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ARTICLE INFO ABSTRACT

Despite the implications of gender and sex differences for health risks associated with blue-collar work, adverse
health outcomes among blue-collar workers has been most frequently studied among men. The present study
provides a “state-of-the-field” systematic review of the empiric evidence published on blue-collar women's
health. We systematically reviewed literature related to the health of blue-collar women published between
January 1, 1990 and December 31, 2015. We limited our review to peer-reviewed studies published in the
English language on the health or health behaviors of women who were presently working or had previously
worked in a blue-collar job. Studies were eligible for inclusion regardless of the number, age, or geographic
region of blue-collar women in the study sample. We retained 177 studies that considered a wide range of health
outcomes in study populations from 40 different countries. Overall, these studies suggested inferior health
among female blue-collar workers as compared with either blue-collar males or other women. However, we
noted several methodological limitations in addition to heterogeneity in study context and design, which in-
hibited comparison of results across publications. Methodological limitations of the extant literature, alongside
the rapidly changing nature of women in the workplace, motivate further study on the health of blue-collar
women. Efforts to identify specific mechanisms by which blue-collar work predisposes women to adverse health
may be particularly valuable in informing future workplace-based and policy-level interventions.
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1. Introduction

The term “blue-collar work” is frequently used to describe working
class jobs that require manual labor. These jobs are often both physi-
cally and psychologically demanding, and have been linked with var-
ious adverse health outcomes. Evidence suggests, however, that men's
and women's exposures and health outcomes in blue-collar jobs may
vary considerably. Differences in mortality are consistently noted be-
tween men and women in the general population, whereby women
outlive men in almost every country in the world and with lower
mortality rates observed among women throughout the lifecourse
(Catalano and Bruckner, 2006; Cullen, Baiocchi, Eggleston, Loftus, &
Fuchs, 2015; Rieker and Bird, 2005). Yet women on average exhibit
higher rates of morbidity, report inferior self-rated health, and use more
health services as compared with men (Case and Paxson, 2005).

Theories explaining the “gender paradox” in morbidity and
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mortality suggest that biological characteristics and social pressures
operating across the lifecourse—both independently and synergisti-
cally—contribute to inequalities in men and women's health (Krieger,
2003; Rieker and Bird, 2005). Within the context of the relationship
between work and health, differences in biological susceptibility to
workplace hazards can result from differences in toxicokinetic re-
sponses (i.e., absorption, metabolism, and excretion) to occupational
chemicals, dust, and other hazardous substances (Arbuckle, 2006). The
consequences of nontraditional work hours (e.g., swing shifts, night
shifts) can also manifest differently in men and women due to differ-
ences in circadian rhythms (Santhi et al., 2016). Lastly, anthropometric
differences between men and women can mediate the effects of blue-
collar work on health risks: spaces, equipment, and tools that are op-
timized for the average male worker may be ill-suited for female
workers (Blue, 1993; Courville, Vézina, & Messing, 1991; Messing and
Stevenson, 1996).

E-mail addresses: holly.stewart@berkeley.edu (H. Elser), afalconi@stanford.edu (A.M. Falconi), michellebbass@stanford.edu (M. Bass),

mrcullen@stanford.edu (M.R. Cullen).

https://doi.org/10.1016/j.ssmph.2018.08.002

Received 29 January 2018; Received in revised form 6 August 2018; Accepted 13 August 2018
2352-8273/ © 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/23528273
https://www.elsevier.com/locate/ssmph
https://doi.org/10.1016/j.ssmph.2018.08.002
https://doi.org/10.1016/j.ssmph.2018.08.002
mailto:holly.stewart@berkeley.edu
mailto:afalconi@stanford.edu
mailto:michellebbass@stanford.edu
mailto:mrcullen@stanford.edu
https://doi.org/10.1016/j.ssmph.2018.08.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ssmph.2018.08.002&domain=pdf

H. Elser et al.

Non-biological differences in susceptibility to health risks include
behavioral differences, such as in smoking habits, diet, and use of
medications, as well as differences in psychosocial stressors. Women in
blue-collar workplaces, for example, are especially vulnerable to ex-
periencing gender discrimination, sexual harassment, social isolation,
and work-life conflict (Clougherty, Souza, & Cullen, 2010;
Frankenhaeuser, Lundberg, Fredrikson, Toumisto, & Myrsten, 1989;
Frone, 2000; Hocschild and Machung, 2012; Lederer, 1981; Messing
and Ostlin, 2018; Zahm, Pottern, Lewis, Ward, & White, 1994).

Despite the implications of gender and sex differences for health
risks associated with blue-collar work, adverse health outcomes among
blue-collar workers has been most frequently studied among men
(Clougherty et al., 2010; House, 1980; Karasek, 1979). The present
study provides a “state-of-the-field” systematic review of the empiric
evidence published on blue-collar women's health from 1990 to 2015.
This 25-year period captures major trends in the global economy that
may be salient to the health and well-being of contemporary working
women, including industry deregulation, computerization and auto-
mation of working-class jobs, union decline and weakened institutional
protections for workers, and the rise in production in lower income
countries (Arnold and Bongiovi, 2012; Berman, Bound, & Griliches,
1994; Kalleberg, 2009; Kalleberg, 2012; Navarro, 1982).

Our specific objectives were to assess: the extent and strength of the
existing empiric evidence on the health of blue-collar women; dis-
cernable patterns in publication over time, across countries, and among
various health outcomes; and the degree to which study findings con-
verge. Our review includes studies that evaluated specific risk factors
for morbidity and mortality among blue-collar women, as well as stu-
dies that compared the health of blue-collar women with women in
other industries or men in blue-collar jobs. Although we provide some
analysis of the studies by place, time, and health outcome, differences
in study design and specific exposures/outcomes studied inhibited us
from offering a quantitative synthesis of the direction and magnitude of
associations between work and health. We discuss instead general
trends and themes, as well as general methodological limitations of the
extant literature. We conclude with future directions for research.

2. Materials and methods
2.1. Identification of papers

In the present study, we systematically reviewed the peer-reviewed
literature related to the health of blue-collar women published between
January 1, 1990 and December 31, 2015. We conducted our pre-
liminary search across three major research databases (Google Scholar,
Web of Science, and PubMed) for literature relevant to blue-collar
women's health, using combinations of the terms “blue-collar,”
“health,” and “women” or “female.”

We subsequently employed a second, more flexible, targeted search
strategy among these same three databases that integrated synonyms
and related terms (e.g. MeSH terms). We additionally expanded our
second search to incorporate findings from several smaller research
databases from the biomedical, social science, and humanities fields,
including: Medline (PubMed), Scopus (Elsevier), Gender Watch
(ProQuest), Social Sciences Citation Index (Clarivate), LGBT Life Full
Text (EBSCO), CINAHL (EBSCO), Cochrane Library of Systematic
Reviews (Cochrane), SafetyLit (SafetyLit Foundation), and Women's
Studies Quarterly. Search algorithms were developed specifically for
each database by a medical librarian. A complete list of search terms
used for identification of papers is provided in Appendix A.

2.2. Selection criteria
We initially identified articles for full-text review based on the

contents of the abstract. Studies were deemed eligible for inclusion if
they met the following criteria: the study was peer-reviewed and
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published in the English language; the dependent variable was a health
outcome or health behavior (e.g., diet, physical activity, smoking and
other substance use); the study population included women who were
presently working or had previously worked in a blue-collar job; and
the results included a multivariate-adjusted point estimates specific to
female blue-collar workers. We defined blue-collar work, consistent
with the United States Bureau of Labor Statistics, to include precision
production, craft, and repair occupations; machine operators and in-
spectors; transportation and moving occupations; and handlers,
equipment cleaners, helpers, and laborers (U.S. Bureau of Labor
Statistics, 2018). Studies were eligible for inclusion regardless of the
number, age, or geographic region of blue-collar women in the study
sample.

Studies were excluded if there was no empirical quantitative ana-
lysis (i.e. qualitative research), if only descriptive and summary sta-
tistics were presented (i.e. not multivariate adjusted), if they were not
peer reviewed, or if the outcome was deemed unrelated to health. We
additionally excluded studies that included blue-collar women in the
overall study population but failed to specify results or an exposure
unique to blue-collar women. Lastly, we excluded those studies for
which we were unable to discern whether blue-collar women were
grouped with office and clerical workers in their analyses (Applebaum
et al., 2013; Gold et al., 2006).

2.3. Data extraction

Two researchers independently assessed and extracted data from the
selected articles. The first researcher examined studies published be-
tween 1990 and 2002 (A.F.), while the second examined studies pub-
lished between 2003 and 2015 (H.E.). The researchers cross-checked a
random subset of each other's studies in order to ensure that selection
criteria were consistently and accurately applied.

We extracted and recorded the following study characteristics from
each study: study author(s) and year of publication; title; country of the
study subjects; years over which study data were collected; sample size,
number of women, and number of blue-collar women; industry sub-
sector; study design (cross-sectional, longitudinal, case-control, or
quasi-experimental); independent variable(s); specific health outcome
(s); the referent group (i.e., to whom authors compared blue-collar
women); a summary of the study's main findings; a brief description of
the study population; and country classification.

We classified the country of origin for study subjects as high-,
middle- or low-income based on World Bank Country and Lending
Groups classification (World Bank, 2018). We classified industry
subsector based on the North American Industry Classification System
(NAICS). Where insufficient detail was provided to identify industry
subsector, we list the industry supersector (e.g., manufacturing). If
five or more industry subsectors were represented in the study po-
pulation or if the study was population-based, we specified “Multiple
Industries.” (US Census Bureau, 2017) For a subset of studies that
compared the health of male and female blue-collar workers, gender
was not considered as a main effect. Similarly, for a subset of studies
that compared the health of blue-collar women and women in other
industries or job types, occupational class was not considered as a
main effect. We use superscripts in the “referent group” column in
Table 2 to identify these papers, and we also note which papers were
exploratory in nature and considered several independent variables
simultaneously.

We organized studies by the following health outcome categories:
BMI and metabolism, cancer, cardiovascular disease, disability and
absenteeism, health behaviors, mental health, mortality (all-cause and
cause-specific), musculoskeletal disorders, reproductive and sexual
health, respiratory diseases, self-rated health, and smoking and other
substance use. Studies reporting on multiple health outcomes were
listed under each relevant health outcome.

We did not attempt meta-analysis because the majority of studies
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Fig. 1. PRISMA flow diagram. The first search (Panel A) was conducted between January and June 2016 in three major databases (Google Scholar, Web of Science,
and Pub Med) with combinations of the terms “blue-collar,” “health,” and “women” or “female.” The second search (Panel B) was conducted between March and
June of 2017 using integrated synonyms and related terms of major concepts. This search was expanded to include several additional databases: Medline (PubMed);
Scopus (Elsevier); Gender Watch (ProQuest); Social Sciences Citation Index (Clarivate); LGBT Life Full Text (EBSCO); CINAHL(EBSCO); Cochrane Library of
Systematic Reviews (Cochrane); SafetyLit (SafetyLit Foundation); and Women's Studies Quarterly.

either lacked raw data, used the same or similar data sources, and be- scientific question. Data extracted and summarized in Table 2 (e.g.
cause substantial variability in study design precluded meaningful sample size and study design), however, provides a preliminary in-
quantitative synthesis. We did not attempt a formal assessment of risk dication of whether study findings may be subject to various biases.

of bias due to heterogeneity in study design, analytic method, and

S
’9\

o

Count

o

o

O
& >

Fig. 2. Number of studies published per year, 1990-2015.
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3. Results

We identified 3327 records through our first search, assessed 394
full articles, and retained and extracted data from 104 studies. We
identified 1522 records through our second search, assessed 346 full
articles and retained and extracted data from 73 studies. (Fig. 1) We
included 177 articles in our review in total and note an increase in the
number of articles published each year between 1990 and 2015 (Fig. 2).

Two patterns related to the publication of studies are worth noting.
First, the study of specific cohorts occasionally predominated findings
from a given country. For example, of the 14 studies from Australia, five
were studies onphysical activity. Of the 11 studies from South Korea,
five used data from KNHANES, and four recruited study participants
from the City of Incheon. Of the five studies from Israel, four used data
from the CORDIS study and were published prior to 2001. Both studies
from Mexico evaluated the helath of female maquiladoras in Tijuana. Of
the 16 studies on smoking and other substance use, 10 were from the
U.S. and four of these studies used baseline data from the MassBUILT
study. Of the seven U.S. studies on musculoskeletal disorders, six used
data from the American Manufacturing Cohort.

Second, although studies were included from 40 different countries
across North and South America, Europe, Asia, and Australia
(Table 1A), these were primarily from high-income nations (N = 24,
60.0%). The majority of studies were based either in the United States
(N = 45, 25.4%) or in Scandinavian Countries (N = 52, 29.4%). Only
21 studies (11.8%) were based in middle- or low-income countries

Table 1A
Descriptive Statistics for Study Sample (N = 177).

Countries included in study sample - N 40
Country classification — N (%)"

High-Income 24 (60.0)
Upper-Middle income 11 (27.5)
Low-Middle income 4 (10.0)
Low-Income 1 (2.5)
Most frequently studied countries - N (%)°

United States 45 (25.4)
Sweden 23 (13.0)
Finland 16 (9.0)
Australia 12 (6.8)
Japan 10 (5.6)
Health outcomes®

BMI & metabolism 13 (7.3)
Cancer 12 (6.8)
Cardiovascular diseases 19 (10.7)
Disability & absenteeism 13 (7.3)
Health behaviors 16 (9.0)
Mental health 17 (9.6)
Mortality 20 (11.3)
MSK 30 (16.9)
Other 15 (8.5)
Reproductive & sexual health 14 (7.9)
Respiratory 14 (7.9)
Self-Rated health 5(2.8)
Smoking & other substance use 16 (9.0)
Study design

Cross-sectional 85 (48.0)
Case-Control 18 (10.2)
Longitudinal 71 (40.1)
Quasi-Experimental 3(1.7)
Type of point estimate presented — N (%)

Blue-collar women vs. blue-collar men 31 (17.5)
Blue-collar women vs. other women 91 (51.4)
Exposure-outcome among blue-collar women 55 (31.1)

Number of women included - Median (IQR)?
Number of blue-collar women included — Median (IQR)®

946 (305-4,580)
422.5 (100-1,196)

@ Percentages are calculated based on the number of unique countries.

b percentages are calculated based on the number of studies.

¢ Percentages do not sum to 100% because several studies report for multiple
health outcomes.

4 Missing for 4 studies.

¢ Missing for 25 studies.
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Table 1B
Descriptive Statistics for Lower and Middle-Income Countries (N = 21).

Countries included in study sample - N 16
Most frequently studied countries - N (%)*

China 5(23.8)
Mexico 2 (9.5)
Turkey 2(9.5)
Vietnam 2 (9.5)
Health outcomes”

BMI & metabolism 1(4.8)
Cancer 3(14.3)
Cardiovascular 1(4.8)
Disability & Absenteeism 1(4.8)
Health behaviors 1(4.8)
Mental health 3(14.3)
Mortality 1(4.8)
MSK 5(23.8)
Other 3(14.3)
Reproductive & sexual health 5(23.8)
Respiratory 2(9.5)
Self-Rated health 2(9.5)
Smoking and other substance use 1(4.8)
Study design

Cross-sectional 19 (90.5)
Case-Control 1(4.8)
Quasi-Experimental 1(4.8)
Type of point estimate presented — N (%)

Blue-collar women vs. blue-collar men 4 (19.0)
Blue-collar women vs. other women 6 (28.6)
Exposure-outcome among blue-collar women 11 (52.3)

Number of women included - Median (IQR)“
Number of blue-collar women included - Median (IQR)?

360 (263-1,058)
286 (203.8-671.8)

@ Percentages are calculated based on the number of studies.

b Percentages do not sum to 100% because several studies report for multiple
health outcomes.

¢ Missing for 1 study.

4 Missing for 2 studies.

(Table 1B). Fourteen of these studies were in middle income countries.
Upper-middle income countries included China, the Dominican Re-
public, Iran, Mexico, Peru, Romania, Russia, Serbia, Thailand, Turkey;
and lower-middle income countries included Bangladesh, India,
Vietnam, and Sri Lanka. One low-income country, Nepal, was included
as well. These studies generally included fewer blue-collar women
(Median = 286, 203.8 — 671.8) relative to the studies from high-income
countries. With the exception of one quasi-experimental study, all stu-
dies conducted in low- and middle-income countries were cross-sec-
tional in design. The most commonly studied health outcomes were
those related to sexual and reproductive health, musculoskeletal dis-
orders, and mental health outcomes.

3.1. Study design and analysis

Summary statistics related to study design and analysis are reported
in Table 1A. Approximately half of studies were cross-sectional (N =
85, 48.0%). The remainder employed a longitudinal, case-control, or
quasi-experimental study design. The median number of blue-collar
women included across studies was 422.5 (IQR 100-1,196).

Across studies, authors characterized the health of blue-collar
women to one or more of three different referent groups: (1) studies
compared the health of blue-collar women and blue-collar men; (2)
studies compared the health of blue-collar women to women in other
industries or job types, including white-collar women, office and cle-
rical workers, and women in the general population; (3) studies ex-
amined independent risk factors for disease among blue-collar women.
The minority of studies included in this review compared the health of
blue-collar women and blue-collar men (N 31, 17.5%).
Approximately half of studies compared the health of blue-collar
women to a female referent group, and nearly one-third of studies re-
ported a specific exposure-outcome association among blue-collar
women (N = 55, 31.1%).
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Fig. 3. Number of Studies Published by Country.

3.2. Health outcomes

We report characteristics for each study in Table 2 within each
health outcome category. The two most commonly studied outcomes
were musculoskeletal disorders (N = 30, 16.9%), followed by all-cause
and cause-specific mortality (N = 20, 11.3%) and cardiovascular dis-
eases (N = 19, 10.7%) (Fig. 3). Cross-sectional design predominated
among studies of mental health outcomes, reproductive and sexual
health, and smoking and other substance use. By contrast, the majority
of mortality studies were longitudinal, and studies on cancer were ei-
ther longitudinal or case-control design. (Fig. 4)

Overall, study findings across health outcome categories suggested
inferior health among female blue-collar workers as compared with

30

Count

S

blue-collar men or women in other industries or job types. Of studies
that compared the health of blue-collar men and women, the majority
considered musculoskeletal, respiratory, or smoking-related outcomes.
Studies on musculoskeletal disorders consistently showed increased risk
for pain and work-related injuries in blue-collar women as compared
with men (Cantley, Tessier-Sherman, Slade, Galusha, & Cullen, 2016;
Iverson and Erwin, 1997; Kubo, Cullen, Desai, & Modrek, 2013;
Lipscomb, Schoenfisch, & Cameron, 2013; Pollack et al., 2007; Taiwo
et al., 2008; Tessier-Sherman et al., 2014; Wang, Rempel, Harrison,
Chan, & Ritz, 2007). Similarly, blue-collar women exhibited inferior
respiratory health compared with blue-collar men based on results from
pulmonary function tests and airway responsiveness (Bakirci et al.,
2007; Kongerud and Soyseth, 1991; Raza, Fletcher, Pickering, Niven, &
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*Studies that reported findings across health outcome categories appear multiple times.

Fig. 4. Number of Studies by health outcome category*. *Studies that reported findings across health outcome categories appear multiple times.
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Faragher, 1999; Seldén et al., 2001). Comparisons of smoking fre-
quency in male and female blue-collar workers, however, yielded in-
consistent findings (Chin, Hong, Gillen, Bates, & Okechukwu, 2012;
Chin, Hong, Gillen, Bates, & Okechukwu, 2012; Chin, Hong, Gillen,
Bates, & Okechukwu, 2013; Cunradi, Lipton, & Banerjee, 2007; Noonan
and Duffy, 2012; Okechukwu, Bacic, Cheng, & Catalano, 2012;
Okechukwu, Nguyen, & Hickman, 2010).

Inferior health was also observed among blue-collar women for a
wide range of health outcomes as compared with women in other in-
dustries or job types. Increased risk for cardiovascular disease - in-
cluding myocardial infarction, chest discomfort, coronary heart disease,
hypertension, and stroke — was consistently observed in blue-collar
women as compared with white-collar women (Baigi, Marklund, &
Fridlund, 2001; Clougherty, Eisen, Slade, Kawachi, & Cullen, 2011; Cho
and Lee, 2012; Honjo, Tsutsumi, Kayaba, & Group JMSCS, 2010; Ostlin,
Alfredsson, Hammar, & Reuterwall, 1998; Stokholm, Bonde,
Christensen, Hansen, & Kolstad, 2013; Wamala, Lynch, & Kaplan, 2001;
Wamala, Wolk, Schenck-Gustafsson, & Orth-Gomér, 1997). The ma-
jority of studies on all-cause and cause-specific mortality found in-
creased risk in blue-collar women as compared with other working
women (Baigi, Fridlund, Marklund, & Oden, 2002; Bentley, Kavanagh,
Subramanian, & Turrell, 2008; Bogren, 2014; von Bonsdorff et al.,
2011; Brockmann, Miiller, & Helmert, 2009; Chenet, Leon, McKee, &
Vassin, 1998; Dasgupta, Baade, Aitken, & Turrell, 2012; Kéareholt, 2001;
Mamo, Marinacci, Demaria, Mirabelli, & Costa, 2005; Mattisson,
Horstmann, & Hein, Stayner, Lehman, & Dement, 2007; Pekkanen,
Tuomilehto, Uutela, Vartiainen, & Nissinen, 1995; Prescott,
Godtfredsen, Vestbo, & Osler, 2003). Two studies found decreased risk
of all-cause and cause-specific mortality in blue-collar women as com-
pared with women in the general population (Arena, Costantino,
Sussman, & Redmond, 1999; Zhang et al., 2015), a finding which may
reflect the fact that employed persons tend to be healthier on average as
compared with members of the general population. Studies also find
increased risk for various musculoskeletal disorders (Andersen,
Thygesen, Davidsen, & Helweg-Larsen, 2012; Kaila-Kangas et al., 2006;
Khatun, Ahlgren, & Hammarstrom, 2004; Lombardo, Vijitha de Silva,
Lipscomb, & @stbye, 2012; Mattioli et al., 2009; Nakata et al., 2006;
Niedhammer, Chastang, David, & Kelleher, 2008; Roquelaure et al.,
2008; Roquelaure et al., 2009), adverse pregnancy-related outcomes
(Eskenazi, Guendelman, & Elkin, 1993; von Ehrenstein, Wilhelm, Wang,
& Ritz, 2014; Gissler et al., 2009; Jakobsson and Mikoczy, 2009;
Réisdnen, Gissler, Kramer, & Heinonen, 2014; Sakr et al., 2010), and
smoking (Cho and Lee, 2012; Fujishiro, Stukovsky, Diez-Roux,
Landsbergis, & Burchfiel, 2012; Hammarstrom, Stenlund, & Janlert,
2011; Maron, Kraus, Pogarell, Gomes de Matos, & Piontek, 2016; Yang,
Lynch, Schulenberg, Roux, & Raghunathan, 2008) in blue-collar women
as compared with women in other occupations and job types.

Of note, comparisons of risk of overweight and obesity in blue-collar
women as compared with women in other industries or job types
yielded mixed findings. Studies on health behaviors also did not con-
sistently show whether levels of physical activity were increased or
decreased in blue-collar women as compared with other women. This
discrepancy persisted even in studies that only considered leisure time
physical activity.

Studies that focused on identifying risk factors for morbidity and
mortality among blue-collar women typically focused either on the
physical risks associated with blue-collar, job demand, or organiza-
tional climate. Several studies identified chemical exposures a risk
factor not only for cancers among blue-collar women (Betenia, Costello,
& Eisen, 2012; Oddone et al., 2014; Richiardi et al., 2004; Thompson,
Kriebel, Quinn, Wegman, & Eisen, 2005), but also for psychiatric dis-
tress and depression (Bromet, Dew, Parkinson, Cohen, & Schwartz,
1992; Parkinson et al., 1990). Increased job demand, job conflict,
subjective monotony, skill underutilization and sexual harassment were
all identified as risk factors for psychiatric distress (Goldenhar,
Swanson, Hurrell, Ruder, & Deddens, 1998; Kivimiki et al., 2007;
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Melamed, Ben-Avi, Luz, & Green, 1995), although reduced psycholo-
gical distress was observed among blue-collar women with adequate
social support (Bromet et al., 1992; Brunette, Smith, & Punnett, 2011).
Factors such as work control, job strain, and occupational stress do not
appear to be associated with cardiovascular disease among blue-collar
women (Hall, Johnson, & Tsou, 1993; Tsutsumi, Kayaba, & Ishikawa,
2011; Tsutsumi, Kayaba, Tsutsumi, & Igarashi, 2001). We include a
complete discussion of study findings on the health of female blue-
collar workers in Appendix B.

4. Discussion

The primary objectives of this systematic review were to catalogue
the extent and strength of the existing empiric evidence on the health of
blue-collar women; identify patterns in publication over time, across
countries, and among various health outcomes; and to evaluate the
degree to which study findings converge. We examined literature
published between 1990 and 2015, a 25-year period selected to capture
major trends in the global economy that may be salient to con-
temporary working women's health.

Our search identified 177 peer-reviewed studies published over the
past 25 years across 40 different countries on a wide range of health
outcomes. Findings from these studies suggests that blue-collar women
experience worse health than either blue-collar men or other women.
This finding emerged as a general pattern across a diverse array of
studies with different target populations, designs, analyses, times,
contexts, and referent groups. The following factors, however, may
preclude direct comparison between many of the studies included in
this review.

First, substantial heterogeneity across geographies implies hetero-
geneity in sociopolitical and cultural contexts, which in turn may in-
fluence labor regimes, gendered norms around labor force participa-
tion, and ultimately any findings on the association between gender,
occupational class or the work environment, and health.

Second, while several studies reported findings on a specific ex-
posure-outcome relationship among blue-collar women, the majority
compared disease risk among blue-collar women to disease risk among
another group of women (such as female white-collar workers). Fewer
studies compared disease risk among blue-collar men and blue-collar
women. These three different types of measures of association cannot
be directly compared with one another. Interpretation of study findings
that contrast risk of morbidity and mortality among blue-collar men
and blue-collar women is further complicated by the fact that any dif-
ferences may be attributable to differences in biological sex, socially-
constructed gender, or some combination thereof. Interpretation of
study findings that contrast the risk of morbidity and mortality among
two groups of women distinguished by their occupational class is
complicated by the fact that measures of associations likely reflect some
combination of the effects of occupational class and indirect selection
processes (i.e. selection of more or less educated women into a parti-
cular occupational class) (Klumb and Lampert, 2004).

Third, study findings were influenced by age- and cohort-effects that
were not always addressed or adjusted for in analyses. Age effects result
from the physiological state of aging and the social influences asso-
ciated with a certain age, while cohort effects stem from influences
associated with membership to a particular birth cohort (Carlsson and
Karlsson, 1970). Although most studies controlled for age as a potential
confounder, we note substantial heterogeneity in the age range to
which the study population was restricted. Some studies, for example,
limited participation to older adults (Wamala et al., 1997; Wu and
Porell, 2000), while others included any adult over the age of 18 in
their study samples (McCormack, Giles-Corti, & Milligan, 2006).

Because risk for nearly all diseases increases with age, studies that
limited their samples to older adults are not comparable to those that
included a broader range of ages. Cohort effects also hinder cross-study
comparisons because different birth cohorts may have been exposed to
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certain risk or protective factors that differentially influenced their
likelihood of morbidity or mortality. Changes over time in societal
norms or other social, political, and environmental factors related to
gender and work potentially influenced patterns of health outcomes. As
men and women's exposure to job-related chemicals and substances,
ergonomic demands, and psychosocial stressors have varied over time,
the statistical significance of study findings may depend on the specific
birth cohorts included in the study population.

Fourth, because we did not limit our review to studies whose pri-
mary research question pertained to the causal effects of gender and
occupational class on health, estimates for sex/gender or occupational
class were often considered as secondary variables. Direct interpreta-
tion of the effect estimates for secondary risk factors, therefore, do not
necessarily represent total effect estimates, and may be confounded
even when the effect estimate for the main exposure is not (Westreich
and Greenland, 2013). This phenomenon can occur when the set of
variables used for adjustment are selected with the goal of isolating the
causal effect of the main exposure, not the secondary variables. The
appropriate set of control variables for a causal study of the effect of
any of the secondary variables may be different, however, from the set
presented in the current study. We therefore encourage readers to be
cautious in drawing conclusions from studies that controlled for gender
or occupational class but did not consider either as a main effect in their
analysis. We indicate which studies did not consider gender or occu-
pational class as a main effect with superscripts in the “reference group”
column in Table 2.

Fifth, the generalizability of results in this review is limited by the
over-representation of high-income nations. Although 40 different
countries were represented in our synthesis, the majority were based on
the experiences of women in industrialized, high-income countries —
particularly the Scandinavian countries and the United States. The
percentage of women employed in blue collar jobs in these countries
has held steady over the past 30 years (Mammen and Paxson, 2000;
O’Farrell, 1999), with growth of women in blue collar work occurring
predominantly in middle and low-income countries (Centre for Social
Development et al., 2018). A concerted effort to study the health of
blue-collar women in lower and middle-income countries will be es-
sential in order to gain a comprehensive understanding of how work
influences women's health in varied geographic contexts amidst chan-
ging sociopolitical contexts, gender norms, and labor laws. General-
izability is further complicated by the fact that single study populations
were represented multiple times among several of the papers, and by
variability in the composition of blue-collar industries represented by
the study population. While studies focused on workers from the same
industry subsector (e.g. primary metals manufacturing, textile mills)
may be more readily compared to one another, population-based stu-
dies where multiple blue-collar industries are represented have the
potential to offer more general information about blue-collar workers’
health.

Sixth, studies of working populations can yield biased findings due
to the healthy hire and the healthy worker survivor effects. The healthy
hire effect is the processes whereby healthier workers are more likely to
seek and gain employment (Lea et al., 1999), a phenomenon that is
particularly problematic for studies that directly compared blue-collar
women with women in the general population or women outside of the
workforce (Kéareholt, 2001; Soares, Grossi, & Sundin, 2007). A related
point is that other dimensions of social class that precede employment
status — namely educational attainment — may explain both entry into
blue collar jobs and inferior health. Approximately half of studies in-
cluded in this review (N = 89, 50.2%) did not adjust for educational
attainment, which raises the possibility that differences in educational
attainment offer a partial explanation for the observed inferior health of
blue-collar women as compared with blue-collar men and women in
other occupations or job types. Very few studies included in our review
employed methods to address the potential for increased likelihood of
null-biased results in longitudinal studies where a systematic attrition
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of unhealthy workers occurs over time (Betenia et al., 2012; Brown
et al., 2017; Costello et al., 2016).

Finally, the majority of studies—and nearly all studies reporting on
the health of blue-collar women in low- and middle-income coun-
tries—employed a cross-sectional design, which naturally raises ques-
tions regarding the temporal ordering of exposure and outcome. The
notable exceptions were the quasi-experimental studies, one of which
evaluated the effects of exogenous wage increases among factory
workers in the Dominican Republic (Landefeld et al., 2014). The other
two studies exploited changes in parental leave policies and firm clo-
sures in Austria (Del Bono, Weber, & Winter-Ebmer, 2012; Lalive and
Zweimdiiller, 2009). We also note many studies that were limited by
modest sample sizes, which decreases the power to detect real statistical
associations, particularly among blue-collar women who often comprise
a small minority of the study population. Threats to statistical power
were particularly common among studies evaluating health outcomes
with a low prevalence, such as cancer or cause-specific mortality.

5. Conclusion

In this “state-of-the-field” review, we find that research on the
health of blue-collar women over the past quarter century generally
suggests that blue-collar women experience worse health than blue-
collar men or women in other occupational classes. Methodological
limitations and notable heterogeneity across study populations, how-
ever, introduce uncertainty into the interpretation of such findings.
These factors, alongside the rapidly changing nature of women in the
workplace, motivate further study on the health of blue-collar women.
Efforts to identify specific mechanisms by which blue-collar work may
predispose women to adverse health may be particularly valuable in
informing future workplace-based and policy-level interventions. For
example, future reviews may focus on the synthesis of evidence on sex
differences in response to physical hazards in the workplace so as to
inform regulatory guidelines to improve occupational safety and health
(Howard, Piacentino, MacMahon, & Schulte, 2017; Sheehan and Lam,
2015). Alternatively, future efforts may focus on synthesizing the evi-
dence on the effects of various aspects of organizational climate on
women's health and well-being in historically male-dominated in-
dustries and occupations.

Expanding research into other countries, particularly less developed
nations, will be useful in order to gain understanding of how differences
in labor laws, working conditions, workplace safety, and in cultural
norms and attitudes toward women and work contribute to the health
of blue collar women. With much blue-collar work in middle and low-
income countries remaining in the informal sector, studies on the ex-
periences of these “invisible women,” at least from the economic sense,
are needed.
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Appendix A. List of search algorithms

Database Search terms

Google Scholar health, “blue collar women”
health “female blue collar”

PubMed?® Preliminary Search:

health, “blue collar women”
health “female blue collar”
Updated Search:
((((sex[tiab] OR female[tiab])) OR (("Sex Factors"[Mesh]) OR (("Women's Health"[Mesh]) OR "Women,
Working"[Mesh])))) AND (((((((("Industrial Development"[Mesh:NoExp]) OR "Manufacturing Industry"[Mesh:NoExp])
OR "Construction Industry"[Mesh:NoExp]) OR "Extraction and Processing Industry"'[Mesh]) OR "Textile
Industry"[Mesh]) OR "Tobacco Industry"[Mesh])) OR ("blue collar"[tw] OR "blue-collar"[tw]))

Web of Science # Preliminary Search:
health, “blue collar women”
health “female blue collar”
Updated Search:
(TS = (“blue collar”) OR TI = (“blue-collar”)) AND (TS = (women OR female OR “women work*”) OR TI = (Women
OR female OR “women work*”))

SCOPUS (TITLE-ABS-KEY ("blue collar" OR "blue-collar") AND TITLE-ABS KEY (women OR female) AND TITLE-ABS-KEY
(industr* OR "women work*") AND TITLE-ABS-KEY (health))

Contemporary Women's Words and phrases: blue collar

Issues Subject: health general

Women's Studies blue collar AND health
Quarterly

Social Sciences Citation TOPIC:(blue collar) OR TITLE: (blue collar) AND TOPIC:(women) OR TITLE:(women) AND TOPIC:(health) OR TITLE:
Index (health)

LGBT Life with Full Text Women AND Blue Collar

SafetyLit Women AND Blue Collar

CINAHL MH blue collar workers OR TI blue collar OR AB blue collar OR SU blue collar OR MH industry AND (MH "Women +")

OR (MH "Women, Working +")
Gender Watch ((SU.EXACT("Gender") OR SU.EXACT("Women") OR SU.EXACT("Female employees") OR SU.EXACT("Gender

differences")) OR all(women OR "women work*")) AND ((SU.EXACT("Manufacturing") OR SU.EXACT("Blue collar
workers") OR SU.EXACT("Manual workers") OR SU.EXACT("Construction industry")) OR all("blue-collar" OR "blue
collar"))

Cochrane “Blue collar” AND women

AFor Web of Science and PubMed we report our preliminary search strategy as well as the updated strategy developed by the medical librarian.
Appendix B. Description of findings by health outcome category

Studies that met the inclusion criteria for this systematic review were classified into one of 11 health outcome categories: BMI and metabolism;
cancer; cardiovascular diseases; disability and absenteeism; mental health; all-cause and cause-specific mortality; musculoskeletal disorders; re-
productive and sexual health; respiratory diseases; self-rated health; and smoking and other substance use. Disease endpoints that did not fit into one
of these categories were classified as “other.” Below, we summarize study findings within each health outcome category. For each health outcome
category, we first summarize results from studies that compared male and female blue-collar workers, we then summarize results from studies that
compared blue-collar women to women in other industries or job types. Finally, we discuss specific risk factors for disease identified among blue-
collar women. Where possible, we synthesize results and note consistency of findings.

BMI & metabolism (N = 13 Studies)

In one cross-sectional study of Michigan operating engineers, the odds of obesity were decreased in women versus men (Duffy, Cohen, Choi,
McCullagh, & Noonan, 2012). Findings on risk of obesity or increased BMI in female blue-collar workers, however, yield mixed findings. While
several studies note increased odds of obesity and increased BMI among blue-collar women as compared with either white-collar workers or
professionals (Bennett, Wolin, & James, 2007; Cho and Lee, 2012; Miura and Turrell, 2014; Santos and Barros, 2003), others reported equivalent
odds of overweight and obesity in blue-collar women and women with further education (Yang et al., 2008); lower waist circumference and waist-to-
hip ratio in blue-collar women versus white-collar women (Nakamura, Nakamura, & Tanaka, 2000); and no increase in fat mass index (FMI) in blue-
collar women versus those working in the transport and communications industry (Lewin et al., 2014). These discrepancies may reflect differences in
the reference group selected by the investigators or differences in the specific outcomes considered. The one study that compared diabetes risk in
blue- and white-collar women found increased risk for type 2 diabetes in blue-collar women (