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Abstract 

Gender, blue-collar work, and depression in the U.S. aluminum industry 

By 

Holly Constance Elser 

Doctor of Philosophy in Epidemiology  
 

University of California, Berkeley  
 

Professor Ellen A. Eisen, Chair 
 
 

Work has long been recognized as a fundamental determinant of health, and stressful work is 
linked with symptoms of psychiatric illness such as distress, sadness, hopelessness, and 
depressive disorder. Blue-collar work emerges in the literature as an important example of this 
connection. Not only do repetitive, monotonous, and physically demanding tasks predispose 
workers to disability and injury, the erratic schedules and long hours oftentimes associated with 
blue-collar jobs may uniquely predispose workers to depression. Blue-collar jobs, in contrast 
with clerical and white-collar jobs, are also frequently characterized by exposure to a range of 
physical hazards, including heat, noise, chemicals, and particulate matter.  
 
Women now represent over one-fourth of the 12 million workers in manufacturing jobs in the 
U.S. Female blue-collar workers may have less opportunity to adjust work demands or modify 
their duties following injury and take longer work-related sick leave. However, our current 
understanding of the effects of blue-collar work on mental health outcomes, such as depression 
are based largely on the experiences of men. Because depression is more common and more 
persistent in women, the lack of evidence regarding risk for depression among female blue-collar 
workers constitutes an important gap in the literature.  
 
In response, this dissertation is focused on the implications of gender and aspects of the work 
environment for the mental health of workers in the U.S. aluminum industry. The American 
Manufacturing Cohort (AMC) study database is comprised of multiple, linked administrative 
datasets that collectively provide detailed, longitudinal follow-up for understanding work-life 
exposures, health and economic outcomes in a cohort of U.S. light and specialty metals workers. 
The study data are the product of an academic-corporate partnership forged in 1997 between 
Alcoa, Inc. and the Occupational and Environmental Medicine Program at the Yale University 
School of Medicine with the goal of incorporating research findings into company policy in an 
effort to improve worker safety. Study data consist of several distinct administrative datasets, 
and records for individual workers can be deterministically linked across datasets with a unique, 
encrypted identifier. Complete medical claims data are available for workers enrolled in their 
local preferred provider organization (PPO) health insurance plan (approximately 97% of the 
workforce). The analyses described herein are based on records from 30,035 men and 7,148 
women employed in blue- and white-collar jobs by Alcoa Inc. between January 2003 and 
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December 2013. They are the first to explicitly focus on the experiences of blue-collar women in 
the AMC Study.  
 
For Chapter 1, I compare trends in depression by gender and occupational class in the study 
population of 37,183 workers. Chapters 2 and 3 are focused only on blue-collar workers. For 
Chapter 2, I characterize the association between the workplace gender composition and 
treatment for depression among male and female blue-collar workers. More specifically, I use g-
computation to estimate risk differences that contrast the predicted risk of treatment for 
depression under hypothetical interventions on gender composition as compared with the 
observed data. Finally, in Chapter 3 I examine the effects of layoffs on remaining blue-collar 
workers’ use of mental healthcare services and injury risk with a difference-in-differences 
approach. Collectively, these three chapters provide a novel examination of the association 
between specific aspects of blue-collar work and risk for depression, with an emphasis on the 
unique experiences of women, in an unusually rich and unique administrative database.  
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IV. INTRODUCTION 
 
Overview – occupational class and health 
Epidemiologists have long recognized that working conditions have a profound impact on health 
and well-being. 1 The landmark Whitehall studies of the 1970s demonstrated an inverse 
association between occupational class and health among British civil servants, wherein those in 
higher occupational strata enjoyed decreased risk of cardiovascular disease and all-cause 
mortality as compared with civil servants with less prestigious, less remunerative positions. 2-5 
An inverse association between occupational class and disease risk has since been replicated in 
study populations from most wealthy countries. 6 Factors such as lifestyle differences and 
exposure to overt workplace hazards (i.e. physical demand, particulate matter, chemicals, heat, 
and noise exposure) cannot fully explain health gradients by occupational class. 5,7,8 Differences 
in health could plausibly reflect reverse causality – with systematic attainment of lower class by 
those with poor health or adverse health risk profiles 9 – but notions of reverse causality cannot 
be reconciled with the simple fact that most low-grade jobs require demonstrable physical 
capabilities and reasonably good health. 10 
 
Robert Karasek’s subsequent Demand-Control Model is one commonly referenced theoretical 
framework that links specific aspects of occupational class with worker health. According to the 
Karasek model, job strain is conceptualized by two orthogonal dimensions: decision latitude 
(control) and psychological demand. Relevant to the study of occupational class and health, the 
Karasek model acknowledges that not all jobs with low levels of psychological demand are 
healthy. It is instead the interaction with the amount of control that matters, and those jobs that 
combine high demand with low control are expected to result in the greatest job strain and 
resultant risk to worker health.11  
 
Blue-collar work, job strain, and mental health 
Although the Karasek model was originally applied to the study of cardiovascular disease, 
multiple studies have since reported associations between job strain and a range of additional 
outcomes including sickness absence, medication use, and other physical and psychological 
symptoms. 12-19 There is also consistent evidence linking job-strain and symptoms of psychiatric 
illness. 20,21 Cross-sectional studies reveal strong links between job strain and workers’ 
statements about life being boring, useless, hard, enjoyable, or rewarding. 11 In particular, 
unsupportive workplace relationships 22-27 and lack of job control 25,28 are risk factors for 
depression. High job demand 23,24,27,29,30, characterized by high levels of physical or mental effort 
or by fast-paced and repetitive work, is another such risk factor. Work-related stress is associated 
with increased risk for depression in cross-sectional studies 31, even after controlling for general 
measures of stress. 32 Longitudinal studies also supports a strong connection between work-
related stress and symptoms of major depressive disorder. 20 
 
Blue-collar work in particular emerges in the literature as an important example of this 
connection. The monotonous, repetitive, and highly physical nature of many blue-collar jobs (i.e. 
manufacturing, mining, and construction), coupled with oftentimes demanding and inflexible 
schedules, may predispose workers to psychiatric distress, depression, and anxiety. In one study 
of Italian blue-collar workers, high demand significantly increased depression risk for blue-collar 
workers, 23 as did excessive overtime and requirements to work quickly. 24 One previous study 
also found that the association between negative work-related events (i.e. business readjustment, 
changes in working hours) and anxiety was greater for blue-collar versus white-collar workers. 33 
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The changing world of work 
A deeper understanding of the complex and dynamic relationship between working conditions 
and individual health outcomes requires consideration of secular trends in the demographic 
characteristics of workers and profound macrostructural shifts in the US economy that have 
occurred over the past half-century. First, women’s civilian labor force participation grew 
steadily from 34.8% in 1965 to 48.6% in 2015. 34,35 The rise in women’s labor supply has been 
attributed to factors such as growth in real wages for women; falling discrimination, as 
evidenced by the elimination of marriage bars; growth in the clerical sector; the growing demand 
for highly skilled workers; and labor-saving household technology. 36-39 Strong quasi-
experimental evidence also suggests that in the social, legal, and economic context of the 1960s 
and 1970s, early access to the birth control pill provided a powerful tool for women wishing to 
capitalize on emergent labor market opportunities. 37,38  
 
The feminization of the workforce is coincident with three major qualitative changes in the US 
labor market since the 1970s that are also of substantial interest. The first is the rise in relative 
wages of nonproduction workers in the 1980s. This trend is attributed largely to technological 
innovation in the latter part of the twentieth century that resulted in increased demand for skilled 
labor. 40 Notably, the “upskilling” of labor took place predominantly in jobs held by women, and  
conferred additional preferential advantage to women who, on average, had attained higher 
levels of education than men by this time. 41 
 
The second change is a profound shift in power away from employees and towards the employer. 
Unions declined over the latter part of the twentieth century, weakening a traditional source of 
institutional protections for workers and helping to sever the postwar business-labor social 
contract. Union decline and deregulation reduced the countervailing forces that had enabled 
workers to share in the productivity gains that were made. 42,43 The resultant shift in power away 
from employees was intensified by neoliberal globalization, which increased the amount of 
competition faced by companies, provided greater opportunities to outsource work to lower-
wage countries, and opened up new labor pools through immigration. Employers have 
increasingly sought flexibility in their relations with workers, which has accelerated the growth 
of precarious work characterized by uncertainty, low wages, limited social benefits and statutory 
entitlements. 44 
 
Gender discrimination in the changing world of work 
While women’s accelerated labor force participation reflects expanded work opportunities and 
relaxed norms, an extensive social sciences literature registers fundamental and persistent 
differences in men and women’s labor market experiences across occupations. Specifically, 
women experience measurable social and economic discrimination across occupations as 
compared to their male counterparts.  
 
First, it is clear that women, on average, earn less than men in virtually every single occupation 
for which there is sufficient data to calculate an earnings ratio, with female full-time workers 
earning only 79 cents for every dollar earned by men in 2014. 45 The gender pay gap is attributed 
to occupational sex-segregation; 46 vertical divisions of labor in which men are more likely to 
occupy higher ranks than women; 47,48 and wage-penalties associated with motherhood. The 
persistence of the gender wage gap into the twenty-first century is worrisome. Not only do 
relative earnings signify how individuals are valued socially and economically, but earnings are 
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also a summary statistic for an individual’s education, training, prior labor force experience, and 
expected future labor force participation. 39 
 
Second, it has been demonstrated that women tend to perform more labor at home, in addition to 
paid work performed in the formal sector, and usually take primary responsibility for family 
well-being. 49,50 Major studies on household time use conducted in the 1960s and 1970s revealed 
that women worked roughly an extra month of twenty-four hour days per year relative to their 
male partners and spouses. 45 Thus, while employment adds obligations to a woman’s life, there 
is seldom any compensatory decrease in her domestic tasks.  
 
Even women who work full-time still assume a disproportionate amount of the domestic burden 
as compared to men. 51-53 Work-related discrimination may carry consequences for women’s 
mental health: having multiple roles (domestic and occupational) entails greater responsibility, 
time pressure, and ultimately, greater stress. Female workers typically report lower self-rated 
health as compared with male workers, 51 and measurements of stress levels show that whereas 
men generally unwind rapidly at the end of the working day, women’s stress levels remain high 
after work, particularly if they have children living at home. 54,55  
 
Female blue-collar workers and the implications for mental health   
The study of blue-collar women is motivated by early work linking increased job demand – 
whether psychological or physical – with inferior health; by demographic and macrostructural 
economic trends over the past half-century that have increased women’s participation in 
historically male-dominated industries and occupations; and by persistent evidence of women’s 
experience of social and economic discrimination as compared with male workers across the 
U.S. labor market. In the United States, women now comprise more than one fourth (27%) of the 
12 million person manufacturing workforce, 52 and the number of women in the manufacturing 
workforce is projected to increase globally and locally. 52,53 Accelerated entry of women into 
historically male-dominated blue-collar jobs in recent decades is attributed to factors including 
organizational changes and benefits associated with blue-collar work, such as better pay, fringe 
benefits, training, and promotional opportunities. 54,55 However, our knowledge regarding the 
unique health risks blue-collar work may pose to women in present-day work settings is 
decidedly limited.  
 
Epidemiologic evidence consistently suggests that female blue-collar workers are more 
susceptible to physical injury as compared with their male counterparts. Anthropometric 
differences between men and women – men are taller, larger, heavier, and stronger than women 
on average – may equate to increased physical demand if tools, equipment, and arrangements in 
historically male-dominated workplaces are optimized for male rather than for female workers. 
56-58 Consistent with Karasek’s Demand-Control Model, the increased physical demand places 
female workers at higher risk for injuries requiring first aid, medical treatment and work 
restriction even after adjusting for job, plant type and tenure (length of employment). 5 Women 
also take longer periods of work-related sick leave on average as compared to male blue-collar 
workers. 59 Higher injury risk for women in both smelting and fabricating environments has also 
been demonstrated among workers employed by a multinational aluminum manufacturing 
company across 15 facilities from 2001 to 2010. 5 
 
Beyond physical risk, women may experience unique work-related psychosocial stress in blue-
collar work environments. It is important to recognize that women’s increased labor force 
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participation coincides temporally with deunionization and the resultant disappearance of well-
compensated, unskilled manual labor. Attitudes towards female workers in blue-collar jobs may 
therefore be hostile, and there is evidence that female blue-collar workers may feel extra pressure 
to take risks in order to prove that they are able to do their jobs. 60 Further, workplace-based 
sexual harassment and sex discrimination are thought to be prevalent within historically male-
dominated occupations. Consequently, female blue-collar workers’ ability to interact socially and 
establish meaningful relationships in the workplace may be hindered with a preponderance of 
male coworkers or a male supervisor. Workplaces with higher percentages of female employees, 
in contrast, may reflect more progressive attitudes from management regarding women’s 
capacity to execute blue-collar work successfully.  
 
Finally, with recent declines in both the manufacturing sector and the bargaining power of 
unions, blue-collar jobs have become increasingly precarious. The resultant threat of job loss – 
whether from layoffs, curtailments, or plant closures – may have substantively different effects 
on the mental health of male and female workers given systematic differences in subsequent 
employment opportunity and economic constraints related to childcare or elder care. 61,62  
 
Motivating the study of women in blue-collar jobs 
Although female blue-collar workers face a unique set of challenges – ranging from physical 
stressors to scheduling demands – that may predispose them to poor mental health, the existing 
research on blue-collar work and depression largely fail to consider the experiences of female 
workers. 63-65 Between 1990 and 2015, only four cross-sectional studies reported findings on 
mental health outcomes among female blue-collar workers. These studies are limited by their 
inclusion of only a very modest number of female blue-collar workers, and their reliance on 
cross-sectional design raises questions about temporality.66 Nevertheless, they consistently find 
that blue-collar women have more depressive symptoms than professional women. 67 Factors 
such as having to overcompensate at work, increased responsibility, underutilization of skills, 
sexual harassment, and gender-based discrimination from supervisors and coworkers all 
predisposed female blue-collar workers to psychological distress. 68  

 
The literature-to-date regarding the mental health of women in blue-collar jobs therefore leaves 
unanswered important questions regarding the magnitude of the association between the work 
environment and depression among blue-collar female workers, and the specific mechanisms by 
which the work environment may uniquely predispose female blue-collar workers to depression. 
It must be stated explicitly that findings on depression risk among female blue-collar workers 
should not be used to justify job segregation or inequitable health promotion measures, but rather 
should be used to design interventions that promote the health, wellbeing, and productivity of all 
workers. With this latter objective in mind, this dissertation is focused on examining work-
related risk factors for depression among men and women employed in present-day industrial 
blue-collar jobs, with a particular emphasis on the experiences of blue-collar women.  
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1.1 Abstract 
 
Industrial blue-collar workers face multiple work-related stressors, but evidence regarding the 
burden of mental illness among today’s blue-collar men and women remains limited. In this 
retrospective cohort study, we examined health and employment records for 37,183 blue- and 
white-collar workers employed by a single U.S. aluminum manufacturer from 2003 - 2013. 
Using Cox proportional hazards regression, we modeled time to first episode of treated 
depression by gender and occupational class. Among cases, we modeled rates of depression-
related service use with generalized gamma regression. Compared with their white-collar 
counterparts, blue-collar men were more likely to be treated for depression (HR = 1.3, 95% CI 
1.1 - 1.4) as were blue-collar women (HR = 1.4, 1.2 – 1.6). Blue-collar women were most likely 
to be treated for depression as compared with white-collar men (HR = 3.2, 95% CI 2.1 – 5.0). 
However, blue-collar workers used depression-related services less frequently than their white-
collar counterparts among both men (RR = 0.91, 95% CI 0.84 – 0.98) and women (RR = 0.82, 
95% CI 0.77 – 0.88). Blue-collar workers were more likely to be treated for depression compared 
with white-collar workers, and blue-collar women were most likely to be treated for depression 
compared with white-collar men. However, blue-collar men and women used depression-related 
healthcare services less frequently than white-collar workers. These findings underscore that 
blue-collar women may be uniquely susceptible to depression and suggest that blue-collar 
workers encounter barriers to care-seeking related mental illness other than insurance status. 
 
1.2 Introduction 
 
Increased risk of psychiatric distress is consistently observed among workers of lower 
occupational strata. 1-3 Similarly, prior research finds increased risk for depression and anxiety 
among industrial blue-collar workers compared with white-collar workers. 4 Trends such as these 
may be explained by the fact that a predisposition towards mental illness leads to downward 
social mobility into blue-collar jobs (i.e. “drift”) or precludes the attainment of socioeconomic 
position that otherwise might be expected (i.e. “selection”). Alternatively, aspects of blue-collar 
work may increase the risk of mental illness through an etiologic process or prolong the duration 
of symptoms. 5-7 These processes may work simultaneously to increase the burden of depression 
among blue-collar workers, 2 although most longitudinal analyses of depression suggest 
socioeconomic position plays an etiologic role in the onset of depression. 8-11 Indeed, past 
research identifies several aspects of blue-collar jobs – including physical demand; their 
monotonous, repetitive nature; oftentimes inflexible and demanding work hours; negative 
coworker interactions; and requirements to work quickly – as independent risk-factors for 
depression and anxiety. 12-16 
 
The existing literature on blue-collar workers’ mental health faces at least two notable 
limitations, however. First, findings from present-day working-class populations remain scarce 
despite labor trends that have fundamentally altered the nature of blue-collar jobs over the past 
30 years. In the United States, these trends include industry deregulation; technological 
innovations (computerization and automation); union decline and weakened institutional 
protections for workers; and an overall decline in manufacturing. 17-21 The net effect of these 
trends is that blue-collar jobs are increasingly scarce and decreasingly characterized by the 
benefits and entitlements that once made them desirable.  
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Second, past research also largely fails to consider the mental health of women in industrial blue-
collar jobs. Even within occupations, women often have different experiences with respect to 
pay, promotion, and assigned tasks as compared with men. 22,23 Women in blue-collar jobs may 
face a wide range of additional stressors including increased physical strain if tools and work 
arrangements are not optimized for female anthropometrics; 22,24,25 workplace-based sexual 
harassment and sex discrimination from managers and coworkers; 26-29 increased job insecurity 
and lack of control over work; 28,30 and greater conflict between work schedules and family 
obligations. 31,32 Careful study of female blue-collar workers’ mental health should be further 
motivated by the fact that women now constitute a substantial proportion of the U.S. 
manufacturing workforce (approximately 29% in 2013), 33 and that in the general population, 
risk of mood disorders is approximately doubled in women compared with men. 34-36 
 
In this retrospective cohort study, we characterize trends in depression by gender and 
occupational class among 37,183 men and women employed by a single U.S. aluminum 
manufacturer between 2003 and 2013. Because of substantive changes in blue-collar work in 
recent decades and the additional stressors faced by women in these jobs, our focus is on 
occupational class, which relates to social relations of ownership and control over productive 
assets, rather than occupational status, which refers to the ordering of persons along a continuum 
based on their socioeconomic attributes. 7 To that end, white-collar workers constitute an 
appropriate comparison group insofar as their jobs are less likely to be characterized by isolation, 
temporal inflexibility, physical demand, or gender discrimination.   
 
Our study had two primary scientific objectives. First, we modeled time to first episode of 
treated depression over the course of the study period by gender and occupational class. Second, 
among workers who experienced at least one episode of treated depression, we compared rates of 
monthly depression-related service use by gender and occupational class. We hypothesized a 
priori that, due to factors such as selection, drift, and the wide range of stressors associated with 
blue-collar jobs, both male and female blue-collar workers would be more likely to experience 
depression and would use depression-related services more frequently than their counterparts in 
white-collar jobs.  
 
1.3 Methods 
 
Study Population and Design 
We conducted a retrospective cohort study of workers employed by a single firm at one of 32 
U.S. aluminum plants between January 1, 2003 and December 31, 2013. Study data consisted of 
distinct administrative datasets. Records for individual workers were deterministically linked 
across datasets with a unique, encrypted identifier. Complete medical claims data were available 
for workers enrolled in their local preferred provider organization (PPO) health insurance plan. 
We therefore examined health and employment records for all personnel who were actively 
employed and enrolled in their local PPO plan for at least one month throughout the study period 
(approximately 97% of workers). Plan characteristics for this study population have been 
described in detail previously, and local PPO plans were identical with respect to coverage, 
including psychiatric services, and differed only with respect to family coverage and deductible 
rates. 37  
 
Follow-up for each worker extended from the date they first became eligible for insurance (on or 
after January 1, 2003) until either the end of eligibility or 31 December 2013. We restricted our 
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cohort to workers between the ages of 18 and 65 at the start of follow-up. To ensure that retirees 
were excluded from our analysis, we further restricted our sample to workers hired after 1 
January 1975 with activity in their employment records within three years of the date they first 
became eligible.   
 
Occupational Class 
Occupational class was ascertained from company personnel files. Consistent with previous 
analysis of these data, we classified hourly workers as blue-collar and salaried employees as 
white-collar. 38,39 
 
Depression Measures 
We created two separate measures of depression using primary outpatient diagnostic codes from 
the International Classification of Diseases, Ninth Revision (ICD-9) and records of filled 
prescriptions from medical claims. We included ICD-9 codes 293.84, 296.2 – 296.3, 300.00 – 
300.02, 309 and 311 and prescriptions for antidepressants included selective serotonin reuptake 
inhibitors (SSRI), selective norepinephrine reuptake inhibitors (SNRI), tricyclic antidepressants 
(TCAs), and monoamine oxidase inhibitors (MAOIs).   
 
We first created a case definition for treated depression, which included all workers with at least 
two depression-related outpatient visits or two prescribed antidepressants within 365 days at any 
point throughout the study period. We defined the date of the first episode of treated depression 
as the date of the second prescribed antidepressant or the second depression-related outpatient 
visit (whichever came first). We intended this case definition to be sufficiently flexible so as to 
capture workers who were being actively treated for depression through pharmacotherapy but not 
billed with a depression-specific ICD-9 code by their provider. Because study data lacked 
additional information regarding workers’ past histories of mental illness, we were unable to 
differentiate between new-onset versus preexisting disease. Our measure therefore corresponds 
to the date of the first observed episode of treated depression within the study period.  
 
Second, we calculated rates of monthly depression-related service use among the cases. For each 
case, we summed all months in which there was a depression-related outpatient visit or 
prescription and divided this sum by the total duration of PPO eligibility in years. Because 
prescriptions varied in duration, we assumed that prescriptions lasting between 45 and 75 days 
were equivalent to two consecutive months of depression-related service use, and prescriptions 
lasting 75 to 95 days were equivalent to three consecutive months of service use. The final rate 
measure summarized the average number of months per year in which each case used 
depression-related services and was bounded between zero and 12 months per year. Any rate that 
exceeded the upper bound – which occurred for a small fraction of cases when prescriptions 
extended into periods of non-eligibility – was truncated at 12 months per year. 
  
Covariates 
We derived basic demographic characteristics (gender, age, race/ethnicity), plant location, and 
calendar year from company personnel files. We created categorical variables for gender, 
race/ethnicity (Black, Hispanic, white, and other) and a set of indicator variables for plant 
location and calendar year. Using eligibility files, we measured the number of dependent 
children (i.e. children younger than 18) listed on their insurance policy for each worker for each 
year of follow-up. We created a categorical variable with values of zero, one, two, and three or 
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more dependent children. We ascertained whether workers had a dependent spouse on their 
insurance policy for each year of follow-up using eligibility files.  
 
We further characterized our study population by summarizing additional employment 
characteristics derived from personnel files, including whether workers were hired after the study 
period commenced (i.e. “new hires”); tenure at baseline for workers hired prior to January 1, 
2003; and annual wages at the start of follow-up, which we ascertained using W2 data. These 
variables were not included in any analyses since they were temporally preceded by gender and 
occupational class, and therefore could not confound our associations of interest.  
 
Analysis of Gender, Occupational Class, and Treated Depression 
We modeled time to first episode of treated depression among blue- versus white-collar workers 
separately for men and women. To examine the combined roles of occupational class and gender, 
we conducted a pooled analysis of male and female workers in which we examined the time to 
first episode of treated depression among blue-collar women, blue-collar men, and white-collar 
women as compared with the referent group of white-collar men.  
 
For both analyses, we used Cox proportional hazards regression with attained age as the 
underlying time scale. Age of entry was defined as age at the start of follow-up for each worker 
(on or after 1 January 2003). We allowed for changes in occupational class over the course of 
follow-up with a time-varying exposure variable. We adjusted for potential confounders, 
including race/ethnicity, dependent spouse, and number of dependent children. We accounted for 
regional differences in mental health provider network with fixed effects for plant location. 
Secular trends in mental healthcare use (i.e. before and after the Great Recession) have been 
studied previously in this study population. 40 In this analysis, we accounted for secular trends in 
mental healthcare use with fixed effects for calendar year.  
 
Analysis of Monthly Depression-Related Service Use 
We modeled the rate ratio for monthly depression-related service use among blue- and white-
collar workers for men and women separately and conducted a pooled analysis in which we 
examined service use among blue-collar women, blue-collar men, and white-collar women as 
compared with white-collar men. We used generalized linear models with the gamma family and 
log link specified. Generalized gamma regression is an alternative to linear regression with log 
transformation that is appropriate for positive, right-skewed, and continuous outcomes such as 
our rate measure. 41 Models were simultaneously adjusted for age, age squared, calendar year, 
race/ethnicity, number of dependent children, marital status, and plant location. Age was mean-
centered and rescaled such that model coefficients correspond to the change in use rates for a 10-
year increase in age. Values for all covariates were taken at the start of follow-up.  
 
To account for non-independence of workers within plant locations (i.e. clustering), we used a 
cluster bootstrap approach to estimate 95% confidence intervals and resampled at the level of the 
plant location in all analyses. All statistical analyses were performed with R version 3.2.3. This 
study was approved by the Institutional Review Boards at the University of California, Berkeley 
and at Stanford University.  
 
Sensitivity Analyses 
Past research suggests reasonable concordance between medical claims and medical records or 
self-report.42-44 The use of medical insurance claims data to define various health outcomes – 
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including depression and anxiety – have also been described previously for this study 
population.40,45,46 To assess the robustness of outcomes defined using medical claims in the 
present study, we created six alternative case definitions for treated depression, ranging from 
very sensitive (i.e., first prescribed antidepressant) to very specific (i.e., two outpatient visits plus 
one prescription within 365 days). We additionally assessed the robustness of our findings to the 
inclusion and exclusion of anxiety-related diagnostic codes (ICD9 293.84, 300.00 – 300.02).  
Additional sensitivity analyses included an analysis of time to first episode of treated depression 
among workers hired after the start of follow-up (i.e. after January 1, 2003) and separate 
assessment of the counts of unique depression-related outpatient visits and prescriptions by 
occupational class.  
 
1.4 Results  
 
Of the 37,201 workers who satisfied the inclusion criteria, we excluded 17 for whom 
race/ethnicity was missing. Our final study sample included 7,148 women followed for 309,565 
person–months and 30,035 men followed for 1,681,394 person–months. Demographic, 
employment, and health characteristics for the study sample are presented in Table 1. The 
majority of workers had blue-collar jobs for both women (74%) and men (80%). Examples of 
blue-collar job titles included material handler, machine operator, and pot tender. White-collar 
job titles included human resources manager, senior general accountant, and associate electrical 
engineer. A small fraction of white-collar workers had supervisory roles in the factory 
environment (i.e. production supervisors). Only a small percentage of workers (3.7%) were 
promoted from blue- to white-collar jobs over the course of the study period. 
 
As compared with blue-collar workers, white-collar workers were more likely to be white with 
higher median annual wages at baseline. Male workers were more likely to have a dependent 
spouse and dependent children on their health insurance plan at baseline. Using our primary case 
definition, there were 1,903 blue-collar women (36%) and 629 white-collar women (34%) who 
were treated for depression at some point throughout study period. Among men, 4,689 blue-
collar workers (19%) and 1,171 white-collar workers (20%) were treated for depression (Table 
1). Among the cases, we find that half of workers received treatment for depression through a 
combination of outpatient visits and prescriptions (50%), although many cases were treated 
exclusively through prescriptions for antidepressants (37%) and a minority of cases were treated 
exclusively in outpatient visits. Median rates of depression-related service use were higher in 
white-collar workers for both men and women (Table 1 and Figures 1 and 2 in the Supplemental 
Materials).  
 
Gender, Occupational Class, and Treated Depression 
Among men, blue-collar workers were more likely to be treated for depression over the study 
period compared with white-collar workers (Hazard Ratio = 1.3, 95% CI 1.1 - 1.4). Similarly, 
blue-collar women were more likely to be treated for depression compared with white-collar 
women (HR = 1.36, 1.7 – 1.6) (Table 2 and Figures 1 and 2 in the Supplemental Materials). In 
our pooled analysis, we found that blue-collar women were most likely to be treated for 
depression compared with white-collar men (HR = 3.2, 95% CI 2.1 – 5.0), followed by white-
collar women (HR = 2.4, 95% CI 1.7 – 3.7) and blue-collar men (HR = 1.3, 95% CI 1.1 – 1.5). 
For both men and women, workers with dependent children were more likely to be treated for 
depression whereas non-white workers were less markedly likely to be treated for depression 
over the study period (Table 2, Table 3).  
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Rates of Monthly Depression-Related Service Use 
Among workers treated for depression, blue-collar men and women used depression-related 
healthcare services less frequently than their white-collar counterparts. The rate of monthly 
depression-related service use among blue-collar men was 0.91 times the rate of monthly use 
among white-collar men (95% CI 0.84 – 0.98). Similarly, the rate of monthly depression-related 
service use among blue-collar women was 0.82 times that of white-collar women (95% CI 0.77 – 
0.88). As compared with white-collar men, rates of service use were lowest among blue-collar 
men (RR = 0.90, 95% CI 0.85 – 0.97) and highest among white-collar women (RR = 1.3, 95% 
CI 1.2 – 1.4). Overall, rates were decreased among those with dependent children and among 
non-white workers, and use rates were substantially lower for non-White workers (Tables 4 and 
5, Figures 3 and 4 in the Supplemental Materials).  
 
Sensitivity Analyses 
To assess the robustness of the outcome, we created six alternative outcome definitions and 
further assessed whether results were sensitive to the exclusion of anxiety-related outpatient 
visits (Figure). We found that HRs for time to first depression episode were consistent across all 
case specifications (top panel). Results were similar, though slightly attenuated, with the 
exclusion of anxiety-related outpatient visits (bottom panel). We summarize our six alternative 
case definitions as well as HRs and 95% CI from Cox proportional hazards regression in the 
Supplemental Materials (Table 1 in the Supplement).  
 
Next, we modeled time to first episode of treated depression since hire by restricting our analysis 
to workers hired after the start of follow-up (Table 2 in the Supplement). Consistent with our 
primary analysis, blue-collar men hired after the start of follow-up were more likely to be treated 
for depression (1.3, 1.1 – 1.5). In contrast with our primary analysis, we found no evidence that 
blue-collar women were more likely to be treated for depression than white-collar women among 
the new hires (0.95, 0.80 – 1.1). Our analyses of the counts of unique depression-related 
outpatient visits and prescriptions, respectively, were consistent with findings from our analysis 
of the rate of monthly depression-related service use (Tables 3 and 4 in the Supplement). 
 
1.5 Discussion 
 
In this retrospective cohort study, we characterized trends in depression by gender and 
occupational class among more than 37,000 men and women employed by a single U.S. 
aluminum manufacturer between 2003 and 2013. We first modeled time to first episode of 
treated depression by gender and occupational class. We additionally examined trends in 
monthly depression-related service use by gender and occupational class among workers with at 
least one episode of treated depression within the study period (i.e. cases). All workers in our 
study population received health insurance from their employer, and psychiatric services were 
covered through local PPO plans. 
 
We observed that women were substantially more likely than to be treated for depression within 
the study period than men (35% of female workers versus 20% of male workers). This finding is 
consistent with findings from the general populations, and with women’s greater propensity to 
seek mental health treatment 47 and higher frequency of affective disorders or mental distress that 
is consistently documented among women in the general population. 34 Among both men and 
women, we found that blue-collar workers were more likely to be treated for depression at least 
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once over the study period as compared with white-collar workers, although examination of the 
percentages of blue- and white-collar workers treated for depression over the study period 
suggests that the differences between blue- and white-collar workers are slight as compared with 
the differences between men and women overall.  
 
In our pooled analysis of male and female workers, we found that blue-collar women were more 
than three times as likely to experience an episode of treated depression within the study period 
as compared with white-collar men, which underscores that women in blue-collar jobs may 
uniquely susceptible to depression. Non-white workers were considerably less likely than white 
workers to experience depression throughout the study period, which may reflect decreased 
propensity to seek care in general or greater stigma surrounding mental illness within racial and 
ethnic minority groups. 48-50  
 
These trends in depression by occupational class may reflect a variety of factors, such as the 
downward social mobility among individuals predisposed to mental illness (i.e. “drift”), the 
downward selection into lower occupational strata than would otherwise be expected, or an 
etiologic role of work in onset or exacerbation of underlying depression. 5-7 Aspects of the blue-
collar work environment that may lead to depression onset include physical demand; the 
monotonous, repetitive nature of production; inflexible and demanding work hours; negative 
coworker interactions; and requirements to work quickly. 12-16 Among female blue-collar 
workers, physical strain, sexual harassment and discrimination, job insecurity and lack of control 
over work, and work-life conflict may also contribute to onset of depression or exacerbate 
underlying disease. 22,24-32 For today’s blue-collar worker, these stressors exist within the broader 
context of economic uncertainty, real or perceived job insecurity, and weakened statutory 
entitlements and protections.  
 
As a sensitivity analysis, we restricted our analysis to workers hired after the start of follow-up 
and modeled time to first episode of treated depression since hire. Consistent with findings for 
all male workers, we find that blue-collar men hired after the start of follow-up are more likely to 
be treated for depression within the study period as compared with white-collar men. However, 
we find no evidence that blue-collar women hired after the start of follow-up were more likely to 
experience depression. While there is no clear, single explanation for the observed heterogeneity 
among female workers, our findings could reflect a higher burden of depression among newly 
hired white-collar women, a decreased burden of depression among newly hired blue-collar 
women, or greater stigma and less permissive norms surrounding mental healthcare use among 
women newly hired into blue-collar jobs.  
 
Finally, we examined rates of monthly depression-related healthcare use over the course of the 
study period among workers treated for depression. Although we hypothesized that blue-collar 
workers would use depression-related services more frequently, we found that male and female 
blue-collar workers used depression-related services less frequently than their white-collar 
counterparts. As compared with white-collar men, blue-collar men used depression-related 
services the least frequently and white-collar women used services most frequently. In this 
insured population, patterns of use by occupational class and gender cannot be explained by 
systematic differences in insurance status. Less frequent service use may reflect systematically 
less severe depression among blue-collar men and women. Perhaps more plausibly, lower rates 
among blue-collar workers may reflect barriers to mental healthcare service use other than 
insurance status, including greater stigma or less permissive norms surrounding mental 



 

 9 

healthcare use in working class populations; scheduling demands and temporal inflexibility 
associated with hourly work; blue-collar workers’ sensitivity to the out-of-pocket costs 
associated with service use; or provider behaviors.  
 
Limitations 
The present study is not without limitations. First, our study was based on data from a single firm 
and may therefore have limited generalizability even to other U.S. manufacturers if differences 
in organizational culture and institutional practices translate to meaningful differences in worker 
mental health and mental healthcare use. No direct measures of household composition were 
available, and we could only ascertain whether workers had a dependent spouse or child on their 
health insurance policy each year. These measures are likely to systematically underestimate 
parity and marital status, especially for women, but nevertheless may be an important indicator 
of each worker’s economic responsibilities towards household members. We were also unable to 
adjust for several characteristics – including previous employment and educational attainment – 
that likely confound our analyses. Our analysis of depression-related service use is restricted to 
cases, and therefore be susceptible to collider stratification bias if there are unmeasured common 
causes of caseness and service use rates (such as genetic factors, underlying disease severity, or 
care seeking propensity). These unmeasured factors will be negatively correlated with 
occupational class among the cases even if they are independent of occupational class in the 
general working population class, thereby confounding our association of interest.  
 
Our analysis entailed comparison of two broad and heterogeneous groups – blue- and white-
collar workers. Some white-collar jobs may be characterized by work experiences that are 
similar to blue-collar jobs and vice versa. For example, production managers and supervisors are 
white-collar workers whose jobs may entail exposure to physical demand, occupational hazards 
and social environment that is similar or equivalent to those of blue-collar workers. Similarly, 
clerical workers may be more equivalent to blue-collar workers with respect to their control over 
work and job security. This heterogeneity inherent in our definition of occupational class is 
equivalent to exposure misclassification.   
 
Finally, there are at least three notable limitations related to our outcome of interest. First, absent 
any information on workers’ past histories of mental illness, we are unable to differentiate 
between incident and prevalent depression, even among new hires. Second, we anticipate that 
outcome misclassification is likely. Because we measured depression outcomes using medical 
claims, our case definition does not capture untreated depression or treatment for depression 
received outside of the worker’s PPO network. It is commonly noted that the majority of 
individuals with psychiatric illness do not receive treatment, 51 and moreover it cannot be 
assumed that treated depression is more severe than untreated depression given multiple cultural 
and economic pathways to treatment.52,53 Finally, we are unable to identify instances of off-label 
antidepressant prescriptions (for fibromyalgia, neuropathic pain, or other psychiatric 
morbidities). Unless these sources of outcome misclassification are collectively differential with 
respect to occupational class, however, we anticipate that their net effect would be to attenuate 
study findings.   
 
1.6 Conclusion 
 
For the present study, we found that blue-collar workers were more likely to be treated for 
depression within study period than white-collar workers. Blue-collar women were most likely to 
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be treated for depression as compared with white-collar men, a finding which underscores that 
women in blue-collar jobs may uniquely susceptible to depression. Among both men and 
women, non-white workers were less likely to experience depression throughout the study 
period. In our analysis of depression-related service use, we found that blue-collar men and 
women used depression-related services less frequently than their white-collar counterparts. In 
this insured population, our findings may reflect additional barriers to mental healthcare use 
among blue-collar workers including increased stigma or less permissive norms around mental 
healthcare use; provider behavior; temporal inflexibility; blue-collar workers’ greater sensitivity 
mental healthcare costs. As many of these barriers are potentially modifiable, future public 
health research may aim to identify the predominant mechanisms that explain systematic 
differences in mental healthcare use by occupational class that we have observed.   
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Table 3. Adjusted hazards ratios time to first depression episode by gender and occupational class a 

Covariates  
All Workers (N = 37,183) 

Workers, N Cases, N (%)b,c Hazard Ratios d 
(95% CI) 

Gender and Occupational Class 
White-Collar Men 
Blue-Collar Men 
White-Collar Women 
Blue-Collar Women  

Dependent Children  
None 
One 
Two 
Three or more 

Dependent Spouse  
No 
Yes 

Race/Ethnicity 
White 
Black 
Hispanic 
Other 

 
5,911 
24,124 
1,869 
5,279 
 
20,205 
6,925 
6,216 
3,837 
 
14,630 
22,553 
 
20,205 
3,975 
3,966 
1,737 

 
1,171 (20) 
4,689 (19) 
629 (34) 
1,866 (35) 
 
4,476 (22) 
1,593 (23) 
1,488 (24) 
798 (21) 
 
2,814 (19) 
5,541 (25) 
 
7,082 (35) 
523 (13) 
582 (15) 
168 (9.6) 

 
1.0 
1.3 (1.1 – 1.5) 
2.4 (1.7 – 3.4) 
3.2 (2.1 – 5.0) 
 
1.00 
1.1 (1.0 – 1.2) 
1.2 (1.0 – 1.3) 
1.2 (1.1 – 1.3) 
 
1.0 
0.97 (0.92 – 1.0) 
 
1.00 
0.48 (0.35 – 0.66) 
0.73 (0.61 – 0.87) 
0.46 (0.30 – 0.71) 

a. Attained age was the timescale in Cox proportional hazards regression. The model was adjusted for gender and occupational 
class categories, dependent children, dependent spouse, race/ethnicity (Black, Hispanic, white, other), and included fixed 
effects for plant location and calendar year. 

b. We defined the date of the first depression episode within the study period as the second depression-related outpatient visit 
or the second prescribed antidepressant within 365 days (whichever was first). Depression-related outpatient visits were 
identified using ICD-9 codes 293.84, 296.2 – 296.3, 300, 309, and 311; antidepressants included selective serotonin 
reuptake inhibitors (SSRI); selective norepinephrine reuptake inhibitors (SNRI); tricyclic antidepressants (TCAs) and 
monoamine oxidase inhibitors (MAOIs).  

c. Percentages do not account for variable follow-up time. 
d. We estimated 95% confidence intervals by resampling from plant location using a cluster bootstrap with 1,000 repetitions.  
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Table 5. Adjusted rate ratios for depression-related service use by gender and occupational class a 

Covariates 
All Cases (N = 8,355) 

Workers (%) Rate Ratios (95% CI) c,d 

Age b 
Age Squared 
Gender and Occupational Class 

White-collar men 
Blue-collar men 
White-collar women 
Blue-collar women  

Dependent Children  
None 
One 
Two 
Three or more 

Dependent Spouse  
No 
Yes 

Race/Ethnicity 
White 
Black 
Hispanic 
Other 

 
 
 
1,065 (13) 
4,795 (57) 
592 (7.1) 
1903 (23) 
 
3,999 (48) 
1,697 (20) 
1,622 (19) 
1,037 (12) 
 
2,918 (35) 
5,437 (65) 
 
7,082 (85) 
523 (6.3) 
582 (7.0) 
168 (2.0) 

1.2 (1.2 – 1.2) 
0.99 (0.97 – 1.0) 
 
1.0 
0.90 (0.85 – 0.97) 
1.3 (1.2 – 1.4) 
1.0 (0.98 – 1.1) 
 
1.0 
0.86 (0.81 – 0.92) 
0.88 (0.83 – 0.94) 
0.83 (0.76 – 0.89) 
 
1.0 
0.98 (0.94 – 1.0) 
 
1.0 
0.61 (0.54 – 0.69) 
0.66 (0.57 – 0.75) 
0.79 (0.67 – 0.93) 

a. We used a generalized linear model with the gamma distribution and log link to estimate average rate ratios. The model was 
simultaneously adjusted for age, age squared, gender and occupational class categories, dependent children, dependent 
spouse, race/ethnicity (Black, Hispanic, white, other), and included fixed effects for plant location. 

b. Age was mean-centered and rescaled such that average rate ratios correspond to a 10-year increase in age.  
c. Average use rates for cases correspond to the sum of all months in which there was either a depression-relate outpatient visit 

or filled prescription for a prescribed antidepressant by the total duration of PPO eligibility in years, taking into account 
prescription duration. Depression-related outpatient visits were identified using ICD-9 codes 293.84, 296.2 – 296.3, 300, 
309, and 311; antidepressants included selective serotonin reuptake inhibitors (SSRI); selective norepinephrine reuptake 
inhibitors (SNRI); tricyclic antidepressants (TCAs) and monoamine oxidase inhibitors (MAOIs).  

d. We estimated 95% confidence intervals by resampling from plant location using a cluster bootstrap with 1,000 repetitions.  
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Figure 1. Sensitivity analysis of alternative case definitions for first depression episode We constructed six 
alternative case definitions for first depression episode: first outpatient visit (Case Definition 1); first prescribed 
antidepressant (Case Definition 2); second outpatient visit in 365 days (Case Definition 3); second prescription in 
365 days (Case Definition 4); one outpatient visit and one prescribed antidepressant in 365 days (Case Definition 6); 
and two outpatient visits plus one prescribed outpatient visit in 365 days (Case Definition 6). We assessed the 
robustness of our case-definition to the inclusion (top panel) and exclusion (bottom panel) of anxiety-related ICD-
9 codes. All models used attained age as the timescale, were simultaneously adjusted for race/ethnicity, dependents 
spouse, number of dependent children, plant location and calendar year. We included a product term between sex 
and occupational class in order to estimate separate HRs for men and women. We estimated 95% confidence 
intervals by resampling from plant location using a cluster bootstrap with 200 repetitions.  
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1.8 Supplemental Materials 
 

 
 
Supplemental Figure 1. Time to first depression episode is measured from the start of the study 
period on January 1, 2003 or PPO enrollment, whichever came first. We define the date of the 
first depression episode within the study period as the second depression-related outpatient visit 
or the second prescribed antidepressant within 365 days (whichever was first). Depression-
related outpatient visits were identified using ICD-9 codes 296·2 – 296·3, 293·84, 300, 309, and 
311; antidepressants included selective serotonin reuptake inhibitors (SSRI); selective 
norepinephrine reuptake inhibitors (SNRI); tricyclic antidepressants (TCAs) and monoamine 
oxidase inhibitors (MAOIs).    
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Supplemental Figure 2. Time to first depression episode is measured from the start of the study 
period on January 1, 2003 or PPO enrollment, whichever came first. We define the date of the 
first depression episode within the study period as the second depression-related outpatient visit 
or the second prescribed antidepressant within 365 days (whichever was first). Depression-
related outpatient visits were identified using ICD-9 codes 296·2 – 296·3, 293·84, 300, 309, and 
311; antidepressants included selective serotonin reuptake inhibitors (SSRI); selective 
norepinephrine reuptake inhibitors (SNRI); tricyclic antidepressants (TCAs) and monoamine 
oxidase inhibitors (MAOIs).    
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Supplemental Figure 3. Density plots for rates of depression-related service utilization among 
blue- and white-collar women. Among the 2,495 women who satisfied our primary case 
definition for depression, we identified all months in which they were eligible for the local PPO 
plan and utilized depression-related healthcare services (either a prescribed antidepressant or a 
depression-related outpatient visit). Average utilization rates for cases correspond to the sum of 
all months in which there was either a depression-relate outpatient visit or filled prescription for 
a prescribed antidepressant by the total duration of PPO eligibility in years, taking into account 
prescription duration. Depression-related outpatient visits were identified using ICD-9 codes 
293.84, 296.2 – 296.3, 300, 309, and 311; antidepressants included selective serotonin reuptake 
inhibitors (SSRI); selective norepinephrine reuptake inhibitors (SNRI); tricyclic antidepressants 
(TCAs) and monoamine oxidase inhibitors (MAOIs).  
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Supplemental Figure 4. Density plots for rates of depression-related service utilization among 
blue- and white-collar men. Among the 5,860 men who satisfied our primary case definition for 
depression, we identified all months in which they were eligible for the local PPO plan and 
utilized depression-related healthcare services (either a prescribed antidepressant or a depression-
related outpatient visit). Average utilization rates for cases correspond to the sum of all months 
in which there was either a depression-relate outpatient visit or filled prescription for a 
prescribed antidepressant by the total duration of PPO eligibility in years, taking into account 
prescription duration. Depression-related outpatient visits were identified using ICD-9 codes 
293·84, 296·2 – 296·3, 300, 309, and 311; antidepressants included selective serotonin reuptake 
inhibitors (SSRI); selective norepinephrine reuptake inhibitors (SNRI); tricyclic antidepressants 
(TCAs) and monoamine oxidase inhibitors (MAOIs).  
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depression among men and women in the U.S. aluminum industry 
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2.1 Abstract 
 
Workers in male-dominated industries and occupations often experience considerable work-
related stress, yet few studies have considered the health implications of workplace gender 
composition. Using data from the American Manufacturing Cohort Study (AMC), we 
summarized the association between workplace gender composition and treatment for depression 
among blue-collar workers at 32 U.S. aluminum plants from 2003 - 2013. We created a repeated, 
binary measure of treatment for depression for each year of follow-up using medical claims for 
outpatient depression-related visits. We modeled annual treatment for depression as a function of 
time-varying workplace gender composition and covariates using generalized additive models 
(GAM). We used g-computation with fitted GAMs to estimate risk differences that characterize 
the association between depression treatment and workplace gender composition under 
hypothetical interventions on gender composition as compared with the observed data. The study 
sample included 5,279 women and 24,124 men. Among women, the number of workers treated 
for depression per 1,000 was decreased when women comprised at least 20% (RD = -3.95; 95% 
CI -7.18, -0.72) or 30% of the workforce (-11.7; -20.5, -2.88) versus the observed data. We 
observed similar decreases among male workers at 20% women (-6.4; -8.65, -4.15) and 30% 
women (-14.5; -17.7, -11.2). Modest increases in the percent women employed were associated 
with decreases in the number of workers treated for depression. Our findings motivate continued 
examination of the association between workplace gender composition and the social context of 
workplaces for worker health.  
 
2.2 Introduction 
 
Women’s labor force participation in the U.S. rose steadily in the latter part of the 20th century. 1-

5 This has been attributed to factors such as growth in women’s wages; elimination of policies 
that prohibited married women from working (i.e. “marriage bars”); growth in the clerical sector; 
and labor-saving household technologies. 6-9 However, women’s inroads have been far from 
equal across industries and occupations. 10 Whereas women now comprise the majority of 
workers in some industries (i.e. education and healthcare), they remain substantially 
underrepresented relative to their share of total employment in industry sectors such as 
agriculture, transportation and utilities, and manufacturing. 2,3,11  
 
The causes of occupational sex segregation in the U.S. labor force have been extensively studied 
and are generally understood to reflect both supply- and demand-side processes driven by the 
“sex-typing” of occupations. 10,12-15 Regardless of its causes, occupational sex segregation 
appears to have substantial social and economic consequences. 11,16 The gap between men’s and 
women’s wages is frequently attributed to occupational sex segregation, 4,14,16-22 and the greater 
women’s share of employment, the less likely an employer is to offer fringe benefits. 23,24 
Moreover, women employed within predominantly male industries and occupations are more 
likely to experience social isolation; 25,26 gender discrimination and sexual harassment; 11,27-29 
increased scrutiny of their job performance; 30,31 job insecurity and lack of control over work; 
32,33 work-family conflict; 13,34 and decreased job satisfaction. 35-37 There is some evidence that 
men in gender-balanced work groups experience greater job satisfaction than men in male-only 
work groups, 37 but otherwise research remains ambiguous with respect to the effects of 
workplace gender composition on men’s wellbeing. 
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Despite its clear implications for worker well-being, the evidence-to-date regarding the 
consequences of occupational sex segregation for health-related outcomes remains decidedly 
limited. There is some evidence for increased rates of sickness absence among workers in 
female- or male-dominated occupations as compared with workers in gender neutral occupations, 
38-40 although this may be attributable to selection of absence-prone workers into gender 
segregated occupations. 41,42 At least one study finds increased risk for myocardial infarction 
among workers in occupations with male predominance. 43 There is also some evidence for 
increased psychiatric morbidity associated with aspects of the work environment – including 
coworker interactions, psychological demand, and physical demand –within occupations where 
men predominate. 4,44-46 
 
With these limitations of the extant literature in mind, we summarize the association between 
workplace gender composition and treatment for depression among workers employed by a 
single aluminum manufacturer across 32 U.S. plants in male-predominated blue-collar jobs. 
Unlike past studies – which frequently rely on data at the level of industries and occupations 11,47 
– our analysis employs a precise measure of gender composition within individual plants. We 
hypothesized, given consistent evidence that women in male-dominated work settings are more 
likely to experience work-related stress, that the percent women employed within plants would 
be inversely associated with the risk of treatment depression among female blue-collar workers. 
As there is relatively less evidence regarding the implications of workplace feminization for 
male workers, we had no a priori expectation regarding the implications of the workplace gender 
composition for male workers.  
 
2.3 Methods 
 
Study Population and Design 
Using data from the American Manufacturing Cohort Study (AMC), we conducted a 
retrospective cohort study of blue-collar workers employed by a single firm at one of 32 U.S. 
aluminum plants between 2003 and 2013. Individual workers’ records from company personnel 
files and medical claims were deterministically linked using a unique, encrypted identifier. 
Complete medical claims data were available for workers enrolled in their local preferred 
provider organization (PPO) health insurance plan, which were identical with respect to 
coverage, including psychiatric services. 48 We further restricted our cohort to workers hired 
after January 1, 1975 who were between the ages of 18 and 65 at the start of follow-up. For each 
worker, follow-up ranged between one and 11 years, and extended from start of the study period 
in 2003 or the first year they became eligible for their local PPO plan through their last year of 
eligibility or the end of the study period in 2013.  
 
Plant-Level Gender Composition 
Using company personnel files, we created a time-varying measure of workplace gender 
composition. We calculated the percent women employed at each plant for each year of follow-
up, and we included active workers as well as those on leave of absence, family medical leave, 
short-term disability, and long-term disability in our calculation. To avoid including plants where 
production operations had ceased, we excluded years of follow-up in which the size of the 
workforce fell below 50 employees.  
 
 
 



 

 31 

Treatment for Depression 
We created a repeated, binary outcome measure of treatment for depression using medical claims 
data. We identified depression-related outpatient visits with diagnostic codes 293.84, 296.2 – 
296.3, 300.00 – 300.02, 309 and 311 from the International Classification of Diseases, Ninth 
Revision (ICD-9). Next, we created a time-varying indicator variable which equaled one for 
every year in which a worker registered at least one depression-related outpatient visit, and zero 
otherwise.  
 
Covariates 
Basic demographic characteristics (gender, age, race/ethnicity), plant, and calendar year were 
derived from company personnel files. We created categorical variables for gender, 
race/ethnicity (Black, Hispanic, white, and other) and a set of indicator variables for plant and 
calendar year.  
 
Statistical Analyses 
We characterized the association between workplace gender composition (i.e. percent women) 
and treatment for depression using g-computation. 49,50 This approach is an extension of 
regression-based standardization that involves using fitted models to predict the risk of treated 
depression at specific exposure levels. Although g-computation is often implemented in order to 
identify causal effects, it has several advantages in non-causal settings such as ours. These 
include straightforward estimation of additive-scale parameters (i.e. risk differences), and 
estimation of population average measures of association, rather than within covariate sub-
groups as with traditional regression methods.  
 
Our analysis proceeded in the following stages: first, we used generalized additive models 
(GAM) – a semi-parametric extension of generalized linear models – to model yearly treatment 
for depression as a function of the plant-level gender composition and covariates. Because 
GAMs relax the assumption of a linear dose-response otherwise imposed by GLMs, they are 
ideally suited for capturing both linear and non-linear relationships between response variables 
and continuous exposure variables such as ours. For all models, we adjusted for individual-level 
confounders (baseline age, sex, and race/ethnicity) that could plausibly affect both selection into 
more or less feminized workplaces and subsequent depression. We additionally included plant 
fixed effects to address confounding by geography and time-invariant plant-level characteristics 
(i.e. union status, process type) and a set of fixed effects for calendar year to account for secular 
trends. We specified a logit link and used cubic smoothing splines 51 for baseline age and plant-
level gender composition to capture potential nonlinear relationships for all analyses. 
 
Next, we used fitted GAMs to predict the probability of treated depression in the observed data 
and under three intervention scenarios. For the first intervention scenario, all plants employed at 
least 10 percent women for all years of follow-up: all observations below this threshold were re-
assigned to equal 10 percent but assumed their original value otherwise. For the second and third 
intervention scenarios, all plants employed at least 20 and 30 percent women, respectively, for 
all years of follow-up. Each intervention corresponds to a scenario in which all plants committed 
to maintaining a minimum percentage of employed women throughout the study period. 
Percentages were selected based on the observed data, and correspond approximately to the first 
quartile, mean, and third quartile of the percent women employed across all person-years. The 30 
percent threshold corresponds to the percentage of women employed in the U.S. manufacturing 
as of 2017 (approximately 29%) 2. 
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Finally, we used the fitted GAMs to calculate risk differences by taking the difference between 
the predicted risk under each respective intervention scenario and the risk predicted from the 
observed data. We examined risk differences for each intervention scenario separately among 
male and female workers to account for potential differences in the prevalence of mood 
disorders, propensity to utilize healthcare services, and in response to changes in gender 
composition. We estimated 95% confidence intervals with a cluster bootstrap with 1,000 
repetitions, resampling at the level of the plant to account for non-independence of outcomes 
among workers within plants. 
 
Sensitivity Analyses 
The study population included workers hired before and after the study period commenced in 
2003. The anticipated inverse association between percent women and treatment for depression 
may reflect an average decrease in the number of workers using depression-related outpatient 
services in response to feminization of the workplace. Alternatively, an inverse association could 
arise if workers hired after the start of follow-up were systematically less likely to use mental 
healthcare services. To assess the plausibility of this alternative explanation, we examined the 
association between plant-level gender composition and treatment for depression separately 
among workers hired prior to the start of follow-up (i.e. prevalent hires) and workers hired after 
the start of follow-up (i.e. incident hires). Additional sensitivity analyses are described in the 
supplemental materials.  
 
Statistical analyses were performed with R version 3.2.3 (R Foundation for Statistical 
Computing, Vienna, Austria). This study was approved by the Institutional Review Boards at the 
University of California, Berkeley and at Stanford University. 
 
2.4 Results 
 
The study population included 5,279 women and 24,124 men. Female workers were treated for 
depression approximately twice as often as male workers (Table 1). Slightly less than half of 
workers (N = 12,499, 42.5%) were hired after the start of follow-up 2003. The majority of 
workers were white, although incident hires were more likely to be non-white. (Table 1 and 
Table 1 in the Supplemental Materials) The percent women employed across all plants included 
in our study increased throughout follow-up – most notably throughout the first half of the study 
period – from a minimum of 17.0% in 2003 to a maximum of 21.4% in 2009 (Figure 1). The 
median percent women employed was 15.5 (IQR 10.8 – 31.3). The minimum percent women 
employed across all plants and years of follow-up was 4.3 and the maximum percent women 
employed was 65.7 (Table 2 in the Supplemental Materials). Fitted GAMs suggested an inverse 
linear association, wherein the log-odds of treatment for depression decreased as the percent 
women employed within plants increased.  
 
Main Analysis 
Among women, we observed decreases in the number of workers that would have been treated 
for depression each year, under hypothetical scenarios where women comprised at least 20 
percent (RD = -3.95 per 1,000; 95% CI -7.18, -0.72) and 30 percent (RD = -11.7 per 1,000; 95% 
CI -20.5, -2.88) of the workforce as compared with the observed data. Among men, results were 
entirely consistent with those observed among women. The intervention scenario wherein 
women comprised at least 20 percent of the workforce was associated with 6.4 fewer male blue-
collar workers treated for depression per 1,000 within a given study year (95% CI -8.65, -4.15), 
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and the intervention scenario in which women comprised at least 30 percent of the workforce 
was associated with 14.5 fewer male blue-collar workers treated for depression per 1,000 within 
a given study year (95% CI -17.7, -11.2). We observed minimal changes in the use of 
depression-related outpatient services under the hypothetical intervention scenario in which 
women comprised at least 10 percent of the workforce across all plants throughout the study 
period among either male or female blue-collar workers (Figure 2 and Table 3 in the 
Supplemental Materials).  
 
Sensitivity Analyses 
Among prevalent hires, we still observed evidence that the risk of treatment for depression 
decreased under the hypothetical scenario in which women comprised at least 20 percent (RD = - 
6.2; 95% CI -8.47, -3.97) or 30 percent (RD = -14.4; 95% CI -18.2, -10.6) of the workforce as 
compared with the observed data. Among incident hires, we also observed decreased risk of 
treatment for depression when women comprised at least 20 percent (RD = -0.33; 95% CI -2.08, 
1.4) or 30 percent (RD = -8.74; 95% CI -12.5, -4.98) of the workforce (Figure 3 and Table 4 in 
the Supplemental Materials).  
 
2.5 Discussion 
 
The gender composition of industries, occupations, and workplaces is an important expression of 
social structure. Although its implications for workplace inequality are well-studied, relatively 
fewer studies have examined its implications for worker health. For the present study, we 
characterize the association between workplace gender composition and treatment for depression 
among blue-collar workers employed by a single U.S. aluminum firm. To our knowledge, this is 
one of the first studies to characterize the association between workplace gender composition 
and treatment for depression among workers in the United States. Our analysis employs precise 
estimates of workplace gender composition rather than relying on estimates at the level of 
industry or occupation, as is typical in the extant literature. We summarize the association 
between workplace gender composition and treatment for depression using g-computation, a 
flexible modeling approach that allows us to summarize the risk for treated depression under 
specific levels of our exposure of interest.  
 
Consistent with our study hypothesis, we observed an inverse association between plant-level 
gender composition and risk of treatment for depression among female blue-collar workers. 
These findings are supported by past research, which finds that women employed in occupations 
with male predominance are more likely to experience psychosocial stressors including 
diminished job satisfaction and antagonistic interactions with male coworkers. To the extent that 
feminization of the workforce mitigates any of these stressors, the well-being of female workers 
– and their use of outpatient depression-related services – could plausibly improve in response. 
We observed – entirely consistent with our results for blue-collar women – that the number of 
male blue-collar workers treated for depression decreased when women comprised at least 20 or 
30 percent of the workforce. These results are perhaps counterintuitive since the decline in wages 
and prestige associated with the feminization of historically male-dominated workplaces could 
provoke stress, anxiety, or depression among male workers. 
 
Our findings are, however, supported past research, which finds decreased risk for mortality, 
morbidity, and psychiatric morbidity among men living in countries or U.S. states with higher 
levels of gender equality. 52-56 We note that as blue-collar men comprised the majority (82%) of 
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workers in our study population, the largest absolute decreases in the number of workers treated 
for depression (and the largest savings for the employer) associated with the feminization of the 
workplace will be realized among male workers, not female workers. Among both male and 
female workers, we observed very little evidence of any change in the use of depression-related 
services at the 10 percent threshold, likely because this intervention represents a very small 
deviation from the observed data, which was used as the reference for all calculated measures of 
association. 
 
An alternative explanation for the observed inverse association between the percent women and 
treatment for depression is that changes in the plant-level gender composition coincide with the 
hiring of new workers who are systematically less likely to use depression-related outpatient 
services. To assess this alternative explanation, we examined the association between plant-level 
gender composition and treatment for depression among incident and prevalent hires. We 
observed decreased risk of treated depression among both incident and prevalent hires for the 20 
and 30 percent thresholds. The results for prevalent hires in particular are consistent with the 
scenario in which workers decrease the frequency with which they are treated for depression in 
response to increases in the percent women employed at their workplaces.   
 
Limitations 
Measures of association estimated using g-computation can be interpreted as causal effects only 
when a set of assumptions – including exchangeability and consistency – are met. 57 We do not 
feel that these assumptions are satisfied in the present study, and therefore our results are more 
appropriately interpreted as associations rather than as causal effects.  
With respect to exchangeability, we were only able to control for a limited number of individual-
level characteristics as is typical of occupational studies. However, there may be residual 
confounding by unmeasured individual-level characteristics (i.e. prior work history). Although 
we included a set of fixed effects to control for confounding by time-invariant plant- and area-
level characteristics, we were unable to differentiate changes in plant-level gender composition 
from coincident but unobserved changes in organizational culture or institutional practices 
relevant workers’ utilization of depression-related services. Interpretation of our findings is 
further complicated by non-consistency of the exposure. Changes in workplace gender 
composition could arise through the termination of male workers, hiring of female workers, or 
some combination thereof. 58 These three scenarios could have substantively different 
implications for workers’ underlying mental health and propensity to seek care for depression.  
 
Finally, our outcome of interest is defined using medical claims data, which conflate treatment 
seeking with underlying disease status. Our outcome measure does not capture untreated 
depression or treatment received outside of the worker’s PPO network. Moreover, absent 
information on workers’ past history of mental illness, we cannot differentiate new onset and 
preexisting depression. Nevertheless, given the prodromal and oftentimes episodic nature of 
depressive disorders, we believe our outcome measure is a meaningful measure of clinically 
important depression sufficiently serious to prompt the worker to seek outpatient treatment.  
 
2.6 Conclusion 
 
We summarized the association between workplace gender composition and treatment for 
depression among blue-collar men and women employed by a single U.S. aluminum firm from 
2003 – 2013. We found evidence of an inverse association between the percent women 
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employed and treatment for depression in both male and female blue-collar workers. We 
observed the greatest decreases in risk when at least 30 percent of the workforce is female. Our 
findings among female workers are supported by past research, which suggests that occupational 
sex segregation may be a considerable source of stress for women employed male-dominated 
industries and occupations. As blue-collar men comprised the majority of workers in our study 
population, our results further suggest that the largest absolute decreases in treatment for 
depression associated with the feminization of the workplace occur among male workers. 
Overall, our findings underscore the importance of the social context within workplaces for 
employee health and motivate continued examination of the association between workplace 
gender composition and worker health across varied industry sectors and occupations.  
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Figure 1. Percent women employed across all 32 U.S. plants from 2003 – 2013. Company 
personnel files provided complete enumeration of the size of the workforce by plant throughout 
the study period, as well as basic worker demographics. Using these data, we calculated the 
number of active workers, the number of active female workers, and the percentage of women 
employed at each plant for each month between 2003 and 2013. We included both hourly and 
salaried workers in our calculations of the plant-level gender-composition, and included active 
workers as well as those on leave of absence, family medical leave, short-term disability, and 
long-term disability in our calculations.  
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Figure 2. We used generalized additive models (GAM) with a logit link to model the risk of 
treatment for depression as a function of the plant-level gender composition and covariates (age 
at the start of follow-up, race, and sex). All models included a set of controls for plant and 
calendar year to account for geographic and temporal variation, respectively. We used g-
computation to summarize the population average association between the plant-level gender 
composition and treatment for depression under three hypothetical intervention scenarios for all 
workers, and then separately among female and male workers. Using fitted GAMs, we estimated 
the risk that at least one depression-related outpatient visit occurred within a given person-year 
under the hypothetical intervention wherein all plants employed at least 10, 20, or 30 percent 
women for all years of follow-up. All observations below the specified threshold were re-
assigned to equal 10, 20, or 30 percent, and assumed their original, observed value otherwise. 
We calculated risk differences (RDs) by contrasting the risk of the outcome under each 
hypothetical intervention scenario versus the risk calculated from the observed data. All risk 
differences reported correspond to the difference in the number of workers treated for depression 
per 1,000 within a given study year. 
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Figure 3. We used generalized additive models (GAM) with a logit link to model the risk of 
treatment for depression as a function of the plant-level gender composition and covariates (age 
at the start of follow-up, race, and sex). All models included a set of controls for plant and 
calendar year to account for geographic and temporal variation, respectively. We used g-
computation to summarize the population average association between the plant-level gender 
composition and treatment for depression under three hypothetical intervention scenarios for all 
workers, and then separately among workers hired before the start of follow-up in 2003 (i.e. 
prevalent hires) and those hired after the start of follow-up (i.e. incident hires). Using fitted 
GAMs, we estimated the risk that at least one depression-related outpatient visit occurred within 
a given person-year under the hypothetical intervention wherein all plants employed at least 10, 
20, or 30 percent women for all years of follow-up. All observations below the specified 
threshold were re-assigned to equal 10, 20, or 30 percent, and assumed their original, observed 
value otherwise. We calculated risk differences (RDs) by contrasting the risk of the outcome 
under each hypothetical intervention scenario versus the risk calculated from the observed data. 
All risk differences reported correspond to the difference in the number of workers treated for 
depression per 1,000 within a given study year. 
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2.8 Supplemental Materials 
 
To examine the validity of our analytic approach, we conducted the following additional 
sensitivity analyses.  
 
First, we repeated our main analysis using percent blue-collar women rather than the overall 
percent women as our independent variable. Our study population is restricted to male and 
female blue-collar workers at 32 U.S. aluminum manufacturing plants, and consistent with 
previous analyses of these data, we classified all hourly workers as blue-collar. However, our 
calculation of the plant-level gender composition includes both blue- and white-collar workers. 
Our rationale for including white-collar women in our calculation of the workplace gender 
composition is that the presence of additional women in the workplace could lead to changes in 
workplace culture - including decreased social isolation and improved morale – that could 
translate to improvements in the worker mental health. However, our analysis is restricted to 
workers in blue-collar jobs as our substantive interest is in the experiences of men and women in 
jobs with a historic and present-day male predominance. We find that white-collar women 
comprised a small minority of the active workforce across the U.S. plants included in our 
analysis (approximately 5.0%), and the percent women and the percent blue-collar women 
employed appear to covary within plants throughout the study period (Web Figure 1). Further, 
we find results consistent with those of our main analysis when we examined the association 
between percent blue-collar women and treatment for depression (Tables 2 and 5 in the 
Supplemental Materials).  
 
Second, the study data included monthly data on insurance eligibility. Our main analysis 
includes – for a given worker – any year in which they were enrolled and insured for at least one 
month. This partial annual eligibility is a potential source of bias because we are by axiom less 
likely to observe treatment for depression in a worker who is eligible for only part of the year. 
Partial annual eligibility is a potential source of bias if it occurs with greater frequency at plants 
depending on the percent women employed at that plant. To assess potential bias due to partial 
annual insurance eligibility, we repeated our main analysis by limiting our dataset to include 
only those person-years in which a given worker was continuously insured and eligible for all 12 
months. The results from this sensitivity analysis were also consistent with those of our main 
analysis (Tables 2 and 6 in the Supplemental Materials).  
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Supplemental Figure 1. Percent women employed within each of the 32 U.S. plant locations 
from 2003 – 2013. Company personnel files provided complete enumeration of the size of the 
workforce by plant location from month-to-month, as well as basic worker demographic details, 
including gender. Using these data, we calculated the number of active workers, the number of 
active female workers, and the proportion of women employed at each plant location for each 
month between January 2003 and December 2013. We included both hourly and salaried 
workers in our calculation of the percent women and included active workers as well as those on 
leave of absence, family medical leave, short-term disability, and long-term disability in our 
calculations. We excluded years of follow-up for any plant location where fewer than 50 workers 
were employed. To calculate the monthly proportion blue-collar women employed at each plant 
location, we divided the number of active hourly female workers by the total number of active 
workers employed at each plant location each month.  
 
 
 
 
 
 
 



 

 42 

 

 
 

 
 
Supplemental Figure 1 (Continued). Percent women employed within each of the 32 U.S. plant 
locations from 2003 – 2013. Company personnel files provided complete enumeration of the size 
of the workforce by plant location from month-to-month, as well as basic worker demographic 
details, including gender. Using these data, we calculated the number of active workers, the 
number of active female workers, and the proportion of women employed at each plant location 
for each month between January 2003 and December 2013. We included both hourly and 
salaried workers in our calculation of the percent women and included active workers as well as 
those on leave of absence, family medical leave, short-term disability, and long-term disability in 
our calculations. We excluded years of follow-up for any plant location where fewer than 50 
workers were employed. To calculate the monthly proportion blue-collar women employed at 
each plant location, we divided the number of active hourly female workers by the total number 
of active workers employed at each plant location each month.  
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Supplemental Figure 1 (Continued). Percent women employed within each of the 32 U.S. plant 
locations from 2003 – 2013. Company personnel files provided complete enumeration of the size 
of the workforce by plant location from month-to-month, as well as basic worker demographic 
details, including gender. Using these data, we calculated the number of active workers, the 
number of active female workers, and the proportion of women employed at each plant location 
for each month between January 2003 and December 2013. We included both hourly and 
salaried workers in our calculation of the percent women and included active workers as well as 
those on leave of absence, family medical leave, short-term disability, and long-term disability in 
our calculations. We excluded years of follow-up for any plant location where fewer than 50 
workers were employed. To calculate the monthly proportion blue-collar women employed at 
each plant location, we divided the number of active hourly female workers by the total number 
of active workers employed at each plant location each month.  
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Supplemental Figure 1 (Continued). Percent women employed within each of the 32 U.S. plant 
locations from 2003 – 2013. Company personnel files provided complete enumeration of the size 
of the workforce by plant location from month-to-month, as well as basic worker demographic 
details, including gender. Using these data, we calculated the number of active workers, the 
number of active female workers, and the proportion of women employed at each plant location 
for each month between January 2003 and December 2013. We included both hourly and 
salaried workers in our calculation of the percent women and included active workers as well as 
those on leave of absence, family medical leave, short-term disability, and long-term disability in 
our calculations. We excluded years of follow-up for any plant location where fewer than 50 
workers were employed. To calculate the monthly proportion blue-collar women employed at 
each plant location, we divided the number of active hourly female workers by the total number 
of active workers employed at each plant location each month.  
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Chapter 3: Layoffs and the mental health and safety of remaining 
workers: A quasi-experimental study of the U.S. aluminum industry 
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3.1 Abstract 
 
Relatively few studies have examined the effects of layoffs on remaining workers, although the 
effects of layoffs and downsizing events may extend beyond those employees who lose their 
jobs. We examined the effects of layoffs on mental healthcare utilization and injury risk among 
workers at 30 U.S. plants between 2003 and 2013. We defined layoffs as reductions in the hourly 
workforce of 20% or more at each plant. Using a difference-in-differences approach, we 
compared the change in outcomes during layoffs versus the same three-month period one year 
previously, accounting for secular trends with control plants. Our study population included 
15,502 workers and seven layoff events between 2003 and 2012. Layoffs were associated with 
decreases in reported injuries (-0.006, 95% CI -0.013, 0.001), and increased probability of 
outpatient visits (0.010, 95% CI 0.003, 0.017) and prescriptions (0.014, 95% CI -0.0006, 0.027) 
for mental health. Among men, injury risk decreased more substantially (-0.010, 95% CI -0.018, 
-0.001) and among women the increase in outpatient visits was more pronounced (0.017, 95% CI 
0.003, 0.031). Increased prescription utilization appeared attributable primarily to opioids (0.016 
95% CI 0.005 – 0.027). Our results indicate an association between layoffs and remaining 
workers’ mental health and safety. However, decreased injury may reflect changes in reporting 
practices, and changes mental healthcare utilization may reflect changes in care-seeking. Future 
research on concordance of service utilization and underlying health and safety may yield 
valuable insight into the experiences employed workers in the wake of layoffs.   
 
3.2 Introduction 
 
The consequences of socioeconomic shocks such as plant closures, downsizing, and layoffs for 
workers are well-characterized. Job displacement, for example, has been linked with prolonged 
periods of subsequent unemployment, diminished earning, and declines in job quality. 1-4 Job 
loss is also a major social stressor that may simultaneously disrupt family dynamics and social 
conditions. 5 Job loss has also consistently been associated with poor health, 6-9 psychiatric 
distress, 8,10,11 and drug and alcohol abuse. 12-14  
 
Fewer studies have focused on the effects of layoffs on remaining workers – the so-called “layoff 
survivors.” Yet the effects of layoffs and downsizing events may extend beyond those employees 
who lose their jobs. 15 Remaining workers may experience greater job insecurity in the wake of 
layoffs, especially in the context of recessions when labor markets are relatively weak and other 
employment opportunities may be limited. 16 Layoffs and the resultant job insecurity may 
additionally serve to weaken remaining workers’ organizational commitment, increase work 
related stress, and decrease job satisfaction. 17-19  
 
Remaining workers may also experience psychiatric distress in the wake of layoffs due to guilt 
or remorse for their terminated coworkers. 15 Research on the mental health effects of the Great 
Recession among continuously employed U.S. workers found that rates of mental health-related 
outpatient visits and prescriptions increased most among workers at plants where mass layoffs 
had occurred. 20 Layoffs and downsizing events may also increase rates of injury among the 
remaining workers, as one common expectation of management following downsizing is that 
output levels will not decline even with fewer workers to complete the tasks. 21-23 Moreover, 
multi-skilling, job-reassignment, and associated management problems may increase injury risk. 
24 Existing research also suggests that employees who perceive their jobs to be insecure report 
lower levels of safety knowledge and reduced motivation to comply with safety policies. 25 
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The present study adds to the growing literature on the short-term effects of layoffs on remaining 
workers. We examined the effects of layoffs on workers employed by a single aluminum 
manufacturer at one of 30 U.S. plants between 2003 and 2013. Using a difference-in-differences 
approach, we estimated the association between layoff and remaining workers’ mental healthcare 
utilization and injury risk. We hypothesized that due to increased psychiatric distress, real or 
perceived job insecurity, and factors such as work intensification, job reassignment and changes 
in management, layoffs would lead to increased injury risk and mental healthcare utilization 
among remaining workers.  
 
3.3 Methods 
 
For the present analysis, we used data from the American Manufacturing Cohort Study (AMC), 
which included detailed, longitudinal health and employment records for workers employed by a 
single U.S. aluminum manufacturer followed from January 1, 2003 through December 31, 2012. 
The AMC Study data included a range of administrative datasets – including personnel files, the 
company payroll database, the occupational injury management system, and medical insurance 
claims – that were deterministically linked using a unique, encrypted identifier for each 
individual worker.   
 
Layoff Events 
We identified layoff events using the company payroll database. We calculated the number of 
hourly workers on the company payroll for every quarter at each of 30 U.S. plants between 
January 1, 2003 and December 31, 2012. Next, we calculated the percent change in the size of 
the hourly workforce from quarter-to-quarter for each plant. We defined layoff events as any 
quarter in which the size of the hourly workforce at a given plant decreased by 20% or more.  
 
For plants where layoffs occurred (i.e. treated plants), we retained only the quarter in which the 
layoff event occurred and the same three-month period from the previous year as the reference 
quarter. We selected the same quarter from the previous year as the reference for two reasons: 
first, this approach controls for potential seasonality in mental healthcare utilization and injury 
risk. 26-30 Second, upon inspecting the data we noted that many layoff events identified were 
preceded by substantial, but smaller, reductions in the size of the workforce. However, for all 
plant locations that experienced layoff events, the previous year provided a comparison quarter 
in which the workforce remained relatively stable. Control plants were those where no layoff 
events occurred.  
 
Our analysis was restricted to the hourly workforce. For workers at treated plants, we retained 
only those workers who were actively employed and insured for all three months of the layoff 
quarter and all three months of the reference quarter. For workers at control plants, we retained 
all worker-quarters pairs that corresponded to the layoff and reference quarters at treated plants.    
 
Outcome Assessment 
Our outcomes of interest were injury and two measures of mental healthcare utilization. We 
identified occupational injuries using the company incident management system database. We 
created an indicator variable for each worker for each quarter in which an injury occurred 
throughout the study period. Injuries included first aid events as well as Occupational Safety and 
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Health Administration (OSHA) recordable events (medical treatment, restricted work, and lost 
work time). 31 
 
We created a quarterly indicator variable for whether each worker had an outpatient visit related 
to mental health using relevant primary outpatient diagnostic codes from the International 
Classification of Diseases, Ninth Revisions (ICD-9). These included 296 (episodic mood 
disorders); 300 (anxiety, dissociative, and somatoform disorders); 303 (alcohol abuse); 304 and 
305 (drug dependence), 309 (adjustment reaction); and 311 (depressive disorder not elsewhere 
classified). Second, we created a quarterly indicator for whether each worker filled a prescription 
related to mental health. Consistent with previous research on the health effects of economic 
shocks, we included prescriptions for opioids, antidepressants, sleep aids, and anxiolytics. 32,33  
 
Covariates 
A priori we identified individual-level variables that could potentially affect the association 
between layoffs and the mental health and safety using company personnel files. These included 
gender, race-ethnicity (Black, Hispanic, white, other), and categories of birth year and hire year.   
 
Statistical Analyses 
We used a difference-in-differences (DID) approach 34 to examine the effect of layoff events on 
remaining workers. We separately examined outpatient visits related to mental health, 
prescriptions related to mental health, and injuries. The DID estimator subtracted the change in 
the probability of each outcome between the layoff quarter and referent quarter among workers 
at plants where no layoffs occurred (i.e. control plants) from the change in the probability each 
outcome among workers at treated plants. Any changes that occurred in injury risk and mental 
healthcare utilization at control plants presumably resulted only from secular trends. Under the 
assumptions that secular trends were parallel among workers at treated and control plants and 
that statistical models were correctly specified, the resulting DID estimator corresponded to the 
change in each outcome attributable to the layoff event itself.   
 
We estimated the population average association between layoffs and each of our three outcomes 
of interest. Formally, let Yist be the outcome of interest for worker i in group s at time t where 
group is defined as plant and time specifies a specific three-month period (i.e. quarter). The 
variable Ist is an indicator for whether a layoff event occurred at plant location s during the three-
month period t. We estimated the following regression equation using generalized estimating 
equations (GEE) with an identity link and an exchangeable working correlation structure:    
 

E[Yist] = As + Bt + ßIst 
 

Where As represents fixed effects for plant location and Bt represents fixed effects for each of the 
fourteen study quarters. The coefficient ß therefore corresponded to our estimate of interest, the 
difference in the probability of the outcome of interest attributable to layoffs. This specification 
is a common generalization of the most basic DID setup (with two time periods and two groups). 
35 We subsequently added a vector of individual-level Xist covariates to the model, which 
included gender, race/ethnicity, and categories of birth year, and hire year. We hypothesized that 
male and female workers may have responded differently to layoffs with respect to mental 
healthcare utilization and injury risk, and we therefore ran analyses stratified by worker gender. 
All analyses were conducted with R, version 3.3.2 (R Foundation for Statisitical Computing, 
Vienna, Austria).  
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Sensitivity Analyses 
We repeated our main analysis restricted to control quarters where there was no more than a 
7.5% percent change in the size of the workforce. This threshold corresponded to the largest 
change in the reference quarters of treated plants. We conducted a separate analysis for each 
prescription type (antidepressants, anxiolytics, sleep aids, opiates); visit type (depressive 
disorders, anxiety, substance use); and injury type (first aid, OSHA-reportable). Because news of 
earlier layoffs may have affected worker behavior during subsequent layoffs, we examined each 
layoff event separately. Finally, we implemented a negative exposure controls analysis 36 by 
randomly selecting eight new plants that did not experience a layoff event within our study 
period. We repeated our main analysis after assigning the dates of the observed layoff events to 
the eight randomly selected control plants. A null relationship between the layoff event and our 
outcomes of interest at these randomly selected control plants would provide evidence that our 
main results were not due to time trends.  
 
3.4 Results 
 
Between January 2003 and December 2012, we identified seven layoff events at eight of 30 U.S. 
plants. Treated plants were located in all four regions of the U.S. The majority of layoff events 
occurred in 2009 at the height of the Great Recession, although the earliest layoff event occurred 
between October and December of 2004. In Figure 1, we depict the size of the workforce 
throughout the period for one treated plant and one control plant, both of which were located in 
the Northeastern United States. Additional details of layoff events are summarized in the 
supplemental materials (Table 1 and Figure 1 in the Supplemental Materials).  
 
Our study population included 15,502 workers, of whom 4,158 were employed at a plant 
location that experienced at least one layoff event (i.e. treated plants). The age distribution and 
the percentages of non-white workers were similar in treated and control plants, although 
workers at control plants tended to be hired earlier than workers at treated plants (Table 1).   
 
Estimated association between layoffs and worker mental health and safety 
We found that layoff events were associated with decreased injury reports (-0.006, 95% CI -
0.013, 0.001). Layoff events were associated with an increase in the probably of both outpatient 
visits (0.010, 95% CI 0.003, 0.017) and prescriptions (0.014, 95% CI -0.0006, 0.027) related to 
mental health. Our analysis suggested that male and female workers responded differently to 
layoffs. Among men, we observed a more substantial decrease in reported injuries (-0.010, 95% 
CI -0.018, -0.001). Among women, we observed a more substantial increase in the probability of 
a mental health-related outpatient visits (0.017, 95% CI 0.003, 0.031) (Figure 3). As anticipated 
with a DID design, unadjusted and adjusted analyses yielded similar estimates (Tables 2 and 3 in 
the Supplemental Materials).  
 
Sensitivity Analyses 
Our analysis with restricted control quarters yielded results similar to those we observed in our 
main analysis with all control quarters included (Tables 2 and 4 in the Supplemental Materials). 
We analyzed the association between layoffs and subtypes of injury, outpatient visit, and 
prescription (Figure 3). Results suggest that the increase in outpatient visits associated with 
layoffs occurs primarily through increases in depression-related visits (0.007, 95% CI 0.001, 
0.012) and anxiety-related visits (0.005, 95% CI 0.0004 – 0.009). Results suggested further that 
the observed increase in prescriptions occurs primarily through an increase in the probability of 
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opioid prescriptions (0.016 95% CI 0.005 – 0.027). The observed decrease in reported injuries 
was not clearly attributable to either injuries requiring first aid or OSHA-recordable events 
(Table 5 in the Supplemental Materials). Our analysis of each treatment period separately did not 
suggest any trends over time (Table 6 in the Supplemental Materials).  
 
Finally, as a negative controls analysis, we repeated our main analysis among all workers with 
plants where no layoff event occurred. As expected, we observed no association between the 
negative control plants and the change in the probability of injury or of outpatient visits and 
prescriptions related to mental health (Table 7 in the Supplemental Materials).   
 
3.5 Discussion 
 
We examined the association between layoffs and the mental health and safety of remaining 
workers employed by a single manufacturing firm. Data from the AMC Study provided detailed, 
longitudinal records for the hourly workforce at 30 U.S. plants between 2003 and 2013. We used 
a quasi-experimental DID approach. Under the assumption that secular trends were parallel 
among workers at treated and control plants and that statistical models were correctly specified, 
the resulting DID estimate corresponded to the change in each outcome attributable to the layoff 
event itself. 
 
Consistent with our hypothesis, we found modest increases in mental healthcare utilization (both 
outpatient visits and prescriptions) during layoffs. By contrast, we found that layoffs were 
associated with a slight decrease in the probability of reported injury. Our main results were 
robust to several sensitivity analyses, including multivariate adjustment and negative exposure 
controls analysis.  
 
Results of our stratified analysis indicated that the reduction in injury was more pronounced 
among male workers, with an observed 1% decrease in the probability of reported injury during 
layoffs. This finding is inconsistent with the extant literature, which largely posits that injuries 
should be increased in the context of layoffs because remaining workers are more likely to 
disregard occupational health and safety guidelines in order to maintain production levels or be 
reassigned to tasks to which they are less familiar and ill-suited. 21-23 One explanation for our 
findings is that male workers who survived layoffs became hypervigilant in the context of layoffs 
due to perceived job insecurity. 37 Alternatively, it may be that injury risk remains the same or 
even increases, but plants experience a lapse in reporting.  
 
Our stratified analysis also indicated a more pronounced increase in mental healthcare utilization 
among female workers. We observed a 1.7% increase in the probability of a mental health-
related outpatient visit during layoffs among female workers. This finding is fairly consistent 
with the literature, as higher prevalence of affective disorders and utilization of healthcare 
services for mental health is consistently observed among women as compared with men. 38,39  
 
Our analysis of outcome sub-categories suggested the observed increase mental health-related 
outpatient visits was due primarily to an increase in depression- and anxiety-related outpatient 
visits. This finding is consistent with the notion that layoffs may increase psychiatric distress 
among remaining workers, which translates to increased utilization of related healthcare service.  
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By contrast, the observed increase in mental health-related prescriptions seemed attributable to a 
1.6% in the probability of opioid prescription during layoffs. This is perhaps surprising given the 
observed reduction in reported injuries. It is unlikely secular trends in opioid use previously 
reported within this study population 40 explain this finding, as secular trends are accounted for 
with the comparison plants and with fixed effects for each of the fourteen study quarters. It is 
possible that workers failed to report injuries that occur during layoffs but subsequently sought 
medication to treat the resultant pain. Alternatively, this finding may reflect the fact that workers 
will seek out opioid prescriptions in anticipation of losing their health insurance, or perhaps 
workers seek and receive prescriptions for opioids as a treatment for the psychiatric distress that 
results from layoffs. These competing explanations cannot be disentangled with the study data, 
but the apparent injury-opioid paradox we observe deserves further consideration. 
 
Limitations 
There are key limitations of the present study that we discuss briefly here. First, there are 
limitations related to DID model assumptions. We assumed that the observed changes in injury 
risk and mental healthcare utilization were attributable to layoff events. The assumption of 
parallel trends – that changes in our outcomes of interest would have been the same in treated 
and control plants in the absence of layoffs – is untestable. A time-varying imbalance between 
the treatment and control plants could therefore have biased results. 
 
Second, because all workers included in the present study were employed by a single firm, it is 
possible that workers in control plants changed their behaviors over time with respect to injury 
reporting and mental healthcare utilization in anticipation of layoffs. We anticipate that such 
behavior changes would attenuate the estimated associations between layoff events and our 
outcomes of interest. We further noted that several layoff events experienced smaller reductions 
in the size of the workforce in the months that immediately preceded the quarter that we 
designated as the treated quarter. Whether these earlier layoffs would lead to habituation among 
workers or to an amplified response is unclear.  
 
Our outcome measurements indicate changes in mental healthcare utilization and reported 
injuries. Changes in mental healthcare utilization may reflect changes in underlying disease 
status, moral hazard, or some combination thereof and should therefore not be interpreted as a 
proxy for worker mental health. Likewise, we are unable to establish whether changes in 
recorded injuries are attributable to differences in reporting during layoffs or true changes in 
worker safety.   
 
3.6 Conclusion 
 
We examined the impact of layoffs on remaining workers. We found that recorded injuries 
decreased during layoffs, whereas utilization of outpatient visits and prescriptions for mental 
health increased as hypothesized. We observed the largest decrease in injuries among male 
workers, and the largest increase in prescriptions among women. The increase in prescriptions 
appears attributable largely to increases in opioid prescriptions during layoffs, a finding which is 
seemingly inconsistent with apparent decreases in recorded injuries. Overall, our results suggest 
that layoffs do lead to changes in mental healthcare utilization and safety practices among 
remaining workers. Apparent decreases in injuries may reflect real changes in injury risk, or 
changes in reporting practices. Similarly, changes in mental healthcare utilization may reflect 
true underlying psychiatric distress, moral hazard, or some combination thereof. Future research 
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on the concordance of service utilization and workers’ underlying health and safety may yield 
valuable insight into the experiences of workers who remain employed after substantial layoffs.  
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Table 1. Demographic characteristics of workers at treated and control plants a 
 Treated Plants 

(N = 4,158) 
Control Plants 
(N = 11,344) 

Men – N (%) 3,078 (74.0) 9,491 (83.7) 
Race/Ethnicity – N (%) 
White 
Black 
Hispanic 
Other 

 
3,019 (72.6) 
737 (17.7) 
275 (6.6) 
127 (3.1) 

 
8,442 (74.4) 
1,027 (9.1) 
1,379 (12.2) 
496 (4.4) 

Birth Year b 
Before 1953 
1953 – 1959 
1960 – 1967 
After 1968 

 
1,025 (24.7) 
1,114 (26.8) 
867 (20.9) 
1,154 (27.8) 

 
2,692 (23.7) 
2,863 (25.2) 
2,612 (23.0) 
3,184 (28.1) 

Hire Year b 
Before 2000 
2000 – 2002 
After 2002 

 
803 (19.3) 
2,363 (56.8) 
994 (23.9) 

 
4,723 (41.6) 
3,088 (27.2) 
3,540 (31.2) 

a. Study data include 30 U.S. plants. The eight treated U.S. plants experienced a layoff event within the study period (reduction 
in size of workforce > 20%), and the 20 control plants experienced no such event within the study period. 

b. Quartiles were defined based on the distribution of birth year among all workers at treated and control plants 
c. Tertiles were defined based on the distribution of hire year among all workers at treated and control plants 
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Figure 1. Workforce size throughout the study period at a treated and control plant. We plot the 
number of hourly workers on the company payroll at a plant located in the Northeastern U.S. 
where layoffs occurred between July and September of 2009 (top panel) and the number of 
hourly workers on the company payroll at a plant located in the Northeastern U.S. where no 
layoff events occurred within the study period (bottom panel). The red dotted lines demarcate the 
quarter in which the layoffs occurred at the treated plant, and the blue dotted lines demarcate the 
same three-month period from the previous year, which serves as the reference quarter in our 
analysis.  
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Figure 2. Difference-in-differences estimates for the effect of layoffs on injury risk and mental healthcare 
utilization. We used generalized estimating equations (GEE) with the identity link were used to estimate 
the marginal (population-average) effects of layoffs on the probability of each outcome of interest 
(injuries; outpatient visits and prescriptions for worker mental health) and specified an exchangeable 
working correlation structure to account for non-independence of outcomes among workers clustered 
within plant locations. All models included fixed effects for plant location, quarter, and an indicator 
variable which equaled one in the treated plants during the quarter of layoffs and was zero otherwise. We 
conducted a pooled analysis among all workers (N = 15,502) as well as stratified analyses in which we 
examined the effects of layoffs on our outcomes of interest among male workers (N = 12,569) and female 
workers (N = 2,933). We characterized injuries with a quarterly indicator variable which equals one if an 
injury occurred and is zero otherwise. Injuries included first aid events as well as Occupational Health 
and Safety Administration (OSHA) recordable events (medical treatment, restricted work, and lost work 
time). We characterized outpatient visits related to mental health with a quarterly indicator variable which 
equals one if a mental health-related outpatient visit occurred and is zero otherwise. Outpatient visits for 
mental health were identified using ICD-9 codes 296 (episodic mood disorders); 300 (anxiety, 
dissociative, and somatoform disorders); 303 (alcohol abuse); 304 and 305 (drug dependence), 309 
(adjustment reaction); and 311 (depressive disorder not elsewhere classified). We characterized 
prescriptions r elated to mental health with an indicator variable which equals one if there was a filled 
prescription related to mental health and is zero otherwise. We included prescriptions for antidepressants, 
anxiolytics, opiates, and sleep aids.  
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Figure 3. Differences-in-differences estimates for the effect of layoffs by sub-categories of injuries, outpatient 
visits, and prescriptions. We used generalized estimating equations (GEE) with the identity link were used to 
estimate the marginal (population-average) effects of layoffs on the probability of each outcome of interest 
(injuries; outpatient visits and prescriptions for worker mental health) and specified an exchangeable working 
correlation structure to account for non-independence of outcomes among workers clustered within plant 
locations. All models included fixed effects for plant location, quarter, and an indicator variable which equaled 
one in the treated plants during the quarter of layoffs and was zero otherwise. We separately analyzed the 
effect of layoffs on all injuries; injuries requiring first-aid; and Occupational Safety and Health Administration 
(OSHA) recordable events (top panel). We separately analyzed the effect of layoffs on all outpatient visits 
related to mental illness; depression-related outpatient visits (ICD-9 codes 296.2 - 296.35, 309 and 311); 
anxiety-related outpatient visits (ICD-9 codes 300); and outpatient visits for substance use (ICD-9 303 – 305) 
(middle panel). We separately analyzed the effect of layoffs on all prescriptions, prescribed antidepressants, 
prescribed anxiolytics, prescribed sleep aids, and prescribed opioids (bottom panel). 
 



 

 66 

3.8 Supplementary Materials 
 

 
 

 
 

 
 

 
 

Supplemental Figure 1. We plot the number of hourly workers on the company payroll at each of the 
eight plant locations where a layoff event occurred within the study period. We defined a layoff event 
as a reduction in the size of the hourly workforce by 20% or more within a three-month period. The 
red dotted lines demarcate the quarter in which the layoffs occurred at the treated plant, and the blue 
dotted lines demarcate the same three-month period from the previous year, which serves as the 
reference quarter in our analysis.  



 

 67 

Supplemental Table 1. Characteristics of eight treated U.S. plant locations   

Plant Location 
Layoff Quarter Reference Quarter 

U.S Region Change in Hourly 
Workforce Size a Date b Change in Hourly 

Workforce Size a Date b 

A (BAD) - 34.78% 2004-01-01 - 1.00% 2003-01-01 South 
B (LVY) - 24.11% 2006-07-01 + 2.60% 2005-07-01 South 
C (ROK) - 20.43% 2007-07-01 + 1.20% 2006-07-01 South 
D (WMH) - 20.38% 2009-01-01 - 1.88% 2008-01-01 Midwest 
E (CDL) - 21.08% 2009-04-01 + 2.03% 2008-04-01 West 
F (KNK) - 23.08% 2009-04-01 + 3.20% 2008-04-01 Northeast 
G (MSY) - 31.21% 2009-07-01 - 6.26% 2008-07-01 Northeast 
H (HVH) - 24.63% 2009-10-01 + 2.75% 2008-10-01 South 

a. Change in the size of the hourly workforce for a given quarter calculated as (workerst+1 – workerst)/workerstÍ100 
b. Date corresponds to the first day of each quarter.   
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Supplemental Table 4. Differences-in-differences estimates for the effect of layoffs with 
restricted control quarters (N = 14,666) a, b 

Outcome All Workers (N = 14,666) c 
ß (95% CI) 

Injuries d -0.048 (-0.012, 0.003) 

Outpatient Visits e 0.010 (0.003, 0.017) 

Prescriptions f 0.012 (-0.002, 0.026) 
a. We used generalized estimating equations (GEE) with the identity link were used to estimate the marginal (population-

average) effects of layoffs on the probability of each outcome of interest (injuries; outpatient visits and prescriptions for 
worker mental health) and specified an exchangeable working correlation structure to account for non-independence of 
outcomes among workers clustered within plant locations.  

b. All models included fixed effects for plant location, quarter, an indicator variable which equaled one in the treated plants 
during the quarter of layoffs and was zero otherwise.  

c. Analysis is restricted to control quarters to those where there was no more than a 7.5% percent change in the size of the 
workforce, a threshold that corresponds to the largest change in the reference quarters of the treated plants. 

d. Outcome is a quarterly indicator variable which equals one if an injury occurred and is zero otherwise. Injuries included first 
aid events as well as Occupational Health and Safety Administration (OSHA) recordable events (medical treatment, 
restricted work, and lost work time).  

e. Outcome is a quarterly indicator variable which equals one if a mental health-related outpatient visit occurred and is zero 
otherwise. Visits for mental health were identified using ICD-9 codes 296 (episodic mood disorders); 300 (anxiety, 
dissociative, and somatoform disorders); 303 (alcohol abuse); 304 and 305 (drug dependence), 309 (adjustment reaction); 
and 311 (depressive disorder not elsewhere classified). 

f. The outcome is a quarterly indicator variable which equals one if there was a filled prescription related to mental health and 
is zero otherwise. We included prescriptions for antidepressants, anxiolytics, opiates and sleep aids.  
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Supplemental Table 5. Differences-in-differences analysis by outcome sub-categories a, b 

Outcome All Workers (N = 15,502) c 
ß (95% CI) 

Injuries d  
All injuries -0.006 (-0.013, 0.001) 
Injuries requiring first-aid -0.004 (-0.010, 0.003) 
OSHA-reportable injuries -0.002 (-0.005, 0.001) 
Outpatient Visits e  
All outpatient visits  0.010 (0.003, 0.017) 
Depression-related outpatient visit 0.007 (0.001, 0.012) 
Anxiety-related outpatient visits 0.005 (0.0004, 0.009) 
Outpatient visits for substance use -0.0008 (-0.003, 0.001) 
Prescriptions f  
All prescriptions  0.014 (-0.0006, 0.027) 
Prescribed antidepressants 0.004 (-0.005, 0.012) 
Prescribed anxiolytics 0.001 (-0.003, 0.006) 
Prescribed sleep aids 0.0002 (-0.004, 0.005) 
Prescribed opioids 0.016 (0.005 – 0.027) 

a. We used generalized estimating equations (GEE) with the identity link were used to estimate the marginal (population-
average) effects of layoffs on the probability of each outcome of interest (injuries; outpatient visits and prescriptions for 
worker mental health) and specified an exchangeable working correlation structure to account for non-independence of 
outcomes among workers clustered within plant locations.  

b. All models included fixed effects for plant location, quarter, and an indicator variable which equaled one in the treated 
plants during the quarter of layoffs and was zero otherwise. 

c. Includes all hourly workers who were on the payroll and insured by the company PPO for all three months of at least one 
layoff quarter and the associated reference quarter. 

d. Separate analyses examined the effect of layoffs on all injuries; injuries requiring first-aid; and Occupational Safety and 
Health Administration (OSHA) recordable events.  

e. Separate analyses examined the effect of layoffs on all outpatient visits related to mental illness; depression-related 
outpatient visits (ICD-9 codes 296.2 - 296.35, 309 and 311); anxiety-related outpatient visits (ICD-9 codes 300); and 
outpatient visits for substance use (ICD-9 303 – 305).  

f. Separate analyses examined the effect of layoffs on all prescriptions, prescribed antidepressants, prescribed anxiolytics, 
prescribed sleep aids, and prescribed opioids.  
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Supplemental Table 7. Negative exposure controls analysis for the effect of layoffs on injury 
risk and mental healthcare utilization (N = 11,351) a, b, c 

Outcome All Workers (N = 14,666) d 
ß (95% CI) 

Injuries e 0.0009 (-0.005, 0.007) 

Outpatient Visits f 0.0009 (-0.005, 0.007) 

Prescriptions g 0.0025 (-0.010, 0.014) 
a. We used generalized estimating equations (GEE) with the identity link were used to estimate the marginal (population-

average) effects of layoffs on the probability of each outcome of interest (injuries; outpatient visits and prescriptions for 
worker mental health) and specified an exchangeable working correlation structure to account for non-independence of 
outcomes among workers clustered within plant locations.  

b. All models included fixed effects for plant location, quarter, an indicator variable which equaled one in the treated plants 
during the quarter of layoffs and was zero otherwise.  

c. For the negative exposure control analysis, we randomly selected eight new plants that did not experience a layoff event 
within our study period and assigned the dates of the layoff events to the eight randomly selected control plants. 

d. Includes all hourly workers who were on the payroll and insured by the company PPO for all three months of at least one 
layoff quarter and the associated reference quarter. 

e. Outcome is a quarterly indicator variable which equals one if an injury occurred and is zero otherwise. Injuries included first 
aid events as well as Occupational Health and Safety Administration (OSHA) recordable events (medical treatment, 
restricted work, and lost work time).  

f. Outcome is a quarterly indicator variable which equals one if a mental health-related outpatient visit occurred and is zero 
otherwise. Visits for mental health were identified using ICD-9 codes 296 (episodic mood disorders); 300 (anxiety, 
dissociative, and somatoform disorders); 303 (alcohol abuse); 304 and 305 (drug dependence), 309 (adjustment reaction); 
and 311 (depressive disorder not elsewhere classified). 

g. The outcome is a quarterly indicator variable which equals one if there was a filled prescription related to mental health and 
is zero otherwise. We included prescriptions for antidepressants, anxiolytics, opiates and sleep aids.  
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4. CONCLUSION 
 
Work is among the most fundamental determinants of adult health and well-being, and specific 
aspects of workplaces have the potential to be either harmful or health-promoting. Blue-collar 
jobs are typically characterized by stressors including exposure to physical hazards, variable 
work schedules, and by monotonous, repetitive, and physically demanding work tasks. 
Moreover, the net effect of secular trends in the U.S. economy over the past four decades – 
including declines in manufacturing, computerization and automation, and the weakened 
collective bargaining power of unions – is that blue-collar jobs are increasingly precarious.  
 
The extant literature indicats that women in blue-collar jobs face additional work-related 
stressors, including sexual harassment and discrimination; social isolation; decreased job 
satisfaction; and greater work-life conflict. And indeed, by all accounts these are hardships that 
characterize the experiences of women in present-day working-class, male-dominated jobs. An 
in-depth account of the experiences of women employed in two Chicago-area Ford motor plants 
published in the New York Times Magazine in 2017 details an entrenched culture of sexual 
harassment – one in which women regularly endure lewd and sexually explicit comments, sexual 
assault, and face inaction or open hostility when the offenders are reported. More recently, in an 
opinion piece in the New York Times, a former nuclear site guard recounts her experiences of 
harassment and the subsequent retaliation she experienced after reporting an assault, which 
resulted in demotion and ultimately in her termination.  
 
Despite first-hand accounts such as these, the existing academic literature on blue-collar work 
and depression largely fail to consider the experiences of female workers. 63-65 This leaves 
unanswered important questions regarding the magnitude of the association between the work 
environment and depression among blue-collar female workers, and the specific mechanisms by 
which aspects of blue-collar jobs may uniquely predispose female workers to depression. In 
response, this dissertation is focused on the implications aspects of the work environment for the 
mental health of blue-collar women in the American Manufacturing Cohort (AMC) study. 
 
The first chapter examines the risk for treated depression and frequency of depression-related 
utilization by occupational class and gender. I find that blue-collar workers are more likely to be 
treated for depression within study period than white-collar workers, and that blue-collar women 
are most likely to be treated for depression as compared with white-collar men. This finding 
implies a unique susceptibility to depression among women in blue-collar jobs. By contrast, in 
the analysis of depression-related service utilization, blue-collar men and women utilize 
depression-related services less frequently than their white-collar counterparts. In this insured 
population, these findings may reflect additional barriers to mental healthcare utilization among 
blue-collar workers including increased stigma or less permissive norms around mental 
healthcare utilization; provider behavior; temporal inflexibility; blue-collar workers’ greater 
sensitivity mental healthcare costs. As many of these barriers are potentially modifiable, future 
public health research may aim to identify the predominant mechanisms that explain systematic 
differences in mental healthcare utilization by occupational class that I have observed.   
 
The second chapter summarizes the association between the workplace gender composition and 
treatment for depression by occupational class. The results suggest an inverse association 
between the percent women employed at the plant level and individual risk of treatment for 
depression in both male and female blue-collar workers. The greatest decreases in risk were 
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observed when at least 30 percent of the workforce was female. Consistent with these results, 
past research suggests that occupational sex segregation may be a considerable source of stress 
for women employed male-dominated industries and occupations. As blue-collar men comprise 
the majority of workers in the study population, these results further suggest that the largest 
absolute decreases in treatment for depression associated with the feminization of the workplace 
will occur among male workers.  
 
The third and final chapter examines the effects of layoff events on mental healthcare utilization 
and injury risk among blue-collar men and women. I find that injuries decrease during layoffs, 
whereas use of outpatient visits and prescriptions for mental health increase. The largest decrease 
in injuries occurred among male workers, and the largest increase in prescriptions occurred 
among women. The increase in prescriptions appears attributable largely to increases in opioid 
prescriptions during layoffs among those who remain at work, a finding which is seemingly 
inconsistent with apparent decreases in recorded injuries. Apparent decreases in injuries may 
reflect real changes in injury risk, or changes in reporting practices. Similarly, changes in mental 
healthcare utilization may reflect true underlying psychiatric distress, moral hazard, or some 
combination thereof.  
 
Collectively, these findings suggest that men and women in blue-collar jobs have fundamentally 
different work experiences, and this includes measurable and consistent differences in risk for 
depression, use of mental healthcare services, and injury. The salience of factors such as 
occupational class, the workplace gender composition, and the advent of large-scale layoffs 
underscores the importance of the social context within workplaces for worker health, safety, and 
well-being. Of course, there are several aspects of the work environment – including working 
hours and scheduling practices, measures of physical and psychological job demand, 
remuneration and fringe benefits – that are likely to affect worker health but are not considered 
here. Similarly, although these analyses examine how depression varies by occupational class 
and gender, examination of additional axes of stratification – for example race/ethnicity and 
income – would surely yield new insights regarding the complex relationship between work and 
mental health. This naturally motivates continued examination of aspects of the work 
environment and the implications for health across subgroups and in varied industry sectors and 
occupations so that worker health may be better protected and promoted.  
 
 
 
 
 




