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Foreword

In recent years, the Institute for Work & Health has been actively engaged in
building relationships with Prevention System agencies and organizations in
Ontario.

In these encounters, we often hear that potential research users want more
evidence about the effectiveness of interventions aimed at protecting
workers’ health. We are also told that even when research evidence exists, it
is often hard to access, difficult to understand and is not always presented in
language and formats suitable to non-scientific audiences.

In response to these needs, the Institute for Work & Health has established a
dedicated group to conduct systematic reviews of relevant research studies
in the area of workplace injury and illness prevention.

e Our systematic review team monitors developments in the
international research literature on workplace health protection and
selects timely, relevant topics for evidence review.

¢ Our scientists then synthesize both established and emerging
evidence on each topic through the application of rigorous methods.

e We then present summaries of the research evidence and
recommendations following from this evidence in formats which are
accessible to non-scientific audiences.

The Institute consults regularly with workplace parties to identify areas of
workplace health protection that might lend themselves to a systematic
review of the evidence.

We appreciate the support of the Ontario Workplace Safety & Insurance
Board (WSIB) in funding this four-year Prevention Systematic Reviews
initiative. As the major funder, the WSIB demonstrates its own commitment
to protecting workers’ health by supporting consensus-based policy
development which incorporates the best available research evidence.

Many members of the Institute's staff participated in conducting this
Systematic Review. A number of external reviewers in academic and
workplace leadership positions provided valuable comments on earlier
versions of the report. On behalf of the Institute, I would like to express
gratitude for these contributions.

Dr. Cameron Mustard
President, Institute for Work & Health
July, 2007
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1.0 Introduction

Does investing in occupational health and safety (OHS) pay? Many believe
that it does. Yet if that is the case, why hasn't there been a greater uptake of
the measures available that would improve both health and safety? The
proposed review does not seek to answer this question directly, but rather a
prior, fundamental question — what is the credible evidence that incremental
investment in health and safety is worth undertaking?

To address this question, we proposed to undertake a systematic review of
workplace-based OHS interventions with economic evaluations. We
included intervention studies directed at both primary and secondary
prevention. We use the term “primary prevention” to refer to workplace
interventions focused on reducing and preventing work-related injuries and
illness. We use the term “secondary prevention” to refer to interventions
focused on preventing and reducing disability in those with work-related
illness or injury.

In spring 2005 we undertook a feasibility study. The purpose of this first
phase was to assess whether there were enough published studies of
workplace-based interventions with economic evaluations to warrant a
systematic review. We also wanted to devise a suitable search strategy and
assess the scope of the literature to propose ways of categorizing studies.
The details of Phase 1 are reported elsewhere (1). After completing this
phase, we recommended undertaking a systematic review of OHS
intervention studies with economic evaluations in two subsequent phases.

Phase 2, which was also undertaken in 2005, was an environmental scan on
a narrower topic. It focused on assessing the quality of studies as a prelude
to developing a quality assessment tool. The results of this phase produced a
Working Paper that was presented at two conferences (2; 3) and was
subsequently published in a peer-reviewed journal (4). This work was also
the basis for three chapters of a forthcoming methods text entitled,
Developing Good Practice in the Economic Evaluation of Workplace
Interventions for Health and Safety. The Institute for Work & Health is
preparing this text for publication (5; 6; 7).

Phase 3, which began in 2006, was a full-fledged systematic review of OHS
intervention studies with economic evaluations. An interim report on this
phase was prepared in 2006 and submitted to Ontario’s Workplace Safety
and Insurance Board (1). This final report describes the findings and
evidence synthesis from the completed systematic review.

As noted in the previous report (1) and further elaborated in our publication
(3), we found that the quality of application of economic evaluation
methodologies was rather weak. We identified a number of methodological
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shortcomings in many studies. However, several studies were exemplary in
their efforts to confront the challenges of undertaking a quality economic
evaluation (8; 9; 10; 11).

In general, economic evaluation is an under-developed component within
the OHS literature. In fact, most intervention studies do not undertake one.
This may be due to limited expertise in economic evaluation methodologies
by OHS researchers, or to the low priority given to economic analysis by
evaluators. It is also likely related to practical limitations of the workplace
context.

Formulaic methods books, often designed for use in clinical settings, are
difficult to adapt to workplace contexts. Undertaking economic evaluations
in the workplace can be difficult for a number of other reasons:

e the policy arena of OHS and labour legislation is complex, with
multiple stakeholders and sometimes conflicting incentives and
priorities

e there are substantial differences in the perceptions of health risks
associated with work experiences amongst workplace parties and
policy-makers

e the burden of costs and consequences may be borne by different
stakeholders in the system

e there are multiple providers of indemnity and medical care coverage
so that no one measure accurately captures the full cost of work-
related injury and illness

¢ industry-specific human resources practices (e.g. hiring temporary
workers, using self-employed contracts, outsourcing non-core
activities) can make it difficult to identify all work-related injuries
and illnesses

e in general the dearth of data available from organizations on costs
and consequences can make it challenging and expensive to obtain
good measures.

This is the motivation behind the Institute’s decision to develop a text on
methods in economic evaluation design expressly for application in OHS
settings. As noted, three chapters of this text have drawn directly from work
undertaken in this systematic review.
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2.0 Methods

2.1 Stakeholder workshops

At three points during the process of this systematic review, we consulted
with stakeholders to get their feedback on the subject matter, scope of the
review and findings. The first stakeholder workshop was held in March
2006, after completing an environmental scan. The purpose was to get
feedback on the merits of continuing the systematic review on a larger scale,
given the quality issues we had identified. Stakeholder views were also
sought on matters such as the breadth of literature and subject matter to
cover, the principles by which to organize the subject matter, and
suggestions on how to address issues of quality. The participants included
representatives from Ontario's Workplace Safety & Insurance Board of
Ontario (WSIB), the Occupational Health and Safety Branch of the Ontario
Ministry of Labour, and some of the health and safety associations in
Ontario (see Appendix A).

A second stakeholder workshop was held in December 2006. The purpose of
this workshop was to get feedback on the developments, decisions and
findings to date. At this stage we had identified the articles that would be
included in the systematic review, and we were more knowledgeable about
the breadth and nature of the literature. In light of this, we were particularly
interested in suggestions from stakeholders on how best to synthesize and
report on the information provided by the studies to make it more useful to
them. In the first workshop, stakeholders had stated that they were keenly
interested in receiving any information about the financial merits of
interventions — whether from a peer-reviewed source or not —since this
information was not readily available to them. Given the breadth of the non-
peer reviewed literature, this was not possible.

A third stakeholder workshop was held in March 2007. The focus of this
workshop was to present a synthesis of findings and outline the
methodological issues. In particular, we were interested in getting feedback
from stakeholders on how best to cluster the broad range of studies
identified, and how to meaningfully report on findings within clusters.

2.2 Literature searches

We identified relevant studies through four sources: 1) structured searches in
journal databases; 2) other systematic reviews being undertaken at the
Institute for Work & Health; 3) a summary table of studies on office
ergonomics (9); and 4) a request for studies identified by content experts
(see Appendix B for a list of experts contacted).

The following journal databases were searched for relevant articles:
MEDLINE, EMBASE, BIOSIS, Ergonomic Abstracts and Business Source
Premier. We developed a keyword search for use with MEDLINE based on
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four criteria: 1) the type of study (e.g. intervention); 2) the setting (e.g.
workplace); 3) the outcome measure (e.g. work injury), and 4) the type of
economic analysis or outcome measure (e.g. cost-benefit analysis). At least
one keyword from each of the four categories needed to be included in the
title, abstract or classification terminology of a citation (see Appendix C for
details of terms used for MEDLINE and Appendix D for title and abstract
guidelines). This framework was subsequently customized for each of the
other databases.

Several additional inclusion/exclusion criteria were part of the study
selection process. First, studies had to be published from 1990 onward. We
chose this date because we had identified few workplace studies with
economic evaluations published prior to 1990 in our environmental scan. In
addition, the few relevant studies from this time period would likely have
used methods of lower quality, since the use of economic evaluation
methods was less advanced prior to the 1990s.

Second, studies had to be published in a peer-reviewed journal. We found
many non-peer-reviewed publications that had stylized case studies, with
little to no information on the context of the intervention, minimal
information on methods and analyses, and selective reporting of
consequences. We felt that these stylized examples would be of limited
value since the robustness of reported consequences would be difficult if not
impossible to evaluate.

Third, we excluded studies based on several criteria concerning context and
subject matter: 1) if the intervention was undertaken in a developing country
(based on the notion that issues relevant to developing countries are very
different than in developed countries); 2) if the intervention was associated
with illegal activities (e.g. drug use or prostitution); 3) if the industry/context
was army-related or on a military base; 4) if the intervention was focused
exclusively on non-health consequences such as cost reduction and/or
productivity/quality improvement (these were included only if there was a
primary or secondary prevention outcome); and 5) if the intervention was a
health promotion initiative focused on general health rather than work-
related health exposures (the literature on health promotion interventions is
large, and these interventions are distinct from OHS interventions; they
generally focus on modifying individual health behaviours related to
exercise, smoking and nutritional habits).

2.3 Quality assessment

All studies that met the subject matter and other inclusion criteria described
above were kept for evidence synthesis. This decision was based on
feedback received at the first two stakeholder workshops. Stakeholders felt
very strongly about including all studies, since there was so little
information available to them on the financial merits of workplace
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interventions. They felt it was premature to eliminate studies based on
quality. Hence, we developed a quality assessment tool to rate the quality of
included studies, but no studies were excluded due to their quality rating.

The quality assessment tool was based on work undertaken in Phase 2 of this
study. It also drew from other quality assessment tools from other IWH
systematic reviews. In Phase 2 of this research project, 10 quality issues
were identified as follows (4):

Study design and related issues

1) Study design: Studies were predominantly before-after studies with no
concurrent controls, randomization or adjustment for confounders.

2) Study perspective: In most cases the perspective was not expressly stated,
though the firm's perspective is implied. Few studies considered a societal
perspective or multiple perspectives.

3) Measurement time frame and sustainability: In many cases the
measurement time frame was not sufficiently long, and generally there was
no assessment of the sustainability of the intervention.

Measurement and analytic issues

4) Consideration of all important costs and consequences: The few studies
that undertook a full economic evaluation generally considered only a subset
of costs and consequences.

5) Valuation of costs and consequences: In valuing costs and consequences,
studies generally took measures at face value, without questioning whether
their “sticker price” reflected their true value.

6) Analytical time frame and future costs and consequences: Future costs
and consequences were rarely considered even though most interventions
were ongoing.

7) Adjustment for inflation and time preference: In most cases there was no
clear indication that monies from different years were adjusted for inflation
using the consumer price index or discounted for time preference before
they were aggregated.

8) Use of assumptions and treatment of uncertainty: Assumptions were often
made with little justification or sensitivity analysis, particularly with regard
to the effectiveness of the intervention and its implied savings.

Computational and reporting issues

9) Choice of summary measure: Most studies undertaking a full evaluation
employed cost-benefit analyses, though it was not clear what, if any,
measures were used to value health (e.g. many studies focused on changes in
workers’ compensation expenses, which do not necessarily reflect changes
in health). Few studies considered cost-effectiveness analysis and only one
study was identified that undertook cost-utility analysis.

10) Reporting issues: In many cases a clear reporting of context, measures,
and computations was seriously lacking, making it difficult to evaluate the
quality of the analysis and generalizability of the findings.
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The questions developed for the quality assessment tool were divided into
four sections: 1) overarching issues that frame the purpose of the study and
the nature of the intervention; 2) study design and issues related to
evaluating the intervention’s effectiveness; 3) measurement and analytic
issues related to the economic analysis; and 4) issues related to the
discussion and interpretation of results. Though some of the questions in the
tool focused on the assessment of effectiveness, and others on the cost-
effectiveness, the tool was not designed to separately rank the quality of the
epidemiologic analysis and of the economic analysis. The primary focus of
the tool was to assess the quality of evidence related to the economic
analysis.

The quality assessment tool consisted of 14 questions, and an additional
question on the reviewer’s overall ranking of the study quality. The last item
was added to assess the robustness of the 14 items by comparing their
average score to the overall assessment of the reviewer. Each item was
ranked on a five-point Likert scale with 1 as the lowest score and 5 the
highest. In some cases a question was not applicable to a particular study. In
such cases the question was labelled ‘NA’ and was not included in the
quality assessment for that study.

Two reviewers tested the tool on a sample of five studies. The reviewers met
several times to discuss how well the tool captured all the relevant aspects of
the study and a number of modifications were made. The final version of the
quality assessment tool can be found in Appendix E.

The average score across the 14 items constituted the final score for a study.
A study with an average score between 1 to 2.4 was considered to provide
low quality evidence related to economic analysis. A score between 2.5 and
3.4 was medium quality, and a score between 3.5 and 5 was high quality.

2.4 Data extraction

A data extraction tool was developed with sections similar to the quality
assessment tool. Specifically, it focused on four areas of the study:

1) contextual factors such as jurisdiction, industry and occupational group
targeted; 2) details about the intervention; 3) characteristics of the
epidemiologic design and related statistical analyses; and 4) characteristics
of the economic evaluation. As with the quality assessment tool, the data
extraction tool was tested with a sample of five studies by two reviewers.
Through several meetings, the tool was reviewed and refined to better
capture the studies’ key aspects that were critical for evaluation and
synthesis.

The most challenging aspect of developing and refining the data extraction
form was determining how much epidemiological information to extract.
The key concern was that the focus of this review is on economic analysis
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rather than the effectiveness/epidemiologic analysis. Yet many studies had
detailed and lengthy effectiveness analyses that did not directly feed into the
economic analyses. In fact, in many cases, the economic component was a
very minor part of the study. The final version of the data extraction tool can
be found in Appendix F.

2.5 Evidence synthesis

As noted, the intervention studies included in this systematic review covered
a broad range of interventions in a number of industries. Some focused on
primary prevention, others on secondary prevention and some looked at
both. Some undertook full economic evaluations (considering both costs and
consequences, and in some cases, only costs with the assumption that
consequences were similar), though many undertook only partial evaluations
(considering only the consequences in monetary terms and not the costs).

Given the diverse range of studies, we stratified them by two key
characteristics, namely industry and type of intervention. Within each
stratum we considered type of economic analysis (full or partial evaluation)
and study quality.

The evidence was synthesized using Slavin’s (1986, 1995) best evidence
synthesis. This is a qualitative approach that bases the strength of a
relationship on the quality, quantity and consistency of evidence available to
support a relationship between variables. We ranked the evidence supporting
the hypothesized relationship on a five-level scale consisting of strong
evidence, moderate evidence, limited evidence, mixed evidence or
insufficient evidence (see Figure 1). Evidence was tested against the criteria
for the highest level, and if it was not met, the criteria for the next highest
level were considered. The process continued cascading down the three
levels of strong, moderate and limited evidence until a set of criteria was
met. If the evidence met none of the criteria, it defaulted to one of the two
categories, mixed evidence or insufficient/no evidence. The full evidence
ranking algorithm can be found in Appendix G.
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Figure 1: Best evidence synthesis

Level of Minimum | Minimum Consistency
evidence quality guantity
Strong High Three Three high quality studies
agree.
If more than three
studies, ¥ of the medium
and high quality studies
agree.
Moderate | Medium | Two high quality | Two high quality studies
OR agree.
Two medium OR
quality and one Two medium quality
high quality studies and one high
quality study agree.
If more than three
studies, more than % of
the medium and high
quality studies agree.
Limited Medium | One high quality | If two studies (medium
OR and/or high quality), the
Two medium studies agree.
quality If more than two studies,
OR more than '; of the
One medium medium and high quality
quality and one studies agree.
high quality
Mixed Medium Two Findings from medium
and high and high quality studies
are contradictory.
Insufficient | No high quality studies, only one medium quality study,
and/or any number of low quality studies.

Since the overall quality of economic analyses in this literature was a
concern, and the analyses were mostly positive (i.e. the interventions

resulted in lower injury rates and savings), we were reticent to make a strong
statement about the level of evidence unless there were high and/or medium
quality studies on a topic. Hence, if there were only low quality studies, we
decided that would constitute insufficient evidence. When the quality of a
study is low, there is little confidence that the results are accurate. However,
due to stakeholder interest, we did retain low quality studies in our
presentation of the results of the literature searches, data extraction summary
tables and narrative profiles, for information purposes only.
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3.0 Results

3.1 Stakeholder workshops

First stakeholder workshop

At the first stakeholder meeting in March 2006, we presented the thesis
question of the systematic review, the results from our pilot, and our study
search plan (i.e. the databases to be searched and the keyword strategy). The
following key points emerged from the meeting:

1) Overarching question: One participant felt that we should consider
rewording the overarching question, by emphasizing that we planned to
synthesize evidence on whether incremental/additional investments in
health and safety were worth undertaking.

Response: The overarching question was modified accordingly, and now
reads, “What is the credible evidence that incremental investments in health
and safety are worth undertaking?”

2) Databases: Several participants felt that we should consider the grey
literature (non-peer-reviewed literature), and one person emphasized an
interest in knowing about developments in the field regardless of whether
the findings were published. One participant suggested considering the
PsycINFO database as well as business databases.

Response: We considered including the grey literature, but found that the
published literature was itself quite vast. In MEDLINE alone we had 6,381
title and abstract citations, and in EMBASE there were 6,696. PsycIFO was
evaluated as a source database, but was ultimately not included because it
did not cover the literature we were seeking to retrieve.

3) Keyword strategy: Several participants suggested ways to broaden the
keyword search to be more inclusive of relevant topics. One concern was
that “health and safety” may fall under performance management, healthy
workplace or risk management.

Response: The keyword strategy was reviewed. Several modifications were
made and tested to assess their impact on the number of hits.

4) Quality of studies: In response to the observation that most studies
presented positive findings, one participant suggested clustering and
synthesizing studies by quality and the extent of rigour in the economic
evaluation (e.g. a more rigorous study would consider indirect costs). In
general, it was felt that more information would be better than less, since it
would be highly valuable to know what was happening in the field.

A systematic review of OHS interventions with economic evaluations 9



Response: We followed through with the strong preference of including all
studies regardless of quality. We decided to use the quality assessment of
studies as one of the stratification criteria when synthesizing the evidence.

5) Synthesis criteria: We proposed stratifying studies by industry and type of
prevention (i.e. primary versus secondary). Within each stratum we would
consider type of economic evaluation (i.e. full or partial), type of
intervention (e.g. disability management, participatory ergonomics) and
study quality. One person suggested that we also consider firm size and firm
sophistication.

Response: We considered stratifying by firm size, but found that many
studies did not report firm size. We found that “firm sophistication” was
difficult to define as a construct, and therefore were unable to extract data on
this construct.

Second stakeholder workshop

At the second stakeholder workshop participants heard about the progress
we had made with the systematic review. They were particularly interested
in the methods article and chapters that were spin-off products of the review.

Participants agreed that excluding the grey literature would be acceptable,
given the number of peer-reviewed studies, and the low quality of economic
analyses in both the peer-reviewed and non-peer-reviewed literature.
However, the group felt that low quality peer-reviewed studies should be
included in the analysis. To address the issue of quality, the suggestion of
stratifying by quality was reiterated. Other stratification criteria proposed
were industrial sector, type of intervention, rationale for the intervention,
firm size category and geographic/ jurisdictional location. One participant
was particularly interested in interventions focused on training and
education, which was one of the categories in “type of intervention.”

Response: The rationale for the intervention was added as a category to the
data extraction. Specifically, we added three items: 1) motivation for the
intervention (text was to be taken directly from the study), 2) motivation
category (e.g. legislative requirement, high injury rates, high costs of injuries
and illnesses), and 3) the research question/objective of the study. The other
categories suggested for consideration in the stratification were items
already included in the quality assessment and data extraction forms, with
the exception of firm size.

Third stakeholder workshop

A third stakeholder workshop was held in March 2007. This workshop
focused on the data extracted from the studies. We presented and focused on
the data extraction tables from manufacturing and warehousing, and health-
care, as these two industries had the most studies. We sought feedback from
stakeholders on the evidence identified and how best to present it in a useful
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manner. In particular, we were concerned about the broad range of
interventions, settings and methods found in the literature. Even with
stratification of the evidence by industry, type of prevention, and type of
economic evaluation, the nature of studies within each stratum was quite
different. In particular, the economic analysis varied from study to study,
making it difficult to synthesize findings across studies within a stratum.
Predominantly positive findings continued to be an issue (i.e. there is a
concern that studies may have a bias towards showing positive results, or
that publications may have a bias toward publishing positive studies), We
also noted there was a heavy reliance on workers’ compensation data with
the result that most studies focused on insurance savings rather than on
health. The issue of quality related not only to the economic analyses within
studies, but also the effectiveness analyses. Specifically, many studies had a
simple before-after study design with no control group, and no
randomization or control for contextual factors.

Stakeholders once again emphasized the importance of retaining the low
quality studies. Despite the low quality of some studies, they felt it was
worthwhile to see these studies to learn about the literature. One stakeholder
stated that this alone was better evidence than most workplaces have on
which to base their decisions.

Stakeholders provided several suggestions about the presentation of the
findings. It was suggested that we cluster the studies in tables by industry
and type of intervention. Stakeholders noted patterns in types of
interventions in different industries and thought that clustering around these
two dimensions (i.e. industry and type of intervention) would be most
useful. The group agreed that further sub-categories would not be helpful
due to the limited number of studies in each cluster. It was also suggested
that we report the costs and consequences of the economic evaluation
separately, in addition to reporting on the overall findings. Essentially, a
structured presentation of results would be preferred that included a report
on the magnitude of effects.

In terms of the synthesis of evidence, stakeholders felt that it was important
to make a definitive statement about the “credible” evidence. This does not
require making a strong statement about the evidence towards investing in
OHS interventions. However, stakeholders considered it important that we
provide descriptions of the various layers of evidence identified.

Stakeholders suggested we report on overriding issues across studies. For
example, if we found that studies tended to report the costs as being too high
or low, it would be helpful to report on this. We should also describe the
gaps in the literature. It would also be helpful to provide advice for future
evaluations, for example, by providing a model with different approaches to
conducting economic evaluations and describing the strength and
weaknesses of each approach. (N.B. A methods text is in the works, and it
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draws substantially on the findings from this systematic review (4). A
methods piece has also been published from the pilot of this study (5).)

3.2 Literature searches

In the first two phases of this systematic review, a number of studies had
already been identified for inclusion. These came primarily from a
MEDLINE search, supplemented with studies from other systematic reviews
undertaken at the Institute, bibliographic searches, and a table of studies
prepared by Goggins (12). These sources produced 27 studies, which were
summarized in an earlier report and publication (1; 4).

A broader MEDLINE search resulted in 6,381 citations; EMBASE in 6,696
citations; BIOSIS in 2,568 citations; Business Source Premier in 687
citations; Ergonomic Abstracts in 25 citations; and other sources in 199
citations. Once these citations were merged and duplicates were removed,
the total number of citations was 12,903. After title/abstract and article
inclusion review, 180 articles were retained. In some cases, more than one
article had been published on the same intervention. After clustering these
articles and eliminating non-peer-reviewed studies, this left a total of 72
studies with economic analyses (see Appendix G). For a complete list of
included studies see References.

Five of the 72 studies did not evaluate interventions that had actually taken
place, but rather evaluated interventions that were being considered. We
chose to exclude these studies in the synthesis, since they were quite
different from the remaining studies. Rather, we report on them separately in
the Discussion section of this report. Three of these studies were in
agriculture and two were in health care.

Sixty-seven studies remained. Within these 67 studies, a total of 72
interventions were evaluated, as some studies had more than one
intervention evaluation.

3.3 Descriptive Statistics

The interventions were undertaken in a number of industries. In total, we
listed studies under 12 industry sectors. In a few cases we assigned an
intervention to an industry cluster based on the occupation rather than
industry. For example, a study by Rempel (2006) was undertaken in the
health-care sector, but the occupational group was customer services
workers at a call centre who worked at computer terminals. We included this
study in the administrative and support sector because other studies in this
group also focused on workers at computer terminals. A study by Landstad
(2002) in the health-care sector focused on cleaning personnel. We placed
this study in the accommodation and food services sector, since occupations
in that sector were similar.
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Frequency of industry representation across the 72 intervention evaluations
remaining in the review was as follows (see Appendix I for descriptive
statistics on the studies):

health care and social services - 25

manufacturing and warehousing - 16

administrative support services 8

multiple sector interventions - 7

transportation - 3

public administration - 4

mining and oil/gas extraction - 3

accommodation and food -2

retail trade; education; information and culture; utilities - 1 each.

Some studies focused on primary prevention, others on secondary
prevention, and yet others on both. We noted that certain types of
interventions were more common in certain sectors. For example,
ergonomics interventions were the predominant type of intervention in
manufacturing and warehousing. In health care, both occupational disease
prevention interventions and ergonomic interventions were common. The
specific nature of interventions ranged in scale and intensity. They covered a
wide range of features, some of which were labour-intensive (e.g.
participatory ergonomics teams, exercise programs) while others were
capital intensive (e.g. ceiling lifts in hospitals).

Some undertook a full evaluation (considering both costs and
consequences), though many undertook only a partial evaluation
(considering only the consequences in monetary terms). The predominant
outcome of focus in the economic analyses component of studies was
workers’ compensation expenses, including both the wage replacement and
health-care component of these expenses.

Given the diverse range of studies, we stratified the syntheses by two
characteristics, industry and type of intervention. As per the feedback from
the stakeholder meetings, these characteristics were deemed most relevant to
an understanding of the financial merits of workplace interventions. Within
each stratum we focused on study quality and on the type of economic
analysis (full or partial evaluation).

The intervention evaluations reported on a range of intervention types. We
clustered interventions into a total of six types, which we labelled as
follows:

e crgonomic and other musculoskeletal (MSK) injury prevention
interventions

e occupational disease prevention interventions
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e disability management interventions

e multi-faceted interventions, which included two or more types of
interventions.

e health promotion interventions

e interventions to reduce violence in the workplace

The most common type of intervention was ergonomic and other MSK
injury prevention interventions, followed by disability management
interventions.

Many intervention evaluations had only partial economic evaluations (i.e.
only costing of outcomes in monetary terms) although we did find a fair
number of full evaluations. The number of partial and full evaluations in
each industry was as follows:

health care and social services (10 and 15)
manufacturing and warehousing (7 and 9)
administrative and support services (1 and 7)
multiple sector interventions (1 and 6)
public administration (4 and 0)
transportation (1 and 2)

mining and oil/gas extraction (1 and 2)
remaining industries (2 and 4 in total).

In terms of perspective, the vast majority of studies took the firm
perspective.

3.3 Quality assessment and data extraction tools

We found the quality assessment tool to work quite well. Of the five studies
tested by two reviewers, the average score given across the 14 items for each
study was within 0.5 of a point of the overall study score given by a
reviewer.

The data extraction tool underwent several iterations to ensure that it
captured all the relevant aspects of the context, the nature of the
intervention, the effectiveness evaluation and the economic evaluation.
Overall, there were approximately 40 categories of information extracted.

Though there were several exemplary economic analyses of interventions
that received a high quality score (e.g. Arnetz 2003; Daltroy 1997; Derango
2003; Jensen 2005; Karjalainen 2003; Lahiri 2005; Lanoi 1996; Loisel
2002), the majority of interventions had low quality economic analyses. This
is understandable, since the economic analysis component in many of the
studies was not the primary focus. Essentially, many studies were primarily
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focused on the effectiveness evaluation, with only a secondary or minor
focus on the economic analysis.

Summary tables of the data extracted from each intervention evaluation can
be found in Appendix K. This appendix has 12 sets of tables, one for each
industry sector. Within each industry sector there are four tables that contain
core information on each evaluation retained in the systematic review. The
four tables are as follows:

Table 1: <Industry> Description of Intervention
Table 2: <Industry> Effectiveness Analysis

Table 3: <Industry> Economic Analysis Details
Table 4: <Industry> Economic Analysis Results

Within each table, studies are clustered by type of intervention and ranked
from highest to lowest quality.

3.4 Evidence synthesis

With 12 industry sectors and six intervention types, in many cases there
were not enough studies of high and/or medium quality in a particular
stratum to identify support for the financial merits of an intervention. Hence
many strata were found to have insufficient evidence. In total we identified
seven industry-intervention type strata in which there was evidence in
support of the intervention, and 17 industry-intervention type strata with
insufficient evidence. See Appendix J for details. We follow with a
summary of the seven strata. They have a sufficient number, quality and
consistency of intervention evaluations so that the level of evidence from
evaluations within each stratum supports, to some degree, undertaking the
intervention on the basis of its financial merits.

Full results for each sector appear in tables in Appendices K to V. These
tables include quality scores, descriptions of the interventions, effectiveness
of outcomes, and costs and consequences of the interventions for each study.

In the administrative and support services sector, a cluster of eight
intervention evaluations were identified within the category of ergonomics
and other MSK injury prevention interventions. Two intervention evaluation
were of high quality (Amick 2003 & DeRango 2003; Lahiri 2005), one was
of medium quality (Rempel, 2006), and five were of low quality. This
translates into moderate evidence that such interventions in the
administrative and support services sector are worth undertaking on the basis
of their financial merits. They may be meritorious/beneficial due to a
reduced frequency or severity of injuries, which ultimately results in
savings, and/or productivity improvements that result in savings.

In the health-care sector, five occupational disease prevention interventions
were identified. Three were of medium quality (Laufer 1994; Yassi 1995;
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Orenstein 1995) and two were of low quality. The two types of interventions
in this group consisted of needlestick injury prevention programs, and the
conversion from powdered latex gloves to powder-free gloves. This stratum
provided moderate to limited evidence that such interventions are worth
undertaking for their financial merits. The reason for the evidence straddling
two levels is that the Yassi (1995) study finds losses or savings due to the
intervention depending on the assumptions made. If we focus on the positive
findings of this study, then there is a sufficient number and quality of
interventions in the cluster to conclude moderate evidence. If we focus on
the negative findings, the two other medium quality studies have positive
findings, and hence the cluster ultimately provides limited evidence.

Also in the health-care sector, the ergonomic and other MSK injury
prevention interventions stratum provided moderate evidence that such
interventions are worth undertaking for economic reasons. There were 11
studies in total in this stratum. Four were of medium quality (Collins 2004;
Chhokar 2005; Gundewall 1993; Evanoff 1999), and the remainder were of
low quality. Most of the studies in this group evaluated the introduction of
mechanical ceiling lifts for moving and transferring patients. Some
investigated other approaches to reducing back injuries, such as the
introduction of a lifting team, ergonomic training on manual handling
techniques for moving and transferring patients, or exercise programs to
increase back strength.

In the manufacturing and warehousing sector, the stratum consisting of
ergonomic and other MSK injury prevention interventions provided strong
evidence that these interventions are worth undertaking for their financial
merits. There were nine interventions in this cluster in total. Three were of
high quality (two in Lahiri 2005; Lanoie 1996), two were of medium quality
(Abrahamsson 2000; Halpern 1997), and the remainder were of low quality.

Also in the manufacturing and warehousing sector, the multi-faceted
intervention stratum provided limited to mixed evidence of negative
findings. There was a total of four interventions, with two of medium quality
(Kjellen 1997; Lemstra 2003), and two of low quality. Kjellen (1997)
reported negative findings from an intervention in which an occupational
health and safety management system was introduced. Lemstra (2003)
reported negative findings from an early intervention program, and positive
findings from an occupational management protocol for primary and
secondary prevention. The negative findings were consistent with Kjellen
(1997), whereas the positive findings were in contrast with that study.
Hence, we conclude there is limited evidence of negative findings or mixed
evidence.

Disability management interventions across multiple sectors was the stratum
that provided strong evidence that such interventions are worth undertaking
based on economic analyses. There were five interventions in total, with

16 Institute for Work & Health



four of high quality (Loisel 2002; Jensen 2005, 2001; Arnetz 2003;
Karjalainen 2003), and one of low quality. All the high quality studies took a
systems or societal perspective rather than focusing on the employer
perspective.

The last stratum with substantive evidence was ergonomic and other MSK
injury prevention interventions in the transportation sector. This stratum
provided moderate evidence that such interventions result in economic
returns. In this group there were three interventions. One was of high quality
(Daltroy 1997), and two were of medium quality (Versloot 1992; Tuchin
1998). Interestingly, each was undertaken in a different country, namely the
Unites States, the Netherlands and Australia.

A systematic review of OHS interventions with economic evaluations 17



4.0 Conclusions

Our main goal with this systematic review was to obtain a better
understanding of the evidence on the costs and consequences associated with
workplace interventions for health and safety. The research question we
posed was, “What is the credible evidence that incremental investment in
health and safety is worth undertaking?” We have been able to directly
respond to this question in seven industry-intervention type clusters. In the
remaining 17, there was insufficient evidence due the small number of
studies, and/or their low quality.

To summarize, the substantive findings of our review are as follows. (For a
description of the evidence criteria, see Figure 1 in section 2.5.) There is:

(1) strong evidence supporting disability management interventions in
multiple sectors

(2) strong evidence supporting ergonomic and other MSK injury prevention
interventions in the manufacturing and warehousing sector

(3) moderate evidence supporting ergonomic and other MSK injury
prevention interventions in the administrative and support sector

(4) moderate evidence supporting ergonomic and other MSK injury
prevention interventions in the health-care sector

(5) moderate evidence supporting ergonomic and other MSK injury
prevention interventions in the transportation sector.

(6) moderate to limited evidence supporting occupational disease prevention
interventions in the health-care sector

(7) limited to mixed evidence of negative findings for multi-faceted
interventions in the manufacturing and warehousing sector

This systematic review is unique in that no other reviews have examined this
topic in a systematic and comprehensive fashion. Due to the dearth of
evidence on the financial merits of workplace interventions for health and
safety, this systematic review begins to fill an important gap in the literature.
It also provides insight into what sectors and what types of interventions
need to include economic evaluations in future studies. We would
recommend that all researchers who are thinking of undertaking an
evaluation of a workplace intervention should consider including an
economic evaluation. Our findings are of value to workplace parties, OHS
practitioners, and policy-makers who are interested in knowing not only
what interventions are effective, but also if they are worth undertaking. The
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findings are also of value to OHS researchers, who might seek to fill some
of the gaps in the literature and strive to improve the quality of future
economic evaluations.

4.1 Discussion of quality issues

Although our focus was on the economic analysis component of workplace
interventions, a necessary aspect of these studies is the evaluation of their
effectiveness. Consequently, we reviewed the analyses of the effectiveness
of interventions in the studies included, though to a lesser degree than our
key area of interest. We found that many studies relied on study designs that
assessed the effectiveness before and after the introduction of an
intervention, often without a control group. Quite frequently they did not
adjust for contextual factors when assessing the impact of the intervention.
Such studies often attributed all the changes that occurred after the
introduction of an intervention to the intervention itself, and not to other
factors that could have also led to changes. A few studies used multivariate
regression analyses to control for contextual factors. The dearth of
randomized controlled studies in this area reflects the difficulty of
undertaking randomization in workplaces. Factors such as short
measurement time frames and small sample sizes are also related to the
difficulty of undertaking research in the workplace.

We found that there was often a disconnect between the effectiveness and
economic analysis of studies. In other words, one set of analyses fed into the
former, and a separate set of analyses were undertaken for the latter. For
many studies the economic analysis component was not the principal focus
of the investigation. In some cases, it was a very small component of the
overall analysis. This fact might begin to explain why many studies
undertook only a partial analysis that considered only the consequences of
the intervention in monetary terms.

There were issues with the measures of consequences used in studies. As
presented in Appendices K to V, many studies relied on workers’
compensation expenses as the key, and often only, measure of
consequences. It was not clear whether these expenses were proxies for
human capital, or simply a measure of reduced insurance expenses; it is
most likely the latter. If the former, then the measure is poorly chosen, since
workers’ compensation wage replacement rates are less than 100 per cent of
wages, and therefore underestimate the wage value of time lost due to work
injury. If the latter, it would appear that the health component of the
intervention is missing in the economic analysis. Furthermore, wage
replacement and health-care costs incurred by the insurer are generally not
an accurate measure of the incremental insurance expense of a firm, since
most firms’ premiums are not fully experience rated (i.e. a certain portion of
expenses incurred by the insurer are pooled across firms). If a firm
perspective is taken, the impact of injuries and illnesses on future firm
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premiums should be considered, rather than the expenses incurred by the
compensation insurer.

Less frequently considered were productivity losses associated with time off
work due to disability, or productivity losses while at work due to disability
(the latter is sometimes described as presenteeism). Secondary health and
non-health outcomes such as first aid cases and turnover were rarely
considered, though several studies mentioned intangible benefits such as
improved worker morale, industrial relations climate, work organization and
product quality. In general, few studies considered and measured a broad
range of consequences.

Since most studies took a firm perspective, a consideration of consequences
to workers and other stakeholders was rare. However, there were several
studies, particularly of disability management interventions, which adopted a
systems level perspective. These interventions were often initiated by a
workers’ compensation insurer and the programmatic features were often
associated with the services provided by the insurer.

There were several common economic analysis concerns that frequently
arose in the studies. A common error was the failure to adjust for inflation
when there were monetary values from different time periods. This
adjustment is necessary so that values are comparable. Another common
error was the failure to consider the time value of money. Calculations need
to be made to consider interest rates over time, so that the time value of
money is accounted for when aggregating monetary values from different
time periods. This is known as discounting. Discounting should also be
undertaken with non-monetary measures of health if they are realized over
several time periods. In some cases the calendar year of the monetary
measures was not even provided or was not clear. For these reasons, it is
difficult to meaningfully compare monetary measures across studies.

Many studies made strong assumptions when estimating the health and
financial merits of an intervention. It is customary to undertake sensitivity
analyses when assumptions are questionable, in order to assess the
robustness of results to the assumption made. Yet very few studies
undertook any type of sensitivity analysis.

We also noted an apparent positive publication bias. Most studies showed
that the interventions under evaluation were worth undertaking in terms of
their financial returns. This bias makes it difficult for consumers of this
research to discern which interventions are truly worth undertaking in terms
of their financial merits, and which are not. If most interventions are truly
worth undertaking, why do organizations not more readily adopt such
interventions?
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In several of the studies we reviewed, we found the reporting of context,
measures, computational formulas and assumptions were inadequate.

In order to assess the transferability or generalizability of an intervention to
other settings, a consumer of the research requires sufficient information to
assess its applicability or generalizability. Information that assists with this
process includes details about the context; the nature of the intervention; the
timing, magnitude and the type of activities within the intervention; and the
amount and variability of costs and consequences. At another level, clear
and complete reporting facilitates a reader’s ability to assess the quality of a
study, or simply understand what assumptions and calculations were made
to arrive at a final value. The poor reporting made it difficult for us to
determine how values were derived to evaluate the quality of the analysis
and to assess the generalizability of the findings. For example, an important
variable for stakeholders was firm size. This information may provide an
understanding of the resources needed to support an intervention, and/or the
economies of scale that might be required before warranting uptake. Yet
firm size was not often reported in studies. Other critical information often
missing was details on number of workers involved, uptake, and the
intensity of involvement in the intervention.

To address concerns about quality, 10 quality issues were identified in the
feasibility stage and incorporated into the quality assessment tool. Though
quality assessment is a critical component of evidence synthesis,
stakeholders felt strongly that all published articles should be retained in the
review, regardless of quality, because of the dearth of evidence on the
financial merits of workplace interventions. The group decided to exclude
the grey literature as well as published studies that were not peer-reviewed.
Additionally, only studies published in 1990 or thereafter were included.
This criterion was also included to control for quality, since methods,
applications and the workplace context have changed substantially over the
last decade and an half.

As noted in our results section, there were five economic evaluations we
identified that were not kept in the final synthesis because they did not
evaluate interventions that had actually taken place, but rather evaluated
interventions that were being considered (13; 14; 15; 16; 17). In general, we
found these types of studies were of higher quality than many in our review,
so there is much to be learned from them. These studies focused exclusively
on undertaking an economic evaluation, and generally employed decision
tree analysis to present the possible outcomes and the probabilities
associated with each of them. They drew on information from a range of
published studies for data on the probabilities and magnitude of costs and
consequences. The use of secondary data sources made it possible to fill in
many of the information gaps that would not always be available from a
single intervention. They gave clear treatment and presentation of all the
core aspects of a comprehensive economic evaluation, such as adjustment
for inflation, discounting and testing of the robustness of results through
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sensitivity analysis of core assumptions. The main lessons learned from such
studies are:

e consider all possible health outcomes, their probabilities and the
expenses associated with them;

e consider filling information gaps with data from other studies;

e consider all the core aspects of a comprehensive economic
evaluation and articulate these details in the write-up;

e test robustness of results through sensitivity analysis of core
assumptions;

e recognize that an economic analysis should stand on its own, and
may warrant a publication separate from the effectiveness analysis
rather than be treated as a sidebar issue.

4.2 Concluding remarks

This is the final report related to this systematic review. Subsequent plans
include completing one or more journal articles from the report. Further
work will continue on products related to methods in economic evaluation of
OHS interventions. Key products completed to date are two interim reports
(1), a journal article based on the environmental scan (4), two conference
presentations (2, 3) and three methods chapters (5; 6, 7).

22 Institute for Work & Health



A systematic review of OHS interventions with economic evaluations

23



5.0 References

(1

2

3)

4

©)

(6)

(7)

(8)

)

Tompa E, Dolinschi R, de Oliveira C, Irvin E. Interim Report on a
Systematic Review of OHS Interventions with Economic Evaluations.
Toronto: Institute for Work & Health; 2005a & 2006.

Tompa E, Dolinschi R, de Oliveira C. Practice and potential of
economic evaluation of workplace-based interventions for occupational
health and safety. International Workshop on Workplace-based Office
Interventions for Primary and Secondary Upper Extremities Disorders;
2005b; Annapolis, U.S.A.

Tompa E, Dolinschi R, de Oliveira C. Practice and potential of
economic evaluation of workplace-based interventions for occupational
health and safety. International Workshop on Economic Evaluation of
Occupational Health and Safety Programs; 2006a; Amsterdam, The
Netherlands.

Tompa E, Dolinschi R, de Oliveira C. Practice and potential of
economic evaluation of workplace-based interventions for occupational
health and safety. Journal of Occupational Rehabilitation. 2006b. Also
Working Paper 311. Toronto: Institute for Work & Health; 2006b.

Tompa E, Dolinschi R, de Oliveira C. The identification and valuation
of consequences. Chapter in: Developing Good Practice in the
Economic Evaluation of Workplace Interventions for Health and
Safety. Tompa E, Dolinschi R, Culyer A (eds.) (forthcoming).

LaPorte A, Tompa E, Dolinschi R. The identification of costs. Chapter
in: Developing Good Practice in the Economic Evaluation of
Workplace Interventions for Health and Safety. Tompa E, Dolinschi R,
Culyer A (eds.) (forthcoming).

Niven K, Tompa E, Dolinschi R, de Oliveira C. A critical review of the
application of methodologies in workplace settings. Chapter in:
Developing Good Practice in the Economic Evaluation of Workplace
Interventions for Health and Safety. Tompa E, Dolinschi R, Culyer A
(eds.) (forthcoming).

Allen UD, Read S, Gafni A. Zidovudine for chemoprophylaxis after
occupational exposure to HIV-infected blood: an economic evaluation.
Clinical Infectious Diseases. 1992; 14(4):822-30.

Lanoie P, Tavenas S. Costs and benefits of preventing workplace
accidents: the case of participatory ergonomics. Safety Science. 1996;
24(3):181-196.

24

Institute for Work & Health



(10) Loisel P, Lemaire J, Poitras S, Durand MJ, Champagne F, Stock S et
al. Cost-benefit and cost-effectiveness analysis of a disability
prevention model for back pain management: a six-year follow up
study. Occupational and Environmental Medicine. 2002; 59(12): 807-
815.

(11) Kermode M, Yong K, Hurley S, Marmion B. An economic evaluation
of increased uptake in Q fever vaccination among meat and agricultural
industry workers following implementation of the National Q Fever
Management Program. Australian & New Zealand Journal of Public
Health. 2003; 27: 390-8.

(12) Goggins R. Table prepared for Washington State Department of Labor
and Industries. 2006 (personal communication).

(13) Adal KA, Anglim AM, Palumbo CL, Titus MG, Coyner BJ, Farr BM.
The use of high-efficiency particulate air-filter respirators to protect

hospital workers from tuberculosis. A cost-effectiveness analysis. New
England Journal of Medicine. 1994; 331(3):169-73.

(14) Allen UD, Read S, Gafni A. Zidovudine for chemoprophylaxis after
occupational exposure to HIV-infected blood: an economic evaluation.
Clinical Infectious Diseases. 1992; 14(4):822-30.

(15) Spiegel J, Yassi A, Ronald LA, Tait D, Hacking P, Colby T.
Implementing a resident lifting system in an extended care hospital:

demonstrating cost benefit. American Association of Occupational
Health Nurses Journal. 2002; 50(3):128-134.

(16) Day L, Rechnitzer G, Lough J. An Australian experience with tractor
rollover protective structure rebate programs: process, impact and
outcome evaluation. Accident Analysis and Prevention. 2004; 36:861-
867.

(17) Pana-Cryan R, Myers ML. Cost-effectiveness of roll-over protective
structures. American Journal of Industrial Medicine. 2002; (Suppl)
2:68-71.

A systematic review of OHS interventions with economic evaluations 25



6.0 Reference List of the Studies in the Review*

*articles are clustered in cases where more than one article was published on the same
intervention

(1)

(2)

€)

(4)

()

Abrahamsson L. Production economics analysis of investment initiated to
improve working environment. Applied Ergonomics. 2000;31(1):1-7.

Amick BC, Robertson MM, DeRango K, Bazzani L, Moore A, Rooney T,
Harrist R. Effect of office ergonomics intervention on reducing musculoskeletal
symptoms. Spine. 2003;28(24):2706-2711.

DeRango K, Amick B, Robertson M, Rooney T, Moore A, Bazzani L. The
productivity consequences of two ergonomic interventions. Toronto, ON:
Institute for Work & Health, Working Paper #222; 2003.

Arnetz BB, Sjogren B, Rydehn B, Meisel R. Early workplace intervention for
employees with musculoskeletal-related absenteeism: a prospective controlled
intervention study. Journal of Occupational and Environmental Medicine.
2003; 45(5):499-506.

Banco L, Lapidus G, Monopoli J, Zavoski R. A safe teen work project: A study
to reduce cutting injuries among young and inexperienced workers. American
Journal of Industrial Medicine. 1997; 31: 619-622.

Bernacki EJ, Tsai S. Ten years’ experience using an integrated workers’
compensation management system to control workers’ compensation costs.
Journal of Occupational and Environmental Medicine. 2003; 45(5):508-516.

Green-McKenzie J, Parkerson J, Bernacki EJ. Comparison of workers’
compensation costs for two cohorts of injured workers before and after the
introduction of managed care. Journal of Occupational and Environmental
Medicine. 1998; 40:568-572.

Bernacki EJ, Tsai S. Managed care for workers’ compensation: Three years of
experience in an “employee choice” state. Journal of Occupational and
Environmental Medicine. 1996; 38:1091-1095.

Bernacki EJ, Guidera JA, Schaefer JA, Lavin RA, Tsai SP. An ergonomics
program designed to reduce the incidence of upper extremity work related

musculoskeletal disorders. Journal of Occupational and Environmental
Medicine. 1999; 41(12):1032-1041.

Bernacki EJ, Guidera JA, Schaefer JA, Tsai S. (2000). A facilitated early return
to work program at a large urban medical center. Journal of Occupational and
Environmental Medicine 2000. 42:117-1177.

26

Institute for Work & Health



(6)

(7)

(8)

)

(10)

(In

(12)

(13)

(14)

(15)

McGrail Jr. MP, Tsai SP, Bernacki EJA. Comprehensive initiative to manage
the incidence and cost of occupational injury and illness. Report of an
outcomes analysis. Journal of Occupational and Environmental Medicine.

1995; 37(11):1263-1268.

Bradley W. Management and prevention of on the job injuries. American
Association of Occupational Health Nurses Journal. 1996; 44(8):402-405.

Brophy MO, Achimore L, Moore-Dawson J. Reducing incidence of low-back
injuries reduces cost. American Industrial Hygiene Association Journal. 2001;
62(4):508-11.

Brown KC, Sirles AT, Hilyer JC, Thomas MJ. Cost-effectiveness of a back
school intervention for municipal employees. Spine. 1992; 17:1224—1228.

Bunn WB, Pikelny DB, Slavin TJ, Paralkar S. Health, safety, and productivity
in a manufacturing environment. Journal of Occupational and Environmental
Medicine. 2001; 43:47-55.

Cameron M. Cost implications of allergy and recent Canadian research
findings. European Journal of Surgery, Acta Chirurgica. 1997; 579 (Suppl):
47-8.

Caulfield C. Partners in health: a case study of a comprehensive disability
management program. Healthcare Management Forum. 1996; 9(2):36-43.

Charney W, Zimmerman K, Walara E. The lifting team: A design method to
reduce lost time injury in nursing. American Association of Occupational
Health Nurses Journal. 1991; 39(5): 231-234.

Chhokar R, Engst C, Miller A, Robinson D, Tate RB, Yassi A. The three-year
economic benefits of a ceiling lift intervention aimed to reduce healthcare
worker injuries. Applied Ergonomics. 2005; 36(2):223-229.

Ronald L, Yassi A, Spiegel J, Tate RB, Tate D, Mozel MR. Effectiveness of
installing overhead ceiling lifts - reducing musculoskeletal injuries in an

extended care hospital unit. American Association of Occupational Health
Nurses Journal 2002; 50(3):128-134.

Collins JW, Wolf L, Bell J, Evanoff B. An evaluation of a "best practices"
musculoskeltal injury prevention program in nursing homes, Injury Prevention.
2004; 10: 206-211.

Collins M. A comprehensive approach to preventing occupational back pain
among nurses. Journal of Occupational Health and Safety - Australia & New
Zealand. 1990; 6(5):361-368.

Systematic review of OHS interventions with economic evaluations

27



(16)

(17)

(18)

(19)

(20)

ey

(22)

(23)

(24)

(25)

Daltroy LH, Iversen MD, Larson MG, Lew R, Wright E, Ryan J, et al. A
controlled trial of an educational program to prevent low back injuries. New
England Journal of Medicine. 1997; 337:322-328.

Straker L, Herbert R, Maher C. Education to prevent low back injuries changes
knowledge of safe behaviour but not injury incidence or cost. Australian
Journal of Physiotherapy. 1998; 44(4):283-4.

Davis PM, Badii M, Yassi A. Preventing disability from occupational
musculoskeletal injuries in an urban, acute and tertiary care hospital: results
from a prevention and early active return-to-work safely program. Journal of
Occupational and Environmental Medicine. 2004; 46(12):1253-1262.

Dollard M, Forgan R, Winefield A. Five-year evaluation of a work stress
intervention program. Journal of Occupational Health and Safety - Australia &
New Zealand. 1998; 14(2):159-65.

Engst C, Chhokar R, Miller A, Tate RB, Yassi A. Effectiveness of overhead
lifting devices in reducing the risk of injury to care staff in extended care
facilities. Ergonomics Journal. 2005; 48(2):187-199.

Evanoff BA, Bohr PC, Wolf LD. Effects of a participatory ergonomics team
among hospital orderlies. American Journal of Industrial Medicine. 1999;
35(4):358-365.

Feuerstein M, Marshall L, Shaw WS, Burrell LM. Multicomponent
intervention for work-related upper extremity disorders. Journal of
Occupational Rehabilitation. 2000; 10(1):71-83.

Goodman RC. An aggressive return-to-work program in surgical treatment of
carpal tunnel syndrome: A comparison of costs. Plastic and Reconstructive
Surgery. 1992; 89:715-717.

Greenwood JG, Wolf HJ, Pearson RJ, Woon CL, Posey P, Main CF. Early
intervention in low back disability among coal miners in West Virginia:
negative findings. Journal of Occupational Medicine. 1990; 32:1047-1052.

Gundewall B, Liljeqvist M, Hansson T. Primary prevention of back symptoms
and absence from work. A prospective randomized study among hospital
employees. Spine. 1993; 18:587-594.

Guthrie PF, Westphal L, Dahlman B, Berg M, Behnam K, Ferrell D. A patient
lifting intervention for preventing the work-related injuries of nurses. Work.
2004; 22:79-88.

28

Institute for Work & Health



(26)

27)

(28)

(29)

(30)

€1y

(32)

(33)

(34)

Halpern CA, Dawson KD. Design and implementation of a participatory
ergonomics program for machine sewing tasks. International Journal of
Industrial Ergonomics. 1997; 20:429-440.

Hilyer JC, Brown KC, Sirles AT, Peoples L. A flexibility intervention to reduce
the incidence and severity of joint injuries among municipal firefighters.
Journal of Occupational Medicine. 1990; 32:631-637.

Hochanadel CD, Conrad DE. Evolution of an on-site industrial physical therapy
program. Journal of Occupational Medicine. 1993; 35(10):1011-1016.

Hocking B. Evaluation of a manual handling project. Journal of Occupational
Health and Safety - Australia & New Zealand. 1991; 7(4):295-301.

Jensen IB, Bergstrom G, Ljungquist T, Bodin L. A 3-year follow-up of a
multidisciplinary rehabilitation programme for back and neck pain. Pain.
2005;115:273-283.

Jensen IB, Bergstrém G, Ljungquist T, Bodin L, Nygren AL. A randomized
controlled componenet analysis of a behavioral medicine rehabilitation
program for chronic spinal pain: are the effects dependent on gender? Pain.
2001;91:65-78.

Karjalainen K, Malmivaara A, Pohjolainen T, Hurri H, Mutanen P, Rissanen P,
Pahkajirvi H, Levon H, Karpoff H, Roine R. Mini-intervention for subacute
low back pain: a randomized controlled trail. Spine. 2003; 28(6):533-541.

Karjalainen K, Malmivaara A, Pohjolainen T, Hurri H, Mutanen P, Rissanen P,
Pahkajirvi H, Levon H, Karpoff H, Roine R. Mini-intervention for subacute
low back pain: two-year follow-up and modifers of effectiveness. Spine. 2004;
29(10):1069-1076.

Karrholm J, Ekholm K, Jakobsson B, Ekholm J, Bergroth A, Schuldt K. Effects
on work resumption of a co-operation project in vocational rehabilitation.
Systematic, multi-professional, client-centred and solution-oriented co-
operation. Disability and Rehabilitation. 2006; 28(7):457-67.

Kemmlert K. Economic impact of ergonomic intervention -- four case studies.
Journal of Occupational Rehabilitation. 1996; 6:17-32.

Kjellén U, Boe K, Hagen HL. Economic effects of implementing internal
control of health, safety and environment: A retrospective case study of an
aluminium plant. Safety Science. 1997; 27(2/3):99-114.

Systematic review of OHS interventions with economic evaluations

29



(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

Korniewicz DM, Chookaew N, El Masri M, Mudd K, Bollinger ME.
Conversion to low-protein, powder-free surgical gloves: is it worth the cost?

American Association of Occupational Health Nurses Journal. 2005; 53:388-
393.

Koviack P. A review of the effect of an accommodation program to support
nurses with functional limitations. Nursing Economics. 2004; 22:320-324.

Lahiri S, Gold J, Levenstein C. Estimation of net-costs for prevention of
occupational low back pain: three case studies from the US. American Journal
of Industrial Medicine. 2005; 48: 530-541.

Lahiri S, Gold J, Levenstein C. Net-cost model for workplace interventions.
Journal of Safety Research. 2005; 36: 241-255.

Landers M, Maguire L. Effects of a work injury prevention program for
housekeeping in the hotel industry. Work. 2004; 22: 239-246.

Landstad BJ, Gelin G, Malmquist C, Vinberg S. A statistical human resources
costing and accounting model for analysing the economic effects of an
intervention at a workplace. Ergonomics. 2002; 45:764-787

Landstad BJ, Ekholm J, Broman L, Schuldt K. Working environmental
conditions as experienced by women working despite pain. A prospective study
with comparison groups of hospital cleaners and home help personnel receiving
supportive measures at the workplace. Work 2000a.15:141-152.

Landstad BJ, Ekholm J, Schuldt K, Bergrowth A. Health-related quality of life
in women at work despite ill-health. A prospective comparative study of
hospital cleaners/home-help staff before and after staff support. International
Journal of Rehabilitation Research. 2000b; 23:91-101.

Lanoie P, Tavenas S. Costs and benefits of preventing workplace accidents: the
case of participatory ergonomics. Safety Science. 1996; 24:181-196.

Laufer FN, Chiarello LA. Application of cost-effectiveness methodology to the
consideration of needlestick-prevention technology. American Journal of
Infection Control. 1994; 22(2):75-82.

Lemstra M, Olszynski WP. The effectiveness of standard care, early
intervention, and occupational management in worker's compensation claims.
Spine. 2003; 28(3):299-304.

Lemstra M, Olszynski WP. The effectiveness of standard care, early
intervention, and occupational management in worker's compensation claims:
Part 2. Spine. 2004; 29(14):1573-1579.

30

Institute for Work & Health



(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

Lewis R, Krawiec M, Confer E, Agopsowicz D, Crandall E. Musculoskeletal
disorder worker compensation costs and injuries before and after an office
ergonomic program. International Journal of Industrial Ergonomics. 2002;
29:95-99.

Lewis RJ, Fogleman M, Deeb JM, Crandall E, Agopsowicz D. Effectiveness of
a DT ergonomics training program. International Journal of Industrial
Ergonomics. 2001; 27:119-131.

LiJ, Wolf L, Evanoff B. Use of mechanical patient lifts decreased
musculoskeletal symptoms and injuries among health care workers. Injury
Prevention. 2004; 10(4):212-216.

Linton SJ, Bradley LA. An 18-month follow-up of a secondary prevention
program for back pain: Help and hindrance factors related to outcome
maintenance. The Clinical Journal of Pain. 1992; 8:227-236

Linton, SJ, Bradley LA, Jensen I, Spangfort E, Sundell L. The secondary
prevention of low back pain: a controlled study with follow-up. Pain. 1989;
36:197-207.

Loisel P, Lemaire J, Poitras S, Durand MJ, Champagne F, Stock S, Diallo B,
Tremblay C. Cost-benefit and cost-effectiveness analysis of a disability
prevention model for back pain management: a six year follow up study.
Occupational and Environmental Medicine. 2002; 59(12):807-815.

Maniscalco P, Lane R, Welke M, Mitchell JH, Husting L. Decreased rate of
back injuries through a wellness program for offshore petroleum employees.
Journal of Occupational and Environmental Medicine. 1999; 41(9):813-20.

Martin KH. Improving staff safety through an aggression management
program. Archives of Psychiatric Nursing. 1995; 9(4):211-215.

Matheson LN, Brophy RG. Aggressive early intervention after occupational
back injury: Some preliminary observations. Journal of Occupational
Rehabilitation. 1997; 7(2):107-17.

Matheson LN, Brophy RG, Vaughan KD, Nunez C, Saccoman KA. Workers'
compensation managed care: preliminary findings. Journal of Occupational
Rehabilitation. 1995; 5(1):27-36.

Melhorn JM, Wilkinson L, Riggs JD. Management of musculoskeletal pain in
the workplace. Journal of Occupational and Environmental Medicine. 2001;
43:83-93.

Systematic review of OHS interventions with economic evaluations

31



(D

(52)

(33)

(34)

(35)

(56)

(57)

(58)

(39)

(60)

Melhorn JM, Wilkinson L, Gardner P, Horst WD, Silkey B. An outcomes study
of an occupational medicine intervention program for the reduction of
musculoskeletal disorders and cumulative trauma disorders in the workplace.
Journal of Occupational and Environmental Medicine. 1999; 41(10):833.

Moore JS, Garg A. The effectiveness of participatory ergonomics in the red
meat packing industry: Evaluation of a corporation. International Journal of
Industrial Ergonomics. 1998; 21:47-58.

Moore JS, Garg A. Use of participatory ergonomics teams to address
musculoskeletal hazards in the red meat packing industry. American Journal of
Industrial Medicine. 1996; 29(4):402-408.

Ore T. Evaluation of safety training for manual handling of people with
disabilities in specialised group homes in Australia. Australian and New
Zealand Journal of Public Health. 2003; 27:64-69.

Orenstein R, Reynolds L, Karabaic M, Lamb A, Markowitz SM, Wong ES. Do
protective devices prevent needlestick injuries among health care workers?
American Journal of Infection Control. 1995; 23(6):344-51.

Perry MC. REACH: an alternative early return to work program. American
Association of Occupational Health Nurses Journal. 1996; 44(6):294-8.

Rempel DM, Krause N, Goldberg R, Benner D, Hudes M, Goldner GU. A
randomised controlled trial evaluating the effects of two workstation
interventions on upper body pain and incident musculoskeletal disorders among
computer operators. Occupational and Environmental Medicine. 2006; 63:300-
6.

Ridyard DT, Hathaway J. The three dimensions of an ergonomics program.
Occupational Hazards. 2000; Feb: 41-44.

Ryan WE, Krishna MK, Swanson CE. A prospective study evaluating early
rehabilitation in preventing back pain chronicity in mine workers. Spine. 1995;
20:489-491.

Shi L. A cost-benefit analysis of a California county's back injury prevention
program. Public Health Report. 1993; 108(2):204-211.

Tadano P. A safety/prevention program for VDT operators: one company’s
approach. Journal of Hand Therapy. 1990; 3(2):64-71.

Tracz S. Reducing the physical and fiscal pain of back injury. Leadership in
Health Services. 1992; 1(2):36-8.

32

Institute for Work & Health



(61)

(62)

(63)

(64)

(65)

(66)

(67)

Tuchin P, Pollard H. The cost-effectiveness of spinal care education as a
preventative strategy for spinal injury. Journal of Occupational Health and
Safety - Australia & New Zealand. 1998; 14:43-51.

Versloot JM, Roseman A, vanSon AM, vanAkkerveeken PF. The cost-
effectiveness of a back school program in industry. Spine.1992; 17:22-27.

Wahl G. Ergonomic intervention has a return on investment of 17 to 1. Applied
Occupational and Environmental Hygiene. 1998; 13(4):212-3.

Wickizer TM, Kopjar B, Franklin G, Joesch J. Do drug-free workplace
programs prevent occupational injuries? Evidence from Washington State.
Health Services Research. 2004; 39:91-110.

Wiesel SW, Boden SD, Feffer HL. A quality-based protocol for management of
musculoskeletal injuries. Clinical Orthopaedics and Related Research. 1994;
April(301):164-176.

Yassi A, McGill ML, Khokhar JB. Efficacy and cost-effectiveness of a
needleless intravenous access system. American Journal of Infection Control.
1995; 23(2):57-64.

Yassi A, Tate R, Cooper JE, Snow C, Vallentyne S, Khokhar JB. Early
intervention for back-injured nurses at a large Canadian tertiary care hospital:

An evaluation of the effectiveness and cost benefits of a two-year pilot project.
Occupational Medicine. 1995; 45(4):209-214.

Systematic review of OHS interventions with economic evaluations

33



34

Institute for Work & Health



