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Learning Objectives

� Discuss the need for research on the cost-effectiveness and
cost benefits of occupational safety and health (OSH)
interventions, along with the limitations of previous studies.
� Summarize the findings of the present review of economic

evaluations of OSH interventions from the employer’s
perspective, including the characteristics of the cost-
effective interventions identified.
� Discuss the implications for future efforts to analyze the

financial benefits of OSH interventions.
Objectives: The aim of this systematic review was to evaluate the cost-

effectiveness of occupational safety and health interventions from the

employer perspective. Methods: A comprehensive literature search (2005

to 2016) in five electronic databases was conducted. Pre-2005 studies were

identified from the reference lists of previous studies and systematic reviews,

which have similar objective to those of this search. Results: A total of 19

randomized controlled trials and quasi-experimental studies were included,

targeting diverse health problems in a number of settings. Few studies

included organizational-level interventions. When viewed in relation to the

methodological quality and the sufficiency of economic evidence, five of 11

cost-effective occupational safety and health (OSH) interventions appear to be

promising. Conclusion: The present systematic review highlights the need

for high-quality economic evidence to evaluate the cost-effectiveness of OSH

interventions, especially at organizational-level, in all areas of worker health.

here is a growing interest in the economic value of occupa-
T tional safety and health interventions mainly because of the
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holm, Sweden (aikaterini.grimani@ki.se).

Copyright � 2017 The Author(s). Published by Wolters Kluwer Health, Inc. on
behalf of the American College of Occupational and Environmental
Medicine. This is an open access article distributed under the terms of the
Creative Commons Attribution-Non Commercial-No Derivatives License 4.0
(CCBY-NC-ND), where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in any way or used
commercially without permission from the journal.

DOI: 10.1097/JOM.0000000000001224

JOEM � Volume 60, Number 2, February 2018
limited resources allocated for occupational safety and health
(OSH) interventions and the knowledge that proven economic
gains are attractive to employers. Recent survey data from
500 organizations found that 73% of employers believe health
and safety requirements benefit their business as a whole, while
64% reported they save money in the long term. As safety ini-
tiatives may be efficient but may not always bring a financial
return to an organization, information about the economics of
OSH interventions is important and an invaluable input for
decision making.1–3 Health economic evaluation seeks to explic-
itly identify, measure, and value all relevant cost and benefit
parameters and aims to inform all decision-makers of the circum-
stances where indirect costs exceed direct costs and the relative
costs and benefits (cost-effectiveness) of the different intervention
options available.4

The costs of occupational injuries and illnesses together with
the demonstrated cost-effectiveness of OSH interventions constitute
an important incentive for employers to adopt these interventions.5

They are especially interested in whether investment in a program is
cost-effective (the effects give good value for the money invested) or
cost beneficial (the financial benefits are favorable).6 A previously
published systematic review evaluating the economics of OSH
concluded that most published intervention studies so far focused
on interventions’ effectiveness rather than on their cost-effective-
ness. It also concluded that further high-quality studies conducting
full economic evaluations are needed in order to be able to draw
further conclusions about the cost-effectiveness of OSH interven-
tions from an employer’s perspective.7

Because of the above-mentioned problems, our knowledge
on the cost-effectiveness of OSH interventions remains unsatisfac-
tory. In order to fill the gaps and shortcomings previously identified
in the literature, the aim of the present review was to evaluate the
cost-effectiveness of primary and secondary OSH interventions
from the perspective of the employer. Primary preventive inter-
ventions are proactive and aim to prevent the occurrence of illness
among healthy individuals, while secondary interventions are ame-
liorative and aim to reduce prevalence by early detection. Thus, both
primary and secondary OSH interventions can contribute to overall
disability prevention or control before the disability becomes
chronic or severe. Tertiary preventive interventions, as reactive
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strategies, were not part of our aim.8–10 Furthermore, this review
only looked at interventions that attempted to reduce exposure to
deleterious aspects of the workplace.11 According to Alli,12 OSH is
generally defined as the science of the anticipation, evaluation,
recognition and control of hazards arising in or from the workplace,
achieving a strong preventive safety culture (pp. vii). Worksite
Health Promotion interventions that attempted to change the indi-
vidual behavior related to health problems that did not arise in or
from the workplace, promoting healthy behaviors such as weight
control, healthy nutrition, smoking cessation, influenza vaccination,
were excluded.6,11,13

The systematic review was performed following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement14,15 and the Assessment of Multiple System-
atic Reviews (AMSTAR) guidelines.16 The protocol was registered
with PROSPERO (registration no: CRD42016046897).

METHODS

Inclusion Criteria and Search Strategy
A systematic review of economic evaluations of OSH inter-

ventions from the employer perspective was conducted. A search
strategy following PICOS was developed. The PICOS process is a
method for putting together a search strategy that facilitates a
more evidence-based approach to literature searching. PICOS is
an acronym that stands for population, intervention, comparison,
outcome, and study design. It orients the construction of the
literature search and helps to rapidly and accurately locate
the best available scientific information and avoid unnecessary
searching.17

Two experienced search specialists from the university
library developed the search strategy (see Table C, http://links.
lww.com/JOM/A394) based on PICOS and some relevant published
papers known to the project group. The search strategy included
working population, primary and secondary OSH interventions, all
types of control groups, economic consequences and health out-
comes, randomized controlled trials (RCTs), and quasi-experimen-
tal study designs. Schelvis, et al18 highly recommend researchers
conducting systematic reviews to broaden their inclusion criteria
and not neglect evidence from studies which apply alternative
research designs, thereby improving the quality of reporting non-
RCTs. We therefore decided to include all study designs with a
predefined control group.

The search was conducted in five electronic databases: Med-
line (OVID), EMBASE.com, Web of Science Core Collection,
Cochrane Library (Wiley), and PubMed (not Medline) and covered
the period 2005 to April 2016. The studies conducted before 2005
have been included in previous studies and systematic reviews with
similar aims as the present search with regard to the economic
evaluation of workplace interventions (see for instance).2,6–8,19–21

These studies were thus identified from the reference lists and
included if they fulfilled our inclusion criteria. Additional databases
were also searched. Supplemental searches were conducted in the
National Institute for Occupational Safety and Health database
(NIOSH), the NHS Economic Evaluation database (NHS EED),
and in the Google scholar search engine, using the same search
words as in the other databases. The search was carried out in
accordance with the process recommended by the Cochrane Col-
laboration.22

Selection Strategy
The screening of abstracts and titles was conducted by four

reviewers (EC, CS, MLK, AG). The abstracts were included if at
least one of the following criteria was met: the title/abstract implied
or referred to a workplace setting; the title/abstract referred to an
OSH intervention study; the title/ abstract referred to a full
148 � 2017 The Author(s). Published by Wolters Kluwer Health, Inc. on beh
economic evaluation study. Two reviewers (AG, MRC) then inde-
pendently determined the eligibility of studies on the basis of a
review of the full texts, using a predesigned criteria form (see
Table A; Supplementary Material file, http://links.lww.com/JOM/
A394). Differences between them were resolved through a consen-
sus procedure or, if the disagreements persisted, a third reviewer was
consulted (MLK). Studies were selected on the basis of the follow-
ing criteria: 1) the study was a primary or a secondary OSH
intervention; 2) the study included a full economic evaluation;
and 3) the economic analysis of the intervention was conducted
from an employer/company perspective. Only studies written in
English were included. In addition, only studies where the described
intervention was undertaken in a Western developed country were
included—based on the assumption that the OSH context varies
between developed and developing countries.7 Studies that consti-
tute ‘‘grey literature,’’ editorials, letters, reviews, and articles
describing either a partial economic evaluation or the design of
an economic evaluation or an economic evaluation tool without any
reported results were excluded.

Data Extraction and Evidence Synthesis
To guide the data extraction procedure, the key elements

of existing guidelines and relevant systematic reviews as well as
texts about economic evaluation were identified (see for
instance).2,7,19,20,22 A data extraction form was developed,
reviewed, and refined by the researchers to better capture the key
factors that were essential for evaluation, synthesis, and presenta-
tion, thus ensuring the adequacy of the tool. The data extraction
form included location, occupation/the industrial sector of the target
population, number of participants, company size and type, health
category and target problem, type of study design, total study
duration, type and description of the intervention, type of economic
evaluation and description of economic analysis, main economic
evaluation results, costs, economic consequences, other outcomes,
and a description of these. One reviewer extracted the data (AG),
while a second reviewer (MLK) checked all the extracted data. Any
discrepancies were resolved through a consensus procedure. It was
not possible to conduct a meta-analysis due to the heterogeneity of
study designs, populations, interventions, and outcomes. Because of
the diversity of the studies’ components, we chose to stratify them
according to health problems.

Quality Assessment
In order to evaluate the methodological quality of the studies

included in the review, two quality assessment tools were used.
After a thorough search, the Cochrane Collaboration Risk of Bias
(CCRBT)22,23 and the Consensus on Health Economic Criteria
(CHEC-list)24 were chosen. The Cochrane Collaboration strongly
encourages all reviewers to use the CCRBT to establish consistency
and avoid discrepancies in the assessment of methodological quality
among all review groups. It also encourages reviewers to use the
CHEC-list for critical appraisal of the methodological quality of
health economic evaluation studies.25

CCRBT is a two-part tool, addressing seven evidence-based
domains, namely random sequence generation (selection bias),
allocation concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias), selective
outcome reporting (reporting bias), and other sources of bias (other
bias). The first part of the tool gives sufficiently detailed support for
judging the risk of bias, ensuring its transparency. The second part
assigns a judgment relating to the risk of bias for each domain. This
is achieved by assigning a judgment of ‘‘Low risk’’ of bias (þ),
‘‘High risk’’ of bias (-), or ‘‘Unclear risk’’ of bias (?). In line with the
Cochrane Collaboration’s recommendations, those studies in which
all the domains were rated positively were judged as having a low
alf of the American College of Occupational and Environmental Medicine.
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risk of bias, while the studies with one or more unclear domains
were judged as having an unclear risk of bias. Furthermore, studies
with one or more negatively rated domains were judged as having a
high risk of bias.22,25 In our review, the first two domains (random
sequence generation and allocation concealment) were marked as
not applicable for the quasi-experimental study designs. Although
the tool was not developed with nonrandomized studies in mind, the
general structure of the tool and the assessments seems useful to
follow when creating risk of bias assessments for quasi-experimen-
tal studies.22

The CHEC-list consists of 19 yes (1) or no (0) questions,
which address internal and external validity aspects of economic
evaluation studies (19, or 100%, was the highest score). In accor-
dance with the summary assessment of Uegaki et al,20 the studies
that met less than 50% of criteria were seen as having low
methodological quality of undertaking and reporting economic
evaluations, while the studies that met more than 75% of criteria
were seen as having a high methodological quality of undertaking
and reporting economic evaluations. The studies that met between
50% and 75% of criteria were considered to have a moderate
methodological quality of undertaking and reporting economic
evaluations. Five of the internal quality criteria relate to study
design; 11 internal criteria relate to the conduct of the economic
evaluation, while the last two internal criteria address the issue of
incremental analysis of costs and outcomes and sensitivity analysis.
Finally, one external criterion relates to the discussion of the
generalizability of the obtained results.20,24

Two review authors (AG, EA) independently evaluated
the methodological quality of each study using both assessment
FIGURE 1. Flow chart.

� 2017 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
tools. Discrepancies were resolved by means of a consensus
procedure. If the disagreements persisted, the reviewers consulted
a third reviewer (MLK). A senior expert (GB) contributed
to the assessment procedure whenever it was deemed to be
necessary.

RESULTS

Literature Searches
Our primary search in the predefined databases resulted in

4096 hits. A further 899 hits were found in other sources, giving a
total of 4995 citations (see Fig. 1). The latter included references
from relevant studies and systematic reviews, publications from the
NIOSH, the NHS EED, and Google scholar. After duplicates were
removed (n¼ 1415), a total of 3580 citations were screened. Of
these, 3342 citations were excluded on the basis of title, keywords,
and abstract. The full text of the remaining articles (n¼ 238) was
then assessed, resulting in 19 articles being retained. The reasons for
exclusion are presented in Fig. 1.

Description and Characteristics of Included studies
Working populations from the following sectors were rep-

resented: health care, retail and trade, construction, manufacturing
and warehousing, transportation, communication, business, and
professional services. Half of the studies (10 of 19) were undertaken
in Europe. Six studies were carried out in the United States and one
each in Canada, North America, and Australia. Sample sizes ranged
from 50 to 3047 employees (10,026 in total; mean sample size: 528;
median sample size: 262). The studies reported on a range of
he American College of Occupational and Environmental Medicine. 149
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intervention types, such as training, education, naturopathic care,
visits to practitioners and therapists, as well as safety equipment (for
instance back belts, safety cutters, ceiling lifts, protective devices).
The studies addressed either individual-level (n¼ 14) or organiza-
tional-level interventions (n¼ 4), or both (n¼ 1). The follow-up
period ranged from 6 months to 6 years, with 12 months as the most
common duration for most studies (n¼ 12). In 15 studies, the design
was a RCT. Three studies had a controlled before-after design, while
one used a case–control design. Eight studies were conducted in the
1990s, while only two studies were conducted during the following
decade. The remaining half of the included studies were published
between 2010 and the beginning of 2016. The intervention studies
included in the review covered a broad range of interventions
targeting different types of health outcomes. Some interventions
focused on primary prevention, others on secondary prevention, and
some on both. The studies were stratified according to the targeted
health problems. Three categories were compiled: musculoskeletal
disorders (MSDs) (n¼ 10), mental health (n¼ 3), and other pre-
ventive interventions (n¼ 6).

Table 1 includes an overall description of the interventions
and details of the study designs. The largest group of economic
evaluations of OSH interventions was conducted on MSDs, such as
low back pain (n¼ 5), back injuries (n¼ 3), and neck and upper
limb symptoms (n¼ 2).26–35 The participants were workers with a
high prevalence of MSDs from large, diverse industries, such as bus
drivers, county government workers, postal workers, computer
workers, warehouse workers, and coal miners. Half of the studies
were conducted in the 1990s. Eight were individual-level RCT
interventions and one was a multilevel intervention.28 Only one
study was an organizational-level case–control study interven-
tion.31

Three studies evaluated the cost-effectiveness of interven-
tions targeting mental health problems such as depressive symp-
toms, mental health complaints, and work-related stress.36–38 Two
of the studies were carried out in 2015 and were RCTs, while the
older study was a controlled before-and-after design. All studies
were individual-level interventions. The participants were from
banking companies, research institutes, security companies and
universities, or were health care workers.

In the group of other preventive interventions, the studies
focused on other health categories, particularly injuries,39–41 health
and work ability,42 hand eczema,43 and substance abuse.44 Four
such studies were conducted over the last 15 years. Four of these
were RCTs, while the remaining two studies were controlled before-
and-after design. Most of the studies (n¼ 3) dealt with organiza-
tional-level interventions. The participants were from large diverse
industries, such as the healthcare, construction, local authority
council, retail, and trade.

The main characteristics of the economic evaluations carried
out in each of the studies are presented in Table 2.

Quality Assessment
The overview of risk of bias assessment is summarized in

Table 3. Overall, the intervention studies were judged as having an
unclear risk of bias, as the majority of them were rated as having
either low or unclear risk of bias (see Cochrane Collaboration’s
recommendations).22 Older studies (before 2005) had at least one
domain judged as having unclear or high risk of bias, while more
recent studies were rated as having either low or unclear risk of bias.

The overview of the CHEC-list and the percentage achieved
by the studies are presented in Table 4. Older studies generally
scored poorly (between 42% and 74%) on the aspects of the
assessment due to the insufficient information, while more recent
studies achieved better methodological quality scores (between 58%
and 95%) related to undertaking and reporting economic evalua-
tions. The most prevalent methodological shortcomings for more
150 � 2017 The Author(s). Published by Wolters Kluwer Health, Inc. on beh
than half of the studies were no sensitivity analysis and no discus-
sion of the generalizability of findings. None of the studies dis-
cussed ethical issues or elaborated on the characteristics of the
intervention population, which indicates possible distributional
implications. All studies except two29,38 conducted an incremental
analysis.

Cost-effective Interventions
The review has identified 11 cost-effective OSH interven-

tions based on statistically significant results. Of the MSD inter-
ventions, five studies27,30,32,34,35 reported cost savings or monetary
benefits in favor of the following interventions: work style, naturo-
pathic care, back injury prevention program, spinal care lecture,
back school program. The cost-effective study with the work style
intervention achieved a high score on CHEC-list and had a low risk
of bias.27 The other four cost-effective studies in the group30,32,34,35

achieved high, moderate, or low scores on the CHEC-list and had
either unclear or a high risk of bias (see Table 5). Three of the cost-
effective studies conducted a cost-effectiveness analysis
(CEA),27,30,35 while two conducted a cost–benefit analysis
(CBA).32,34 The cost-effective studies reported the difference
between monetary benefits and program costs as net savings or
benefits, or as the return on investment (ROI). They also identified
the direct as well as the indirect costs of the interventions. The main
economic consequence was savings due to absenteeism or produc-
tivity loss. Other outcomes dealt with the reduction of neck/shoulder
pain, (low) back pain, and back injuries.

In the group of mental health interventions, the occupational
physician consultation program37 and the communication skills
training program38 were cost beneficial. The intervention study
with the occupational physician consultation program achieved a
high score on the CHEC-list and had a low risk of bias,37 while the
other study achieved a moderate score on the CHEC-list and had a
high risk of bias38 (see Table 5). Both studies conducted a CBA and
reported the difference between monetary benefits and program
costs as net savings or benefits, or ROI. The studies included both
direct and indirect costs. The economic consequence of the inter-
ventions of both studies was the savings due to absenteeism or
productivity loss. A range of outcomes were evaluated, such as
mental health complaints, staff turnover, and work-related stress.

In the group of other preventive interventions, two organiza-
tional-level interventions (new safety cutters with education39 and
ceiling lifts),40 which conducted a CBA, one individual-level inter-
vention (physical therapist training session),42 which conducted
both a CEA and a CBA, and one individual-level intervention
(alcohol brief consultation),44 which conducted a CUA, reported
cost savings or monetary benefits. The individual-level intervention
study of Hengel et al42 achieved a high score on the CHEC-list and
had a low risk of bias, while the other individual-level intervention
study achieved a moderate score on the CHEC-list and had a low
risk of bias.44 The two organizational-level intervention studies had
moderate scores on CHEC-list and unclear risk of bias39,40 (see
Table 5). The studies reported the difference between monetary
benefits and program costs as net savings or benefits. Most of the
studies took both the direct and the indirect costs of the interventions
into account. The predominant economic consequences were pro-
ductivity losses, the wage value of working time loss due to injury,
and workers’ compensation expenses.

Interventions not Shown to be Cost-effective
Eight OSH interventions not shown to be cost-effective were

identified. In the group of MSD interventions, five stud-
ies26,28,29,31,33 were not shown to be cost-effective. Driessen
et al28 achieved a high score on the CHEC-list and had a low risk
of bias. The other four studies in the group achieved either high26,33

or low29,31 scores on the CHEC-list and had an unclear risk of bias.
alf of the American College of Occupational and Environmental Medicine.
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TABLE 3. Risk of Bias in Included Studies: Low Risk (þ); Unclear Risk (?); High Risk (-); Not Applicable N/A

Random

Sequence

Generation

Allocation

Concealment

Blinding of

Participants

and Personnel

Blinding of

Outcome

Assessment

Incomplete

Outcome

Data

Selective

Reporting

Other

Bias

Summary

Assessments

Musculoskeletal Aboagye et al26 (þ) (?) (?) (þ) (?) (þ) (?) Unclear risk of bias
disorders Bernaards et al 27� (þ) (þ) (þ) (þ) (þ) (þ) (þ) Low risk of bias

Driessen et al28 (þ) (þ) (þ) (þ) (þ) (þ) (þ) Low risk of bias
Greenwood et al29 (þ) (þ) (?) (?) (?) (þ) (?) Unclear risk of bias
Herman et al30� (þ) (?) (þ) (þ) (þ) (þ) (þ) Unclear risk of bias
Mitchell et al 31 N/A N/A N/A (?) (?) (þ) (?) Unclear risk of bias
Shi32� (?) (?) (þ) (þ) (?) (?) (?) Unclear risk of bias
Speklé et al33 (þ) (þ) (þ) (þ) (?) (þ) (þ) Unclear risk of bias
Tuchin34� (?) (-) (?) (þ) (?) (þ) (?) High risk of bias
Versloot et al35� (?) (?) (þ) (þ) (?) (þ) (-) High risk of bias

Mental health Geraedts et al36 (þ) (þ) (þ) (þ) (þ) (þ) (þ) Low risk of bias
Noben et al 37� (þ) (þ) (þ) (þ) (þ) (þ) (þ) Low risk of bias
Smoot and Gonzales38� N/A N/A (-) (þ) (?) (?) (?) High risk of bias

Other health Banco et al39� (?) (?) (þ) (þ) (?) (þ) (?) Unclear risk of bias
problems Engst et al40� N/A N/A (þ) (þ) (?) (þ) (þ) Unclear risk of bias

Orenstein, et al 41 N/A N/A (þ) (þ) (?) (þ) (þ) Unclear risk of bias
Hengel et al42� (þ) (þ) (þ) (þ) (þ) (þ) (þ) Low risk of bias
van der Meer et al 43 (þ) (þ) (þ) (þ) (þ) (þ) (þ) Low risk of bias
Watson et al44� (þ) (þ) (þ) (þ) (þ) (þ) (þ) Low risk of bias

�Cost-effective studies.

JOEM � Volume 60, Number 2, February 2018 Cost-Effectiveness of OSH Interventions
Two studies conducted both CEA and CBA,28,33 while three con-
ducted a CEA,31 a CBA,29 or a CUA.26 The studies identified both
the direct and the indirect costs of the interventions, except for
Aboagye et al26 who did not include indirect costs.

In the group of mental health interventions, the intervention
of the study carried out by Geraedts et al36 was not cost beneficial.
The intervention study achieved a high score on the CHEC-list and
had a low risk of bias. The study conducted both CEA and CUA and
included both direct and indirect costs.

In the group of other preventive interventions, two stud-
ies,41,43 which conducted a CEA, were not shown to be cost-
effective. van der Meer et al43 achieved a high score on the
CHEC-list and had low risk of bias, while Orenstein et al41 achieved
a moderate score on the CHEC-list and had unclear risk of bias.
Orenstein et al41 did not include indirect costs, which is essential
information in order to be able to draw unambiguous conclusions
about the cost-effectiveness of an intervention.

DISCUSSION

Main Findings
The main aim of this systematic review was to evaluate the

cost-effectiveness of OSH interventions from the employer perspec-
tive. The small number of published studies, the variety of OSH-
interventions, the targeted health problems, and outcomes in com-
bination with shifting quality make it difficult to draw conclusions
about the cost-effectiveness of specific OSH-interventions. This
heterogeneity was also the reason why we did not apply meta-
analytical approach to the data. Nevertheless, the single studies do
give some interesting results.

Nineteen individual-level and organizational-level interven-
tion studies, divided into three groups (MSD, mental health, and
other preventive interventions), fulfilled the inclusion criteria and
were included in the study. MSD and mental health disorders are the
two most common causes of sickness absence and high costs for
employers.45,46 Both these conditions have previously been shown
to be related to the work environment.46–48 Only one of the MSD
studies looked at an organizational-level intervention, while another
� 2017 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
looked at both organizational and individual levels. None of these
interventions were shown to be cost-effective. Of the mental health
intervention studies, none included organizational-level changes,
which indicates inadequate interest in interventions at this level. As
mental health problems can arise as a result of work environment
problems, there is a need of OSH interventions targeting the
organizational level to prevent these problems. According to several
studies, organizational-level changes to improve psychosocial
working conditions can have important and beneficial effects on
health.49,50 However, difficulties in evaluating the effectiveness of
such interventions can affect employers in their decision to conduct
them.51 As economic incentives are important for several employers
in order to motivate them to engage in OSH interventions, studies
evaluating cost-effectiveness of organizational-level interventions
are needed. In the group of ‘‘other preventive interventions,’’ two
cost-effective organizational-level interventions39,40 and one which
was not shown to be cost-effective41 were related to injuries (cutting
injuries, MSD injuries, needle-stick injuries). Although the
workplace is a setting venue that provides access to employees
with work-related health problems, companies do not appear to take
advantage of this for their benefit by implementing organizational-
level interventions. They tend rather to focus on interventions at
individual-level. It is unclear whether this is due to company
preference or because researchers tend to conduct mostly individ-
ual-level interventions.

The main type of economic analysis of the interventions was
the CBA, which is highly appropriate for OSH studies. However,
CEA and CUA are also useful in OSH if the outcome of interest can
be measured in natural units.52 Several studies were excluded from
the review during the eligibility process because they lacked a
control group. The control group is an essential element of a full
economic evaluation; lack of control group blurs the distinction
between the effects of an intervention and autonomous change over
time. Conducting a full economic evaluation, which is the only type
of economic analysis that provides valid information about effi-
ciency,20,25 requires the identification, measurement, and valuation
of costs and consequences because it compares the effectiveness and
the benefits of two or more interventions. If one wants to be able to
he American College of Occupational and Environmental Medicine. 161
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draw conclusions about the cost-effectiveness of OSH, only the
results of full economic evaluations (such as benefit–cost ratio, net
benefits or savings, incremental cost-effectiveness ratio, cost per
quality-adjusted life-year) should be used. Some economic studies
that claim to be full economic evaluations may in fact only be partial
evaluations.53 For instance, an intervention can appear to be cost-
effective but when compared with a control group it proves not to
be.18 This is a problem when evaluating the cost-effectiveness of
OSH interventions. Moreover, small-medium enterprises (SMEs)
are a neglected sector in OSH research and practice and there is a
lack of economic evaluations of OSH interventions in this type of
company, despite the fact that they dominate in most economies.
SMEs need special attention because their knowledge of and
financial resources for conducting interventions are limited. It is
also difficult for SMEs to implement and adopt the strategies
employed by larger organizations.3,54,55

Eight of the studies included in this review were published
during the 1990s, most of them related to MSDs. Only two studies
were published during the next decade, while there was a substantial
increase in relevant published studies from 2010 onwards. Our
findings indicate that older studies (pre-2005) scored poorly on
the aspects of the assessment due to the insufficient information,
while newer studies were rated as having high-quality evidence.
However, further improvements in line with the CHEC-list are still
needed, for example, the sensitivity analysis, the discussion of the
generalizability of the results, and that of ethical and distributional
issues.24,52 In common with previous systematic reviews2,6–8,19,20,56

that evaluated the cost-effectiveness of workplace interventions, the
present review concludes that there is a need for further research and
methodological quality improvements because of insufficient and
poor results. High-quality evidence is also related to indirect costs,
such as productivity losses, being sufficiently reported. Some
economic evaluations, for example, may not present incremental
cost-effectiveness and/or resource use (such as intervention staff
hours, materials used, depreciation, overhead activities, traveling),
or they may not include a full identification of all important and
relevant costs (for instance indirect costs such as productivity loss,
absenteeism, presenteeism). The costs may not have been measured
appropriately, using a valid instrument, or they may not include any
type of sensitivity analysis to assess the robustness of results.2,19,20

The lack of this economic information makes it difficult to draw
robust conclusions. In particular, the interventions of Aboagye
et al26 and Orenstein et al41 might have been identified as non-
cost-effective due to the lack of productivity losses costs.

In all, 11 interventions were evaluated as being cost-effective.
Only three of them, one from each group, were rated as having high
methodological quality with regard to undertaking and reporting
economic evaluations and a low risk of bias. These were the
following: MSD: work style27; mental health: occupational physi-
cian consultation37; other preventive interventions: physical thera-
pist training session.42 None of them, however, is recommended
without reservation in its current form. According to Bernaards
et al,27 the observed pain reductions in the work style intervention
group compared with usual care were significant but less than 30%
and therefore not clinically relevant. Noben et al37 recommended a
wider implementation of the intervention because the period was too
short to be able to judge whether the effects will be maintained over
time. According to Hengel et al,42 the intervention was cost-saving
in terms of reduced sickness absenteeism costs, but not in terms of
primary and secondary health outcomes. The generalizability and
comparability of the studies of cost-effectiveness are debatable
because of methodological differences and heterogeneous charac-
teristics and effect measures, which make the evidence ambiguous.
Even in the MSD group, where the health outcomes were similar
(back pain and back injuries), the studies used a variety of inter-
ventions, with education as the only common factor. In addition,
164 � 2017 The Author(s). Published by Wolters Kluwer Health, Inc. on beh
uncertainty surrounding unit cost estimates does not appear to have
been considered within the analyses. As a result, the amount of
economic evidence was very limited. The results should therefore be
viewed with caution and regarded as preliminary. Nevertheless, the
studies of Herman et al30 and Watson et al44 appear promising, given
their methodological quality and sufficient degree of economic
evidence. They also include features that encourage further
research.

Strengths and Limitations
One of the strengths of this systematic review is the com-

prehensive search strategy used, which facilitated a more evidence-
based approach to literature searching. Another important strength
is the use of two methodological quality assessment tools, both
recommended by Cochrane Collaboration, to assess simulta-
neously the risk of bias and the economic quality of the included
studies. In the present systematic review, we did not include ‘‘grey’’
literature, which may have excluded some studies from the review.
In addition, due to the heterogeneity of study designs, populations,
interventions, and outcomes, we were unable to conduct a meta-
analysis.

Conclusion and Implications for Future Research
Information about the financial benefits of OSH interventions

is important for employers. The results of the present systematic
review do not enable us to draw conclusions about specific inter-
ventions due to the limited number of economic evaluations, the
diverse nature of the interventions, the number of targeted health
problems and health outcomes, and the insufficient reporting of
economic quality and risk of bias. Thus, our review highlights the
need for more well-designed studies that address the economic
merits of OSH interventions from the employer perspective and
target diverse health problems, such as mental health, cardiovascu-
lar diseases, respiratory diseases, substance abuse, dangerous sub-
stances, and outcomes. Nevertheless, five of the cost-effective
intervention studies can be considered promising, under certain
conditions and modifications.27,30,37,42,44

An economic evaluation should serve to measure productiv-
ity, health, and safety, motivating the firms’ principles to improve
each of these methods of measurement, rather than just presenting a
cost–benefit analysis of an intervention.3 Although economic
evaluation studies have been improved over the years, there is still
room for further improvements. Although CBA is highly appro-
priate for OSH studies, CEA and CUA are also useful in OSH if the
outcome of interest can be measured in natural units. We would also
encourage the authors of economic evaluations to adopt more
ambitious analytical strategies with more advanced regression
techniques (see for instance the net benefit regression framework,
recommended by Hoch and Dewa).57 A full identification of all
important and relevant costs should be given in relation to the
perspective and the research question. The costs should be mea-
sured appropriately in physical units, using valid instruments. The
sources of valuation should be clearly stated, the main cost
should not be calculated using tariffs, and the discounting should
be done appropriately. The outcomes should also be measured
appropriately, using valid instruments, while the valuation method
should be clearly stated. In addition, all important variables
should be subjected to an appropriate sensitivity analysis.1,5,24,58

Finally, further much-needed improvements are the inclusion of
control groups and the development of intervention studies at
organizational level.

The above findings are of value to employers, OSH practi-
tioners, and policymakers who are interested in knowing what
interventions are worth undertaking from a financial point of
view.2,7 Economic evaluations provide a unique opportunity to
estimate the resource implications of OSH interventions at low
alf of the American College of Occupational and Environmental Medicine.
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incremental cost. However, when interpreting economic evaluations
of OSH interventions, it is important to consider that their results
may not be directly applicable to other countries due to differences
in health care and social security systems or other relevant factors.
Nonetheless, economic evaluation results can be generalized from
one country to another, after necessary calculations. Employers and
stakeholders can exploit the extensive description of the interven-
tions, the detailed list of resource use as well as information of the
health care system and the allocation of costs.5
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Cedstrand and Carl Strömberg for their assistance with the
screening process.

REFERENCES
1. Tompa E, Dolinschi R, de Oliveira C. Practice and potential of economic

evaluation of workplace-based interventions for occupational health and
safety. J Occup Rehab. 2006;16:375–400.

2. Tompa E, Dolinschi R, de Oliveira C, Irvin E. A systematic review of
occupational health and safety interventions with economic analyses.
J Occup Environ Med. 2009;51:1004–1023.

3. Biddle E, Ray T, Owusu-Edusei K, Camm T. Synthesis and recommendations
of the economic evaluation of OHS interventions at the company level
conference. J Safety Res. 2005;36:261–267.

4. Miller P, Haslam C. Why employers spend money on employee health:
interviews with occupational health and safety professionals from British
Industry. Safety Sci. 2009;47:163–169.

5. van Dongen JM, van Wier MF, Tompa E, et al. Trial-based economic
evaluations in occupational health: principles, methods, and recommenda-
tions. J Occup Environ Med. 2014;56:563–572.

6. Hamberg-van Reenen HH, Proper KI, van den Berg M. Worksite mental
health interventions: a systematic review of economic evaluations. Occup
Environ Med. 2012;69:837–845.

7. Tompa E, Dolinschi R, de Oliveira C, Amick 3rd BC, Irvin E. A systematic
review of workplace ergonomic interventions with economic analyses.
J Occup Rehab. 2010;20:220–234.

8. Verbeek J, Pulliainen M, Kankaanpaa E. A systematic review of occupational
safety and health business cases. Scand J Work Environ Health.
2009;35:403–412.

9. Last J. A Dictionary of Epidemiology. Toronto: Oxford University Press;
1988.

10. Frank J, Cullen K, Gr IWHAHW. Preventing injury, illness and disability at
work. Scand J Work Environ Health. 2006;32:160–167.

11. Wilkinson C. Fundamentals of Health at Work: The Social Dimensions. New
York: Taylor and Francis; 2003.

12. Alli B. Fundamental Principles of Occupational Health and Safety. 2 ed.
Geneva: International Labor Office; 2008.

13. O’ Donnell M. Health Promotion in the Workplace. Toronto: American
Journal of Health Promotion Inc; 2014.

14. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015 statement.
Syst Rev. 2015;4:1.

15. Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for
systematic review and meta-analysis protocols (PRISMA-P) 2015: elabora-
tion and explanation. BMJ. 2015;349:g7647.

16. Shea BJ, Grimshaw JM, Wells GA, et al. Development of AMSTAR: a
measurement tool to assess the methodological quality of systematic reviews.
BMC Med Res Methodol. 2007;7:10.

17. Methley AM, Campbell S, Chew-Graham C, McNally R, Cheraghi-Sohi S.
PICO, PICOS and SPIDER: a comparison study of specificity and sensitivity
in three search tools for qualitative systematic reviews. BMC Health Serv
Res. 2014;14:579.

18. Schelvis RMC, Hengel KMO, Burdorf A, Blatter BM, Stnjk JE, van der Beek
AJ. Evaluation of occupational health interventions using a randomized
controlled trial: challenges and alternative research designs. Scand J Work
Environ Health. 2015;41:491–503.
� 2017 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
19. Tompa E, de Oliveira C, Dolinschi R, Irvin E. A systematic review of
disability management interventions with economic evaluations. J Occup
Rehab. 2008;18:16–26.

20. Uegaki K, de Bruijne MC, Lambeek L, et al. Economic evaluations of
occupational health interventions from a corporate perspective: a systematic
review of methodological quality. Scand J Work Environ Health. 2010;36:
273–288.

21. Tompa E, Dolinschi R, Laing A. An economic evaluation of a participatory
ergonomics process in an auto parts manufacturer. J Safety Res. 2009;40:
41–47.

22. Higgins J, Green S, editors. Cochrane Handbook for Systematic Reviews of
Interventions. London, UK: The Cochrane Collaboration; 2011.

23. Armijo-Olivo S, Stiles CR, Hagen NA, Biondo PD, Cummings GG. Assess-
ment of study quality for systematic reviews: a comparison of the Cochrane
Collaboration Risk of Bias Tool and the Effective Public Health Practice
Project Quality Assessment Tool: methodological research. J Eval Clin
Pract. 2012;18:12–18.

24. Evers S, Goossens M, de Vet H, van Tulder M, Ament A. Criteria list for
assessment of methodological quality of economic evaluations: consensus
on Health Economic Criteria. Int J Technol Assess Health Care. 2005;21:
240–245.

25. Deeks J, Higgins JPT, Altman DG. Analysing data and undertaking
meta-analyses. In: Higgins J, Green S, editors. Cochrane Handbook
for Systematic Reviews of Interventions. London, UK: The Cochrane
Collaboration; 2011. p. 243–296.

26. Aboagye E, Karlsson ML, Hagberg J, Jensen I. Cost-effectiveness of early
interventions for non-specific low back pain: a randomized controlled study
investigating medical yoga, exercise therapy and self-care advice. J Rehab
Med. 2015;47:167–173.

27. Bernaards CM, Bosmans JE, Hildebrandt VH, Tulder MW, Heymans MW.
The cost-effectiveness of a lifestyle physical activity intervention in addition
to a work style intervention on recovery from neck and upper limb symptoms
and pain reduction in computer workers. Occup Environ Med. 2011;68:
265–272.

28. Driessen M, Bosmans J, Proper K, Anema J, Bongers P, Beek A. The economic
evaluation of a participatory ergonomics programme to prevent low back and
neck pain. Work (Reading Mass). 2012;41(Suppl 1):2315–2320.

29. Greenwood JG, Wolf HJ, Pearson JC, Woon CL, Posey P, Main CF. Early
intervention in low-back disability among coal-miners in West-Virginia:
negative findings. J Occup Med. 1990;32:1047–1052.

30. Herman PM, Szczurko O, Cooley K, Mills EJ. Cost-effectiveness of naturo-
pathic care for chronic low back pain. Altern Ther Health Med. 2008;14:
32–39.

31. Mitchell LV, Lawler FH, Bowen D, Mote W, Asundi P, Purswell J. Effec-
tiveness and cost-effectiveness of employer-issued back belts in areas of high
risk for back injury. J Occup Med. 1994;36:90–94.

32. Shi L. A cost-benefit analysis of a California county’s back injury prevention
program. Public Health Rep. 1993;108:204–211.
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