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Abstract

Background.—Structural racism’s influence on workforce policies and practices presents
possible upstream targets for assessing and reducing racial health disparities. This study is the
first to examine workforce racial diversity in association with racial disparities in cardiovascular
disease (CVD) outcomes.

Methods.—This retrospective cohort study of 39,693 hourly autoworkers from three Michigan
automobile plants, includes 75 years of follow-up (1941-2015). Workforce racial diversity
(percent Black autoworkers) was a plant and year level variable. Annual exposure was cumulated
over each individual’s working life and divided by time since hire. This time-varying measure was
categorized into low, moderate, and high. We estimated age-standardized rates of CVD and cox
proportional hazards ratios (HR) by race.

Results.—CVD mortality per 100,000 person-years decreased among autoworkers over the
study period; however, Black workers’ rates remained higher than White workers. Among Black
workers, we observed a strong protective association between greater workforce racial diversity
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and CVD mortality. For example, at the Detroit plant, the HR for moderate exposure to racial
diversity was 0.94 (0.83, 1.08) and dropped to 0.78 (0.67, 0.90) in the highest level. Among White
workers, results were mixed by plant, with protective effects in plants where less than 20% of
workers were Black and null results where Black workers became the majority.

Conclusion.—Our findings provide evidence that workplace racial diversity may reduce CVD
mortality risk among Black workers. Workplace practices encouraging diverse hiring and retention
have potential to improve all workers’ health; particularly the socially racialized groups in that
workforce.

INTRODUCTION

Cardiovascular disease (CVD) remains a leading cause of death in the United States

(US) despite advancements in CVD-related medical care, treatment, and public health
campaigns.t The distribution of these benefits, however, has been far from equitable.2 For
example, racial inequities in age-adjusted heart disease mortality rates are persistently higher
for Black Americans than any other racial/ethnic group.3

As a result, the American Heart Association has recently acknowledged structural racism,
the totality of ways in which societies foster racial discrimination against marginalized
groups,* as a fundamental cause of disparities in CVD risk.> Through mutually reinforcing
systems, structural racism creates unequal distributions of resources, opportunities, power,
and wealth.#-6:7 In turn, these social and economic inequalities engender epidemiologic
patterns of racial disparities in preventable diseases, such as CVD.8 Some neighborhood
studies have examined place-based social exclusion to identify the political, social,

and economic systems that operationalize structural racism. By evaluating racialized
socioeconomic indicators at the area-level, such as historical redlining, researchers have
revealed associations between systematic disinvestment in Black neighborhoods and adverse
CVD outcomes.®-11

At a systemic level, structural racism can occur in contexts outside of the neighborhood,
including workplaces. This can be evident in racialized workplace hiring and retention
practices. We posit that the workplace offers opportunities to assess the cardiovascular
consequences of structural racism because upstream socioeconomic and political context
affects employment and labor practices;12 thereby impacting job security, work organization,
and occupational health and safety, including interpersonal discrimination. The connection
between the workplace and CVD outcomes is also supported by strong theoretical
frameworks, including Krieger’s ecosocial theory.13 This framework proposes that
inequitable social and material contexts affect health via physiological pathways that embed
repeated disruptions to metabolic and cardiovascular system functioning.

Although work is indeed recognized as a social determinant of health,14 studies assessing
the health consequences of racial diversity and racially motivated exclusion in the workplace
are scarce.® The Sociology literature suggests that Black workers experience greater
workforce retention, job satisfaction, perceived fairness, and decreased perceived race-based
discrimination as the proportion of Black workers increased, though no health outcomes
were examined.1® To fill this research gap, we leverage longitudinal data (1941-2015) from
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the United Autoworkers — General Motors (UAW-GM) cohort, a mortality study of hourly
automobile workers at three GM plants in Michigan. We hypothesized that exposure to an

increasingly racially balanced workforce will improve long-term CVD outcomes for Black
autoworkers.

Study Population

Outcome

Exposure

The UAW-GM cohort mortality study was originally designed in 1985 to assess the health
implications of occupational exposures for Michigan workers employed by GM and has
been described in detail previously.1” The data includes birthdate, sex, race, and work
history (until 1995) obtained from company records. This cohort includes all hourly workers
identified through company records at three Michigan automobile manufacturing plants in
Detroit, Ypsilanti, and Saginaw. This study population is composed of Black and White
workers hired between January 1, 1938 and December 31, 1984. Details regarding ethnicity
were not provided in the work records. Mortality follow-up begins three years after the
subject’s date of hire, to exclude short-term workers, and extends until 2015.

Our outcomes of interest were cause-specific mortality attributed to overall cardiovascular
disease, and separately, to subtypes cerebrovascular disease, ischemic heart disease (IHD),
and acute myocardial infarction (AMI). Data on vital status were ascertained through the
Social Security Administration, the National Death Index, plant records, and state mortality
files. Cause of mortality was obtained from state vital records, death certificates, and the
National Death Index. We used codes from the /nternational Classification of Diseases,
Ninth and Tenth Revisions to define CVD (390-459, 100-78), cerebrovascular disease (430—
438, 160-69), IHD (410, 121-22), and AMI (200-202, 121-22).

Our primary exposure measure was annual average exposure to diversity (% Black workers).
To measure the annual average diversity, first we constructed a time-varying plant-level
variable measuring racial diversity (% Black workers) at each plant in each year (eFigure

1). Each autoworker was thereby exposed to varying levels of racial diversity over time,
which we cumulated during the employment and divided by the time since hire. Similar
quantifications of average exposure are typically used in occupational studies.18 We
categorized plantwide racial diversity exposure into tertiles to avoid a linearity assumption.

Confounders

We used a directed acyclic graph (eFigure 2) to identify confounders of the relationship
between the exposure (% Black autoworkers), outcome (CVVD mortality). The quantitative
occupational exposure assessment for cumulative metalworking fluid (mg/m3-year) has been
described previously.1920 Year of hire was defined as a categorical variable with five-year
bins, and calendar year was defined continuously. Annual county-level measures of the
percent Black residents, percent below the poverty level, median household income, and
percent with a Bachelor’s degree or higher were extracted from the 1940-2000 US Censuses
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and the US Census Bureau’s American Community Survey (ACS) from 2010-2015 in the
plants” counties: Wayne (Detroit plant), Washtenaw (Y psilanti plant), and Saginaw (Saginaw
plant). Annual county-level values between those reported by the US Census or ACS were
linearly interpolated between the previous value and the next available value. We measured
and adjusted for the racial diversity of the county where each plant was located in each

year, to isolate the effect of exposure in the workplace from exposure in each worker’s
community. Information on age, sex (recorded as male or female), race (Black or White),
plant location (Detroit, Ypsilanti, or Saginaw), birth date, and year of hire was obtained
through employment records.

Statistical Analysis

We stratified the UAW-GM cohort by race and estimated age-adjusted CVD mortality rates
among those of working age (24-65 years) from 1941-2015 by decade. Due to small
numbers of CVD deaths at the beginning and end of follow-up of this open cohort, we
combined 1941-1959 and 2000-2015. We calculated 95% confidence intervals for mortality
rates using the gamma distribution for Poisson counts. Age-adjustment was performed via
direct standardization based on the US 2000 population.?!

We also calculated age-adjusted CVVD mortality rates among those of working age (24—

65 years) in the US and Michigan Black and White populations through the Centers for
Disease Control and Prevention’s (CDC) Wide-ranging Online Data for Epidemiologic
Research (WONDER) database (https://wonder.cdc.gov/mortSQL.html). Using WONDER,
we calculated annual rates over calendar year categories from 1968 (the earliest available
year in WONDER) to 2015. As with the UAW-GM cohort rates, the annual rates from
WONDER were age-standardized to the US 2000 population.

To examine associations between average exposure to percent Black workers and CVD
mortality and its subtypes, we fit Cox proportional hazards models to estimate adjusted
hazard ratios (HR) and 95% confidence intervals (C1).22 We estimated cause-specific hazard
ratios for the main analysis and, as a sensitivity analysis, sub-distribution hazard ratio for
CVD mortality because other causes of death (e.g., cancers) may remove workers from

the risk set before the event of interest is observed.23 Cause-specific HRs were calculated
representing the rate of CVD-related (or CVD subtype) deaths among workers with high
levels of exposure (e.g., high plantwide diversity) relative to workers with low levels of
exposure.2425 The subdistribution HRs were estimated using the Fine-Gray model.23.24

We ran the above models stratified by race given that the impact of plantwide racial diversity
on cardiovascular disease mortality may differ by membership in a socially racialized group.
Moreover, due to differences in both the percent and absolute numbers of Black autoworkers
between plants (eFigure 3), we avoid a positivity problem by also stratifying our models by
plant. The Ypsilanti and Saginaw plants were combined which, comparatively to the Detroit
plant, employed far fewer Black workers in any given year. As a secondary analysis, we
categorized the exposure into quintiles in the Detroit plant and examined outcomes with the
greatest number of cases, CVD and IHD.
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All Cox models were adjusted for the following individual-level variables: plant (if the
model is not restricted to one plant), sex, calendar year, year of hire, total cumulative
metalworking fluid (mg/m3-year), cumulative percent Black residents, percent below the
poverty level, median household income, and percent with a Bachelor’s degree or higher.
The proportional hazards assumptions were assessed using a Wald test for the interaction
between follow-up time and each covariate. Sensitivity analyses were conducted by
restricting the main Cox models to males to examine the cardiovascular effects of an
increasingly Black workforce on specific subgroups.

All analyses were conducted in SAS version 9.4 (SAS Institute Inc, Cary, North Carolina,
USA). Data visualization was conducted in R version 12.0 (R Foundation for Statistical
Computing, Vienna, Austria). This study was approved by the Committee for the Protection
of Human Subjects at the University of California, Berkeley (FWA #00006252) and
conforms to the principles embodied in the Declaration of Helsinki.

Study sample characteristics

This UAW-GM cohort study included 39,693 autoworkers (>1 million person-years), of
whom 8,106 (20%) were Black (Table 1). Far more Black autoworkers (62%) worked at
the Detroit plant than at the other two locations (24% or lower). The distribution of White
workers was more even across the three plants (29-37%). The proportion of CVD deaths
among Black autoworkers due to IHD (48%) was lower than the proportion among White
autoworkers (63%), as was the proportion of IHD deaths due to AMI (37% vs. 55% for
Black and White autoworkers, respectively). Compared with White workers, Black workers
experienced similar years of hire and years of employment; however, their median age at
CVD death was younger and their average exposure to racial diversity was higher (20% vs.
6% Black autoworkers plantwide).

Age-standardized mortality rates

Race-stratified age-adjusted CVD mortality rates per 100,000 person-years for the GM
cohort, the state of Michigan, and the US are presented in Figure 1. Over the entire
follow-up period, the age-standardized CVD mortality rate (95% CI) for the GM cohort

was 158.9 per 100,000 (95% CI: 152.8, 165.2) and was significantly higher among Black
compared to White autoworkers, 203.3 (187.7, 219.9) and 147.9 (141.4, 154.7). From 1941
to 2015, age-standardized CVD mortality rates among Black workers decreased from 252.0
(175.5, 350.2) to 69.5 (59.8, 80.6) whereas White workers’ rates declined from 234.0 (211.2,
258.9) to 40.1 (36.1, 44.4). Steady decreases and racial disparities were also reflected at the
state and national level. Within racial categories, Michigan and US rates were comparable
and nearly all state and national rates remained higher than GM rates over time. Among
White populations, Michigan and US rates remained moderately above those of GM White
workers. In contrast, the difference between Black Michigan and US rates and the Black GM
population was consistently larger.
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Proportional hazards models for survival analysis

Among those in the Detroit plant, increasing exposure to annual average racial diversity
at work was protective against CVD mortality for Black workers (HR=0.94 (95% CI:
0.83, 1.08) for moderate exposure; HR=0.78 (95% CI: 0.67, 0.90) for high exposure;
Table 2). Although confidence intervals were wide and crossed the null, effects of similar
magnitudes were estimated for the IHD and AMI outcomes among Black workers, with
greater protection offered by the highest levels of exposure. For White workers, increasing
the percentage of Black workers was estimated to increase the hazard of CVD outcomes
comparing moderate to low exposure levels (HR=1.11 (95% CI: 1.02, 1.21)), though
estimated effects were consistent with no association for the high vs. low exposure group.
Our secondary analysis within the Detroit plant which categorized the exposure using
quintiles (Figure 2) was reflective of the primary results.

Among autoworkers at Ypsilanti and Saginaw plants (Table 3), similar protective effects
with increasing exposure to racial diversity were observed among Black workers. Based on
373 CVD deaths among Black workers, the HRs were strongly protective in the moderate
(0.71 (95% CI: 0.54, 0.94)) and high (0.58, (95% CI: 0.43, 0.79)) exposure categories
compared to the lowest level. We noted similar a protective exposure-response relationship
for IHD, although the number of deaths were much lower for this subtype (n cases = 169).
The moderate to low exposure comparisons for cerebrovascular disease and AMI were lower
than those for the high to low comparisons. However, the confidence intervals for these
estimates overlapped almost completely, and reflect the small case numbers. In contrast to
the Detroit Plant, results among White workers at the Ypsilanti and Saginaw plants were
protective with greater average diversity exposure (HR=0.69 (95% CI: 0.63, 0.79) for high
exposure).

Sensitivity analyses

Sub-distribution HRs that accounted for competing risks also followed similar patterns as
the main results (eTables 1 and 2). Overall, the sensitivity analyses restricted to males found
that the protective effects of higher racial diversity for black workers did not differ from the
main results (eTables 3 and 4).

DISCUSSION

Using an ecosocial framework to acknowledge the inextricably social nature of work and
the biological embodiment of discrimination that can lead to poor health outcomes,2 this
study of hourly Michigan autoworkers from 1941-2015 aimed to capture the cumulative
impact of structural racism using our metric of workplace racial diversity. Similar to trends
in the US and Michigan, we observed decreasing rates of C\VD mortality among Black and
White autoworkers over time, though Black autoworkers’ rates remained higher than White
workers. Among Black autoworkers, we observed a strong protective association between
greater workforce racial diversity and CVD mortality. For example, among Black workers
at the Detroit plant, the HR dropped to 0.78 (0.67, 0.90) at the highest level of exposure to
racial diversity.
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Overall age-adjusted CVD mortality rates steadily decreased over time for both Black and
White autoworkers. Compared to the state and national populations, CVD mortality rates
among GM workers were consistently lower. This difference between the CVD mortality
rates of the general and UAW-GM populations partially reflects the healthy hire effect, as the
workers were all healthy enough to be hired and thus experience more favorable mortality
outcomes than the population at large.26 The difference was especially striking between the
Black general and worker populations, suggesting that Black GM workers who were hired
were an even more highly select group of healthy individuals and/or that a stable job with
benefits offered them more protection from CVD mortality than the White workers.2”

Overall, mortality rates of the US and Michigan White populations were consistently
lower than the respective Black populations. These racial disparities are downstream of
the high burden of CVD risk factors among Black US adults compared to their White
counterparts.28 Comparatively, at GM, we observed that the disparities between Black and
White autoworkers begin with smaller differences that reduced over time. The smaller and
narrowing gap in CVD mortality risk among the autoworkers underscores the important
role of employment and labor practices in disrupting systems of discrimination that

affect physical and psychosocial stress, which may translate into adverse cardiovascular
health outcomes and related racial inequities. Often, research focused on closing racial
gaps in the general population investigate the benefits of health behavior change or the
built environment.29 However, when examined within this socioeconomic strata of hourly
autoworkers, the health consequences of structural racism are perhaps better explained by
assessing the uniquely racialized workplace policies and practices that can be targets for
intervention and reform.30 Our primary analysis aimed to do so by studying the impacts of
increasing workplace racial diversity by race and baseline demographics.

This study provides empirical support for an association between plantwide racial diversity
and CVD mortality risk. Our primary results showed strong protective associations from
CVD and the subtypes IHD and AMI among Black workers as racial diversity increased.
These results were robust to sensitivity analyses among males only and in the models’
handling of competing risks. As evidenced by our consistent results across plants, the
protective effects among Black workers of increasing proportions of Black co-workers
remained, regardless of the absolute number of Black workers employed at the plant. The
lack of impact of the plant environments is supportive of research suggesting that those in
socially racialized group(s) find moderate health benefits from social support networks and
collective efficacy.31:32 Moreover, our results are consistent with literature documenting that
social environment indicators of support may have a strong effects on cardiovascular health
in Black cohorts.33:34

By contrast, among White workers, our results differed by the number of Black workers in
the plants, with generally null results where there were many Black workers (i.e., Detroit
plant) and protective effects where their numbers were low (i.e., Ypsilanti and Saginaw
plants). The non-symmetry hypothesis3® proposes that socially racialized and dominant
groups may experience workplace racial diversity thresholds differently. In the Ypsilanti
and Saginaw plants, the absolute numbers of Black workers (a maximum of 1,640 and
978 in 1978, respectively (eFigure 3)) were dramatically lower than that of White workers.
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However, in the Detroit plant, White GM workers were no longer the majority after 1967.
Research suggests that White workers in a majority non-White work environment may
experience heightened anxiety or status threat because they are unused to occupying a
numeric minority status.3®> Additionally, racial demographic shifts can be perceived as
threatening, impacting the White groups” attitudes toward racialized groups.3¢ Therefore,
among White workers, we may have observed a threshold for the protective effect and even
the adverse effect with increasing racial diversity, based on plantwide racial demographics.
These findings highlight the importance of measuring and investigating structural and
policy-level exposures that capture the compounding exposures faced unilaterally by Black
workers. 437

Our study has notable methodological considerations. One limitation is possible confounder
misclassification of the percent Black population living in the county in each year. Home
addresses of the workers were unknown, suggesting residual confounding if the worker
lived in a different county than they worked in.38 Second, autoworkers comprising the
categories “Black” and “White” may be heterogenous and ethnicity is unknown; therefore,
we may be missing important subgroup specific effects. Although, census reports estimate
that the percentage of other races and of ethnicities, such as Hispanic, was low in the
Michigan counties Detroit, Ypsilanti, and Saginaw.3® Third, there may be some unmeasured
confounding due to county-level sociopolitical and economic factors, such as immigration
or emigration and income equality. However, our models account for secular trends with
calendar year as well as county- and year-level variables including the percent Black
residents, median household income, and percent with a bachelor’s degree or higher. Our
cohort consists of a long follow-up of a large group of Black and White workers with
similar incomes, and health and pension benefits by mid-life. Finally, our results may suffer
from the healthy worker hire effect because people hired into physically demanding jobs are
healthier at baseline than the general US population. Therefore, the generalizability of these
results should be limited to workers employed in similar occupations.

To our knowledge, this is the first study of the association between workplace racial
diversity and CVD mortality. Our results suggest the workforce may be an upstream
target for the reduction of racial health disparities*° because hiring and retention practices
and policies offer important opportunities to decrease racial inequities and subsequent
health disparities. We advocate that developing interventions to encourage social support,
representation, and inclusivity can reduce harms from racial exclusions and are key to the
health of socially racialized groups in a workforce.
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Key Messages
What is already known on thistopic?

There are no studies of cardiovascular health consequences of workplace racial diversity
or job-based segregation.

What this study adds?

A more racially balanced workforce was protective against cardiovascular disease
mortality in this retrospective cohort study of nearly 40,000 hourly Michigan
autoworkers. This protective effect was strongest and most consistent among Black
workers. Results among White workers were mixed, with null or harmful effects in the
plant with more Black workers and protective effects in plants with fewer Black workers.

How this study might affect research, practice, or policy?

We found that workplace policies and practices that encourage diversity, inclusion, and
social support contribute to positive long-term health outcomes of socially racialized
groups of workers.
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Age-adjusted cardiovascular disease (CVD) mortality rates per 100,000 person-years among
those 25-64 years with 95% confidence intervals for United Autoworkers — General Motors
Black (triangles) and White (circles) workers, respectively. Rates for General Motors
workers were estimated for time intervals 1941-1959, 1960-1969, 1970-1979, 1980-1989,
1990-1999, 2000-2015 and rates for the state of Michigan Black (light blue) and White
(light brown) populations and the overall US Black (dark blue) and White (dark brown)
populations from 1968-2015 were estimated annually. All rates are age-standardized to the

US 2000 population.
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Figure2.

Adjusted hazard ratios restricted to the Detroit plant United Autoworkers — General Motors

workers and stratified by race, for cardiovascular disease and ischemic heart disease in

association with quintiles of annual average exposure to racial diversity (% Black) (1941-
2015). All models were adjusted for the sex, calendar year, year of hire, total cumulative
metalworking fluid (mg/m3-year), cumulative percent Black residents, percent below the
poverty level, median household income, and percent with a Bachelor’s degree or higher.
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Demographic Characteristics by Racial Category in the United Autoworkers — General Motors (UAW-GM)

Cohort, 1941-2015

Total Study Population

Black Workers

White Workers

N % N % N %
: 39,693 8,106 31,587
Study Population (person-years) (1,661,816) 100 (331,199) 100 (1.330,617) 100
Sex
Male 35,341 89 6,811 84 28,530 90
Female 4,352 11 1,295 16 3,057 10
Plant
Detroit Plant 14,637 37 5,047 62 9,590 30
Ypsilanti Plant 13,566 34 1,931 24 11,635 37
Saginaw Plant 11,490 29 1,128 14 10,362 33
All-cause mortality 22,932 58 4,572 56 18,360 58
Cardi lar di
( cvo)a; lovascular disease 9,868 43% of deaths 1,844 40% of deaths 8,024 44% of deaths
Cerebrovascular disease 1,312 13% of CVD 290 16% of CVD 1,022 13% of CVD
(IHD) Ischemic heart disease 5,969 60% of CVD 886 48% of CVD 5,083 63% of CVD
Acute myocardial
infarction (AMI) 3,105 52% of IHD 330 37% of IHD 2,775 55% of IHD
Median Q1,Q3 Median Q1,Q3 Median Q1,Q3
Average annual racial diversity
(% Black autoworkers) / 4,16 20 8,38 6 41
Detroit plant 34 22,44 18 4,32
Ypsilanti and Saginaw plants 8 5,10 6 4,8
Years of follow-up 38 33, 46 37 32,44 38 33, 46
Year of hire 1967 1951, 1976 1970 1955, 1976 1965 1949, 1976
Years at work 19 13,28 19 13,27 19 13,28
lati Iworking flui
Cumulative metalwor w;}g uid 8 4,21 7 318 8 4,22
exposure (mg/m?3-year)
Year of death € 1992 1979, 2002 1996 1985, 2005 1990 1977, 2001
Age at death ¢ 73 63, 81 69 59, 78 73 64, 82
County Level
% Black residents 15 11,12 23 12,37 13 11,19
% below the poverty level 14 12,17 15 12,17 13 12,17
Median household income (USD) 22,382 10089, 38176 23267 11844, 38047 22,382 9904, 38176
% with a bachelor’s degree or 20 9,32 19 9,27 21 7.34

higher

a. .. s .
Specific causes of death within are presented as proportions of a larger category of cases.

b -
Summary statistic calculated at the end of follow-up.
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c . . .
Among those who died of a cardiovascular disease.
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