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Abstract
Aging workers in manufacturing are at greater risk of workforce departure than 
in other sectors. Workers in manufacturing have a variety of job types. Some jobs 
require traditional kinds of intensive manual labor, but new technology now requires 
many workers to operate automated machines from computer workstations, resulting 
in different physical demands from traditional production jobs that can nonetheless 
contribute to musculoskeletal strain and decreased functional capacity. Musculo-
skeletal health (MSH) and perceived work ability (PWA) are relevant to departure 
decisions, yet studies rarely model these constructs simultaneously. We used the job 
demands-resources model to evaluate job/personal demands and resources as ante-
cedents of MSH and PWA, and examine both as mediators of departure. Workers 
from six U.S. manufacturers completed surveys (N = 758). Most were white, male, 
married, and middle-aged (M = 47.2 years). Hypotheses were tested using multiple 
linear regression and structural equation modeling. MSH and PWA were modeled as 
latent variables, and all others as observed variables. MSH and PWA were impacted 
by different demands and resources. Job demands (computer-based) and personal 
resources (sleep quality, leisure-time walking) predicted MSH, and job resources 
(supervisor support) and personal resources (sleep surplus) predicted PWA. MSH 
mediated relations of computer-based job demands, sleep quality, and leisure-time 
walking with PWA. MSH and PWA were unrelated to departure, likely due to sam-
pling limitations. Identifying upstream causes of MSH and PWA provides primary 
preventative points of intervention – such as reducing job demands and offering 
needed resources – that may improve the health and functioning of aging workers.
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Introduction

The average age of the American workforce is increasing, as a result of current 
demographic and social trends, including the aging of the population and the baby 
boom generation, an increase in life expectancy, and a decline in fertility rates 
(Ilmarinen, 2001; Loeppke et  al., 2013). The proportion of the U.S. workforce 
aged 55 and older was 22% in 2014, and will increase to an estimated 25% by 2024 
(Toossi, 2015). Moreover, the current U.S. trend is toward later retirement (Wheaton 
& Crimmins, 2012), an expected outcome following the 2008 Great Recession due 
to reductions in retirement savings and independently from policies that have raised 
the eligibility age for receiving full social security benefits. This workforce age 
increase is advantageous to the overall national economy because there are insuf-
ficient numbers of younger workers available to replace aging workers when they 
exit the workforce. Organizations also benefit from retaining older workers because, 
compared to younger workers, they have greater experience, a stronger work ethic, 
as well as more autonomy, efficiency, and work-life flexibility, and less work stress 
and coworker conflict (Loeppke et al., 2013; Shultz & Adams, 2012).

However, on average older workers face more health-related difficulties than 
younger workers, including decreases in physical capacity, working memory, cogni-
tion, vision and hearing acuity, and higher prevalence of musculoskeletal disorders 
(Loeppke et  al., 2013; National Research Council, 2004; Silverstein, 2008). Older 
workers also experience work-related challenges from excessive job demands (long 
hours, shift work) and reduced re-employment opportunities. They require longer 
time for recovery from injury/illness than younger workers, and job-related injuries 
are more likely to be severe or fatal (Loeppke et al., 2013; Silverstein, 2008).

Musculoskeletal Health in the Manufacturing Sector

The aging of the workforce is of special concern to manufacturers, as the average 
age of workers in that sector is increasing faster than the workforce in other sectors 
(Sweet et al., 2010). Manufacturing encompasses a variety of job types with varying 
demands. Some jobs are characterized by the kinds of manual, labor-intensive job 
demands traditionally found in heavy industry (e.g., tasks requiring forceful exer-
tion, speed, heavy lifting, vibration, uncomfortable temperatures) that pose obvious 
risk of injury and poor musculoskeletal health (Segar & Rahman, 2019). Other man-
ufacturing jobs are characterized by demands that are increasingly common in light 
industry as new technology now requires many workers to staff computer worksta-
tions to operate and monitor automated machines (and possibly to load/unload small 
materials into machines) (Segar & Rahman, 2019). Contemporary computer-aided 
machining jobs have different physical demands (i.e., static or dynamic sitting/stand-
ing postures, disadvantageous upper-extremity positions resulting in forward flexion 
and shoulder rotation) that are problematic in their own way (Deros et  al., 2013), 
and can pose musculoskeletal risks more common among administrative workers 
than workers in traditional manual-machining jobs. Administrative workers have 
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their own physical demands including prolonged computer work, combined with 
excessively static, sedentary work (Crandall et al., 2016; Wærsted et al., 2010).

Workers of all job types within the manufacturing sector have musculoskeletal 
demands, but they take different forms; examining variation in demands can help 
elucidate their relation to work ability and musculoskeletal health. Further, com-
bined with long or variable hours (e.g., overtime and shiftwork) with little schedule 
control and insufficient recovery time, and a challenging psychosocial environment 
(Gerr et  al., 2014; NORA, 2010; Sweet et  al., 2010), physical work demands can 
pose a challenge as workers in manufacturing age because of decreasing physical 
and adaptive capacity and also cumulative strain from years of work. These same 
job characteristics also put workers at risk for musculoskeletal disorders (Punnett & 
Wegman, 2004).

Musculoskeletal disorders (MSDs) include a broad range of inflammatory and 
degenerative diseases and disorders resulting in pain, primarily in the soft tissues, 
and impaired function (Buckle & Devereux, 2002). A conceptual framework of con-
tributors to MSDs posits that work-related factors (e.g., demands, resources) and 
personal factors (physical and psychological demands and resources) potentially 
contribute to MSDs as they may incite a physiological process that begins with the 
initial response to a workload (characterized by stress, force, motion, exertion, pos-
ture, vibration, temperature, etc.), and may progress to symptoms and/or adapta-
tion, to functional impairment, and finally to disability (National Research Council, 
1999).

In contrast to MSDs, musculoskeletal health (MSH) is the maintenance or 
improvement of the health and functionality of muscles (i.e., mass, strength, power, 
endurance), joints (i.e., range of motion, flexibility), and bones (i.e., bone strength, 
mineral density), as well as their integrated functioning (i.e., coordination, balance, 
speed, agility) (Bouchard et  al., 1993; Vuori, 1995). Like MSD, MSH is multidi-
mensional and can best be explained using a biopsychosocial perspective in which 
environmental and personal factors interact with body structure and function, affect-
ing a person’s ability to perform a range of life activities (Bergman, 2007). In the 
current study, we use the term “MSH-relevant” to refer to work and personal factors 
that may require exertion of musculoskeletal effort to accomplish (demands), may 
improve or strengthen musculoskeletal structure and functioning (resources), and 
have the potential to either strain or support a person’s musculoskeletal health.

Older people, and people with high physical demands and psychological 
distress, generally have a higher prevalence of musculoskeletal pain (McBeth & 
Jones, 2007). Furthermore, work-related activities can precipitate and/or worsen 
MSDs (NIOSH, 2015a, b). Aging workers may be especially susceptible to MSDs 
due to age-related tissue changes and slower tissue healing and remodeling, which 
require longer rest intervals for tissue repair and for preventing overuse (National 
Research Council, 2004). In industrialized countries, MSDs are the largest 
category of all occupational diseases (Punnett & Wegman, 2004; US Department 
of Labor, 2016), and the leading cause of long-term sick leave among workers 
(Bergman, 2007). Poor MSH is also associated with increased absenteeism and 
employee departure due to disability (Silvia Monteiro et al., 2009;  Waters, 2004). 
Moreover, decreased MSH and increased MSD are associated with lower work 
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ability (Eskelinen et al., 1991; Miranda et al., 2010; Nygård et al., 1991; Pohjonen, 
2001a; Pohjonen, 2001b; Sjögren-Rönkä et al., 2002; Van den Berg et al., 2009). 
Notably, workers in the manufacturing sector (both heavy and light) are at high 
risk for MSDs (Bernard, 1997).

Musculoskeletal Health and Work Ability

Work ability refers to a worker’s capacity to carry out the physical, mental, 
and interpersonal demands of her/his job (Ilmarinen et  al., 2008). The concept 
of work ability was developed by the Finnish Institute of Occupational Health 
in an effort to empirically determine which workers were most at risk for early 
departure from the workforce due to disability (Ilmarinen et al., 1991a, b). Work 
ability was first assessed in the 1980’s using the empirically-derived Work Ability 
Index (WAI), which included clinical measures of health, specifically regarding 
chronic health conditions and limitations, combined with employee perceptions 
of work-related functioning (Ilmarinen, 2009). Low levels of work ability are 
associated with thoughts of retirement and turnover intentions (Camerino et al., 
2006; Hopsu et al., 2005) and low WAI scores are associated with increased risk 
of early retirement, longterm sickness absence, and work disability (van den Berg 
et al., 2009).

Several of the WAI constituent items measure health status, and as a consequence 
it has drawn criticism because it has been used to predict health outcomes. It has 
also been noted that empirical derivations of the WAI have led to post hoc theorizing 
about work ability, and poor integration with work psychology theory (Ilmarinen & 
Tuomi, 2004). For this reason, subjectively-appraised work ability, perceived work 
ability (PWA), which does not use any clinical health measures, is increasingly used 
in work ability studies conducted by organizational psychology researchers. PWA is 
a robust predictor of employee retirement, absenteeism, and future disability (McG-
onagle et  al., 2015; Miranda et  al., 2010), independent of objectively ascertained 
health conditions and limitations (Ahlstrom et al., 2010; von Bonsdorff et al., 2011). 
Moreover, it is argued that perceptions of WA are important in and of themselves 
and sufficient to assess work ability; measures of PWA are psychometrically sound 
and PWA is a construct that explains unique variance in key correlates of work and 
health (Brady et al., 2020).

Work ability is an important topic in the study of aging workers (i.e., age 45 or 
older) as they are in a life phase when they may face major changes in their func-
tional relationship to work (Ilmarinen, 2001). Much of the seminal research on work 
ability has explicitly focused on aging workers, with interventions emphasizing the 
maintenance and promotion of work ability to prolong working life (Ilmarinen et al., 
1991a, 1991b; Tuomi et  al., 1991). However, the direct relation between age and 
work ability has been in question.

While some studies found that WAI scores decline with increasing age (Fischer 
et al., 2006; Ilmarinen et al., 1991b; Tuomi et al., 1998), other studies have not. For 
instance, McGonagle et al. (2015) did not find a relation between PWA and age in 
two study samples. It may be that work ability is more closely related to health status 
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than age, though age and health status are closely linked. Moreover, PWA reflects an 
individual’s self-assessment of health and functional status, which may be affected 
by age for some people and not for others (Barnes-Farrell et al., 2004; McGonagle 
et al., 2014). Recently, evidence for the relation has been strengthened by a meta-
analysis of over 100 studies showing that overall, age has a relatively consistent, but 
small, negative association with work ability (Brady et al., 2020).

Extension of Existing Research

Studies by McGonagle et al. (2015) and Brady et al. (2020) are the most compre-
hensive recent examinations of work ability, and both are responsive to calls for 
researchers to further develop the work ability construct and its theoretical under-
pinnings. These studies together have advanced work ability research by clearly 
operationalizing the work ability construct, grounding it within accepted organiza-
tional theory, and establishing a framework for further investigating the nomological 
network of the antecedents and outcomes of work ability (Brady et  al., 2020). In 
the current study, we build upon their work and extended it via the specific applica-
tion of knowledge to the topic of musculoskeletal health among aging workers in 
the manufacturing sector. Following the recommendation that both the occupational 
context (e.g., work demands) and personal characteristics (e.g., individual resources) 
be considered when evaluating antecedents of work ability (Brady et al., 2020), we 
specifically focused on examining the health/functioning of the musculoskeletal sys-
tem, as it is an essential determinant of workers’ capacity to meet the demands of 
various types of jobs in the manufacturing sector (Silverstein, 2008). To guide our 
analysis of work ability’s antecedents and enable us to identify various modifiable 
factors, we applied the job demands–resources (JD-R) model (Bakker & Demerouti, 
2007; Demerouti et al., 2001) as did both McGonagle et al. (2015) and Brady et al. 
(2020).

We first sought to understand whether better MSH among workers in manufactur-
ing is associated with PWA. Work ability has been studied in workers from several 
occupational groups (i.e., municipal, construction, healthcare, administrative, etc.), 
but rarely studied in manufacturing (Alavinia et  al., 2007; Pohjonen, 2001a; Poh-
jonen, 2001b; Sjögren-Rönkä et al., 2002; Tuomi et al., 1991; van den Berg et al., 
2008). Our aim in conducting this study is to determine whether protecting and pro-
moting MSH in an aging workforce is a key pathway to maintaining work ability 
and preserving functional status. We thus sought to identify predictors of MSH and 
PWA among workers in manufacturing, for the purposes of informing the develop-
ment of targeted preventative interventions that support aging workers’ ability to 
continue working with good health and function, and to have a productive work life 
that is not curtailed involuntarily.

Demands, Resources, and Perceived Work Ability

We first examined predictors of PWA. According to the JD-R model, job demands 
are aspects of a person’s job that require the expenditure of their physical and 
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psychological effort, and job resources are the needed work-related factors that 
a person draws from to fulfill their job demands. Job demands related to work 
ability include five types: quantitative, mental/emotional, physical, environmen-
tal conditions, and workplace mistreatment (Brady et  al., 2020). Excessive job 
demands can ignite a health impairment process that, via strain/burnout, leads 
to poor outcomes (e.g., health problems). Having abundant job resources sparks 
a motivational process which, via well-being/engagement, leads to positive out-
comes (e.g., good performance) (Schaufeli & Taris, 2014). Job resources related 
to work ability include seven types: coworker support, supervisor support, job 
control, task resources, rewards, justice perceptions, and organizational climate 
(Brady et  al., 2020). The JD-R model also posits that job resources can attenu-
ate the negative effects of job demands, resulting in decreased worker strain, and 
reduced adverse health outcomes.

In their meta-analysis of work ability studies, Brady and colleagues (2020) 
used the JD-R model as a framework and found consistent negative associa-
tions between job demands and work ability, and consistent positive associations 
between resources (both job and personal) and work ability. McGonagle et  al. 
(2015) also used the JD-R model to assess job demands and resources (both job 
and personal), as well as their interactions, as predictors of PWA. Findings sug-
gested that personal and job resources are more strongly associated with PWA in 
the short term, while job demands seem to accumulate over time, having a lagged 
effect on PWA. Although McGonagle et  al. (2015) did not find supportive evi-
dence for an association of job demands/resources interactions with PWA; other 
studies have found support for these interactive associations (Bakker et al., 2005; 
Xanthopoulou et al., 2007).

Over time, the originators of the JD-R model recognized that the inclusion of 
personal resources was an important extension of their model (Demerouti & Bak-
ker, 2011) and defined personal resources as beneficial aspects of self, linked to 
feelings of resiliency and mastery that people can draw from in conducting their 
daily life activities (Bakker et  al., 2014). Further development of the concept 
within work ability research has differentiated two types of personal resources: 
psychosocial and health-based (Brady et  al., 2020). Psychosocial personal 
resources (e.g., self-efficacy, optimism) and health-based personal resources (e.g., 
general health indicators such as sleep, health behaviors such as physical activity) 
can both influence daily functioning and a worker’s ability to successfully fulfill 
their work role.

McGonagle et  al. (2015) incorporated both types of personal resources (e.g., 
general health status, positive affectivity) into their model, and found that resources 
were the strongest predictors of PWA, relative to demands. In their meta-analysis, 
Brady et al. (2020) likewise found that resources were stronger predictors of work 
ability than demands. Both McGonagle et al. (2015) and Brady et al. (2020) found 
particularly strong associations between health-related personal resources and work 
ability. These findings suggest that in addition to job demands and resources, it is 
critical to take into consideration workers’ personal resources; and in this current 
study on musculoskeletal health, health-related personal resources are particularly 
relevant.
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Demands from work are not the only sort that prompt the expenditure of physi-
cal and psychological effort, and thus we propose that in models examining vari-
ance in PWA, it is also necessary to consider a worker’s personal demands. The 
JD-R model recently evolved to include personal demands, however research is 
in its early stages (Bakker & Demerouti, 2017). Personal demands have primar-
ily been operationalized as self-imposed expectations for work performance and 
behavior which compel workers to invest effort and thus incur physical and psy-
chological costs (Barbier et  al., 2013). In existing studies, these have taken the 
form of personality traits (perfectionism, emotional instability; Lorente Prieto 
et al., 2008) and workaholism (working excessively and compulsively; Guglielmi 
et al., 2012; Schaufeli et al., 2009).

Barbier et al. (2013) called for further research to clarify the concept, opening 
up the possibility of alternative interpretations and other variables being opera-
tionalized as personal demands. For instance, Zeijen et al. (2021) suggested that 
in addition to personal demands that compel workers to invest extra effort into 
work, attention should be paid to personal demands (e.g., maladaptive beliefs, 
awfulizing, need for control) that cause workers to withhold effort, deplete energy, 
and risk strain. One factor identified as a hindrance to effort is work-life conflict, 
operationalized as a personal demand in a study that applied the JD-R model to 
nurses, and found to be strongly associated with burnout (Moloney et al., 2018).

This suggests that responsibilities outside of work may represent personal 
demands, which is in keeping with Total Worker Health®, an approach that 
explicitly posits that worker health is affected by what takes place both at work 
and outside of work (NIOSH, 2015a, b). Childcare and eldercare responsibilities 
can require effort analogous to that of paid work and drain personal resources 
(Himmelweit, 1995; Hochschild, 1997); they also have a negative association 
with work ability (Cadiz et al., 2019; Fischer et al., 2006; Vedovato & Monteiro, 
2014). Routine household chores/maintenance and household management have 
similar effects (Dugan & Barnes-Farrell, 2020). As such, we use the term per-
sonal demands in our study to refer to unpaid home/family work, and posit that 
the cumulative impact of demands and resources at play in a person’s life, both 
in paid work and private life, must be accounted for to fully understand how they 
contribute to PWA. Thus, we propose the following hypotheses:

Hypothesis 1: MSH-relevant job demands are negatively associated with PWA
Hypothesis 2: MSH-relevant job resources are positively associated with PWA
Hypothesis 3: MSH-relevant personal demands are negatively associated with 
PWA
Hypothesis 4: MSH-relevant personal resources are positively associated with 
PWA
Hypothesis 5: MSH-relevant job resources will moderate (buffer) relations 
between MSH-relevant job demands and PWA
Hypothesis 6: MSH-relevant personal resources will moderate (buffer) rela-
tions between MSH-relevant personal demands and PWA
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Demands, Resources, and Musculoskeletal Health

According to the JD-R model, job demands and resources, independently and in 
interaction with one another, can impact health, including MSH (Schaufeli & Taris, 
2014). For instance, Joling et al. (2008) found that job demands (i.e., high physical 
workload) were associated with an increased risk of MSDs, and that job resources 
(i.e., quality of communication) independently predicted reduced risk and also buff-
ered the effect of demands on MSDs. Similarly, Pekkarinen et al. (2013) found that 
among nurses working in geriatric units, job demands (i.e., heavy mental workload) 
were associated with increases in musculoskeletal symptoms, and that job resources 
(i.e., distributive justice) buffered against this effect.

Past research shows that personal demands and resources are also linked to MSH. 
This is in keeping with a landmark report explicitly stating that MSD problems are 
caused by both work and non-work activities, and that research fails to fully assess 
MSH due to its prioritization of work-related factors over non-work-related factors 
(National Research Council, 1999). Strazdins and Bammer (2004) found that in 
addition to job demands (i.e., repetitive work, poor ergonomic equipment), lack of 
resources due to home/family demands (i.e., fewer opportunities for relaxation and 
exercise during non-work time) were linked to upper-body musculoskeletal symp-
toms among women. Another study revealed that the physical demands of provid-
ing informal care to dependent adults increased physical strain and musculoskeletal 
discomfort (Darragh et al., 2015). Other research suggests the physical demands of 
child care (e.g., lifting, carrying, bending, and sitting on the floor) are associated 
with poorer MSH in day care workers (Gratz et  al., 2002) and mothers of young 
children (Vincent & Hocking, 2013). On the other hand, personal resources, such 
as the muscular strength and functioning provided by leisure time physical activity 
and exercise, are associated with improved MSH (Garber et al., 2011; Vuori, 1995). 
Thus, we propose the following hypotheses:

Hypothesis 7: MSH-relevant job demands are negatively associated with MSH
Hypothesis 8: MSH-relevant job resources are positively associated with MSH
Hypothesis 9: MSH-relevant personal demands are negatively associated with 
MSH
Hypothesis 10: MSH-relevant personal resources are positively associated with 
MSH
Hypothesis 11: MSH-relevant job resources will moderate (buffer) relations 
between MSH-relevant job demands and MSH
Hypothesis 12: MSH-relevant personal resources will moderate (buffer) relations 
between MSH-relevant personal demands and MSH

Finally, because the relation between demands and resources and PWA may par-
tially be explained by a worker’s MSH, we propose the following:
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Hypothesis 13: MSH is positively associated with PWA
Hypothesis 14: MSH partially mediates relations between job demands, job 
resources, personal demands, personal resources and PWA

Work Ability, Musculoskeletal Health, and Employee Departure

Empirically, work ability predicts employee departure (e.g., disability retire-
ment) and is associated with turnover intentions (Ilmarinen, 2009). WAI scores 
have been associated with increased risk of early retirement, long-term sick-
ness absence, and work disability (van den Berg et al., 2009), and PWA has been 
associated with retirement, absenteeism, and future disability (McGonagle et al., 
2015; Miranda et  al., 2010). Recently, a meta-analysis showed that work abil-
ity (using both WAI and PWA measures) was associated with exit intentions and 
behaviors, and a variety of related work outcomes including job attitudes and per-
formance, motivation, and strain (Brady et al., 2020).

Poor MSH is also linked to absenteeism and employee departure due to dis-
ability (Silvia Monteiro et al., 2009; Waters, 2004). However, the way in which 
MSH and PWA, when examined together, affect employee departure has not been 
empirically examined. To determine the best possible point of intervention, we 
investigated the relation between the MSH and PWA, as well as the roles of these 
variables in predicting employee departure. We define organizational departure 
as workers who left the workplace for various (health and non-health) reasons, 
including voluntary and involuntary work cessation, work disability, and planned 
retirement. Thus, we propose that:

Hypothesis 15: PWA is negatively associated with employee departure
Hypothesis 16: MSH is negatively associated with employee departure
Hypothesis 17: PWA partially mediates the relation between MSH and 
employee departure

The Current Study

We build on the most detailed recent examinations of work ability by McGona-
gle et al., (2015) and Brady et al., (2020) by expanding their applications of the 
JD-R model to examine PWA and employee departure in two new ways. First, our 
model is relevant to the health of the musculoskeletal system in particular, rather 
than to health in general. Second, in response to a call from Barbier et al. (2013) 
to further investigate the concept of personal demands in the context of the JD-R 
framework, we include personal demands as predictors in our model, because 
unpaid home/family labor places physical and psychological demands on workers 
that potentially affect their MSH and PWA. Figure 1 shows our conceptual model.

81Occupational Health Science (2022) 6:73–110



1 3

Method

Participants

This study is part of a longitudinal cohort study, conducted in six medium-sized 
(175–525 employees) skilled light manufacturing companies in the Northeast 
U.S. Light industry is the manufacturing of relatively high-value items per unit 
of weight (e.g., consumer goods such as furniture, clothes, home appliances); it 
uses moderate amounts of partially-processed materials to produce goods that are 
relatively low cost and easily transportable, with production usually taking place 
in relatively small manufacturing units on industrial estates; see Cherniack et al., 
2015; Li & Lin, 2017). Four of the companies were unionized.

The parent study focuses on aging in the manufacturing sector, measuring 
changes over a five-year time period in musculoskeletal, psychosocial, and work-
related variables (see Cherniack et al., 2015). All workers at selected sites were 
eligible to participate in the study, regardless of age. We sampled both produc-
tion and administrative workers who have different types and combinations of 
physical demands related to their jobs (i.e., jobs may require intensive manual 
labor, operation of automated machines from computer workstations in dynamic 

MSH-relevant 
Job Demands

(4 measures)

MSH-relevant 
Job Resources

(5 measures)

MSH-relevant 
Personal 

Resources

(4 measures)

MSH-relevant 
Personal 
Demands

(3 measures)

MSH-relevant 

Job Demands X Job Resources

(20 interac�on terms)

Musculoskeletal 
Health Latent 

Variable

Departure

MSH-relevant 

Personal Resources X Personal Demands

(12 interac�on terms)

Perceived Work 
Ability

Fig. 1   Conceptual Model of Perceived Work Ability and Musculoskeletal Health
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sitting/standing postures, or sedentary computer work in static postures). We 
included a diverse group of workers to obtain variability in job demands in order 
to fully assess relations with musculoskeletal health. The study was reviewed and 
approved by the University’s Institutional Review Board, and each study partici-
pant signed the approved written consent prior to study participation.

Consenting workers completed paper questionnaires at three time points 
(12–18  months apart), administered on-site by research staff during work hours. 
Surveys assessed a variety of health, work and non-work, and psychosocial variables 
using established measures that the research team has a history of extensive use with 
(Morse et al., 1998, 2004). Participants received a small incentive for completion. 
The cross-sectional survey data used in this paper were collected at Time 1 (2008) 
when there was a true inception cohort. The employee departure data was assessed 
at Time 3 (2013).

Measures

Predictors of MSH and PWA

MSH‑Relevant Job Demands  To evaluate the variety of job demands that workers 
within this cohort have, we assessed four MSH-relevant job demands. Psychologi-
cal job demands, a subscale of the Job Content Questionnaire (JCQ; Karasek, 1985; 
Karasek et  al., 1998) consists of four items (e.g., “My job requires working very 
fast”) with a 4-point scale from 1 (strongly disagree) to 4 (strongly agree), and an 
average score was calculated from these items.

We assessed physical job demands relevant to manual work with six items from the 
Occupational Safety and Health Administration (OSHA) 1995 checklist (OSHA, 
1995; n.d.) by asking respondents how many hours on an average day they spend 
in six activities: (a) twisting of torso; (b) kneeling/squatting; (c) grasping an object 
hard with your whole hand; (d) repeatedly bending the neck in any direction; (e) 
moderate forward or side bending of torso; and (f) severe forward bending of torso 
more than 45 degrees. The six items were rated with a 5-point scale ranging from 0 
(0 h) to 4 (more than 8 h) with in-between values in 2-h increments. Responses to 
the six items were averaged.

We assessed computer-based physical demands with two OSHA checklist items 
(OSHA, 1995; n.d.) by asking respondents how many hours on an average day they 
spend in two activities: (a) sitting stationary; and (b) holding the neck, shoulder, 
arms, or hands in one position for a long time. The two items were rated with a 
5-point scale ranging from 0 (0 h) to 4 (more than 8 h) with in-between values in 2-h 
increments. Responses to the two items were averaged.

Standing or walking at work was assessed with a one-item measure from the 
EPIC Physical Activity Questionnaire (Wareham et al., 2002) that asked what pro-
portion of time (in 10% increments) on the job was spent standing or walking, with a 
11-point scale ranging from 0 (always sitting) to 10 (always standing/walking).
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MSH‑Relevant Job Resources  We assessed five MSH-relevant job resources. Cow-
orker support and supervisor support were each measured with JCQ subscales (Kar-
asek, 1985; Karasek et al., 1998). Each subscale includes two items (e.g., coworker: 
“People I work with are helpful in getting the job done”; supervisor: “My supervisor 
pays attention to what I am saying”) rated on a 4-point scale from 1 (strongly disa-
gree) to 4 (strongly agree); averages were computed for each.

A single question created for this survey considered an aspect of postural con-
trol, the ability to decide when to stand or sit at work (“Depending on the needs 
of the job, can you decide when to sit, stand, or move around?”), using a 4-point 
scale from 1 (never) to 4 (always). Another aspect of control, schedule control, was 
assessed by asking participants to indicate their level of agreement with the state-
ment “I have control over my work schedule” on a 4-point scale from 1 (strongly 
disagree) to 4 (strongly agree) (Breaugh, 1985). How work hours fit with non-work 
commitments was evaluated with the question “In general, do your working hours 
fit in with your family or social commitments outside work?” which was rated on a 
4-point scale from 1 (very well) to 4 (not at all well); this scale was reverse coded so 
that high values indicated better fit (European Foundation, 2007).

MSH‑Relevant Personal Demands  We assessed three MSH-relevant personal 
demands. Child care was assessed with a single item that asked how much personal 
responsibility the worker had for any children under the age of 18 in the house-
hold on a 4-point scale, with response options that included 0 (no children under 
18 in household), 1 (another adult has primary responsibility), 2 (I share respon-
sibility with another adult), and 3 (I have primary responsibility). Adult care was 
assessed with two items that asked how many adults (a) under age 65, and (b) aged 
65 and older, were dependent on the individual for help in any way due to disability 
or chronic illness, with response options ranging from 0 (none) to 5 (five or more 
adults). We summed responses to the two items to create an adult care composite 
with a range from 0 to 10.

House and garden work was assessed with two items that asked respondents to 
estimate the number of hours in an average week that they spent doing household 
chores (e.g., cleaning, washing, cooking) and outdoor chores (e.g., gardening, yard 
work, do-it-yourself activities). Both items used a six-point response scale in three-
hour increments including 0 (0 h), 1 (1–3 h), 2 (4–6 h), 3 (7–9 h), 4 (10–12 h), and 5 
(13 or more hours) (Wareham et al., 2002). We summed responses to the two items 
to create a house and garden work composite with a range from 0 to 10, with higher 
scores reflecting more time spent working on housework and outdoor chores.

MSH‑relevant personal resources  We assessed four health-based personal resources 
relevant to MSH. Sleep quality was assessed using an item from the Pittsburgh sleep 
quality index (Buysse et al., 1989) that asked respondents to answer “How would 
you describe the quality of your sleep on a typical night?” using a 5-point rating 
scale from 0 (can’t say) to 4 (good). Two questions assessed sleep duration, asking 
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respondents to indicate (a) the typical number of hours they slept within a 24-h 
period and (b) the number of sleep hours they needed for good functioning. Both 
items used an eight-point response scale ranging from 1 (less than 4 h) to 8 (greater 
than 10 h) with in-between values in 1-h increments. We used these two items to 
calculate a sleep discrepancy variable (i.e., actual sleep hours minus needed sleep 
hours), with negative values indicating a sleep deficit and positive values indicating 
a sleep surplus.

We used single-item measures to assess the number of hours respondents spent 
in an average week doing two forms of leisure-time physical activity: vigorous 
physical exercise (e.g., fitness, aerobics, swimming, jogging, cycling) and walking 
(e.g., walking to work, shopping, leisure time). Both items used a six-point response 
scale in three-hour increments including 0 (0 h), 1 (1–3 h), 2 (4–6 h), 3 (7–9 h), 4 
(10–12 h), and 5 (13 or more hours) (Wareham et al., 2002).

Mediators/Outcomes

Musculoskeletal Health  Several scales were used to create a MSH latent variable, 
in which we modeled MSH as a factor with four indicators including overall physi-
cal health, absence of pain and limited motion, absence of MSH-related work and 
activity limitations, and absence of MSH-related sleep limitations. Overall physi-
cal health was assessed using the Short-Form Health Survey’s (SF-12) physical 
health component scale and computed per its guidelines (Ware et  al., 1998). This 
instrument features 12 questions and response weights to generate valid and reli-
able, norm-based, standardized scores (e.g., cross-sectional U.S. sample: Ware et al., 
1996; cross-cultural sample: Gandek et  al., 1998; longitudinal sample: Jenkinson 
et al., 1997: for scoring instructions see Ware et al., 1998). Standardized scores have 
a mean of 50, with possible scores ranging from 0 to 100. Higher scores indicate 
better physical health.

Work and activity limitation due to musculoskeletal problems (Miranda et al., 2014) 
was measured by asking respondents to indicate whether they were limited in their 
work or regular activities during the past week because of any: (a) back problem; (b) 
knee problem; (c) hand, arm, or shoulder problem. The three items were rated with 
a 5-point scale ranging from 1 (not at all limited) to 5 (unable to work or do regu-
lar activities) and were reverse coded before being averaged (European Foundation, 
2007). Higher scores indicate an absence of work and activity limitations.

Sleep limitation due to musculoskeletal problems (Miranda et al., 2014) used a 
similar scale. Participants were asked to indicate whether they had any difficulty 
sleeping during the past week because of any: (a) back problem; (b) knee problem; 
(c) hand, arm, or shoulder problem. The three items were rated with a 5-point scale 
ranging from 1 (no difficulty) to 5 (so much difficulty that I can’t sleep), and were 
reverse coded before being averaged (European Foundation, 2007). Higher scores 
indicate an absence of sleep limitations.
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Pain and limited motion (Miranda et al., 2014) were assessed by asking partici-
pants to look at an anatomical diagram of the human body and indicate how much 
pain, aching, or stiffness/limited motion they had during the past 3 months in the 
various bodily areas shown: (a) neck; (b) shoulder; (c) wrist or forearm; (d) hands; 
(e) low back; (f) knee; and (g) foot. The seven items were rated with a 5-point scale 
ranging from 0 (none) to 4 (extreme). Responses were reverse coded and summed 
so that higher values indicated absence of pain. This meant that scores potentially 
ranged from 0 (indicating extreme pain in all bodily areas) to 28 (indicating no 
pain). The observed range in the present study was 11 to 28.

Perceived Work Ability  Perceived work ability was measured using four items from 
the Health and Retirement Survey of 2008 (Smith et  al., 2013) which have been 
used in previous research (McGonagle et al., 2015). The measure included an item 
that assessed respondents’ current overall work ability relative to their best ever and 
three items that assessed respondents’ work ability pertaining to the physical, mental 
and interpersonal demands of their job. For all four items, the response scale ranged 
from (0) cannot currently work at all to (10) best work ability of lifetime. Our analy-
ses used perceived work ability as a latent variable with the four WAI items as indi-
cators. Standardized factor loadings ranged from 0.79 to 0.84.

Employee Departure  Employee departure is a 5-year cumulative outcomes meas-
ure assessed at Time 3 with administrative data provided by Human Resources 
departments (when available) and informally on-site (when necessary). To cre-
ate the dichotomous departure variable, we coded employees who were still cur-
rently employed in the organization as a 1 (employee did not depart), and we coded 
employees who had departed from the organization for any reason (i.e., voluntary 
and involuntary termination, voluntary retirement, long-term disability, and death) 
as a 2 (employee departed).

Control Variables  Control variables were age (continuous, measured in years), gen-
der (categorical, female or male), household income (categorical, $10,000-$24,999, 
$25,000-49,999, $50,000-$74,999, $75,000-$99,999, $100,000 or more), and job 
type (categorical, production or administrative).

Analytical Strategy

The hypotheses were tested using multiple linear regression and structural equa-
tion modeling (SEM) in Mplus 8.1 (Muthén, & Muthén, 1998–2017). Job demands, 
job resources, personal demands, personal resources, and employee departure were 
modeled as observed variables. MSH and PWA were modeled as latent variables. 
Standardized factor loadings for MSH ranged from 0.68 (pain and limited motion) 
to 0.83 (work and activity limitation), while the work ability loadings ranged from 
0.79 (overall work ability) to 0.84 (mental work ability). After mean-centering, we 
created two sets of interactions terms. The first set comprised 20 interactions that 
represented all possible pairings of job demands and job resources. The second set 
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consisted of 12 interactions which accounted for every pair of personal resources 
and personal demands. Because work ability is a negatively skewed construct, we 
used robust maximum likelihood (MLR) estimation, which is robust to non-normal-
ity. All variables, including controls, were modeled simultaneously.

Results

Descriptive statistics are shown in Table 1. A total of 758 employees completed the 
survey. Response rates were low and ranged from 29 to 52%, likely due to worker 
concerns about employers having access to their personal information, in spite of 
assurances about confidentiality by research staff. Other barriers included the 
lengthy nature of the paper surveys, difficulty recruiting people on the second and 
third shifts (although researchers recruited on-site on all shifts), and lower educa-
tion levels and lack of English-language proficiency (although researchers offered 
assistance in filling out surveys). The population was 71% male, 83% white, and 
71% married/partnered. The mean age was 47.2  years old (SD = 10.9). Fifty-two 
percent had production jobs (rather than administrative jobs). For all scales, Cron-
bach alphas showed an acceptable level of internal consistency (ranging from 0.50 
to 0.88). Bivariate correlations are shown in Tables 2, 3, and 4.

Direct Effect of MSH‑relevant Demands and Resources on Perceived Work Ability

Table 5 summarizes the predictors of work ability, as assessed in Hypotheses 1 – 4. 
As shown in Table 5 (step 5), job demands did not influence PWA (H1). For job 
resources, supervisor support (β = 0.14, p < 0.01) had a positive effect on PWA (H2). 
All effects of MSH-relevant personal demands were non-significant (H3). However, 
one personal resource—sleep surplus (β = 0.14, p < 0.01)—had a significant positive 
effect on PWA (H4). There were no other significant direct effects observed between 
MSH-relevant demands and resources on PWA. Overall, we found partial support 
for Hypotheses 2 and 4, but there was no support for Hypotheses 1 and 3.

Interactive Effects of Demands and Resources on Perceived Work Ability

There was one significant interaction term in each set of job demands-by-resources, 
and personal demands-by-resources interactions. See Appendices B, C, and D for 
the full results of the PWA interaction tests. Unfortunately, these moderations were 
inconsistent; job and personal resources did not consistently buffer the relations 
between MSH-relevant job and personal demands and PWA. Thus, we infer partial 
support for H5 and H6.

Direct Effect of MSH‑relevant Demands and Resources on Musculoskeletal Health

Table 6 summarizes the predictors of MSH, as explored in Hypotheses 7 through 
10. Table 6 (step 5) shows that for job demands, computer-based physical demands 
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had a significant negative effect (β = -0.15, p < 0.05) on MSH (H7). With respect 
to the personal resources, sleep quality (β = 0.30, p < 0.001) and walking (β = 0.10, 
p < 0.05) had positive effects on MSH (H10). Like PWA, personal demands had 
no significant influence on MSH (H9). Moreover, no significant direct effects were 
observed for job resources on MSH (H8). Based on these results, we inferred partial 
support for Hypotheses 7 and 10, and no support for Hypotheses 8 and 9.

Interactive Effects of Demands and Resources on Musculoskeletal Health

Interactive effects were more prevalent for MSH than for PWA. For MSH, we 
observed three significant interaction terms within the set of job demands-by-
resources interactions and three significant interaction terms for personal demands-
by-resources. See Appendices B, E, and F for the full results of the MSH interaction 
tests. Similar to the results of the interactive effects on PWA, the interaction terms 
inconsistently represented the buffering effects of job and personal resources. As a 
result, this poses challenges in making inferences about the interaction plots. There-
fore, we conclude that there is partial support for Hypotheses 11 and 12.

Influence of Perceived Work Ability and Musculoskeletal Health on Employee 
Departure

As seen in Table 5 (step 5), MSH had a positive direct effect (β = 0.29, p < 0.001) 
on PWA (H13). We tested whether the significant predictors of MSH—computer-
based physical demands, sleep quality, and hours spent walking—had an indirect 
effect on PWA, via MSH. Using Selig and Preacher’s (2008) bootstrapping proce-
dure, we utilized the parameter estimates of the aforementioned predictors of MSH 
(a′-paths), and the MSH-PWA linkage (b′-path), along with their respective standard 
errors. Based on 20,000 iterations, we determined the 95% confidence intervals for 
computer-based physical demands, sleep quality, and hours walking.

As seen in Table 7, the confidence intervals for these estimates do not include 
zero, which is evidence consistent with mediation. Therefore, we inferred that MSH 
partially mediates the effects of job/personal demands and resources on PWA (H14). 
Table 8 shows that there was no significant association between PWA (H15) or MSH 
(H16) and employee departure. Consequently, it was unnecessary to test for the indi-
rect effect of MSH on employee departure, via PWA (H17). To summarize, there 
was full support Hypothesis 13 and partial support for Hypothesis 14. However, we 
found no support for Hypotheses 15, 16, and 17. Table 9 provides an overview of all 
study hypotheses and associated results.

Discussion

The present study examined predictors of MSH and PWA, as well as their effects 
on departure, in a population particularly susceptible to steeper declines in health— 
aging workers in the manufacturing sector. Our goal was to expand the literature 
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by modifying McGonagle et al.’s (2015) and Brady et al.’s (2020) recent and com-
prehensive examinations of work ability which apply the JD-R model. In doing so, 
we made two contributions above and beyond their work. First, we incorporated 
a multidisciplinary operationalization of MSH into the model and narrowed the 
scope of predictors to those that held a greater theoretical importance for MSH and 
PWA. Second, we delivered a fuller account of the JD-R model by adding personal 
demands as predictors of MSH and PWA, responding to a call from other research-
ers to further investigate the concept of personal demands (Barbier et al., 2013).

Direct Effects

Our findings for PWA showed that one job resource (i.e., supervisor support) and 
one personal resource (i.e., sleep surplus) were associated with PWA, although sev-
eral of the other job and personal resources that we examined were not. McGonagle 
et al. (2015) found that three job resources were related to PWA (including supervi-
sor support, as we found), and that many personal resources (i.e.,  five psychoso-
cial, two health-based) were also linked to PWA. The incongruence between our 
and McGonagle et al.’s (2015) findings may be that they included different personal 
resources (i.e., mostly psychosocial, such as sense of control, beneficial personal-
ity traits) and job resources (i.e., autonomy) than those used in our investigation. 
Our findings were somewhat more congruent with Brady et al. (2020), who found in 
their meta-analysis that seven job resources (i.e., coworker support, supervisor sup-
port, job control, task resources, rewards, justice perceptions, positive organizational 
climate) were consistently, positively related to work ability. They also found that 
four types of health-based personal resources were positively related to work ability: 
general health (including sleep), physical health, mental health, and health behaviors 
(including physical activity) as well as ten types of psychosocial personal resources. 
A future study of PWA and MSH should assess the role of psychosocial personal 
resources, which were not included in our study.

We used measures to evaluate the variety of MSH-relevant job demands that 
workers in the manufacturing sector have, none of which were related to work abil-
ity. These findings differ from McGonagle et al. (2015) who examined a different set 
of job demand measures and found several (i.e., role overload, physical demands, 

Table 7   Indirect Effects of 
Computer-based demands, 
Sleep Quality, and Walking 
on Perceived Work Ability 
as Outcome Variable, via 
Musculoskeletal Health 
(Mediator)

Dependent Variable: Perceived Work Ability Bootstrapped 
Confidence 
Interval

Predictor
Computer-based physical demands 95% CI

[-.07, -.01]
Sleep quality 95% CI

[.03, .13]
Walking hours 95% CI

[.003, .04]
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unfavorable body positions, negative environmental conditions) to be related to 
PWA. Brady et al. (2020) also found five types of job demands to be consistently, 
negatively related to work ability: quantitative, mental/emotional, physical, envi-
ronmental conditions, and workplace mistreatment. Importantly, our finding that 
resources (rather than demands) relate to PWA aligns with the JD-R model, which 
generally posits that engagement-related positive outcomes such as PWA partially 
result from abundant job resources (Schaufeli & Taris, 2014).

Overall, the MSH direct effects observed in this study were in line with previous 
research and support Schaufeli and Taris’ (2014) assertion that strain-related out-
comes tend to result from both available resources and excessive job demands due 
to their impairment of health. Our reported association between MSH and computer 
work contributes to growing research based on the problematic nature of computer 
work for MSH, combined with the broader set of risks associated with sedentary 
jobs (Crandall et al., 2016; Wærsted et al., 2010). Future studies in light manufac-
turing should consider assessing mental/cognitive job demands, as the operation of 
automated machines increasingly requires workers to have technical ability and criti-
cal-thinking skills, which have been linked to MSH (Aas et al., 2011).

Our finding of a positive association between leisure-time walking and MSH is 
consistent with prior studies indicating the effectiveness of walking interventions 
for improving pain and function outcomes (O’Connor et  al., 2015). The associa-
tion between sleep quality and MSH has been observed in several recent studies (de 
Souza et al., 2020; Marklund et al., 2020; Roizenblatt et al., 2015; Vinstrup et al., 
2018).

Overall, we did not find significant associations of any personal demands and 
either PWA or MSH, but this may be attributed to the small proportion of partici-
pants affected by child care, adult care, and domestic home/garden responsibilities. 
Moreover, eldercare is periodic and never affected more than ~ 15% of the parent 
study’s population at any cross-sectional point. Therefore, conclusions are guarded. 

Table 8   Multiple Regression Results for Employee Departure as Outcome Variable

Employee departure (1 = stayed; 2 = left); *p < .05; **p < .01

Model Step 1: Controls Step 2: Musculoskel-
etal Health

Step 3: Per-
ceived Work 
Ability

β (SE) β (SE) β (SE)

c. Employee Departure predicted by:
  Age -.02 (.05) -.02 (.05) -.02 (.05)
  Gender (male = 1, female = 2) .04 (.04) .04 (.04) .04 (.04)
  Income -.14 (.04)** -.14 (.04)** -.13 (.04)**
  Job type -.04 (.04) -.04 (.04) -.04 (.04)
  Musculoskeletal Health -.01 (.05) .01 (.05)
  Perceived Work Ability -.05 (.06)
  Total R2 0.03 0.03 .03*
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Further work is needed to examine and clarify the concept of personal demands 
within the context of work ability and MSH.

Interactions

We systematically examined the interactive and buffering effects of the JD-R vari-
ables. In line with prior research (e.g., Mansell & Brough, 2005), the interactive 
effects did not consistently buffer against adverse work- and health-related out-
comes. This has been a limitation of the JD-R model for quite some time (Kain & 
Jex, 2010; Tucker et al., 2008), which is why a growing proportion of occupational 
health scholars opt for the use of direct effects (Luchman & González-Morales, 
2013). Detailed interpretations of our counterintuitive results are hindered by the 
large number of interaction terms evaluated. Ostensibly, this increases the family-
wise error rate.

Nevertheless, our interaction results broadly support the need for future studies 
to integrate qualitative approaches to JD-R and MSH research. For instance, semi-
structured interviews (see Lundh & Rydstedt, 2016) with a subsample of workers in 
manufacturing may contextualize instances where counterintuitive findings are dis-
covered. Another possible explanation may be found through psychological contract 
theory (Rousseau & Schalk, 2000), which suggests that certain job resources (e.g., 
supervisor support) lend themselves to yielding mixed results due to their depend-
ence on employee perceptions of trust and reciprocity. The expectations workers 
have of their employers, co-workers, and work environment influence whether a 
demand or resource has its hypothesized impact; therefore, we urge future research-
ers to include assessments of employee expectations when designing studies that 
seek to evaluate interactive effects of the JD-R.

Limitations

As does the most recent iteration of the JD-R model, we included personal demands 
in our study in the form of home/family work (i.e., caregiving and home/garden 
responsibilities), for which we found no direct effects. This may be attributed to the 
small portion of the sample reporting such demands, possibly due to those demands 
affecting people at limited time periods in their life span. Personal demands that 
were conceptualized as being MSH-relevant may actually have been less relevant to 
MSH and PWA than other types of personal demands. Our measures may also have 
been insufficient, as although child care and adult care responsibilities were reported 
as low, anecdotally in focus groups, many older workers told us that they had adult 
children move back home during a period of financial uncertainty (the study period 
coincided with the Great Recession of 2008). Moreover, our creation of a composite 
variable of housework and garden work is a methodological weakness because we 
are unable to clearly make a connection between the score and hours spent work-
ing in the house and garden. This may be an epidemiological issue of misclassi-
fication. Further, there may be more salient constructs for assessing the personal 
demands which could be examined in future studies; for example, prolonged use 
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of computers and mobile devices is associated with musculoskeletal symptoms, yet 
studies rarely examine computer/device use in personal life in combination with 
their use at work (Borhany et al., 2018). Finally, although we use the term “personal 
demand” because of our theoretical framing using a resources-based perspective 
(i.e., job demand-resources model), this has the drawback of eclipsing the positive 
associations (i.e., enjoyment, restoration) of home/family work that may be relevant 
to MSH and work ability.

Although an underlying assumption of this study was that employees would leave 
work due to health and work demand factors, the reality was that due to the reces-
sion of 2008 and its associated enduring economic hardships, expected retirements 
did not occur and disability retirement was virtually absent (Cherniack et al., 2015). 
Thus, despite associations of MSH and PWA, it is possible that exceptional con-
ditions and period effects may negate application of these constructs to employee 
departure. A major limitation of this study was the imprecision of our employee 
departure measure. Although the goal of these analyses was to identify contributors 
to employee departure, the results, while in the expected direction, were not statisti-
cally significant. We chose to create an inclusive measure, capturing all types of 
employee departure that might be associated with MSH and PWA decrements: vol-
untary and involuntary termination, retirement, long-term disability, and death. An 
unknown percentage of these departures may not be due to decreased PWA or MSH 
(random misclassification), and thus necessarily dilute any associations between 
these predictors and employee departure outcomes and bias results towards the null 
hypothesis. This, combined with the relatively small number of participants who left 
employment in this study, made statistical significance difficult to achieve. Future 
research should examine the association of PWA and MSH and other factors known 
to be related to exit intentions and behaviors, including job attitudes (e.g., satis-
faction, commitment), job performance, motivation (e.g., engagement), and strain 
(Brady et al., 2020).

Other limitations of this study should be considered. This was a cross-sectional 
study (apart from the employee departure variable), so we are unable to make any 
statement on causation. The self-reported nature of all measures may also have led 
to imprecision or bias. For instance, the measure of MSH we used may be limited. 
It may be that chronic MSH problems, rather than intermittent, matter most in terms 
of perceptions of PWA. In addition, more younger workers departed (compared 
to older workers), which may reflect a healthy worker effect or show that younger 
employees were able to find work elsewhere. However, our data did not provide that 
contextual information.

Implications for Prevention and Intervention

This study, in combination with existing studies, adds to the growing body of lit-
erature demonstrating the connection between poorly designed work, reduced 
work ability and MSH, and outcomes of disability and employment departure. To 
the list of work predictors, this study also adds non-work factors—accounting for 
personal demands and decrements in personal resources. These findings strengthen 
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the rationale for a Total Worker Health® (TWH) approach to interventions which 
addresses exposures in both the work and non-work domains as well as their interac-
tions, and are more effective in improving worker health (NIOSH, 2015a, b). One 
non-work factor that emerged as noteworthy in this study, the recession of 2008, 
speaks to the importance of considering broader impacts on worker health from the 
larger social-ecological environment.

In our sample from the industrial sector, MSH was predicted by job demands 
(computer-based) and personal resources (sleep quality, leisure-time walking), and 
PWA was predicted by job resources (supervisor support) and personal resources 
(sleep surplus). These results suggest changes in work organization that reduce job 
demands and increase personal resources, particularly by allowing employees more 
time for recovery activities such as sleep and health-enhancing activities such as 
physical exercise, would be beneficial. Schedule flexibility and control are the most 
obvious targets, but the importance of supervisor support in our model suggests that 
improving this workplace resource might also improve personal circumstances and 
well-being.

The constructs and predictors of MSH and PWA thus have potential for improving 
work organization, work design, and work/life balance. On the individual level, they 
have implications for screening and clinical treatment of disability, as well. Study 
results suggest that brief measures of both constructs could have a dual purpose. 
Decrements in either or both could flag the need for a more detailed analysis of the 
patient’s work and non-work demands and resources, with suggestions for personal 
and organizational changes designed to improve function. These decrements could 
also serve as a diagnostic screening tool to quickly identify patients who might be 
in need of treatment and rehabilitation. Ideally, a simple battery of MSH and PWA 
indicators could be administered longitudinally, with sudden changes in measure 
magnitude or slope over time serving to identify patients in need of more concerted 
attention.

Conclusion

This study makes several important contributions to this field of research. Work 
ability research is not common in the U.S., and our study expands the research on 
work ability in the American workforce. Moreover, we focus on the manufactur-
ing sector, a sector that is largely overlooked in work ability research, but one that 
is appropriate for a study focused on MSH, work ability, and employee departure 
(Sweet et al., 2010), particularly given its aging workforce. We observed new asso-
ciations between both job and personal resources and work ability, job demands 
and personal resources and MSH, and MSH and work ability. Identifying anteced-
ents of MSH and PWA can provide points of intervention to improve the health 
and functioning of aging workers. Our study indicates that reducing job demands 
and offering resources that increase psychosocial support at work and engagement 
in health behaviors may be effective interventions for promoting MSH and work 
ability.
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