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ABSTRACT

As the global population ages there is an imperative to enhance labour participation of older
workers in ways that support good physical and psychological health. However, there is limited
guidance for organisations on how to do this effectively. This systematic review examined litera-
ture identified through four databases and a targeted web-search, yielding 39 PRISMA records (32
scholarly, seven grey literature) reporting workplace interventions aimed at improving the injury
outcomes of older workers. The review revealed that organisational and composite interventions
may be most effective, although an absence of robust research in this area and a scarcity of
empirical evidence-based interventions known to improve injury outcomes for older workers was
noted. Responding to these shortcomings, this article presents ‘A future research agenda for older
worker health, safety and well-being interventions.’ This systems-based approach has a dual focus
on organisational and composite interventions combined with robust research design.
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Practitioner summary: We conducted a systematic literature review of studies focussed on
workplace interventions to improve the physical and psychological safety of older workers.
Within the existing literature, evidence for effective interventions and guidance for organisations
is weak. We present a future research agenda with a systems approach to address these gaps.

1. Introduction have stated goals to enhance the labour participation of
older workers (Stynen, Jansen, and Kant 2017), there is a
paucity of research evidence to guide the interventions
needed to meet these goals.

The goals of ergonomics and human factors (E/HF)

Globally, the population is ageing (World Health
Organisation 2015), with considerable impacts on labour
supplies, financial sustainability of pension schemes,
health systems and organisations (Avendano and Cylus

2019; Stynen, Jansen, and Kant 2017). Improved working
conditions and technological advances, coupled with
increases in the retirement or superannuation age, have
led to many workers remaining longer in the workforce
(Beers and Butler, 2012; Delloiacono 2015, Horton et al.
2018; Leime and Ogg 2019; Poscia et al. 2016). This
change to workforce demographics has necessitated
governments and businesses to focus resources towards
creating physically and psychologically safe work envi-
ronments for older workers. While many jurisdictions

are to improve both human performance and well-
being through effective integration of the physical,
organisational and social sub-systems by designing
environments to fit the people that use them (Dul
et al. 2012). Considering the needs and capabilities of
people is central to this, including the changes in
capabilities and preferences that occur as people age
(Elton and Nicolle 2015). Yet, workforce ageing has
been the focus of only limited E/HF attention (e.g.
Bentley et al. 2021; Costa and Sartori 2007; Dul et al.
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2012; Kumashiro 2000). Aligned with an E/HF
approach, this systematic literature review sought to
examine interventions reported within the scholarly
and grey literature that aimed to reduce the risk of
physical and psychological injury amongst older work-
ers through changes to the organisation of work, work
design, and the work environment. The review also
captured individual-level interventions that focussed
on the worker as these often included a work design
or organisational component.

1.1. Defining older workers

Defining a chronological age range for older workers is
problematic as it assumes that chronology is a valid
proxy for behaviour when, in practical terms, it may be
only loosely associated with function (World Health
Organisation 2015). There is no accepted definition in
Australia of the age at which someone is classified as an
‘older worker’, although health begins to decline at age
55, according to the Queensland Government’s Office of
Industrial Relations (2019). Generally, older worker stud-
ies include people 45 years-of-age and older and a focus
range of age is often defined for the purposes of specific
reports. For example, a 1993 WHO (World Health
Organisation 1993) report defined an older worker as
over 45 years-of-age, while a UK based study specified 50
and over (National Institute of Economic and Social
Research 2017). The studies included in this review
adopted various definitions for an older worker, although
these typically fell within the 40-65 years-of-age range.

1.2. Work-related musculoskeletal disorders,
psychological injuries and older workers

While a growing body of research has focussed on
identifying and assessing the extent and nature of
health and safety risks to older workers (Delloiacono
2015), the literature does not deal specifically with
interventions to prevent and manage work-related
musculoskeletal disorders (WMSD) and psychological
injury. These conditions have complex aetiologies aris-
ing from exposure to physical and psychosocial haz-
ards in the workplace (Caponecchia et al. 2020;
Robertson, Jayne, and Oakman 2021). International
research indicates older workers experience a high
prevalence of WMSD (Delloiacono 2015; Tugman
2013), carry a high-cost burden and contribute to early
retirement (Oakman, Clune, and Stuckey 2019). The
role of psychological stress in the development of
WMSD is widely acknowledged (for example, Gerr
et al. 2014; Lang et al. 2012; Macdonald and Evans
2006). For older workers, psychological injury
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exacerbated by the impact of WMSD may lead to
functional decline, loss of employment and early
retirement (Oakman, Clune, and Stuckey 2019).

The extant literature highlights the fact that psycho-
social risks, such as high demands, role conflict, lack of
managerial or co-worker support, stress, bullying and
discrimination in the work environment, are detrimental
to both health and well-being of older workers and can
also increase the probability of early retirement (Beehr
et al. 2000; Bentley et al. 2019; Bibby 2008; Chiu et al.
2001; Nilsson 2016). Indeed, studies indicate that where
the work is intrinsically stressful, such as for police offi-
cers (Gershon, Lin, and Li 2002) and nurses (Santos et al.
2003), older workers are more likely to have significant
mental health problems. In line with this research,
Nilsson (2016) found that a poor work environment and
associated stress and mental disorders were associated
with early retirement amongst older workers, especially
in highly demanding work environments (Johnston and
Lee 2009). Research also indicates that older workers
may need more rest and recovery time between periods
of work, are less able to sustain long work hours and
high work-pace (Nilsson 2016) and may be negatively
impacted by shift work (Blok and de Looze 2011).
However, other research evidence suggests that older
workers may be more resilient to some work demands,
including work-family conflict and stress (Mauno,
Ruokolainen, and Kinnunen 2013), as well as exposure to
workplace bullying (Personal Communication).

1.3. Interventions for older worker physical and
psychological injury

As people work into older age, work tasks, systems,
and equipment need to adapt in order to continue to
reduce risk, prevent injury and enhance well-being
(EU-OSHA 2016). Strategies used to deal with the chal-
lenge of ageing workforces often focus on individuals
rather than taking a systems approach (Robertson,
Jayne, and Oakman 2021). For example, exercise pro-
grams for older workers focus on improving individual
capacity rather than considering the design of work
systems and tasks to fit the capabilities and needs of
older workers. However, the literature offers growing
empirical evidence for the role of organisations in sup-
porting the health and well-being of older workers
through design and management systems initiatives
tailored specifically for this population. These include
mature-age job design and management practices
such as recognition, support and flexible work oppor-
tunities which have been found to increase older
workers’ well-being and satisfaction with work
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Table 1. Search terms for the scholarly databases.

Aged worker terms
(joined with OR) AND

Workplace injury terms (joined

with OR) AND

Outcomes (specific injuries)
(joined with OR) AND

Organisational interventions
(joined with OR)

Work-related injur*
Occupational injur*

Older worker
Ag*ing workforce

Mature age worker Work injur*
Older employee* Workplace injur*
Workability

Occupational health and safety injur*
Workplace health and safety injur*
Workplace

Organisation

organisation

Occupation*®

Psycho* health

Psycho* safety

Psycho* harm

Psycho* disorder
Mental health outcomes
Mental well-being
Musculoskeletal disorder
Wmsd

Msd

Musculoskeletal injur*
Pain

Mental illness
Workplace stress
Occupational injur®
Workplace injur*

Age discrimination
Strains and sprains

Control strateg*

Risk control*

Participatory intervention*
Management system
Evaluation approach

Risk prevention

Injury prevention

Risk management

Job design

Manual handling intervention
Workplace intervention
Organisational intervention
Early intervention
Intervention strategy
Healthy workplaces

Return to work
Ergonomics

Occupational overuse Job control
Repetitive strain

Slip fall trip

Well-being

Wellbeing

Healthy work

Health at work

(Bentley et al. 2017; Kooij et al. 2010; Raab 2020; Teo
et al. 2022). Vanajan, Bultmann, and Henkens (2020)
found perceived access to flexible working hours and
a psychologically safe work climate to be associated
with improvements in workability amongst older
workers with chronic health conditions. Moreover, the
improved well-being of older workers associated with
mature-age management practices were explained by
inclusive leadership and feelings of being recognised
and valued (Teo et al. 2022), while Bentley et al.
(2017) found perceptions of changes in job design
and positive work environment promoted well-being
and positive engagement. These studies indicate that
it is the design and organisation of work and work
environments, rather than the age-related factors per
se, that are the more important influences on older
workers’ well-being (Guglielmi et al. 2016; Raab 2020;
Thorsen, Jensen, and Bjgrner 2016).

This review aimed to identify, from the scholarly
and grey literature, interventions used to address
older worker health, safety and well-being and exam-
ine the evidence of their effectiveness (Bentley et al.
2022). This paper provides a summary of those results,
reflecting the current knowledge and research in this
area. Drawing on this, we present an E/HF research
agenda for older worker health, safety and well-being.

2. Method

2.1. Scholarly literature search strategy

Search strategies were developed for the scholarly lit-
erature by the research team in consultation with a

university librarian. The search terms for the scholarly
literature are shown in Table 1 and were applied to
the CINAHL, PsychINFO, ProQuest Business and Scopus
databases. These databases were selected as the most
appropriate in terms of coverage of the relevant con-
tent (allied health, psychology, business and citation
databases) and with the maximum coverage of listed
peer reviewed articles. Limits placed on the search
included: English language; published from 2000; jour-
nal articles, literature reviews, or conference proceed-
ings. Limiting the search to articles published from the
year 2000 was agreed in the co-design process for the
study with the project funder as being broadly con-
sistent with the start of a growth in research interest
in the field while still capturing relatively contempor-
ary approaches to prevention, including technological
interventions. The search was conducted in July 2021.

2.1.1. Exclusion and inclusion criteria

At screening, included articles needed to have a focus
on work, older workers currently participating in work,
and include interventions for older workers. Reasons
for exclusion included domains other than work (e.g.
medical treatment for clinical populations); matters
other than interventions (e.g. experimental work);
returning older people to the workforce (e.g. retirees,
the unemployed); finding new work opportunities for
older people so that they can participate in employ-
ment; removing discrimination or stigma around hiring
older people; and theoretical contributions that did
not implement or evaluate interventions.
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Figure 1. PRISMA flowchart of the literature search.

2.1.2. Screening protocol

Using the PRISMA protocol for systematic literature
reviews (Page et al., 2021), the search initially identi-
fied 3458 records for review (Figure 1). After the
removal of 172 duplicates, the resultant records were
entered into Covidence software to facilitate the
screening and selection process. The PRISMA 2020
Checklist was used to guide the review (Page et al.
2021) and while the risk of bias cannot be eliminated,
the researchers (co-authors to this paper) developed
protocols to minimise the risk and improve consist-
ency. The protocols were tested by two project
researchers before being agreed on by the remainder
of the research team. Next, the researchers independ-
ently screened the title and abstract of the records,
two researchers for each record, to determine rele-
vance for the scope and focus of the review based on
the inclusion criteria. In cases where the two co-
authors did not agree on whether to include the art-
icle, the screening was marked as a conflict and a
third researcher reviewed the conflicts to resolve them
by consensus. Fifty-three papers were included for a
full paper review and an additional 21 records were

Identification of studies via scholarly databases ] [ Identification of studies via other sources ]
)
s Records identified from Records removed before Records identified from:
s Databases (n = 3458) screening: Web Search (n = 24)
s Duplicate records removed Research Team (n = 38)
s (n=172)
s
—
)
Records screened by Records excluded for not Records screened for Records excluded for not
tttIeA and Apstract by two meeting inclusion criteria inclusion by research 5| meeting inclusion criteria
reviewers independently (n=3179) team (n = 62) (n=48)
(n =3286) Duplicates removed (n = 7) Duplicates removed
I (n=2)
Conflicts screened b
2 ; 4 Records excluded for not Records assessed for Records excluded for not
£ title and Abstract by two iy iteri eligibility (n = 12) —> meeting inclusion criteria
@ | | reviewers by consensus meeting inclusion criteria Records from (n=8)
a1 | (n=100) (n=47)
&0 references search
J/ (n=3)
Records assessed for Records excluded (n = 42)
full paper review (n = 53) - No intervention (n = 35)
Records from references - Did not meet inclusion
search (n =21) criteria(n=7)
() \L
Scholarly literature
included in review
8 | | (n=32, 11 review
2 records + 21 intervention
£ records)
Grey literature included
— | inreview (n=7)

identified from the references examined and subjected
to the same full paper screening process. The full
paper reviews were conducted by four members of
the research team who assessed each paper for inclu-
sion in the study. Forty-two papers were subsequently
excluded; 35 did not include interventions and seven
did not meet other inclusion criteria. This resulted in a
total 32 scholarly records being included in the review.
Eleven were reviews and 21 were intervention records.

2.2, Grey literature

The grey literature was identified by searching web-
sites of key organisations, government bodies and
enterprises with potential interest in workplace health
and safety, older workers, and well-being at work.
Documents containing information on evidence-based
interventions or strategies designed for older workers
were included. The grey literature website search iden-
tified 24 documents, together with a further 38 that
were provided by the co-authors for a total of 62
documents. Each document was allocated to a mem-
ber of the research team to determine whether the
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Table 2. Data extracted from the full-text reviews.

Review articles (n=11)

Intervention articles (n=21)

Grey literature documents (n=7)

e Authors e Authors e Author/funding source
e Year e Year e Year
e Literature type e Intervention type o Title
e Aims e Study design e Record type
e Main findings of research design e Participants e Jurisdiction
e Main findings of impact of intervention e Industry and jurisdiction e Summary
e Method/intervention e Additional comments
e Main findings
document met the inclusion criteria. Fifty documents (more detail is included in  Supplementary
were removed (two were duplicates and 48 did not Appendix 1).

meet the inclusion criteria) and three records were
added through examining the references of the schol-
arly records. The remaining 15 documents were read
in-depth by co-authors (AV, VH, LO) and eight
excluded for not focussing on older workers or being
informative for workplace interventions. A total of
seven records from the grey literature were included
in the review (Figure 1).

2.3. Data extraction and synthesis

The resultant records were considered separately as
review articles, intervention articles and grey records,
as they can describe heterogenous information, for
example multiple interventions across a range of
industries. The information extracted from records dur-
ing full-text analysis is shown in Table 2.

2.4. Ethical statement

Not applicable.

3. Results
3.1. Full-text review

A total of 39 articles (11 review articles, 21 interven-
tion papers and 7 grey literature documents) from the
scholarly literature and grey literature met the review
criteria and were included in the full-text review.
Generally, the number, scope and quality of the stud-
ies reviewed were limited, suggesting a significant gap
in knowledge related to which interventions are most
effective in tackling older worker injuries. Grouped by
document type, the details of the retained papers are
discussed next.

3.2. Review articles

Table 3 shows a summary of the type of review
articles, their focus and the interventions examined

3.2.1. Study characteristics

Where stated, the age-range addressed within the
review papers was between 40-65 years or had a focus
across all working age ranges but included specific
content on older workers (e.g. Pieper, Schroer, and
Eilerts 2019). The reviews concerned older workers
generally, rather than focussing on specific industries,
though Nilsson (2016) focussed on agriculture and
Denton, Evans, and Xu (2021) on nursing and midwif-
ery. The reviews explored a range of older worker out-
comes, extending beyond worker health, safety and
well-being, to include related issues of workability,
performance and retention. None focussed specifically
on WMSD or psychological injury, although several
papers included studies focussed on either WMSD or
employee well-being or work stress (e.g. Roper and
Yeh 2007; Pieper, Schroer, and Eilerts 2019).

3.2.2. Intervention foci

The review papers mostly included multiple interven-
tions for older worker health, safety, well-being and
workability. Some addressed specific intervention cate-
gories such as workplace physical activity interven-
tions (Merom et al. 2021) and workplace health
promotion campaigns (Nilsson 2016). The foci of the
remaining review papers were across a wide range of
interventions including those related to physical
aspects (e.g. design and equipment, engineering
improvements, safety equipment); individual
approaches (e.g. stress management, exercise, educa-
tion programs); and organisational improvements (e.g.
work environment, administrative changes).

3.2.3. Intervention effectiveness

Positive findings on intervention effectiveness were
reported for multi-component interventions (Pieper,
Schroer, and Eilerts 2019), and integrated approaches
as systematic solutions for complex problems (Cooklin
et al. 2017). These studies typically included both
organisational and individual-level interventions, for
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Table 3. Review article summary.
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Source

Type

Category/Focus

Intervention(s) examined

Roper and Yeh (2007)
Crawford et al. (2010)
McDermott et al. (2010)
Poscia et al. (2016)
Nilsson (2016)

Cooklin et al. (2017)

Pieper, Schroer, and Eilerts
(2019)

Varianou-Mikellidou et al.
(2019)

Soderbacka, Nyholm, and

Literature review

Literature review
Literature review

Systematic literature
review

Systematic literature
review

Systematic literature
review

Systematic review of
systematic reviews

Literature review

Scoping review

Ergonomics solutions for WMSD

Health promotion
Occupational health

Workplace health promotion

Prevention of WMSD in
agriculture

Health promotion and
occupational health and
safety

Prevention of WMSD,
psychological and behavioural
disorders, and economic
evaluations of interventions

Physical and psychological
Impacts of ageing and
occupational health and
safety

Health and workability

Engineering improvements, administrative
improvement, personal protective equipment
Wellness programs, occupational health programs

Occupational medicine programs, working
conditions, workstation change, shift rotation
change

Activity-based, web-based

Training, work equipment modification

Workplace modification, health education, lifestyle
support (e.g. diet, smoking cessation), clinical
examinations, training, health promotion,
motivational counselling, exercise

Job stress management training, workstation
adjustment and equipment, exercise, training,
educational programs

Age management: recruitment, training, career
development, flexible working, health
promotion, job rotation, retirement transition

Health screenings and checks, counselling, exercise

Fagerstrom (2020).

Denton, Evans, and Xu (2021) Scoping review

Merom et al. (2021) Systematic review and

meta-analysis fitness

Organisational strategies

Workplace physical activity and

programs, health promotion, coaching, work
environment and organisational modifications

Wellness programs, redeployment, flexible hours,
support networks, recognition of
knowledge/experience, ergonomics, ongoing
education

Prescribed walking, walking groups, coaching, web-
based health promotion, nutrition, yoga,
exercise classes, motivational sessions, balance
and strength training at work, Nordic walking,
treadmill workstations, Tai Chi, pedometers

example a combination of exercise, education and
equipment in reducing musculoskeletal pain (Pieper,
Schroer, and Eilerts 2019). Evidence for the effective-
ness of single component interventions for enhancing
older worker health, safety, well-being or workability
was mixed. Job stress management training and work-
station adjustments as single approaches were found
to have no effect on WMSD outcomes (Pieper,
Schroer, and Eilerts 2019), while another review
reported moderate effects of stress management train-
ing on stress reduction, although there was no evi-
dence for the sustainability of this approach (Pieper,
Schroer, and Eilerts 2019). Workplace health promotion
programs failed to improve the workability, productiv-
ity or job retention of older workers (Poscia et al.
2016). There was limited evidence that individual-level
interventions such as health promotion, exercise, web-
based programs and training have positive outcomes
for older workers (Merom et al. 2021; Poscia et al.
2016), although almost all the reviews reported meth-
odological weaknesses that limited the value of the
research studies. There was some evidence of effect-
iveness for multi-component interventions including a
mix of organisational and individual-level interven-
tions) (Pieper, Schroer, and Eilerts 2019).

3.3. Intervention articles

A summary of the interventions examined in the full-
text review and the main findings of each of the 21
intervention articles is included in Supplementary
Appendix 2.

3.3.1. Outcome measures

A wide range of subjective and objective outcome
measures related to aspects of older worker health,
safety, well-being and workability were used in the
articles. Some specifically targeted improvements in
WMSD, including aspects of posture or workstation
improvement, or work stress/mental health outcomes.
However, many records assessed other specific health,
e.g. balance (Granacher et al. 2011), diet (Cook et al.
2015), or general health outcomes such as workability
(De Boer et al. 2004) or absenteeism (Hesselink, de
Leede, and Goudswaard 2010). Other studies targeted
improvements to aspects of work design that would
be expected to result in a reduction in exposure to
WMSD and psychosocial risk factors (e.g. Weichel et al.
2010; Harma et al. 2006).

3.3.2. Study design and intervention types
Approximately one-half (n=11) of the records
reported using randomised-controlled trial (RCT) or
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Individual level
(n=9)

Exercise and physical
activity

(n=5)

Health promotion
(n=1)

Training and
education

(n=2)

Group intervention
(n=1)

Figure 2. Individual-level interventions reported in the older worker literature.

Organisational level
(n=9)

Work Management of
design/scheduling work
(n=5) (n=2)

Workplace o
accommodation Participatory
(n=1) (n=1)

Figure 3. Organisational-level interventions reported in the older worker literature.

case-controlled evaluation designs. Two studies appear
to have used no control group. The interventions can
be broadly divided into individual-level interventions
(n=9; Figure 2) and organisational level interventions
(n=9; Figure 3). Three records included both individ-
ual and organisational interventions, which we have
termed ‘composite’ interventions.

Individual-level interventions most frequently
included physical activity, reported in conjunction with
training interventions in two cases. There was some
overlap between some of the intervention records
involving exercise, diet, health promotion and training.

Organisational-level  interventions  (Figure  3)
included the design/scheduling and management of
work and workplace accommodation. As such, they
were designed to reduce exposure to the risk factors
associated with injury and health risks to older work-
ers, rather than acting on the individual to increase fit-
ness to avoid injury, resilience to injury or aid coping.

3.3.3. Intervention effectiveness

3.3.3.1. Physical activity and exercise. The most
applied intervention category was physical activity and
exercise. Evidence of effectiveness was mixed, and
relatively inconclusive as different components were
more or less effective, and studies did not provide lon-
ger-term evaluations. One study included a mix of
yoga, workout sessions, aerobic exercise, and free fruit
(Strijk et al. 2012), and although the program had
some positive effects on sports participation and fruit

intake, it did not show benefits for aerobic capacity or
mental health. Another RCT involved a Tai Chi well-
ness program (Palumbo et al. 2012), showing work
stress reduction and some non-significant improve-
ments in general and mental health for the Tai Chi
group. An RCT of a web-based health promotion
(Cook et al. 2015) showed some improvements in diet-
ary and exercise practices of older workers after three
months, particularly for women. Cirla et al. (2005) uti-
lised a training intervention of six simple exercises
during work time for older sedentary office workers.
Musculoskeletal complaints were improved for 21 of
the 56 workers participating in the trial, although the
strength and duration of effectiveness was unclear.

3.3.3.2. Training. The evidence for effectiveness of
training interventions on older worker health-related
outcomes was also mixed, with inconsistencies in
study design making determining the adequacy of
specific solutions to address older worker injury prob-
lematic. Taieb-Maimon et al. (2012) compared an office
training group (personal ergonomics training and
workstation adjustments), a photo-training group
(office training and self-modelling photos of partici-
pants’ postures), and a control group. Both training
methods resulted in posture improvement during the
first 12days of the intervention, but sustained
improvement (at six weeks) was seen only with the
photo-training method. The intervention had greatest
benefit to older workers, females, and those suffering



most musculoskeletal pain. Another study examined
the effectiveness of an ergonomics and health training
program (including physical exercise, skills training
and self-experience) on work interest, workability (i.e.
ability to work) and health in older urban transport
drivers (Karazman et al. 2000). The findings of the
study suggested improvements in workability and
health and positive trends for ergonomics and rela-
tionships at work.

3.3.3.3. Work scheduling. Papers reporting interven-
tions that focussed on aspects of work and shift
scheduling (n=3) targeted a range of health and
well-being outcomes. All found particularly strong
positive effects for older workers on the outcomes tar-
geted. The interventions focussed on altering the shift
rotations with a view to improve health and absentee-
ism rates. Harma et al. (2006) examined the impact of
changes to a rapid, forward-rotating shift system on
sleep duration of younger (<45years) and older (45+
years) shift workers. The authors found older workers
were positively affected, with improvements in sleep,
well-being and alertness following night shift. A case-
controlled study by Hesselink, de Leede, and
Goudswaard (2010) examined a number of roster
changes on health, injury and absence of all workers
in a steel production site. Changes included more
days off after night shifts, backward to forward rotat-
ing and slow to fast rotating shifts. Older workers par-
ticularly benefitted from these new arrangements,
including improvement in fatigue and musculoskeletal
problems. A study by Piszczek and Pimputkar (2021)
found flexible schedules to benefit older workers in
terms of sick days and health perceptions.

3.3.3.4. Work design. Aspects of work design have
been considered in the classifications that reflect the
study’s key focus (e.g. work scheduling) while other
studies included work design as part of composite
interventions. May et al. (2004), in a quasi-experimen-
tal longitudinal field study, examined the impact of
workstation ergonomics design improvements on
municipal workers’ perceptions of workstation qual-
ities, musculoskeletal complaints, and satisfaction.
Findings suggested the experimental groups had
superior outcomes to those of controls, although this
effect was weaker for older workers. A study by
Weichel et al. (2010) examined the impact of task rota-
tion on health and performance outcomes of equip-
ment manufacture workers in the automobile industry.
While older workers rotated tasks less, and therefore
had less variety in their work, greater rotation was
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associated with lower absenteeism and improvements
to health. However, the study sample size was small,
did not incorporate a control group and there were
few older workers in the workplace.

3.3.3.5. Management of work. The two management
of work/worker reviews (Skoglund and Skoglund2005;
Morelock, McNamara, and James 2017) used training
and other means to develop the capabilities and skills
of managers to manage older workers and maintain a
safe and healthy work environment. As managers can
strongly influence the work experience of older work-
ers this approach would seem to have merit, though
only one of the studies found a beneficial effect.
Skoglund and Skoglund (2005), implemented a one-
year training program for managers of municipal
workers. The interventions were detailed, involving a
mix of policy reviews, interviews, seminars, support
and mentorship. The program was evaluated using a
quasi-experimental design, finding that managers’
knowledge about ageing and workability was
improved, with skills developed that enabled them to
assess the needs of older workers and use the know-
ledge in practice. Morelock, McNamara, and James
(2017) implemented a management of work initiative
in the health care sector. The intervention focussed on
flexible work options and communication between
managers and workers on the best practice for the
design and implementation of work arrangements.
The intervention had only a low effect size, with
improvements most evident for those older workers
approaching retirement with low workability.

3.3.3.6. Composite interventions. Avendano and
Cylus (2019) suggest that multi-factorial interventions
are more likely to address the complexity associated
with workplace problems and injury risk though just
two composite studies were identified in the review.
De Boer et al. (2004), examined the effectiveness of a
program that combined discussions with managers
about workplace changes to suit older workers and
health promotion components. The RCT found that
workers in the treatment group were less likely to
retire early and took fewer sick days. Furthermore,
after six-months, older workers had greater workability
and less burnout, although no differences
were detected after two-years. In addition, a quasi-
experimental study by Andersson-Felé (2005), exam-
ined the role of a combined training and workplace
change intervention on workload, workplace ergonom-
ics, psychosocial ‘troubles’ and stress. They found an
improvement in each of these outcomes, alongside
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greater reported joy and stimulation from work
although no differences were observed in sick days or
work duration.

One example of a participatory intervention was
identified in the review. Hengel et al. (2011) used an
intervention mapping process to design a three-
component intervention (workload reduction, rest
break tool, empowerment training) for construction
workers. The intervention resulted in improvements in
satisfaction with workplace design and better insights
into older workers, however, no robust effectiveness
evaluation was reported in the article. While participa-
tory interventions are suggested as best practice for
organisational intervention (e.g. Eurofound and EU-
OSHA 2014; EU-OSHA 2018; Leka, Van Wassenhove,
and Jain 2015; Nielsen and Christensen 2021), these
approaches are difficult to evaluate.

3.4. Grey literature documents

The seven pieces of grey literature included in the
full-text review comprised guidance material (n=2),
reports (n=3), conference proceedings (n=1) and a
book chapter (n=1). The records are relatively old;
only one was published post-2010. Supplementary
Appendix 3 provides a detailed summary of these
records while their foci is described next.

3.4.1. Record foci

A European Union (EU) guide (Crawford et al. 2016)
highlights the need for good quality working condi-
tions, appropriate work-life balance, employment
security, and lifelong learning. These concepts are con-
sidered the basis for sustainable work and the guide
argues that creating sustainable work requires an
understanding of the aged-related issues affecting
hazard exposure and workability. The WorkSafe (2010)
guidance focusses on control measures and raising
awareness about older workers’ health and safety
without reviewing interventions. Recommendations for
creating a healthy and safe work environment for
older workers focus on organisational-level interven-
tions, including aspects of job design, reducing work
demands, scheduling of work, flexibility and auton-
omy, improvements to the physical work environment
and reducing postural demands. The strongest guid-
ance evidence is found in Crawford et al. (2009) as it
incorporates a systematic review of the health, safety
and health promotion needs of older workers.
However, the body of work upon which the review
drew was limited, of low quality and is now dated.
The control measures recommended in the guide

include job design to reduce demands and consider-
ation of E/HF principles in shift scheduling. The pro-
ceedings from the Healthy Ageing for a Sustainable
Workforce conference (AOEC and CSOEH 2009)
focussed on construction and healthcare industries
and called for research that evaluates the effectiveness
of policies, practices, and interventions (e.g. job
design, workplace accommodations, training) that are
effective in promoting health and safety in older work-
ers. Finally, a Europe-based report (Morschhauser and
Sochert 2006) described a stress management and fit-
ness program for older drivers and a shift change
intervention for textile workers. While improvements
to health, well-being and absenteeism were observed,
few details of evaluation were provided.

3.5. Quality considerations

Overall, the quality of the records included in the full-
text review was mixed. A number of the review papers
reported studies which did not use controls or use
robust evaluation designs. Problems with intervention
design and evaluation quality also limited the value of
several of the intervention studies reviewed. This
included a lack of implemented and evaluated inter-
ventions (Nilsson 2016), inadequate description of
interventions implemented thus reducing their repro-
ducibility (Merom et al. 2021), low-quality evaluation
methodologies (Merom et al. 2021), small sample sizes
(Poscia et al. 2016), and limited implementation and/or
evaluation period (Andersson-Felé 2005; Poscia et al.
2016). The very small number of grey literature
records had limited value due to the lack of evidence
of the effective strategies and the age of the materials.
The lack of process evaluation for most studies also
limited the ability of researchers to understand how
effective the implementation process was and identify
barriers and facilitators of the intervention’s success
(Neilsen and Abildgaard, 2013). A common theme
amongst review papers was the paucity in the body of
research on intervention to control risks to older work-
ers, and evaluated interventions in particular (e.g.
Crawford et al. 2010; McDermott et al. 2010; Pieper,
Schroer, and Eilerts 2019). Indeed, a number of the
records conclude that higher-quality evidence from
future intervention research for older workers is
needed including longitudinal studies (Crawford et al.
2009) as there is currently insufficient evidence to rec-
ommend specific interventions (Pieper, Schroer, and
Eilerts 2019).
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Figure 4. A future research agenda for older worker health, safety and well-being interventions.

4, Discussion

This review of interventions to improve older worker
health, safety and well-being at work examined a
comprehensive range of literature, including literature
reviews, primary research records, and grey literature.
The paucity in the quality and scope of documented
evidence for what works in preventing older worker
injuries identified in this review suggests the need for
a future research agenda that combines robust evi-
dence-based intervention, implementation and evalu-
ation methodologies with appropriate intervention
designs. Furthermore, future research will need to
have a specific focus on interventions that are effect-
ive in preventing the two most frequent and over-
whelmingly  costly  injury types: WMSD and
psychological injury. In most of the interventions
reviewed, the role of industry or workplace context
was not well addressed. Yet we argue that context is
a fundamental consideration in the design and imple-
mentation of interventions to reduce physical and psy-
chological injury in older workers (Cox et al. 2000;
Safe Work Australia (2020). More broadly still, many
future of work trends are impacting how, where, when
and with whom we work (Bentley et al. 2021), and it
is vital that these changes are considered in research
on the design of work and interventions to promote
health and safety for older workers. The future
research agenda set out in Figure 4 responds to some
of the shortcomings in the extant literature and is dis-
cussed further below.

4.1. Future of work

Many of the intervention studies identified in this
review were undertaken in the 2000-2016 period,
meaning most were not cognisant of the more recent,
and substantial, demographic and technological shifts
that have reshaped the older worker landscape
(Bentley et al. 2021). With so few recent, replicated (or
expanded) studies looking at interventions on older
workers, there is a significant gap in knowledge.
Indeed, technology was largely ignored in the inter-
ventions, despite the promise for adopting techno-
logical measures to reduce excessive physical and
psychological demands on older workers (Anders
2015; Horton et al. 2018). Indeed, factors influencing
the adoption and use of new technologies by older
workers need to be considered. Undoubtedly, greater
understanding of contemporary issues and challenges
that older workers face will benefit from research that
focuses on identifying and understanding potential
hazards related to psychological health and WMSD in
this new work environment. Such research would pro-
vide greater insight into how to better integrate older
workers into work settings now and into the future in
a way that prevents psychological injuries and WMSD.
The way we work is evolving at a very rapid pace,
therefore, a framework for preventing psychological
injury and WMSD among older workers that relies on
the modest literature available could already be out-
dated. Hence, there is a need to take the current rap-
idly evolving work environment into account when
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devising intervention strategies for older workers.
Since the scientific literature has not caught up with
recent changes in the world of work, any intervention
strategies put forward will have to rely on a strong
theoretical framework to guide their development.
Given these omissions, future research should examine
the role of technological advancements, including
automation, robotics/co-bots, and assistive technolo-
gies to enhance work and health outcomes including
longevity for older workers. Similarly, the role of new
ways of working, notably flexible work arrangements
(Bentley et al. 2017; Green et al. 2020) should also be
considered given the indications of their increasing
application in the post-COVID-19 world of work.

4.2. The role of context

Many of the records included in this review did not
address the issue of context in any depth, with an
assumption of homogeneity in the design and imple-
mentation of interventions. While the organisational or
industry context was mentioned in 17 of the 21 inter-
vention studies reviewed, there was a lack of elabor-
ation on why the intervention design was related to
the specific context of its application. For example,
while a number of intervention records dealt with
high-risk industry sectors for older workers, including
construction (Hengel et al. 2011), agriculture (Nilsson
2016) and health (Andersson-Felé 2005; Maatouk et al.
2018; Palumbo et al. 2012; Strijk et al. 2012), this con-
text did not appear to form a key part of the rationale
for the choice of intervention, nor for the interpret-
ation and implications of findings. Furthermore, differ-
ent work contexts such as larger or smaller
workplaces, knowledge workers and skilled workers,
white and blue collar, flexible workers and office-
based workers were not well addressed, yet older
workers in each context will respond differently to a
given intervention, and interventions may be more or
less effective in different contexts or settings.
Additionally, because of the age of the records
reviewed, nothing was learned about the context of
COVID-19 and the pandemic’s restrictions on work.
Indeed, impacts of the current COVID-19 context
include increased mental health concerns for socially
isolated workers, sedentary work, changes to physical
activity, flexible working, prolonged screen time, and
so on. In addition, early predictions suggest popula-
tion changes due to the impact of COVID-19 on
migration (Centre  for Population Australian
Government 2020) and this will have long-term effects
for the longevity of the workforce. Clearly, future

research needs to be designed to meet the health and
safety needs of older workers and contemporary
organisational workplaces. Moreover, future research
should address these wider issues of context to under-
stand what approach works best in different settings
and when designing interventions for older workers.

4.3. Culture, climate and leadership

Two of the included interventions studies noted that
workplace culture, climate and leadership were key
enablers of healthy and active ageing for employees
(Skoglund and Skoglund 2005; Hengel et al. 2011). In
both studies, the authors noted that effective leader-
ship, at both the senior and line level, as well as an
inclusive workplace climate, was key to facilitating dia-
logue between older workers and other cohorts about
workplace health. The role of leadership and climate
in advancing a psychologically safe environment
within an organisation is well established, but the two
papers implied that management considerations can
have much broader implications for setting an agenda
around stigma and ageing, WMSD prevention and
physical activity at work, as well as mental health con-
siderations. Future research may seek to develop a
more nuanced understanding regarding how work-
place culture, climate and leadership can shape (or
reshape) foundational values about the role of older
workers and track the direct and indirect effect of
management support on health, engagement, longev-
ity and well-being outcomes for older workers.

4.4. Participatory interventions

Just one study in the intervention records reported a
participatory intervention (Hengel et al. 2011); more-
over, the study only reported on the co-design of an
intervention and not its implementation. This is a con-
cern given the importance placed on participatory
approaches to organisational interventions involving
end-users, employees, managers and others in inter-
vention and implementation design (Eurofound and
EU-OSHA 2014; EU-OSHA 2018; Leka, Van Wassenhove,
and Jain 2015; Nielsen and Christensen 2021). Indeed,
participatory approaches are favoured for intervention
to prevent WMSD (Oakman, Macdonald, and Wells
2014) and psychosocial risks (Leka, Van Wassenhove,
and Jain 2015; Neilsen et al. 2010) to provide subject
matter expertise and ownership of interventions and
workplace context to ensure a good fit for the cohort
(Piszczek and Pimputkar 2021). Future research is
needed to explore participatory interventions in



organisations that might help shift stigma that inhibits
longevity for older workers, irrespective of their phys-
ical health and mental resilience. The need for work
design and the work environment to be improved in a
coordinated fashion would appear essential to creat-
ing healthier older workers.

4.5. The primacy of organisational and composite
approaches to intervention

While the intervention records provided support for
organisational intervention, study designs and evalu-
ation methodologies were often of low quality and
the majority did not provide longitudinal evidence to
support the effectiveness of these approaches. While
this is a major limitation in the body of work
reviewed, an organisational approach is supported by
research on the wider workforce and reflects the legis-
lative requirements in most jurisdictions to provide a
safe place of work and to manage hazards that can
impact worker health, safety and well-being. While
organisational intervention is desirable as it addresses
the risks closest to the source of harm, individual-level
interventions were examined in approximately one-
half of the intervention records reviewed. These stud-
ies tended to use higher quality evaluation designs
(i.e. RCT), but on the whole failed to find longer-term
support for the effectiveness of interventions to influ-
ence health, safety and workability outcomes. The
review records provided very limited evidence that
individual-level interventions such as health promo-
tion, exercise, web-based programs and training can
have positive outcomes for older workers (Merom
et al. 2021; Poscia et al. 2016), while the intervention
records offered evidence of only short-term improve-
ments for the most common approaches, including
physical activity and training (Cook et al. 2015).
Indeed, in some cases, no significant effect was
observed for older workers for specific interventions,
including workstation ergonomics enhancements (May
et al. 2004), and the opportunity for flexible work
(Piszcsek and Pimputkar 2020).

The most promising, effective approaches in the lit-
erature for health, safety and workability outcomes
were composite interventions. These integrated
approaches can be considered systematic solutions for
complex problems (Cooklin et al. 2017) and seem to
be more effective than unidimensional approaches
(Avendano and Cylus 2019). While these approaches
make identification of the more effective elements of
a composite intervention difficult if not impossible to
determine, they reflect the complexity of occupational
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injury prevention and support a systems approach to
intervention. The studies focussed on promoting older
worker health and safety through changes to both
work environment (fitting the work to the person) and
improvements to the employee’s ability to maintain
well-being, performance and longevity in work. At the
same time, no identified study tracked the impact of
any one intervention on enabling an employee’s likeli-
hood to remain engaged in the workforce for a longer
time. Future studies need to look specifically at the
outcome of ‘engaged longevity’ (remaining in the
workforce, healthily, and for longer) of older workers,
to meet the growing and pernicious demographic
challenges.

4.6. Limitations

This literature review was limited in that it did not
examine interventions that were not originally
intended for older workers, but that could have been
applied or re-purposed for an older worker context.
This means that some relevant material may have
been overlooked. Further, the review was restricted to
peer-reviewed and grey literature published since
2000 due to the funder’s requirement to focus on rela-
tively recent research on intervention to prevent injury
in older workers, meaning earlier work of relevance
was excluded. Furthermore, the quality of intervention
and/or evaluation descriptions provided in a small
number of the outputs included in our review were
limited, meaning some details were unavailable to the
review. Finally, a protocol, guided by PRISMA, was
implemented to minimise researcher bias and to pro-
vide broad quality checks (e.g. peer-reviewed was a
baseline quality check for scholarly literature). In add-
ition, informal discussions occurred within the research
team about the selected literature during review; how-
ever, due to the type and range of literature included
in the review, formal reviewer reliability checks were
not conducted. Therefore, the findings should be
considered in respect to this limitation.

5. Conclusion

The existing literature examining interventions pro-
vides some evidence that composite and organisa-
tional interventions are most effective in improving
physical and psychological injury outcomes amongst
older workers. Interventions that focus on the individ-
ual appear less effective when used as the sole
approach to prevention, although appear to be more
effective  when  coupled with  organisational
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interventions. These findings are limited, however, as
there are only a small number of high-quality inter-
vention studies published, with limited evaluation and
a lack of participatory approaches. Little attention has
been paid to context and the changing landscape of
work. These concerns should be addressed through a
future research agenda considering the future of work,
context, high quality methodology, intervention levels
and a focus on WMSD and psychological injuries of
older workers.
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