited evidence to strongly link poultry
working and cancer mortality due to weak expo-
sure measurement and study follow-up.*! Our
study objective was to compare all-cause and cancer
mortality among United Food and Commercial
Workers (UFCW) union poultry to non-poultry
workers from 1 January 1950 to 31 December
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2019. This analysis took advantage of a long follow-up period
to evaluate period-specific effects, reflecting changes in poultry
working risk during a 40-year study period. Our a priori hypoth-
esis was that poultry workers would have a greater all-cause and
cancer mortality compared with non-poultry workers.

METHODS

This is a retrospective cohort study of US poultry and non-
poultry workers employed at industrial plants enrolled in the
UFCW union. Workers were members of the UFCW Meatcut-
ters’ Union in Baltimore, Maryland, the UFCW Poultry Union
in Marshall, Missouri, or the UFCW Union Pension Fund in
Chicago, Illinois between 1950 and the end of 1989.

The UFCW cohort

Union records were obtained to extract industry type, hire and
termination dates, employment site location and age on 30411
workers from 23 poultry slaughtering and processing plants
in six states (Arkansas, Louisiana, Maine, Maryland, Missouri
and Texas). There were 16405 non-poultry workers identified
from 10 states (Florida, Illinois, Indiana, Maryland, Massachu-
setts, New Jersey, Ohio, Pennsylvania, Texas and Virginia) who
worked in beverage, non-poultry food and manufactured metal
container factories (eg, seafood, soft drinks, cheese and Asian
food).

UFCW union workers were eligible for inclusion if they were
employed between 1 January 1950 and 31 December 1989.
Workers whose employment began before 1 January 1950
were eligible for inclusion in the study provided they were still
employed past 1 January 1950. The employee start-times listed
in UFCW union records had two interpretations. First, a worker
began employment at a location with existing enrolment in the
UFCW union and was obligated to become a UFCW union
member within 30 days of employment. Second, a worksite loca-
tion joined the UFCW union and the date the site enrolled in the
union was listed as the start date for the employees who were
already working there.

Cohort members deceased before or on 31 December 2010
were identified in previous analyses using the National Death
Index (NDI) and databases listed elsewhere.?? ?> Members with
living and unknown vital status on 31 December 2010 were
linked to the National Death Index up to 31 December 2019.
Cause of death was coded according to the ninth Revision of the
International Classification of Diseases (ICD). Individuals whose
vital status was unknown to the NDI as of 31 December 2019
were considered to be alive at study end.**

To account for analytic time period sensitivity, changing
safety regulations and occupational differences between cohort
members employed between 1 January 1950 and 31 December
1989, workers were separated by hire date into four employment
periods: before 1 January 1960, between 1 January 1960 and
31 December 1969, between 1 January 1970 and 31 December
1979, and between 1 January 1980 and 31 December 1989.
Industry type classified workers as in the poultry processing
industry or other non-poultry food industries. Ascertainment
of dichotomous race and biological sex information for the
cohort has been explained in detail by Johnson et al, but what
was previously labelled non-White has been renamed to Black,
Indigenous and people of colour (BIPOC).> Worksite location
was categorised from state-level data into the four US Census
Bureau categorizations (the Northeast, the Midwest, the South
and the West).?°

Data analysis

Person-time was calculated using employment start dates and the
end of follow-up on 31 December 2019 or the date of death
identified for deceased cohort members. x* tests of indepen-
dence were computed for all outcomes and covariate levels by
industry type. Two-sample t-tests were calculated to test differ-
ences in mean follow-up time, employment duration, time to
all-cause mortality and time to cancer mortality by industry type.
Cox proportional hazard (PH) regression modelling was run to
estimate unadjusted and adjusted HRsHRs and their 95% Cls of
poultry compared with non-poultry workers for all-cause and
cancer mortality, adjusting for employment start date, race, sex,
age at hire date, worksite location by US region, and employ-
ment duration. Time-period sensitivity and the Cox proportional
hazards assumption were formally tested using an interaction
term between industry type and the follow-up time variable, and
the Supremum Test for Cox Proportional Hazards Assumption.
Time stratification is a straightforward method to address time-
period sensitivity and proportional hazards violations, and as
such, four time-stratified Cox PH regression models were run
for all-cause and cancer mortality to address the time-period
sensitivity uncaptured by the cohort-wide HR.?” Subsequently,
several sensitivity analyses were run, including using alternative
period definitions, subgroup analyses by various restrictions
of employment duration and non-poultry industry type, and
measures of potential residual confounding using E-values. To
elucidate changes in the main effect, each covariate was added
independently to the models as a categorical or continuous
variable before the final models were constructed; p<0.05 was
considered statistically significant. All analyses were completed
using SAS software v9.4.%

RESULTS

Of 46 816 identified union workers, those with missing employ-
ment, age, sex, race, or worksite location information (n=997)
were excluded from the final analysis (figure 1). At the end
of the study period, 10712 poultry workers (35%) and 7554
non-poultry workers (46%) were deceased (table 1). The mean
follow-up time from the date of hire to death or the end of the
study period was 37.60 years for the whole cohort, 37.30 years
for poultry workers, and 39.04 years for non-poultry workers
(table 2). Mean time to all-cause and cancer mortality was statis-
tically significantly shorter among poultry workers compared

46,816 poultry and
non-poultry UFCW
workers

Missing employment
history n=59

46,757 poultry and non-
poultry UFCW workers
with complete employment
information

Missing sex and region
information
n=997

PH Regression Model
Before 1960
n=3,637

PH Regression Model
Between 1960 and 1969
n=52301

PH Regression Model
Between 1970 and 1979
n=25037

PH Regression Model
Between 1980 and 1989
n=11,947

Figure 1  Flowchart diagram of missingness and final analytic sample
sizes. PH, Cox proportional hazard; UFCW, United Food and Commercial
Workers
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Table 1 Study population characteristics for categorical variables
(n=46816)
Poultry Non-poultry
n (%)* n (%)*
Industry type 30411 (65%) 16405 (35%)
Cancer death 1832 (6%) 1185 (7%)
All-cause death 10712 (35%) 7554 (46%)
Sex
Male 12763 (42%) 9493 (58%)
Female 16986 (56%) 6763 (41%)
Race
White 21874 (72%) 12616 (77%)
BIPOCt 8537 (28%) 3789 (23%)
State
Arkansas 13746 (45%) 0
Florida 0 230 (1%)
lllinois 0 302 (2%)
Indiana 0 130 (1%)
Louisiana 1163 (4%) 0
Maine 3757 (12%) 0
Maryland 2408 (8%) 5858 (36%)
Massachusetts 0 2803 (17%)
Missouri 8223 (27%) 0
New Jersey 0 299 (2%)
Ohio 0 2666 (16%)
Pennsylvania 0 3362 (20%)
Texas 943 (3%) 564 (3%)
Virginia 0 175 (1%)
Unknown 187 (1%) 0
Worksite Regiont
The US Northeast 8223 (27%) 3098 (19%)
The US Midwest 3757 (12%) 6464 (39%)
The US South 18260 (60%) 6827 (42%)
Employment start times
Prior to 1960 613 (2%) 3048 (19%)
1960 — 1969 3157 (10%) 2191 (13%)
1970 -1979 16689 (55%) 8619 (53%)
1980 — 1989 9951 (33%) 2489 (15%)
Age at hire date
<24 14083 (46%) 6649 (41%)
25-34 8509 (28%) 4825 (29%)
35-44 3900 (13%) 2436 (15%)
45-54 2818 (9%) 1531 (9%)
55+ 1101 (4%) 906 (6%)

*Percentages totaling <100% are due to missingness (662 poultry and 149 non-
poultry workers with missing sex; 16 non-poultry workers with missing state of
employment; 1 poultry and 58 non-poultry workers with missing follow-up start
times; 58 non-poultry workers with missing age at recruitment).

tBlack, Indigenous and people of colour.

Region groups were categorised based on the US Census Bureau definitions of
US regionality. * Test of Homogeneity was run for each stratum, and all reported
results in the table were significant at p<0.0001.

BIPOC, Black, Indigenous and people of color.

with non-poultry workers (poultry workers: all-cause: 29.22
years, cancer: 29.03 years; non-poultry: all-cause: 31.75 years,
cancer: 31.34 years, p<0.0001). Mean employment duration
was significantly shorter among poultry workers (2.72 years)
than non-poultry workers (3.74 years) (p<0.0001).

The unadjusted and adjusted cohort-wide Cox PH regression
models for all-cause and cancer mortality indicated violations of

the proportional hazards assumption, with significant interac-
tion terms between the primary industry type variable and the
time variable (all-cause: p<0.0001; cancer: p<0.0001). The
Supremum Test for all-cause mortality was statistically signifi-
cant (p<0.0001); however, not for cancer mortality (p=0.3820).
Considering the contextual changes in cancer mortality trends
in the US, graphical examination of the log-minus-log plot, and
the significant time interaction term for cancer mortality, we
concluded time stratification was necessary to address statis-
tical and contextual time sensitivity. As such, Cox PH regression
models were stratified evenly into four hiring periods, an appro-
priate method for dealing with proportional hazard violations
for Cox PH models®” (figure 1).

All-cause mortality

Across the full cohort period, there was no observed eleva-
tion in all-cause mortality hazard (aHR 0.98, 95%CI 0.95 to
1.01). However, after stratifying to account for time period
sensitivity and adjusting for covariates, poultry workers hired
before 1960 had a 22% greater hazard of all-cause mortality
compared with non-poultry workers (aHR 1.22, 95%CI: 1.10
to 1.35, p=0.0002; table 3). No elevated risk for all-cause
mortality was observed for poultry workers hired between 1960
and 1979 (1960-1969: 0.96 95%CI 0.88 to 1.04, p=0.3234;
1970-1979: aHR 0.97, 95%CI 0.93 to 1.02, p=0.2668). A
59% greater hazard of all-cause mortality was observed among
poultry workers recruited between 1980 and 1989 (aHR 1.59,
95% CI1.40 to 1.79, p<0.0001). Male union workers had an
elevated all-cause mortality hazard compared with female union
workers in each period (aHRs 1.37-1.52; online supplemental
Table 1). Union workers aged 25 years or older at first hire
had significantly higher risk of all-cause mortality throughout
the study period compared with union workers hired at ages
younger than 25 (aHRs 1.39-19.56). BIPOC workers did not
significantly differ in all-cause mortality compared with White
poultry workers, with the exception of a slight elevation among
those hired between 1970 and 1979 (aHR: 1.08, 95% CI 1.02 to
1.14, p=0.0041). Employment duration was not associated with
all-cause mortality in the final models. No non-poultry workers
were employed in the Northeast and the Midwest between
1950 and 1959; hence, aHRs were incalculable. Workers in the
Northeast and the Midwest had lower risk of all-cause mortality
compared with those in the South in the 60s and 70s, but was
non-significant in the 80s (Midwest aHRs: 0.67-0.96; Northeast
aHRs 0.80-1.01).

Cancer mortality

Across the full cohort period, there was a slightly non-significant
elevation in cancer mortality hazard (aHR 1.08, 95% CI 1.00 to
1.18, p=0.0601). After stratifying by hire date, poultry workers
had a 62% greater cancer mortality hazard compared with non-
poultry workers (aHR 1.62, 95% CI 1.25 to 2.11, p=0.0003;
table 4). No difference in the hazard of cancer mortality was
observed for poultry workers recruited between 1960 and 1979
(1960-1969: aHR 1.03,95% CI 0.82 to 1.28, p=0.8298; 1970-
1979: aHR 0.96, 95%CI 0.86 to 1.07, p=0.4734). Poultry
workers hired between 1980 and 1989 had an 86% greater
cancer mortality hazard compared with non-poultry workers
(aHR 1.86, 95%CI 1.39 to 2.48, p<0.0001). Male union
workers had greater hazards of cancer mortality than female
union workers throughout the study period (aHRs 1.34-1.93;
online supplemental Table 1). Poultry workers hired at ages 25
years or older at first hire had higher cancer mortality hazards
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Table 2 Study population characteristics for continuous variables

Cohort-wide Poultry Non-poultry
Variable Mean (years) (SD) n Mean (years) (SD) n* Mean (years) (SD) n* t-value P value
Follow-up timet 37.60 (11.29) 46758 37.30(10.21) 30411 39.04 (13.32) 16347 14.64 <0.0001
Employment Duration 3.09 (4.20) 46758 2.72 (3.83) 30411 3.74 (4.70) 16347 23.78 <0.0001
Time to all-cause mortality+ 30.24 (12.87) 18219 29.22 (11.92) 10712 31.75 (14.0) 7507 12.74 <0.0001
Time to cancer mortality 29.93 (12.06) 3017 29.03 (11.29) 1832 31.34 (13.05) 1185 4.99 <0.0001

*Observations with missing follow-up information were removed.
tFollow-up times include both deceased and living cohort members.
tTime to all-cause mortality includes both cancer and non-cancer mortality.

than poultry workers who began working at a younger age (aHRs
1.56-22.61). Race and employment duration were not associ-
ated with elevated cancer mortality hazards for the duration of
the study period. Workers in the Midwest had a lower risk of
cancer mortality compared with those in the South in the 60s
and 70s; whereas the Northeast had reduced cancer mortality
only in the 70s (Midwest aHRs: 0.72-0.68, respectively; North-
east aHRs 1.04-0.84, respectively). Cancer mortality did not
vary by region in the 80s (Northeast aHR: 1.22, 95%CI 0.91
to 1.63, p=0.1851; Midwest aHR: 1.11, 95%CI 0.87 to 1.40,
p=0.4042).

Sensitivity analyses
We conducted multiple sensitivity analyses to evaluate the
robustness of the observed associations. In the final analyses,
we observed a period-specific risk pattern resembling a U-shape,
such that poultry workers who began working in the 50s and
80s had greater risk of all-cause and cancer mortality compared
with non-poultry workers. To determine whether this U-shape
risk pattern was robust to varying definitions of hire cohort, we
re-ran the analyses using Syear intervals (online supplemental
Table 2). In the 5-year stratification analyses, a U-shape risk
pattern was used, such that the risk decreased from the 50s to
the 60s and subsequently rose again in the 80s. The final strati-
fications were left in 10year intervals to ensure adequate sample
size and reduce unstable standard errors and Cls.

Next, non-poultry workers enrolled in the UFCW union
comprise a heterogeneous population. We ran cohort-wide

and time-stratified Cox PH regression models comparing
poultry workers to sub-groups of non-poultry workers using
the following categorizations: seafood (n=6615), non-poultry
meat (n=1845), general foods (n=7174), and packing and
other (n=771). Before accounting for time sensitivity, poultry
workers had a statistically significantly greater hazard of cancer
mortality compared with other non-poultry meat workers and
decreased all-cause and cancer mortality compared with those
in the packaging work (online supplemental Table 3). However,
non-poultry sub-group specific comparisons were also affected
by time period sensitivity, such that no consistent elevation or
reduction in risk was observed across the time-stratified study
period.

Finally, the cohort-wide adjusted all-cause and cancer mortality
Cox PH regression models were re-run after restricting the
sample size to increasing levels of employment duration (at least
1 year, 5 years, 10 years and 15 years employed). A marginal
elevation in all-cause and cancer mortality was observed among
poultry workers across all strata of employment duration (online
supplemental Table 4).

DISCUSSION

Our study sought to explore all-cause and cancer mortality
hazards among poultry workers compared with non-poultry
workers in the UFCW union cohort. This was the first study
of the entire UFCW cohort to use a period-sensitive approach.
Using a period-sensitive approach accounted for the changing
work and social context of the 40-year hiring period, which may

Table 3  All-cause mortality HRs of poultry workers compared with non-poultry workers, stratified by employment start time

Unadjusted Adjusted
HR (95% CI) P value nt HR (95% Cl)* P value nt
Cohort-wide 0.91 (0.88 t0 0.93) <0.0001 30411 0.98 (0.95 to 1.01) 0.1967 29578
16347 16240
Hire date before 1960
Poultry 1.17 (1.05 t0 1.29) 0.0030 613 1.22 (1.10 to 1.35) 0.00002 589
Non-poultry Ref 3048 Ref 3048
Hire date between 1960 and 1969
Poultry 0.92 (0.86 to 0.98) 0.0117 3157 0.96 (0.88 to 1.04) 0.3234 3149
Non-poultry Ref 2191 Ref 2129
Hire date between 1970 and 1979
Poultry 0.93 (0.89 t0 0.97) 0.0007 16689 0.97 (0.93 t0 1.02) 0.2668 16304
Non-poultry Ref 8619 Ref 8593
Hire date between 1980 and 1989
Poultry 1.19(1.07 t0 1.32) 0.0013 9.951 1.59 (1.40 to 1.79) <0.0001 9535
Non-poultry Ref 2489 Ref 2412

*Models adjusted for race, sex, age at recruitment, worksite location and employment duration.

tDue to missingness, 24 observations with hire dates before 1960, 70 observations with hire dates between 1960 and 1969, 411 observations with hire dates between 1970 and

1979 and 493 observations with hire dates between 1980 and 1989 were excluded in the adjusted models.
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Table 4 Cancer mortality HRs of poultry workers compared with non-poultry workers, stratified by employment start time

Unadjusted Adjusted
HR (95% CI) P value nt HR (95% Cl)* P value nt
Cohort-wide 0.95 (0.88 t0 1.02) 0.1750 30411 1.08 (1.00 to 1.18) 0.0601 29578
16347 16240
Hire date before 1960
Poultry 1.52 (1.18 10 1.97) 0.0013 613 1.62 (1.25t0 2.11) 0.0003 589
Non-poultry Ref 3048 Ref 3048
Hire date between 1960 and 1969
Poultry 0.83 (0.69 to 0.99) 0.0391 3157 1.03 (0.82 to 1.28) 0.8298 3149
Non-poultry Ref 2191 Ref 2129
Hire date between 1970 and 1979
Poultry 0.91 (0.83 t0 1.01) 0.0676 16689 0.96 (0.86 to 1.07) 0.4734 16304
Non-poultry Ref 8619 Ref 8593
Hire date between 1980 and 1989
Poultry 1.20 (0.94 to 1.53) 0.1461 9.951 1.86 (1.39 t0 2.48) <0.0001 9535
Non-poultry Ref 2489 Ref 2412

*Models adjusted for race, sex, age at recruitment, worksite location and employment duration.
tDue to missingness, 24 observations with hire dates before 1960, 70 observations with hire dates between 1960 and 1969, 411 observations with hire dates between 1970 and
1979 and 493 observations with hire dates between 1980 and 1989 were excluded in the adjusted models.

include changes in occupational safety regulations, workforce
demographics, poultry consumer demand and calendar time.
We observed a greater hazard of all-cause and cancer mortality
among poultry workers who began employment before 1960 and
between 1980 and 1989, even after multiple analytic constraints.
Counter to our a priori hypothesis, this elevated mortality hazard
was relative to calendar time. Due to insufficient information
around poultry processing standards and practices during this
time, the mechanism of elevated mortality hazard is not readily
understood.

A more granular measurement of poultry workplace expo-
sures could improve the interpretation of the observed associ-
ations between poultry work and cancer. Due to some missing
information on employment start date for an unknown number
of workers, the dates in which certain facility locations joined
the UFCW union were captured, rather than the true date a
member began working. Thus, this variable could not completely
capture employment duration for an unknown proportion of
cohort members, likely skewing the potential mortality hazard
from poultry working toward the null. Moreover, we did not
have a complete capture of employment history for all union
workers, only the dates and occupations listed in the union
rosters. Therefore, it is possible that some workers were occu-
pied in both poultry and non-poultry food industries at some
time. This misclassification of the exposure may have biased our
results away or toward the null.

There is sparse research around the health outcomes and occu-
pational experiences of non-union poultry and non-poultry food
workers.”’ Therefore, these results are likely not generalisable to
non-union poultry workers who are more likely to be Hispanic
and/or previously immigrated.>® Also, misclassification of the
outcome may be present; analyses could not capture cancer inci-
dence. Thus, it is likely that some poultry workers who died
from non-cancer outcomes were diagnosed with cancer during
the study period, but cancer was not the primary cause noted in
the death certificate. Additionally, for those who were deceased
after 1979, it is possible those not linked to the NDI were
deceased but not captured. Finally, our study only contained
information on a limited number of potential confounders. It is
likely that other confounders exist in the relationship between
poultry working and all-cause and cancer mortality; however,

information was not available to adjust for them. As a result,
it is possible that residual confounding, particularly that from
tobacco smoking and alcohol consumption, may account for the
observed estimated effects of poultry working on all-cause and
cancer mortality. We explored the E-values of these potential
confounders in the supplementary material (online supplemental
Table 5).%!

This research took advantage of a unique opportunity to
explore mortality among poultry workers over time. The
UFCW union cohort study is the longest and largest cohort
study of poultry and non-poultry workers in the US. By
comparing poultry workers within the UFCW union to non-
poultry workers in other food industry roles, we selected a
reference group with closer exchangeability than the US general
population, which had been done in previous UFCW cohort-
wide studies.” ** This comparison likely reduced confounding
from demographic factors, as manufacturing workers are
more often of the same socioeconomic status and are likely
exposed to similar environmental factors. Additionally, our
study contained workers from over 40 years of employment
history, capturing the longest employment period of poultry
working of any US study of poultry workers. Finally, this study
is the first of the UFCW cohort to employ survival analysis of
all cohort members and the first to control for period-specific
effects.

This study extended earlier work of the UFCW union cohort
to 31 December 2019.% These findings suggest poultry working
may be associated with elevated all-cause and cancer mortality.
However, it is possible that changes in poultry processing stan-
dards, safety and compliance, and labour demands between
1950 and 1989 are related to differences in mortality by calendar
time.** Notably, the Occupational Safety and Health Act of 1970
instituted occupational regulations for worksite health and
safety, which could explain the observed differences prior to
1960.** However, this does not explain the robust elevated all-
cause and cancer mortality hazards of poultry workers employed
after January 1, 1980. Future research into the poultry working
environment should carefully define workplace exposures,
accounting for the workforce transition in the 1990s and the
current diversity of poultry workers, to more fully capture the
relationship between poultry working and cancer.
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