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Chapter 1
INTRODUCTION

Chapter 1

SUSTAINABLE EMPLOYABILITY AND THE AGING WORKFORCE
Sustainable employability has received considerable attention over the past years and keeps
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gaining interest. It is recognized that in industrialized countries population demographics
are changing and the workforce is aging1. Aging of the workforce can be explained by the
post-war baby-boom generation going towards retirement age and lower birth rates in the
past decades causing fewer young people to enter the workforce2. In the near future, many
baby-boomers will leave the workforce. From an economic perspective this implies that a
relatively small workforce has to carry the burden on public finances and social security
systems. In order to mitigate the economic burden, workers are encouraged to extend their
working lives3. To facilitate this process, policies on sustainable employability have been
developed and implemented. For example, early retirement arrangements have been
terminated, and statutory retirement age is gradually raised from 65 years in 2013 to 67
years in 2025. This has forced older people to stay longer in the workforce. In the
Netherlands, from 2003 to 2013, labor market participation of 55-64 year-olds has grown
from 42.5% to 60.1%. For 65-69 year-olds it has almost doubled from 6.9% to 13.1%4.
Sustainable employability is defined as workers having the opportunity to perform work
with preservation of health and wellbeing during their working life, now and in the future 5.
Sustainable employability implies an interaction between a person and its (work) context.
Moreover, sustainable employability should be seen as a characteristic and responsibility of
workers and their environment5. Consequently, determinants of sustainable employability
are both individual and environmental in nature. Concepts on the individual level that have
been used to assess sustainable employability are sickness absence, vitality, work ability,
mental health, and physical health6-8. Concepts on the environmental level are political
climate, organizational policies, and the actual workplace environment 5, but in relation to
sustainable employability these factors received little attention in research so far9-11.
With aging, workers are more susceptible to develop chronic health conditions and have
longer sick leaves12,13, which can come with high (in)direct costs14,15. The most common
conditions are musculoskeletal and psychosocial disorders 16,17. For musculoskeletal disorders
prevalence rates of 23-25% have been reported for the EU18 and 27% had experienced at
least one mental health disorder in the past year19. It has been shown that the presence of a
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chronic health condition impairs work ability20 which may lead to sickness absence21, work
disability and early retirement22. Several physical and psychosocial factors at the workplace
have been identified as predictors of sickness absence, such as uncomfortable work
positions, handling heavy loads, low decision authority, low supervisor support, and low
management quality23. Other associated organizational characteristics are high customer
adaptation, high lean production, and high performance control24. Examples of factors that
promote sustainable employability are organizing adjustment latitude, workplace
interventions, support from supervisor, motivation to work, and self-management skills to
sustain employability25.

WORKERS’ HEALTH SURVEILLANCE
Knowing which factors influence work ability and sickness absence is the first step in
prevention. However, there is a lack for timely diagnosis and intervention on possible risk
factors for sickness absence16. This emphasizes the need for programs designed to intervene
in an early phase. A previous intervention study among university and health care personnel
showed that objective screening (on health, work, and personal factors) in an early stage is
an effective method to identify people at risk for sickness absence 26. However, the
preventive counseling intervention deployed in that study did not lead to reduction of
sickness absence27. Furthermore, early identification of people at risk for long-term work
disability due to musculoskeletal pain (for example, by keying on psychological risk factors)
and subsequent adequate rehabilitation intervention can lower this risk 28. These studies
indicate that effectiveness of early identification might depend on identifying the right
person, at the right time point, and providing the right intervention.
Identification of people at risk can be done by deploying workers’ health surveillance
(WHS)29. The overall aims of WHS are prevention of occupational illnesses and work-related
injuries, maintenance and promotion of health in relation to work, and maintenance and
improvement of functioning and employability29,30. A WHS is a periodic examination31 which
usually consists of functional screening components targeting occupational risks, targeting
mental and physical health risks, and a counseling session. In the counseling session results
are discussed and advice is provided with regard to future action. To improve WHS
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effectiveness and realize work disability prevention, appropriate interventions should follow
screening and counseling29. WHS should, therefore, aim to prevent occupational injuries and
illnesses, and aim to prevent work disability despite the presence of injuries or illnesses. The

1

intervention part in a WHS is usually covered by workplace health promotion (WHP)
programs29. These programs are used in a company’s structure with the aim to promote
lifestyle and consequently improve health, work ability, and work productivity 32.
Effectiveness of WHP programs has been shown to be rather small on work-related
outcomes such as sickness absence, work ability and productivity. It was furthermore shown
that effectiveness depended on the study sample, the intervention content, and
methodological quality of the study32.
WHS is a common tool in occupational health care in the Netherlands. It has, among others,
been studied in construction, fire fighting and nursing 6,33,34. In these occupations the WHS
has been made job-specific to suit the needs of employees. Job-specificity is one of the
criteria the International Labour Organization (ILO) and the Netherlands Society of
Occupational Medicine (Nederlandse Vereniging voor Arbeids- en Bedrijfsgeneeskunde;
NVAB) have formulated for WHS programs29,30. It is obvious that job-specific WHS programs
should be relevant to specific occupations. However, whether the contents of these WHS
programs actually apply to the occupation has hardly been investigated, so their scientific
validity can be questioned. Another criterion of the ILO and NVAB, effectiveness of WHS
programs, has not been studied extensively. Evidence has been generated on health risk
assessments for several outcomes (e.g., body composition, nutrition, sickness absence), but
effect sizes varied35. Conflicting evidence was observed for the effectiveness of occupational
health examinations including FCE on the prevalence of musculoskeletal injuries 36,37. No
research about the effects of WHS programs on sustainable employability had been
identified before the start of the present studies.
In this thesis, a novel approach has been adopted which focused on both aspects of
prevention, combining elements from occupational medicine and vocational rehabilitation.
In addition to preventing work disability, vocational rehabilitation (VR) puts more focus on
aiding workers with health problems to remain at and return to work38. In VR, early
intervention is a central concept which means that workers at risk should be identified in an
early stage and should be provided with appropriate health care. Preferably, health care
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should follow a stepped-care approach, by first deploying low-intensity, low-cost
interventions. If needed, progressively more care can be deployed. Interventions can be
realized in regular health care, at the individual level, or by implementing workplace health
promotion programs and making use of the structure of an organization, thereby addressing
individuals and groups of workers. In this thesis a Short-Form Functional Capacity Evaluation
(FCE) has been included in the WHS program. FCEs are an integral part of work injury
prevention and vocational rehabilitation. FCE is a test battery that evaluates an individual’s
capacity to safely perform work-related activities, considering personal factors,
environmental factors, and health status39-41. It is assumed that these tests resemble work
tasks in the meat processing industry and therefore indicate whether workers are fit for the
job.

THE MEAT PROCESSING INDUSTRY
The workforce in the meat processing industry is aging. Most older workers remain in the
industry and few young workers enter the workforce. Even though physical work demands
have been reduced over the past decades, the work still consists of mainly physical tasks.
However, little is known about the workload it poses on individual workers, either being
load on the musculoskeletal system or load on the cardiovascular system. Most of the tasks
in the production process have a repetitive, monotonous character 42,43. Accurate
movements have to be performed at a high pace with extremely sharp knives. Typically, the
work is performed in a standing position, either up right or bent forward. Other
characteristics of the work involve lifting and pushing/pulling of heavy objects. A description
of the production process is provided in Box 1. At the workplace, workers are exposed to
several occupational health hazards simultaneously 44. The most important risks are
workload, machine safety, workplace ergonomics, noise, and biological agents. Several
injuries and illnesses have been reported such as musculoskeletal disorders, skin disorders,
hearing disorders, and infectious diseases 45,46. These conditions may cause the workers to be
more prone to decreased work ability and increased sickness absence. Furthermore, it is
known that blue-collar workers, which most workers in the meat processing industry are,
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have a lower education level and a lower socio-economic status47, and that these factors are
related to a lower health status48.

1
It takes a process with many steps to come from live animals (pigs) to consumer
products. Various parts in the process are automated, but a large part of the work is still
done manually. The slaughter production starts at the dirty line. From the stables the
pigs move to an area where they are stunned, either electrically or in a carbon dioxide
pit. Next, they are shackled and their jugular artery is stabbed. After bleeding, they
move through a scalding tank before being cleaned and dehaired. From the dirty line,
the pigs move to the clean line, where carcasses are opened and evisceration takes
place. Evisceration is done manually for which large knives are used and muscular force
has to be applied. Organs are inspected and cleaned for further use. Furthermore,
carcasses are split and dressed, and controlled on quality. The dressing of the carcasses
is partially done manually which requires considerable force application. The dirty and
clean lines are situated in a warm environment, where temperatures can rise above
30°C. Afterwards, the pigs are moved to a cooled area where they are stored until the
core temperature is maximally 2°C. Carcasses are then taken to the cut floor where
deboning is performed and carcasses are divided into pieces well-known to consumer
and wholesale business, such as ribs, loins, and steaks. The deboning process is almost
completely manual, requires the utilization of knives and saws, and is performed on a
conveyor-belt. Deboned meat can be further processed into value added products by
equipment such as meat grinders, vacuum fillers and cooking cabinets. Subsequently,
products are packed and prepared for transport in the expedition area. From the
expedition area, whole, half, or quartered carcasses can be loaded into trucks
immediately. Packed products are placed on pallets and then loaded into trucks. The cut
floor, packing and expedition are cold areas where temperature is usually maintained at
12°C.
Box 1 Description of the production process in slaughterhouses.

14

Introduction
Since 2006, the board of the largest Dutch meat processing company has been collaborating
with an occupational health service on reducing sickness absence. Over a period of five
years the company managed to reduce sickness absence rates from 7 to 4%. The wish of the
company was to sustain these results and therefore the focus has shifted from a curative
approach to a more preventive approach. To address the problems outlined above the
company has implemented a comprehensive WHS program aimed at sustainable
employability. This WHS program is tailored to the needs of the meat processing industry.
Throughout this thesis we have called it the POSE program (Promotion Of Sustained
Employability). A full and detailed description of the program and its rationale is provided in
Chapter 4. Besides the fact that occupational health care is required by law49 and collective
labor agreement of the meat processing industry50, it is also considered corporate
responsibility.

RESEARCH GAPS
There is evidence that promotion of health in relation to work makes a good business case 16.
However, little is known about workplace health interventions in the meat processing
industry, and evidence on the effectiveness of WHS programs is scarce 51. Furthermore,
according to ILO criteria a WHS program should cover the needs of the target population,
should be relevant, and should have scientific validity. To assess whether this is actually the
case, all screening items should be related to the main outcomes of a WHS program. In
addition, it is hardly known which elements in a WHS program contribute to its
effectiveness. To gather knowledge on these aspects a process evaluation can be
performed. This may provide insight into aspects that contribute to success or failure of a
WHS program. Finally, as mentioned before the work in the meat processing industry
appears to be physically demanding. There is little knowledge about the energetic workload
it poses on production workers, how this relates to their energetic work capacity, and how
to best assess both objectively in a workplace setting.
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MAIN RESEARCH OBJECTIVES
The objectives of this thesis are:

1

1.

To provide an overview of existing health-related interventions in the meat

processing industry and their effectiveness.
2.

To compare energetic workload and energetic work capacity in production workers.

3.

To evaluate a WHS program in the meat processing industry, on its implementation

process, effectiveness, and cost-benefit.
4.

To study associations between indicators from the WHS program and work ability.

THESIS OUTLINE
Chapter 2 is a systematic review which provides an overview of preventive occupational
health interventions in the meat processing industry and describes their contents and
effectiveness on work-related health outcomes.
In Chapter 3, the comparison of energetic workload and energetic capacity in older meat
processing workers is described.
In Chapter 4, the rationale of the study is described and the main study design and the
primary research questions are introduced.
In Chapter 5, the implementation process of the POSE program is described from various
stakeholder perspectives.
In Chapter 6, the effectiveness and return on investment of the POSE program are described
and answers to the research questions introduced in chapter 4 are provided.
In Chapter 7, associations between occupational health indicators from the POSE program
and work ability are addressed.
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Chapter 8 is a general discussion which integrates the main results and discusses
methodological considerations. Recommendations for practice and future research are
provided, and a final conclusion is drawn.
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Chapter 2
PREVENTIVE OCCUPATIONAL HEALTH
INTERVENTIONS IN THE MEAT PROCESSING INDUSTRY
IN UPPER-MIDDLE AND HIGH-INCOME COUNTRIES: A
SYSTEMATIC REVIEW ON THEIR EFFECTIVENESS

International Archives of Occupational and Environmental Health. 2015 May;88(4):389-402.
doi: 10.1007/s00420-014-0964-3

B.J. van Holland
R. Soer
M.R. de Boer
M.F. Reneman
S. Brouwer

Chapter 2

ABSTRACT
Objective: To investigate the effectiveness of occupational health interventions in the meat
processing industry on work and health-related outcomes.
Methods: A systematic literature review was performed. PubMed, Embase, and The
Cochrane Library were searched. Studies were included when they reported on an

2

intervention among employees in the meat processing industry and with outcomes related
to work or health. Studies were assessed on risk of bias and data were synthesized by type
of intervention.
Results: A total of 13 articles reporting on two randomized controlled trials and nine nonrandomized intervention studies were retrieved. Studies were categorized into three topics:
ergonomics programs, skin protection, and Q fever vaccination. All studies had high risk of
bias. Based on four studies, there was limited evidence for workplace health and safety
programs showing reductions in musculoskeletal injury severity, reduction of lost work days,
and reduction of costs and claims for several musculoskeletal disorders. There was limited
evidence for added rest breaks resulting in improved productivity at the end of a workday
and in reductions of perceived discomfort in various body regions at the end of the
workday. One study on skin protection showed reductions of eczema prevalence, although
evidence was moderate. Based on four studies, there was high quality evidence for strong
effectiveness of Q fever vaccination.
Conclusion: This review presents evidence for the effectiveness of a variety of workplace
interventions. There was limited evidence for effectiveness of ergonomic interventions,
moderate evidence of a skin protection intervention, and strong evidence for Q fever
vaccination.

Key words: meat-packing industry, absenteeism, Q fever, contact dermatitis, occupational
health, workplace, musculoskeletal disorders
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INTRODUCTION
Health promotion programs are a part of occupational health care that addresses safety,
health and well-being of workers. They can serve as a means to detect and treat workers
with health loss, but they can also act in a preventive fashion for workers at risk of health
loss in order to improve employee health and to reduce absenteeism 1. Moreover, they
address, among others, physical activity, nutrition, mental health, ergonomics, and safety
issues2. Due to the aging workforce and a rising retirement age, employers have become
aware of the importance of investing in their workforce and have spent large amounts of
money on such programs. However, their effectiveness seems to vary, which may be caused
by the program characteristics, the implementation process, the study population, and
several other factors3. In a meta-analysis study of Rongen et al.3 it was concluded that
workplace interventions were more effective when there were more frequent contacts, but
programs with a counseling component were less effective. Furthermore, interventions
were more effective in smaller populations. Studies among younger (<40 years) workers
reported larger effects. Among white-collar workers, the effects of workplace interventions
were larger compared to studies among blue-collar workers3. Little explanation was
provided for the difference between white-collar and blue-collar workers. In those studies,
the effects of workplace interventions among blue-collar workers were tested in
construction industry, aluminum industry, and laundry services.
Another very specific blue-collar population which might benefit from workplace
interventions are meat processing workers. They perform monotonous and physically
demanding work4,5 and are a vulnerable group in the way that they are exposed to several
occupational health hazards simultaneously. Several common occupational injuries and
illnesses have been reported6,7. Among them are musculoskeletal disorders (MSDs), skin
disorders, hearing disorders, and infectious diseases. Prevalence rates of MSDs of over 90%
have been reported8,9. According to the US Bureau of Labor Statistics10, slaughterers and
meat packers have to stand the majority of their workday. They typically work on an
assembly line performing one specific function, although they may rotate duties during and
between workdays. Strenuous activities are performed, floors are often slippery, and
workers are exposed to animal waste11. Furthermore, work is performed near dangerous
equipment, such as knives and saws. Slaughtering and deboning call for specific skills to be
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executed repeatedly, precisely and fast. Pork shoulder deboners execute almost 50 cuts and
saws during one deboning operation of 50 seconds 12. If knives are not optimally sharp,
higher force applications are necessary12, leading to more operator exertion and increased
risk for upper extremity MSDs13. In addition, employees may be exposed to airborne
substances. For instance, one study showed a prevalence of 5.6% of Methicillin-Resistant
Staphylococcus Aureus (MRSA) in slaughterhouse workers when live pigs were involved 14.

2

There is also evidence of zoonotic influenza among poultry and swine workers15. Few
studies have reported on psychological consequences of work in the meat processing
industry. When studied, no associations between psychosocial job characteristics and
depressive symptoms among poultry processors were observed16.
MSDs, skin disorders, hearing disorders, and infectious diseases increase the chance for
sickness absence and reduced work ability17. If injuries or illnesses are severe enough, they
may lead to early retirement or disability pension 18 and thus have considerable economic
consequences19. High direct and indirect costs due to occupational injuries and illnesses
(industry wide) amounted to approximately $250 billion in the United States in 2007 20.
It is therefore relevant to learn from effective (preventive) interventions in the meat
processing industry. Some interventions have been deployed to enhance work and health
outcomes, but a systematic overview on their effectiveness is missing. Therefore, we
performed a systematic literature review to investigate the effectiveness of occupational
health interventions in the meat processing industry on work-related and health-related
outcomes including perceived health, quality of life, productivity, or sickness absence. The
findings might give directions to employers and occupational health professionals on which
interventions to deploy.
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METHODS
This report was written according to the guidelines of the PRISMA statement 21,22.
Search strategy
Key terms were identified and combined to systematically search PubMed, Embase, and The
Cochrane Library from January 1990 until January 2013. We searched for “meat processing
industry”, including synonyms, and interventions and outcomes related to work and health
(e.g., “health promotion”, “work ability”, “sickness absence”, “health status”). In 1988 the
Occupational Safety and Health Administration (OSHA) published a guideline in the United
States entitled “Safety and Health Guide for the Meatpacking Industry”23. Assuming that it
takes some time for such guidelines to be incorporated, or even investigated, we chose to
include articles published from January 1990 onwards. The final search was performed on
January 8, 2013. Furthermore, reference lists of the eligible full-text articles were searched.
If applicable, unpublished studies and gray literature were included.
Selection of studies
Selection of studies was performed by two reviewers independently (BvH, RS). The
reviewers were not blinded for study authors, journal names, etc. A first selection was
performed on titles. When in doubt of eligibility, articles were included for further
assessment using the abstract. All potentially eligible articles were further screened on
abstracts and when still deemed eligible on the full text. When the reviewers did not reach
consensus or were unsure whether the articles should be included, a third reviewer (SB) was
consulted.
Inclusion and exclusion criteria
Studies were included when they reported on work- and health-related interventions
among workers in the meat processing industry. The meat processing industry was defined
as the process starting at slaughterhouses and ending at the transport to retailers and
supermarkets. Studies in animal farmers, retail butchers, and supermarket meat
departments were excluded. Only studies performed in upper-middle and high-income
countries, according to 2012 World Bank statistics24, were included in this review.
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Furthermore, interventions had to address work or health, and be organized at the
workplace. Studies had to contain within- or between-group comparisons. Only randomized
controlled trials (RCTs) and non-randomized intervention studies written in English, Dutch,
German, or French were included in the review. Letters to the editor, guidelines, editorials,
book chapters, dissertations, conference proceedings, design papers, and case reports were
excluded.

2

Methodological quality
The risk of bias of the included studies was independently assessed by three reviewers. BvH
assessed all articles, RS and SB each assessed half of the studies. For the risk of bias
assessment, we used the checklist for RCTs recommended by the Cochrane Handbook for
Systematic Reviews of Interventions25 and the checklist for observational studies
recommended by the Cochrane Bias Methods Group26, both adapted for our purposes.
RCTs and non-randomized intervention studies were assessed on the basis of selection bias,
performance bias, detection bias, attrition bias, reporting bias, and evaluation of cointerventions. The evaluation of co-interventions was added to the assessment of RCTs; the
evaluation of selective reporting was added to the assessment of non-randomized
intervention studies. This was done in order to keep both assessments as identical as
possible.
Risk of bias was considered low if all criteria were unlikely to influence study outcomes.
Moderate risk of bias was established if no criteria were highly biased, and if one or more
criteria were unclear. High risk of bias was established if one or more criteria seriously
weakened the results. Consensus between the reviewers was reached by discussion, and if
necessary by consultation with a fourth reviewer (MdB).
Data extraction
One reviewer (BvH) extracted the data from the final set of eligible articles. Accuracy was
verified by the reviewers who also assessed the risk of bias of the respective articles (RS,
SB). The following study characteristics were extracted and described: research question /
study aim, study design and setting, inclusion and exclusion criteria, intervention
characteristics (nature, frequency, duration), sample characteristics at baseline (job titles,

28

Systematic review
sample size, age, race, gender, educational status), follow-up, outcome measures (primary,
secondary, covariates), reviewed protocol / ethics approval, statistical analyses, competing
interests, and funding. If necessary, additional information was requested from
corresponding authors.
Grading of evidence
If possible, the quality of evidence for single outcomes was assessed by two reviewers (BvH,
SB) following the GRADE Working Group guideline (Grading of Recommendations
27

Assessment, Development and Evaluation) . The quality of evidence was graded on the
basis of study design, risk of bias, inconsistency, indirectness, imprecision, publication bias,
effect size, dose-response gradient, and confounding. If possible, only RCTs were used for
the grading of the evidence, otherwise multiple observational studies were graded 28. The
design of the studies prescribed the initial quality of evidence: RCTs started with highquality evidence (++++), and observational studies with low-quality evidence (++). Evidence
was qualified as high, moderate, low, or very low.
Data synthesis
The results of the data extraction were synthesized according to type of intervention. We
planned to conduct meta-analyses when two or more studies were retrieved per outcome
within a certain comparison. This criterion was not met and thus data synthesis was done
descriptively.

RESULTS
Selection of studies
The results of the literature search are presented in Figure 1. The search resulted in 1,200
hits which were screened on title for eligibility. This yielded 94 articles that possibly met the
inclusion criteria. The agreement of the two reviewers on screening was high (K=0.86). Next,
abstracts were screened for eligibility, which left 38 articles for full-text evaluation. At this
stage, articles were mainly excluded based on the criteria for population and intervention.
The reference check yielded no additional potentially eligible articles. After full-text
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screening, 13 articles (reporting on 11 studies) remained for data extraction, risk of bias
assessment, and evidence grading. During full-text evaluation articles were mainly excluded
because interventions did not adhere to our inclusion criteria or studies did not contain a
control situation, either within or between subjects.
Study characteristics

2

Four articles reporting on randomized controlled trials were identified 29-32, of which three
articles reported on the same study29-31. Furthermore, nine longitudinal non-randomized
intervention studies were identified33-41.
Six articles addressed various ergonomics programs 34-37,40,41. Three articles addressed the
prevention of skin problems29-31 which were all on the same study, and four studies
addressed Q fever vaccination32,33,38,39. The studies on Q fever were partially performed
within the same population. The authors did not mention which parts of the study
populations overlapped, nor could they be reached for consultation on this matter.
Therefore, we did not perform a meta-analysis for this type of intervention. Detailed
information on all studies is presented in Table 1. Statistical analyses, reviewed protocol /
ethics approval, competing interests, and funding are not presented.
Risk of bias analysis
The results of the risk of bias assessments for the included studies are presented in Tables 2
and 3. All studies displayed a high overall risk of bias. In non-randomized intervention
studies, not all bias criteria could be assessed due to their respective study designs (e.g.,
whether the study matched exposed and unexposed persons for all variables that were
associated with the outcome of interest or whether the statistical analysis adjusted for
these prognostic variables). After consultation with the fourth reviewer (MdB), it was
decided that these items were marked as ‘not applicable’.
Data synthesis
Ergonomic interventions
Four studies reported on ergonomics programs which focused on the improvement of
workplace health and safety. Mainly, they aimed at reducing injuries and musculoskeletal
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disorders. One longitudinal cohort study showed a 90% reduction in injury severity rate
between 1992 and 199634, which was measured as the number of days off work due to lost
time injuries per hours worked. Another longitudinal cohort study showed a reduction in
lost work days after the introduction of cut-resistant gloves35. At one study site the number
of lost work days reduced from 16 to 1 days, while at the other study site the number of lost
work days was reduced from 32 to zero. Similar results were demonstrated in a third study
on a corporate ergonomics program40. Over a 10 year period a significant downward trend
was found in lost time incidence rates as a result of a corporate ergonomics program (-89%;
p < 0.05). In the fourth study, a corporate ergonomics program as well, significant
reductions in new claim rates were observed, both in severity and costs41.
Two experimental studies investigated the effect of added rest breaks 36,37. The introduction
of added rest breaks showed positive effects for maintenance of production rates at the end
of a workday, which was significantly higher than the control condition with no added rest
breaks36. With added rest breaks, productivity remained at 90% of the production level of
the beginning of a workday, whereas without added breaks, it dropped to 60% of that level.
When accounting for the added rest time, total production did not change. Added rest
breaks also resulted in lower ratings of perceived discomfort at the end of the workday36,37.
Stress ratings did not change with the addition of rest breaks36.
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Figure 1 Flow diagram of the search process.
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Design,
period

NRI
’85-‘90

Author, year,
country

Blewden &
34
Wyllie , 1998,
New Zealand

To develop and evaluate
measures to reduce injuries, as
well as to promote injury
prevention as a shared
responsibility.

Aim of study

Table 1 Characteristics of included studies.

Activities undertaken to reduce
knife cuts: new knives, new
protective gloves, improved knife
sharpening, stock processing
change.
Activities undertaken to reduce
sprains and strains: work
compression change, basic
ergonomic and hazard
identification training,
Occupational Overuse Syndrome
prevention and management
program, job rotation, thermal
clothing.
Activities undertaken to raise
awareness of injury prevention as a
collective responsibility:
development of health and safety
committees, encouraging workers’
participation in health and safety
decision-making, developing union
involvement.

Intervention content
NA

Duration and
frequency
Employees of
three AFFCO
(Auckland
Farmers Freezing
Company) meat
plants in New
Zealand
N = NA

Subjects

Results
1:
1992/93-1993/94:
-55%
1993/94-1994/95:
-34%
1994/95-1995/96:
-67%
1992/93-1995/96:
-90%

Outcomes
1: Injury severity
rate reduction per
year

Systematic review

2

33

34

NRI
’98-‘00

NRI
’90-‘95

Caple &
35
Moody ,
2001, Australia

Jones , 1997,
USA
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Design,
period

To evaluate a program that
was created to reduce the risk
of musculoskeletal disorders in
poultry processing facilities.

Reduction of laceration injuries
and any functional problems
for the operator.

Aim of study

Corporate ergonomics program
started in 1990. Creation of
ergonomic committee at each
processing facility which addressed
/ solved problems associated to
workplace / task design. Sitespecific ergonomic training to
supervisors, management, and
ergonomic committee. Medical
management procedure from 1994
onwards. Yearly program
evaluation.

Introduction of cut-resistant gloves
on both the knife hand and nonknife hand.

Intervention content

The intervention
was applied on
an on demand
basis.

Implementation
of new policy.

Duration and
frequency

N ≈ 12,000

Employees of 13
poultry
processing plants
from one
company in the
Southeast of the
USA

Employees of two
meat processing
companies in
Queensland and
New South
Wales, Australia
N = NA

Subjects

1.1: Compensation
claims and costs for
upper extremity
musculoskeletal
disorders
1.2: Compensation
claims and costs for
lifting.

1: Lacerations,
hand injuries
2.1: Lost days
2.2: Days of light
duties

Outcomes

2

Author, year,
country
1: Hand / wrist
lacerations accounted
for 29% of workers
compensation costs.
2.1:
Plant 1:
1998/99: 16 days
1999/2000: 1 day
Plant 2:
1998/99: 32 days
1999/2000: 0 days
2.2:
Plant 1:
1998/99: 59 days
1999/2000: 0 days
Plant 2: NA
1.1:
(Severity) rates of new
claims decreased
significantly after an
initial increase.
1.2:
(Severity) rates of new
claims decreased
significantly after an
initial increase.
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Design,
period

NRI
’84-‘93

NRI
--

Author, year,
country

Moore &
40
Garg , 1998,
USA

Dababneh et
36
al. , 2001,
USA

To examine the comparative
effect of two differing short
rest break schedules on
workers’ comfort, stress and
productivity.
The objective was to
determine the impact of added
short rest breaks on
productivity and workers’ wellbeing.

To evaluate the effectiveness
of a corporate ergonomics
program that used a
participatory approach to
solving problems related to
musculoskeletal hazards.

Aim of study
In 1986 a Corporate Ergonomics
Program was introduced with the
goal to 1) reduce the amount of
physical stress in the workplace, 2)
prevent internal damage to the
body, 3) reduce cost of workrelated injuries and illnesses.
Elements of the program are:
workplace analysis; hazard
correction, prevention, and
control; medical management;
training and education.
The intervention consisted of
added rest breaks during a work
shift of 4 x 9 minutes and 12 x 3
minutes. The entire intervention
st
lasted 6 weeks in which the 1 and
th
4 week served as controls. During
nd
rd
the 2 and 3 week the 4 x 9
minutes schedule was
th
implemented, during the 5 and
th
6 week the 12 x 3 minutes
schedule was implemented. During
all conditions a normal rest break
of 30 minutes and 2 x 15 minutes
were included.

Intervention content

I1: 2 weeks, 4 x 9
minutes added
rest.
I2: 2 weeks, 12 x
3 minutes added
rest.

The program was
implemented in
1986 and became
part of company
policy.

Duration and
frequency
Employees of one
meat packing
company
headquartered in
the USA, with
plants in the
Philippines,
Japan, Korea,
England and
other European
countries*
N ≈ 11,000
Production line
workers of a meat
processing plant
in Ohio, USA
N = 35
Mean age 39 (SD
10.8) years
19% male, 81%
female

Subjects

1:
1985: 87%
1986: 50%
1987: 48%
1988: 34%
1989: 30%
1990: 21%
1991: 23%
1992: 14%
1993: 11%
Significant decreasing
trend (p<0.05)
1.1:
Productivity in I1 and I2
was significantly higher
(25-30%) at the end of
the day than control
(F(3,12) = 22.49; p=0.0).
1.2:
Significant interactions
between time of day
and rest break condition
Æ Favoring added rest
breaks.
Upper legs F(3,264) =
3.73; p=0.01
Knees F(3,264) = 5.16;
p<0.01
Lower legs F(3,264) =
5.16; p<0.01
1.3:
No difference

1: Lost time
incidence rates (as
a percentage of the
1984 rate)

1.1: Production
rate
1.2: Rate of
perceived
discomfort
1.3: Stress ratings

Results

Outcomes
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Design,
period

NRI
--

NRI
’85-‘90

Genaidy et
37
al. , 1995,
USA

36

Ackland et
33
al. , 1994,
Australia

To test whether or not a
system of active microbreaks
can reduce significantly the
discomfort experiences on the
job by employees engaged in
meatpacking operations.
Additional objectives of this
research were to examine the
relationship between the
discomfort perceived by
employees on the job and their
anthropometric, strength, and
endurance attributes, and
whether these variables differ
for Hispanic and Caucasian
employees in the meatpacking
industry.
To examine the efficacy of
various batches of a formalininactivated whole cell Coxiella
burnetii vaccine (Henzerling
strain, Phase 1 [Q-Vax, CSL]) in
the prevention of Q fever
among abattoir workers.

Aim of study

Q fever vaccination: administration
of Q-Vax (30μg C. burnetii cells per
dose of 0.5ml)

Active microbreaks with stretching
exercises.

Intervention content

1 time 1
vaccination

Total duration
per day could be
no more than 24
minutes.
Frequency and
length of
microbreaks
were based on
perceived
discomfort.

Duration and
frequency

Employees of
three meat
processing
companies in
South Australia,
Australia
I: N = 2,553
Mean age 28 (SE
8.6) years
75.5% male,
24.5% female
C: N = 1,365
Mean age 35 (SE
11.8) years
77.6% male,
22.4% female

Employees of one
meatpacking
company in the
USA
N = 28
12 Hispanic, 16
Caucasian
Mean age 26 (SD
5)
100% male

Subjects

1: Q fever
prevalence
(incidence) Æ total
number (cases /
1,000 exposure
months)

1: Ratings of
perceived
discomfort (RPD)
for several body
regions
2.1: Microbreak
frequency
2.2: Microbreak
length

Outcomes

2

Author, year,
country

1:
Significant main effect
of microbreak at p-level
of 0.05.
RPD for upper
extremities was
significantly lower when
microbreaks were
introduced (p=NA).
No significant effects for
other body regions.
2.1:
Mean 2.1 (SD 1.2)
breaks per day
2.2:
Mean 48 (SD 46)
seconds per break
1:
I: no Q fever cases (2
cases vaccinated during
incubation period of
natural attack);
incidence of 0.05 cases /
1,000 exposure months
C: 55 Q fever cases;
incidence of 1.3 cases /
1,000 exposure months
Difference in incidence
of 1.25 (95%CI 1.2497 –
1.2535), p<0.0001
100% vaccine efficacy
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NRI
’98-‘98

NRI
’81-‘88

RCT
--

Gilroy et al. ,
2001, Australia

Marmion et
39
al. , 1990,
Australia

Shapiro et al. ,
1990, Australia
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Design,
period

Author, year,
country

To establish whether or not
vaccine could be given without
hazard to abattoir workers.
Secondary objectives of the
trial were to calibrate immune
response to vaccine, to obtain
evidence of vaccine-induced
protection, and to monitor for
vaccine-enhanced disease.
No study aim was described in
the paper.

This investigation aimed to
describe the outbreak of Q
fever in time and to determine
the safety and effectiveness of
Q fever vaccination when given
before and after the likely
period of Q fever exposure.

Aim of study

The intervention group received
0.5ml of Q-Vax vaccine.
The control group received 0.5ml
of influenza vaccine. After the trial
they also received Q-Vax vaccine.

Q-Vax administration (one
subcutaneous dose of 30μg of a
formalin-inactivated, highly
purified Coxiella burnetii cells
Henzerling strain, Phase 1 antigenic
stat, in a volume of 0.5ml)

Q-Vax vaccination (whole-cell
formalin inactivated Henzerling
strain of Coxiella burnetii Phase 1).

Intervention content

1 time 1
vaccination

1 time 1
vaccination

1 time 1
vaccination

Duration and
frequency

Employees of
three abattoirs in
Queensland,
Australia
I: N = 98
C: N = 102

Employees of one
abattoir in New
South Wales,
Australia
N = 103
82 males, 21
females
Median age 33.5
years (range 1762)
I: N = 35
C: N = 68
Abattoir workers
in South Australia
Baseline
I: N = 3,521
vaccinated
C: N = 2,453
unvaccinated

Subjects

1:
I: no Q fever cases (8
cases vaccinated during
incubation period of
natural attack)
C: 97 Q fever cases

1: Q fever
prevalence

1: Q fever incidence

1:
I: no Q fever cases
C: 29 confirmed Q fever
cases, 8 suspected Q
fever cases
2:
I: 0 days
C: Median 7 days (range
1-23)
100% vaccine efficacy

1: Q fever
prevalence
(incidence)
2: Sick days

1:
I: no Q fever cases
C: 7 Q fever cases
Trial was terminated
after 7 Q fever cases.

100% protection

Results

Outcomes

Systematic review

2

37

38

RCT
’02-‘03

RCT
’02-‘03

Flyvholm et
29
al. , 2005,
Denmark

Mygind et al. ,
2006, Denmark

30

Design,
period

To investigate the hypothesis,
that the better the
combination of the top-down
and the bottom-up strategy
implemented, the better the
prevention of work-related
skin problems.

To describe the characteristics
of the study population and
the results, with focus on
changes in eczema and use of
preventive measures.

Aim of study

See Flyvholm et al. 2005

The preventive strategy consisted
of a two part concept, with an
evidence-based prevention
program giving recommendations
for prevention of work-related skin
problems in wet work occupation,
and a documented method for
implementation. The prevention
program included both
recommendations aimed at the
management and
recommendations on work
routines aimed at the employees.

Intervention content

See Flyvholm et
al. 2005

1 educational
session in May
2002, 1
educational
session in June
2002, 1 follow-up
meeting in
October 2002.

Duration and
frequency

Baseline
I: N = 204
Follow-up
I: N = 170

Gut-cleaning
departments of
18 swine
slaughterhouses
in Denmark
Baseline
I: N = 242
C: N = 494
Follow-up
I: N = 172
114 male, 58
female
Mean age 36.1
years
C: N = 348
223 male, 125
female
Mean age 37.8
years

Subjects

1: Eczema
prevalence (per
intervention
location)

1: Eczema
prevalence in past
3 months
2.1: Preventive
measures – use of
gloves
2.2: Preventive
measures – use of
skin care
2.3: Preventive
measures –
reception of
information on
prevention

Outcomes

2

Author, year,
country
1:
I: -27,0% (p<0.005)
C: +9.4% (NS)
Significant difference
between I and C at
baseline (p<0.05) and
follow-up (p<0.01)
2.1:
I: +20.8% (NS)
C: -13.2% (NS)
Significant difference
between I and C at
follow-up (p<0.05)
2.2:
I: +4.3% (p=NA)
C: +9.5% (p=NA)
2.3:
I: +26.2% (p<0.005)
C: +17.8% (p<0.005)
Significant difference
between I and C at
follow-up (p<0.01)
1:
Baseline – Follow-up
Plant1: 60.4%-21.6%
Plant2: 37.5%-34.8%
Plant3: 50.0%-50.0%
Plant4: 68.6%-52.4%
Plant5: 67.6%-46.2%
Plant6: 57.9%-38.9%
Total: 59.8%-40.6%
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RCT
’02-‘03

Mygind et al. ,
2006, Denmark

To test the hypothesis that a
high-fat petroleum-based
moisturizer can be an
alternative to protective gloves
in wet-work occupations.

Aim of study
See Flyvholm et al. 2005

Intervention content
See Flyvholm et
al. 2005

Duration and
frequency

C: N = 280

I: N = 136

Subjects

Results
No results to add to
Flyvholm et al. 2005.
The study does not give
evidence to the
hypothesis that a highfat petroleum-based
moisturizer can be an
alternative to protective
gloves in general, but
the study does give
evidence to the fact that
a high-fat moisturizer is
a crucial supplement to
protective gloves.

Outcomes
1.1: Risk of eczema
– gloves
1.2: Risk of eczema
– skin care

original paper it does not become clear whether this is actually the case. The size and origin of the population may therefore not be correct.

employees. Furthermore, results were compared with US figures, which strengthened this assumption. Hence, the population is presented as being from US production plants only. From the

* The results seem to be derived from OSHA 200 logs. Since these logs are required to be maintained by the US Department of Labor, it is assumed that data were only available for US

NRI = non-randomized intervention study; RCT = randomized controlled trial; I = intervention; C = control; NS = Not significant; NA = Not available; CI = Confidence interval.
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Author, year,
country

Systematic review

2

39

Chapter 2
Table 2 Risk of bias analysis for included randomized controlled trials.
1

2

3

4

5

6

7

8

Overall risk of
bias

Skin disorders
Flyvholm et al.29
Mygind et al.30

2

+

?

-

-

?

-

+

?

High

-

-

+

+

+

+

+

?

High

Mygind et al.31
Q Fever
Shapiro et al.32
1.

Was the randomization sequence adequately generated?

2.

Was participant allocation adequately concealed?

3.

Were participants blinded to their allocation?

4.

Was personnel blinded to the allocation of participants?

5.

Were the outcome assessors blinded to the allocation of participants?

6.

Was loss to follow-up or response rate acceptable?

7.

Were all the outcomes of interest described in pre-specified ways?

8.

Were co-interventions similar between groups?

+ = low risk of bias; - = high risk of bias; ? = unclear risk of bias; n.a. = not applicable.

Prevention of skin problems
Three articles on one RCT described the results of an intervention program aimed at
reducing eczema among gut-cleaning workers. The intervention consisted of educational
activities and evidence based recommendations (e.g., protective gloves, skin care). A 27%
reduction (from 56.2 to 41.0%; p < 0.005) of eczema was observed in intervention groups
compared to control groups which demonstrated an increase of 9.4% (from 45.9 to 50.2%;
p = not significant)29. The reduction in the intervention groups was not equally distributed
between factories. Of the six factories in the interventions group, four factories showed
significant reductions in eczema prevalence of 24-64%, while two factories showed no
significant changes (0 and 7% reduction) 30.
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Table 3 Risk of bias analysis for included non-randomized intervention studies.
1

2

3

4

5

6

7

8

9

Overall risk
of bias

Ergonomics programs
Blewden & Wyllie34
Caple & Moody

35

Dababneh et al.36
Genaidy et al.

37

Jones41
Moore & Garg

40

n.a. -

-

n.a. -

-

?

-

-

High

-

-

-

-

-

-

-

-

-

High

n.a. +

+

n.a. -

-

-

-

+

High

+

+

-

n.a. +

-

?

?

+

High

+

-

-

n.a. -

-

-

-

-

High

-

-

?

-

n.a. +

?

?

+

High

?

+

-

n.a. +

+

?

-

+

High

+

+

+

-

+

-

?

?

-

High

-

+

+

-

-

-

-

-

-

High

2

Q fever
Ackland et al.33
Gilroy et al.

38

Marmion et al.39
1.

Was selection of exposed and non-exposed cohorts drawn from the same population?

2.

Can we be confident in the assessment of exposure?

3.

Can we be confident that the outcome of interest was not present at the start of the study?

4.

Did the study match exposed and unexposed persons for all variables that are associated with the outcome of interest
or did the statistical analysis adjust for these prognostic variables?

5.

Can we be confident in the assessment of the presence or absence of prognostic factors?

6.

Can we be confident in the assessment of the outcome?

7.

Was the follow-up of cohorts adequate?

8.

Were co-interventions similar between groups?

9.

Were all the outcomes of interest described in pre-specified ways?

+ = low risk of bias; - = high risk of bias; ? = unclear risk of bias; n.a. = not applicable.

Q fever vaccination
Four studies reported on the effectiveness of Q fever vaccination by means of Q-Vax
administration32,33,38,39. One retrospective cohort study reported the incidence of Q fever
among vaccinated and unvaccinated employees (0.05 and 1.3 cases / 1,000 exposure
months)33. A second cohort study reported a prevalence of 0% among vaccinated and 43%
among unvaccinated employees38. Another open trial study reported a prevalence of 0.2%
among vaccinated and 4% among unvaccinated employees39. The RCT reported an incidence
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of 0% among vaccinated and 7% among unvaccinated employees 32. This study was
terminated when the stopping criterion (six Q fever cases) was reached. Some cases of Q
fever amongst vaccinees were detected, but they were all reported in employees vaccinated
during the incubation period of a natural attack. Apart from these cases, the studies
demonstrated 100% effectiveness of vaccination against Q fever. In addition, one study
showed that the number of sick days differed significantly between the intervention and
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control group: zero days versus a median of seven (range 1-23) days38.
Quality of evidence
The quality of evidence was graded for three outcomes: ratings of perceived discomfort as a
result of added rest breaks, prevalence of eczema after a skin protection intervention, and Q
fever prevalence after Q-Vax administration (Table 4).
Two non-randomized intervention studies addressed ratings of perceived discomfort. Both
studies displayed a high risk of bias which led to downgrading of the quality of evidence.
Furthermore, there were no other factors that weakened the quality of evidence. Overall,
there is very low quality evidence for the effectiveness of added rest breaks on ratings of
perceived discomfort among meat processors.
Eczema prevalence was addressed by three articles on one RCT. The RCT displayed a high
risk of bias, which led to downgrading of the quality of evidence. No other factors weakened
or strengthened our confidence in the study findings. Therefore, the overall quality of
evidence for prevention of skin disorders is moderate.
Q fever incidence was addressed by one RCT. This study displayed a high risk of bias which
led to downgrading of the quality of evidence. On the other hand, the effect was strong,
which strengthened the confidence in the results. No other factors weakened or
strengthened our confidence in the study findings. Overall, there is high quality evidence for
strong effectiveness of Q fever vaccination.
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DISCUSSION
Main findings
The objective of this review was to describe the effectiveness of preventive occupational
health interventions in the meat processing industry on work- and health-related outcomes.
Three intervention types were identified: ergonomics programs (workplace health & safety;
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added rest breaks), skin protection, and Q fever vaccination. Due to the small number of
studies and the high risk of bias for each study, the quality of evidence was limited. First,
four studies on workplace health and safety programs provided low-level evidence for their
effectiveness in reducing injury severity, injury costs, and lost work days. Second, two
studies provided very low-quality evidence that rest break schedules were effective to
reduce ratings of perceived discomfort in various body regions at the end of a workday. One
study, with a high risk of bias, showed that added rest breaks were effective to improve
productivity at the end of a workday. Third, one study provided moderate-quality evidence
that skin protection was effective to reduce eczema prevalence. Fourth, one RCT provided
high-quality evidence for strong effectiveness of Q fever vaccination. The results of the RCT
were confirmed by three non-randomized intervention studies.
Comparison with other research
In agreement with our findings, one study showed that sickness absence, in a variety of
occupational settings, was seemingly reduced by programs promoting both healthy lifestyle
and ergonomics, although the quality of evidence was weak42. Partial evidence for a
reduction of sick days due to MSDs, as a result of participatory ergonomics in various work
settings, was provided by another review43.
Low-quality evidence was reported for no effect of added rest breaks on discomfort ratings
(neck, upper limb) at the end of a workday in office workers 44. These results are
contradictory to the findings in this review, which may be explained by a difference in
workers; only blue-collar workers were included in this review, whereas Hoe et al.44
presented results from white-collar workers. The difference may be caused by variations in
adjustment latitude, since white-collar workers normally have better opportunities to take
added rest breaks. Interestingly, activities during added rest breaks appeared to be similar
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in both reviews. One study in Hoe et al.44 reported no prescribed activities during added rest
breaks, the other reported (instructions on) stretching exercises. Subjects in the study of
Dababneh et al.36 were free to do what they wanted during rest breaks, but they appeared
to prefer sitting through most of the breaks. A schedule in which four extra 9-minute rest
breaks were introduced in between normal breaks was preferred over a schedule of twelve
3-minute rest breaks in between normal breaks. In the study by Genaidy et al. 37 subjects
were provided with a set of stretching exercises which they could perform during added rest
breaks. Whether they actually performed these exercises was not reported.
Previously, a review was performed on interventions for the prevention of occupational
irritant hand dermatitis (OIHD)45. Our results seem to confirm their findings, although the
study included in our review29 mainly focused on educational activities regarding the use of
creams, moisturizers, and protective gloves. Furthermore, the other review only looked at
populations where OIHD was not present, whereas in the population in our review 29, OIHD
was present in a proportion of workers.
The effectiveness of Q fever vaccination looks very promising. This finding is confirmed, but
mitigated, by a recent review on Q fever vaccination46, although that review was partially
based on the same studies we included. However, Delsing et al. 47 have stated that infection
remains asymptomatic in about 60% of patients. In patients that do present with symptoms,
these symptoms are very non-specific, which may both lead to underreporting of Q fever.
This may, in turn, lead to an overestimation of the relative, but probably not the absolute,
effectiveness of Q fever vaccination.
Within our search, no studies were identified on interventions addressing prevention of
hearing loss in the meat processing industry. A report by the Dutch Labor Inspectorate
reported noise levels of over 85 dB(A) in slaughterhouse production rooms. Long-term
exposure to noise levels above 80 db(A) can result in noise deafness. Two Cochrane reviews
summarized interventions on noise-level reduction and protection. Low-quality evidence for
the reduction of noise levels as a result of stricter legislation was reported 48. Protective
hearing devices may be effective, when training is received and they are used properly 48,49.
Based on these reviews, it is assumed that such regulations may be useful in the meat
processing industry.
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Next to the studies included in this review, two by the authors known studies are currently
being performed in the meat processing industry; one on participatory ergonomics50 and
one on sustained employability51. The results of these studies will add to the knowledge
base of (effective) interventions in the meat processing industry.
Strengths and limitations of the review
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To our knowledge, this is the first review on occupational health interventions in the meat
processing industry. Most health intervention research so far has been conducted among
white-collar workers3,52, and relatively little is known about the effectiveness of
occupational health interventions among blue-collar workers. This review presents some
evidence for the effectiveness of a variety of workplace interventions. From a practical (i.e.,
industry) point of view, this is a particular strength, because the review presents
interventions that not only address employee health, but also employability. From a
scientific point of view this might be considered a drawback, since the diversity of
interventions makes it more difficult to synthesize evidence and draw uniform conclusions.
There are some limitations to this systematic review that deserve attention. Although an
elaborate search strategy was used, we may have missed relevant studies. Next,
approximately 130 articles were excluded on language criteria. Although the majority would
most probably have been excluded on other criteria as well, we cannot rule out the fact that
we might have missed relevant studies.
Conclusion and implications for practice and future research
The interventions described in this review were mainly aimed at primary prevention. They
addressed skin protection, Q fever vaccination, and workplace health and safety programs.
High-quality evidence was found for the effectiveness of Q fever vaccination, moderatequality evidence for the effectiveness of skin protection on eczema prevalence, and lowquality evidence for the effectiveness of added rest breaks on ratings of perceived
discomfort. For the other outcomes, the overall low quality of evidence was determined by
the fact that they were addressed by single non-randomized intervention studies with high
risk of bias. This calls for more robust studies on work- and health-related outcomes (e.g.,
absenteeism, productivity) in the meat processing industry. Several outcomes of various
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interventions were described in this review. On one side, this demonstrates the wide
applicability of occupational health interventions. On the other side, this makes it difficult to
compare various studies. We therefore postulate that future effectiveness evaluation
studies use similar outcomes.
It is surprising that only part of the interventions addressed physical aspects of the work.
Considering the fact that the work in the meat processing industry is physically demanding,
it seems plausible that future interventions focus more on these physical aspects.
Preventive interventions might not only benefit the employee by early detection of and
protection from possible health risks, they may benefit employers as well by reducing
absenteeism and health-care costs.
Occupational health interventions might be effective as a whole, but also parts of them may
be effective. Therefore, it seems valuable to first evaluate the needs of employees and then
select intervention components that fit these needs. Employers should not restrict
themselves to interventions described in this review, but also look for interventions outside
the boundaries of the meat processing industry and tailor these to their own needs.
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ABSTRACT
Background: This pilot study examined energetic workload and energetic capacity by
objective methods in older production workers, and examined differences in overloaded
and normally loaded workers.
Methods: Dutch meat processing workers were eligible if they were 50 years or older. Heart
rate measurements were performed to quantify energetic workload. Maximum acceptable
working time was calculated based on heart rates. Energetic capacity was derived from a
sub-maximal bicycle test. Several health-related characteristics were evaluated by
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questionnaire.
Results: Forty-one production workers participated in this study. The workers used 33% of
their energetic capacity or 18% of their heart rate reserve during a workday. Seven workers
were classified as overloaded. There were no significant differences on demographic and
health-related characteristics compared to normally loaded workers.
Conclusion: Energetic work capacity was sufficient to handle the workload for the majority
of older workers. Overloaded workers had significantly higher energetic workload, despite
similar energetic capacity.

Key words: energy expenditure, need for recovery, heart rate
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INTRODUCTION
The workforce is aging and with aging comes reduced physical capacity1-3. An industry which
is mostly made up of physical work is the meat processing industry 4. Although
improvements have been made by automation of processes, work is still repetitive,
monotonous, and highly physically demanding. The work requires substantial energetic
capacity of the workers, which may even exceed acceptable workload limits5. According to
the Compendium of Physical Activities the energetic workload of manual work ranges from
2.8-6.5 METs (Metabolic Equivalent of Task)6. If a worker has sufficient energetic capacity
compared to energetic work demands this should not directly lead to health problems. But,
if a worker has to deal with prolonged overload and does not recover sufficiently, this may
lead to health problems and reduced work ability 1, which may eventually lead to work
disability7. Therefore, it is of great importance to maintain a balance between energetic
demands and energetic capacity8.
Signs of imbalance may be need for recovery after work and fatigue1,9. Need for recovery is
seen as a short-term reaction to work. Accumulation of insufficient recovery may lead to
fatigue and to health problems9-11. To prevent energy-related health problems, it is essential
to address imbalances by quantifying energetic workload and energetic capacity. Although
studies have been performed into energetic workload12,13 or energetic capacity of workers14,
only one study was identified that examined the balance between energetic workload and
energetic capacity15. That study objectively quantified energetic capacity, but quantified
energetic workload by interviewing workers. Several studies have demonstrated that selfreport is less valid than objective measures16. Therefore, it is a necessity to quantify both
energetic workload and energetic capacity by objective methods.
Energetic workload can be objectively estimated by various methods, such as direct
calorimetry, breath gas analysis, and heart rate (HR) recording17. Direct calorimetry and
breath gas analysis are considered the most valid and reliable measurements, but are not
always feasible to perform in a working environment. A more feasible and generally
accepted method for assessing energetic workload is measurement of HR18,19. Although it is
not as accurate as direct calorimetry or breath gas analysis, this method is feasible to
estimate energy expenditure during a workday20. In a sports setting this is already common
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practice. Energetic capacity can be predicted by performing a (sub-) maximal exercise test
on a cycle ergometer21 or treadmill22, for which various reliable protocols are available.
Submaximal exercise tests are more feasible than maximal intensity exercise tests.
However, their validity is debatable23,24.
Research questions
To objectively investigate energetic workload and energetic capacity in the meat processing
industry, two primary research questions were addressed. Firstly, how does energetic
workload compare to energetic capacity at the individual level? Secondly, is energetic
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workload within acceptable limits, and do overloaded workers differ from workers who
worked within their limits on demographic and health-related characteristics? Because it is
still unknown how to best match energetic workload and energetic capacity, several
strategies were followed to address these questions.

METHODS
The STROBE statement was followed to report this pilot study25. This study was part of a
larger trial26, for which the Medical Ethics Board of the University Medical Center Groningen
decided that formal approval of the study protocol was not necessary. All procedures
followed were in accordance with the ethical standards of the responsible committee on
human experimentation (institutional and national) and with the Helsinki Declaration of
1975, as revised in 2000. Informed consent was obtained from all participants for being
included in the study.
Study design and participants
In June 2013 a workers’ health surveillance (WHS) was organized in a Dutch meat processing
company. All contracted production workers of 50 years and older (n=162) were invited to
participate in the WHS of whom 57 participated. For the current study, those 57 workers
were eligible. This cross-sectional pilot was carried out in April 2014.
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Primary measures
Heart rate during work (HRwork) was measured by the Zephyr BioHarness™ 3.0 (Zephyr
Technology Corp., Annapolis, MD, USA) at a sample frequency of 1 Hz. Workers wore the
BioHarness™ during a full 8-hour shift. Resting heart rate (HRrest) was the lowest heart rate
for a worker. Maximum heart rate (HRmax) was estimated by the following formula: HRmax
= 211 – 0.64·age27.
Energetic capacity was estimated during a sub-maximal exercise test on a cycle ergometer
using the Åstrand protocol21. This test was part of the WHS. Participants cycled for 6-7
minutes on an electromagnetically braked cycle ergometer (Tunturi E80, Tunturi, Bergeijk,
the Netherlands) with a target HR above 120 beats per minute (bpm). Based on power
output, HR, age, sex, and body weight, the maximal aerobic capacity (VO2max in
ml·min-1·kg-1) was estimated28. The VO2max value was converted to METs by dividing it by
3.56.
Secondary measures: demographic and health-related characteristics
Age and sex were retrieved from company administration. Body Mass Index (BMI) was
calculated from body height and weight which were measured during the WHS. Perceived
health and current diseases were evaluated in the WHS. Perceived health was measured on
an 11-point numeric rating scale (NRS). The current presence of a disease was evaluated by
13 items from the Work Ability Index (WAI)29. Workers indicated whether they were
diagnosed with a disease (yes/no) in any of the following categories: musculoskeletal,
cardiovascular, respiratory, psychological, neurological, gastro-intestinal, urinary/sexual,
skin, tumor, metabolic, hematologic, hereditary, and other. Need for recovery after work
(NFR) and perceived fatigue were assessed concurrent with the HR measurements. NFR was
assessed by a subscale from the Dutch Questionnaire on the Experience and Evaluation of
Work30. This scale contains 11 items (yes/no), resulting in a scale score ranging from 0-100;
higher scores indicating more NFR. Cronbach’s alpha in this sample was 0.86. Fatigue at the
end of a workday was measured on an 11-point NRS; higher score indicates more fatigue.
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Data analysis
HR data collected from the BioHarness™ 3.0 were downloaded using OmniSense Analysis
software version 3.7.15 (Zephyr Technology Corp., Annapolis, MD, USA) and exported to a
Microsoft Excel file. Data were checked for face validity to ensure that measurement
registrations appeared as they should do, i.e. without missing or erroneous registrations.
HRs below 40 and above the estimated maximum HR were considered measurement errors
since it is not realistic to find these HR values during work in this sample. In order to collect
real work-related HR measurements the first and last five minutes of each record were
filtered out, because workers had to walk some time to and from their workplace. Deleted
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data were not replaced. Rest breaks during a workday were included in the analyses,
because it was not clear for every participant when they had a rest break. Subsequently,
one-minute averages were calculated, which were used for further analyses (HRwork).
Research question 1
To answer the first research question, two approaches were followed to compare energetic
workload with energetic capacity:
1. In the first strategy, energetic workload was operationally defined as percentage of the
heart rate reserve (%HRR). %HRR was calculated with the Karvonen formula 31: %HRR =
100·(HRwork – HRrest)/(HRmax – HRrest), to indicate at what percentage of one’s
energetic capacity work is being performed.
2. In the second strategy, energetic workload was defined as HRindex which was calculated
by the following formula32: HRindex = HRwork/HRrest. HRindex was converted to METs
by the formula: METs = 6·HRindex – 5. This value was compared to the METs value
derived from VO2max. Subsequently, the energetic ratio was calculated by dividing
energetic workload by energetic capacity: energetic ratio = 100·(6·HRindex –
5)/(VO2max/3.5). The energetic ratio provides an estimate of how much of the energetic
capacity is consumed by the energetic workload.
Research question 2
To answer the second research question, the %HRR was compared to existing guidelines for
working time 5, and workers were classified into overloaded and normally loaded workers
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based on maximum acceptable working time (MAWT). For an 8h workday the average %HRR
should not exceed 25%. MAWT was derived from the %HRR and was calculated according to
the formula: MAWT = 26.12·(e-4.81(%HRR)/100), where ‘e’ is the natural logarithm. If actual
working time was greater than MAWT, this was considered as overload. Overloaded
workers were compared with normally loaded workers on demographic and health-related
characteristics. The diagnosed diseases were included in the analysis. The workers were
compared on energetic workload, energetic capacity, and energetic ratio as well. MannWhitney U tests were performed to detect group differences. All analyses were performed
with the Statistical Package for the Social Sciences (version 22.0; IBM inc., Chicago, IL, USA)
and tests were considered statistically significant if p<0.05.
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RESULTS
From the 57 invited workers 41 provided written informed consent and participated in the
HR measurements. The 16 WHS participants who did not participate in the HR
measurements either refused to participate or were sick during the measurement days. The
non-participants were older (57.6 vs. 55.5 p=.07), had higher affiliation age (29.2 vs. 23.0
p=.07), and had higher BMI (29.3 vs. 26.7 p=.01). Sex distribution was similar (38/3 vs. 15/1
p=.89). On average the participating workers wore the BioHarness™ 7.6 hours (range 3.99.6) on an 8-hour workday. Thirty-two participants provided information on fatigue, 35 filled
out the NFR scale, and 33 filled out the current diseases list. No skin, hematologic or
hereditary conditions were reported. Baseline sample characteristics are displayed in Table
1.

Table 1 Sample characteristics of N=41 older production workers.
Outcome

n (%)

Mean (SD)

Range (min-max)

Age, yr

41 (100%)

55.1 (3.7)

50 – 63

Sex

38 ♂, 3 ♀

BMI, kg/m2

41 (100%)

26.7 (3.3)

19.8 – 35.1

Need for Recovery (0-100)

35 (85%)

26.6 (27.0)

0.0 – 90.9
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Outcome

n (%)

Mean (SD)

Range (min-max)

Fatigue (0-10)

32 (78%)

4.8 (2.6)

0–9

Perceived health (0-10)

35 (85%)

7.5 (1.7)

2 – 10

Currently having disease (yes)

20/33 (61%)

3

Musculoskeletal

16 (49%)

Cardiovascular

9 (27%)

Respiratory

3 (9%)

Psychological

4 (12%)

Neurological

12 (36%)

Gastro-intestinal

7 (21%)

Urinary/Sexual

3 (9%)

Tumor

2 (6%)

Metabolic

5 (15%)

Other

1 (3%)

BMI = Body Mass Index.

Table 2 Means (SD) and range for heart rate measurement outcomes of older production
workers. Correlations of energetic workload with fatigue and need for recovery.
Outcome

n

Mean (SD)

min-max

HRrest, bpm

41

70.6 (10.1)

47 – 94

Estimated HRmax, bpm

41

175.7 (2.4)

171 – 179

HRwork, bpm

41

88.9 (12.2)

64.8 – 113.6

Max. HRwork, bpm

41

118.3 (14.8)

88.8 – 145.1

%HRR, %

41

17.6 (6.0)

8.5 – 33.6

HRindex

41

1.3 (0.1)

1.1 – 1.6

Energetic workload, METs

41

2.6 (0.6)

1.7 – 4.9

Energetic capacity, METs

39

8.0 (1.7)

5.1 – 11.4

Energetic ratio , %

39

33.3 (8.1)

19.7 – 50.4

MAWT, hr

41

11h38 (3h06)

5h12 – 17h25

#

# Ratio of energetic workload to energetic capacity. %HRR = % Heart Rate Reserve; HRindex = Heart Rate index; MET =
Metabolic Equivalents of Task; MAWT = Maximum Acceptable Working Time.
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In Table 2 the means, SD and ranges for HR measurement data are presented. The average
energetic workload amounted to 33% of the energetic capacity. The production workers had
a mean MAWT of 11.6 (SD 3.1) hours, compared to a mean of 8.4 (SD 0.5) actually worked
hours, implying that the mean working time is within acceptable limits.
Seven production workers exceeded the MAWT by 1.2 hours on average. Their energetic
workload and energetic ratio were significantly higher than that of their normally loaded
counterparts. Results from the comparison are presented in Table 3.

Table 3 Group differences between overloaded and normally loaded older production
workers.
Overload (N=7)

Normal load (N=34)

Outcome

Mean (SD)

Mean (SD)

Age, years

53.7 (3.1); n=7

55.5 (3.8); n=34

.29

7 ♂, 0 ♀

31 ♂, 3 ♀

.63

25.7 (3.3); n=7

26.9 (3.3); n=34

.42

Energetic workload, METs

3.3 (0.8); n=7

2.4 (0.4); n=34

.00

Energetic capacity, METs

8.3 (1.6); n=7

8.0 (1.8); n=32

.56

40.7 (7.9); n=7

31.6 (7.3); n=32

.01

Fatigue (0-10)

5.7 (1.8); n=6

4.7 (2.7); n=26

.48

Need for recovery (0-100)

28.0 (30.8); n=6

26.2 (26.8); n=29

.96

Perceived health (0-10)

6.6 (2.4); n=7

7.6 (1.4); n=28

.31

Current disease

n=4 (out of 7)

n=16 (out of 26)

Sex
BMI, kg/m

2

Energetic ratio

*

p

1.00

* Ratio of energetic workload to energetic capacity. BMI = Body Mass Index; METs = Metabolic Equivalents of Task

DISCUSSION
This pilot study is the first to examine energetic workload in relation to energetic capacity in
a working environment. It provides a novel method to quantify both measures objectively
and is a practical tool for occupational health professionals.
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On average, older production workers in the meat processing industry worked at one third
of their energetic capacity. Average %HRR was lower than the guideline for an 8h workday
(18% vs. 25%). Work time did not exceed acceptable limits in most, but not all workers (n=7
(17%) overloaded). They had significantly higher energetic workload and energetic ratio, but
did not differ from ‘normally loaded’ workers regarding age, sex, fatigue, need for recovery,
energetic capacity, perceived health status and current diseases. This study showed that
energetic workload and energetic capacity can be quantified objectively and that they can
be matched in most instances. This is in accordance with earlier studies on physical
workload and capacity8,33.
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Perhaps a remarkable finding is the difference between %HRR and energetic ratio. Both
measures are assumed to quantify energetic workload in relation to energetic capacity. As
pointed out before it was not known which strategy works best in matching energetic
workload and energetic capacity. This study was not designed to identify the best strategy,
but it does show that the adopted strategies result in substantially different outcomes (18%
and 33% of capacity utilized). Therefore, validity of %HRR and the energetic ratio may be
questioned. This is underpinned by the fact that all overloaded participants still worked,
despite being classified as energetically overloaded. It is recommended that further studies
are performed to identify the ‘best’ strategy. Within our sample there was no difference in
energetic capacity comparing overloaded and normally loaded workers. The overload in a
few older workers was most probably caused by energetic workload itself as calculated from
the HR response. Because energetic workload, in its turn, may be influenced by internal and
external factors, such as body composition, natural variation, stress, task rotation, etc. But
these factors go beyond the scope of this study. Notwithstanding, the workers who were
classified as overloaded still performed their work, so it is assumed that they had sufficient
energetic capacity. Therefore, it appears that energetic workload should be addressed, i.e.
lowered. Although this may not be desirable from a short term business perspective,
because it may reduce productivity, it may be more urgent from a health and longer term
business perspective. Furthermore, the work itself does not form a training stimulus that is
large enough to enhance energetic capacity11. Other studies have demonstrated the
maintaining and improving effect of structured exercise programs on physical capacity 11. It
therefore seems logical to address energetic capacity, by training workers to the required
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level. To what results this leads in our sample remains to be investigated. Furthermore,
ergonomic changes to the workplace could be considered. Another option is to educate
overloaded workers and support them in a transfer to less demanding functions within or
outside their current environment to prevent early exit from the labor market.
Strengths and limitations
In this study objective measures were used to quantify energetic workload and energetic
capacity which allowed matching at the individual level. This is a major strength over studies
in which group norms were used to evaluate workload. It provides insight in the group and
individual balance between capacity and workload, and illustrates that both measures can
be quantified relatively easily. Although no gold standards were used, this approach is
feasible in practice. Another strong aspect of this study is the use of BioHarness™. Its
accuracy is similar to other validated methods34. The BioHarness™ depends on conduction
of electric signals from the heart. Conduction might be disturbed by movement of the
BioHarness™ and body composition and result in erroneous HR data, being either missing
values or values outside biologically normal ranges. Nevertheless, all measurements had
between zero and 1% erroneous data which demonstrates that measurement data were
valid. Furthermore, the deletion of missing and erroneous data did not disturb the general
image of the measurements; neither did the averaging of HRs to one-minute values.
HR measurements comprised one day per person. Measurement of multiple days might
provide a more accurate estimate of the workload, because workload may vary across days
and depend on the day of the week. More accurate results might be obtained if a
longitudinal design is used. In that way, intra-individual variation and time effects would be
accounted for. It might be that more workers display signs of overload, but not
continuously. Errors in the measurement or estimation of variables may have influenced the
final results. For instance, some variables (HRmax, energetic workload) were indirectly
assessed. Furthermore, it is not known whether true HRrest was measured. Therefore, the
measured HRrest might be overrated. A lower HRrest and lower HRmax will result in a
higher HRindex and %HRR which will result in higher energetic workload. The opposite can
happen as well. In our study it seems more likely that HRrest was overrated, so the number
of overloaded workers might be an underestimation. The used methods have proven valid
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and reliable on a group level27,32 and were good methods to use at the workplace. More
accurate determination of HRrest and HRmax should improve the validity and reliability of
our results.
A factor that might have influenced the results of this study is the prevalence of various
chronic diseases at baseline. Among participants with a cardiovascular disease, medication
use (e.g. beta blockers) might have caused HR to remain low. It is known that the use of
beta-blockers has a negative chronotope effect on the absolute maximum HR and the HR
variability35. Because 30% of the subjects is known with a cardiovascular disease it is
possible that these participants could have used a beta-blocker during the HR
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measurements which therefore could have influenced the results. However, assessment of
energetic capacity would not have happened in case of HR medication use or presence of a
cardiovascular condition. Another limitation is the measurement of VO2max. Firstly, it was
measured nine months before the HR measurements. In that period, various things could
have happened that affected VO2max at the time of the HR measurements. However,
analysis of BMI revealed no difference over time (t=-0.941; p=0.359), indicating that
VO2max was not affected by changing body weight. Secondly, ideally a maximal intensity
exercise test is performed to measure VO2max. However, this was not practical and
clinically relevant for a workplace setting. Therefore, the best alternative, a sub-maximal
exercise test, was used to estimate energetic capacity. The relation between sub-maximal
HR and VO2 does not seem to be linear and depends on various internal and external
factors36,37. Depending on the prediction formula used, this may result in considerable
estimation errors of VO2max23. How this affected our results is not known. The standard
conversion factor from VO2max to METs is 3.5. However, studies among well-trained
athletes indicated that conversion factors differ depending on training status. Higher
conversion factors were found among elite-class athletes, on average 4.338. Considering the
training status in our sample, i.e. VO2max, it is safe to apply a conversion factor of 3.5.
Implications for practice and research
As demonstrated in this study, 1 out of 6 older workers was overloaded. This may lead to
long term health changes and higher chances of early exit from the labor market which can
be dealt with in different manners. First, energetic workload can be lowered by adjusting
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the workplace to the fitness level of the workers. Second, workers’ energetic capacity can be
elevated to the required capacity by means of physical training. It is up to occupational
health professionals and ergonomists to decide which approach to take and to find an
optimal balance11. In this study, in line with its purpose, gold standard instruments for the
assessment of energetic workload and energetic capacity were not used, due to their
practical limitations. Future research should use gold standard methods which measure
workload and capacity directly. For energetic workload this implies that it should be
measured by direct calorimetry or breath gas analysis. For energetic capacity a maximal
intensity exercise test with breath gas analysis should be deployed. Only then can workload
and capacity be compared reliably. As indicated before these methods can be used in
workplace settings, but are not really practical. Therefore, new measurement equipment
should be developed which can be easily used at the workplace.
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ABSTRACT
Background: Sustained employability and health are generating awareness of employers in
an aging and more complex work force. To meet these needs, employers may offer their
employees health surveillance programs, to increase opportunities to work on health and
sustained employability. However, evidence for these health surveillance programs is
lacking. The FLESH study (Functional Labor Evaluation for Sustained Health and
employment) was developed to evaluate a comprehensive workers’ health promotion
program on its effectiveness, cost-benefit, and process of the intervention.
Methods: The study is designed as a cluster randomized stepped wedge trial with
randomization at company plant level and is carried out in a large meat processing
company. Every contracted employee is offered the opportunity to participate in the POSE
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program (Promotion Of Sustained Employability). The main goals of the POSE program are
1) providing employees insight into their current employability and health status, 2) offering
opportunities to improve employability and decrease health risks and 3) improving
employability and health sustainably in order to keep them healthy at work. The program
consists of a broad assessment followed by a counseling session and, if needed, a tailored
intervention. Measurements will be performed at baseline and will be followed up at 20, 40,
60, 80, 106 and 132 weeks. The primary outcome measures are work ability, productivity,
and absenteeism. Secondary outcomes include health status, vitality, and psychosocial
workload. A cost-benefit study will be conducted from the employer’s perspective. A
process evaluation will be conducted and the satisfaction of employer and employees with
the program will be assessed.
Discussion: This study provides information on the effectiveness of the POSE program on
sustained employment. When the program proves to be effective, employees benefit by
improved work ability and health. Employers benefit from healthier employees, reduced
sick leave (costs), and higher productivity. The study can expose key elements for a
successful implementation and execution of the POSE program and may serve as an
example to other companies inside and outside the industry.
Trial registration: The trial is registered at the Dutch Trial Register (www.trialregister.nl):
NTR3445.
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INTRODUCTION
Background
Sustained health takes a prominent place in daily life and work. (Temporary) inability to
work optimally due to health problems causes high productivity loss, and poses a great
burden on individuals and society1,2. This burden is expected to increase, because of an
aging workforce3,4. Common to a production environment are injuries and diseases related
to musculoskeletal disorders (MSDs). Prevalence of musculoskeletal disorders among
workers in the meat processing industry is especially high, with percentages of over 90% 5-7.
MSDs may originate from personal factors such as age, genetics, and Body Mass Index 8, or
various contextual factors, such as job demands, job design, seasonality, and environmental
influences9, or a combination of both.
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The growing proportion of older people in the labor force stresses the need for new policies
and programs to assure sustainable employability and to decrease the financial burden.
Sustainable employability is defined as employees having the opportunity to perform work
with preservation of health and wellbeing during their working life, now and in the future 10.
It is considered a multi-factorial concept that can be assessed by multiple outcome
measures. Commonly used proxies for sustained employment are work ability, productivity,
and absenteeism11,12. For instance, work ability (measured with the Work Ability Index13)
was observed to be a strong predictor of sustained employment which means that
employees with lower reported work ability are more likely to develop health complaints
and retire early4,14.
To prevent long term sickness and work disability, risk inventory and evaluations (RI&E)
have been introduced at the workplace. One of the outcomes of a RI&E is a plan to minimize
potential risks for both employee and employer. In 2009 and 2010, the Dutch Labor
Inspectorate performed nationwide inquiries at multiple meat processing companies. The
main risk factors identified for sustained employability were related to job demands and job
design (machine handling, knife handling, repetitive movements, static postures, work
pressure), and contextual factors (work on platforms, biologic agents, noise, safety
measures)15,16. Personal factors, such as age, ethnicity and employment status, were not
examined, but may well form a risk factor8.
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To promote sustained employability, workers’ health surveillances (WHS) have been
developed with the aim of promoting sustained employability and health, and of reducing
medical costs17. A WHS program is developed to provide employees insight into their work
ability and health status. This may offer them the opportunity to increase their probability
of sustained employability and reduce potential health risks. Recently, some job-specific
WHSs and job-specific interventions have been reviewed18. In the WHSs workers were
screened on several health factors. In the interventions, physical and psychological training
were deployed to improve job performance. The effects of physical interventions were
diverse: healthy lifestyle promotion, physical readiness training, and resistance and
endurance training were effective on job performance; an exercise intervention program
was partly effective; respiratory muscle training was ineffective. One psychological
intervention (trauma resilience training) proved to be effective on police performance. Kreis
and Bodeker19 observed positive effects of workplace health promotion, which is practically
similar to a WHS, on several health risks (smoking, weight control, and physical fitness).
They also observed positive cost-benefit ratios of 1:2.5 and higher for workplace health
promotion programs and their effect on absenteeism. Occupational health examinations,
i.e. the screening part of a WHS, including a functional capacity evaluation (FCE) have also
been reviewed20,21. Conflicting evidence was observed for the effectiveness of occupational
health examinations including FCE on the prevalence of musculoskeletal injuries 20. These
inconclusive results underscore the need for investigation and evaluation of an integral WHS
program. Furthermore, an integral WHS program, including physical, mental and integrated
interventions, and its effects on sustained employability has not been studied before.
The POSE program (Promotion Of Sustained Employability) was developed using elements
from occupational and rehabilitation medicine. Elements from occupational medicine are
e.g. WHSs, and interventions aimed at a healthy lifestyle. Elements from rehabilitation
medicine are e.g. FCE, and interventions aimed at improved physical capacity. The POSE
program offers employees a custom-made risk profile and, if necessary, an intervention plan
using an integral approach10. The goal is to reduce sickness absence and, hence, reduce
inflow of workers into the ‘Dutch law for Work and Income according to work ability’ (WIA),
to prevent income reduction, and to increase sustained employability. The FLESH evaluation
study (Functional Labor Evaluation for Sustained Health and employment) was developed to
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provide insight into the effectiveness of this integrated approach on several outcome
measures over time.
Objective and research questions
The purpose of the FLESH study is to evaluate the effectiveness and cost-benefit of the POSE
program on work ability, productivity, and sickness absence among employees in the meat
processing industry, compared to care as usual (CAU). The secondary aims are to improve
perceived psychosocial and physical workload, health status, and vitality. Along with these
evaluations a process evaluation will be conducted among employees and other
stakeholders. The objective of this paper is to present the study protocol used in the FLESH
study in which the following research questions will be addressed:
1. Does the POSE program improve the primary outcome measures work ability,
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absenteeism, and productivity compared to CAU?
2. Does the POSE program improve the secondary outcome measures psychosocial
workload, physical workload, subjective health status and vitality compared to CAU?
3. Is the effectiveness of the POSE program influenced by age, program adherence, risk
category, or motivation of management?
4. To what extent do the applied methods appeal to the needs of the involved
stakeholders (intervention acceptability)?
5. Is the implementation of the POSE program cost beneficial from the employers’
perspective?

METHODS/DESIGN
The CONSORT statement was used in order to describe the design of this study 22,23.
Trial design and study participants
This study is designed as a stepped wedge trial with a follow-up of one year. The design is
presented in Figure 1. The entire study will be carried out within a large meat processing
company in The Netherlands, from January 2012 until August 2014.
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Randomization
Out of the 15 potentially available plants in The Netherlands, five plants fulfilled the
inclusion criteria for the FLESH study. Inclusion criteria were having sufficient employees (n)
and having budget for POSE program implementation. The order of inclusion in the study
was randomly assigned.

T0
Plant A

T1

20 weeks

T2

20 weeks

T3

20 weeks

T4

20 weeks

T5

6 months

T6

6 months

T7

POSE

Plant B

POSE

Plant C

POSE

Plant D

4

POSE

Plant E

POSE

Figure 1 Trial design.

Procedure
All contracted personnel (n ≈ 1,000) are invited by letter to participate in the POSE program
at their plant. Personnel is divided into: 1) production personnel and technical services; 2)
facility services; 3) staff and office personnel. Employees are eligible for the FLESH study
when they:
are contracted personnel.
perform paid labor for at least 12 hours per week at the meat processing company24.
agree to participate in the POSE program.
provide informed consent to participate in the study.
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At T0, the employees at all five plants receive a baseline questionnaire. At T1, the POSE
program is implemented at Plant A, the employees at the other plants serve as a control
group and receive a follow-up questionnaire. At T2, the POSE program is implemented at
Plant B, the program continues at Plant A, and Plant C, D and E serve as the control group,
etc. T0 until T5 are separated by 20 weeks each. T6 and T7 serve as 6 months and 12 months
follow-up measurements, respectively. At every time point, all employees receive a
questionnaire consisting of items on the primary and secondary outcomes, as well as
covariates (see Figure 1).
Because the POSE program consists of ‘care as usual’, the Medical Ethics Board of the
University Medical Center of Groningen decided that a formal ethical approval of the study
protocol was not needed.
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Intervention
Before the start of the POSE program, employees provide their informed consent for
participating in the study. The POSE program consists of assessments and a counseling
session. When individual results indicate an increased risk for health problems or absence,
an intervention program is offered. An overview of the POSE program is provided in Figure
2.
Digital questionnaire
Employees are asked to complete an electronic questionnaire before the start of the POSE
program. This questionnaire focuses on work ability, health and lifestyle. Employees with
limited understanding of the Dutch language are assisted in filling out the questionnaire.
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POSE program

online questionnaire
No/low risk Æ general
health principles

biometric
measurements

Medium risk Æ
mono-disciplinary
intervention

4

functional capacity
evaluation

counseling session

High risk Æ multidisciplinary
intervention

Figure 2 Design of the POSE program within the company.

Biometric measurements
Standard biometric measurements are performed on the following parameters: body
height, weight, fat percentage, waist circumference, blood pressure, lung function, and
cholesterol and glucose levels. Also a hearing test and visual test are administered. These
measurements are performed by a physician assistant (PA).
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Functional Capacity Evaluation
Before the start of the FCE, employees fill out the Physical Activity Readiness Questionnaire
(PAR-Q)25. If at least one question is answered positively, employees are not allowed to
perform the tests of the FCE that involve peak aerobic and strength capacity. Employees are
also not allowed to perform these tests when resting systolic blood pressure exceeds 159
mmHg or resting diastolic blood pressure exceeds 100 mmHg26. Depending on the job of an
employee, a FCE is performed adjusted to the employee’s job demands. Five domains of
functional capacity (material handling, postural tolerance, coordination and repetition, hand
and finger strength, and energetic capacity) are tested. Exact procedures have been
described elsewhere26. The submaximal Åstrand cycle ergometer test is used to evaluate
energetic capacity27. The FCE is administered by registered vocational physiotherapists. The
physiotherapists receive a one-day training by a licensed trainer, specifically for this study.
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Counseling session
The employee receives feedback on his/her results from the assessments by a consultant (in
most cases the physiotherapist) and advice on whether or not to take consecutive actions.
When an employee is advised to take consecutive actions he/she is encouraged to enroll in
one of the pre-specified interventions. Depending on the outcome of the assessments,
employees are categorized into three different risk profiles threatening sustainable
employability: 1) no or very low risk, 2) low to medium risk, and 3) high risk. These risk
profiles are based on guidelines by the Netherlands Society of Occupational Medicine
(NVAB)28-32 and guidelines on cardiovascular risk management 33. Depending on the risk
profile, no intervention, a monodisciplinary, or multidisciplinary intervention is advised. For
instance, multidisciplinary interventions are advised when sick-leave is involved and
musculoskeletal and mental complaints are present.
1) For persons with no or very low risk, meetings focusing on primary prevention are
organized where general health principles are presented. The meetings are organized at the
company’s plants. During these meetings, several topics are addressed, such as lifestyle
(change), workload, work capacity and adjustment latitude. Employees are pointed to
organizational activities such as company fitness and canteen policy.
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2) Persons with low to medium risk are either offered a mono-disciplinary intervention or
referred to their general practitioner (GP). The intervention can be deployed by a
physiotherapist, a psychologist or a dietician. The choice of discipline and the contents of
the intervention depend on the outcomes of the assessments, e.g. physiotherapy in case of
MSDs. Basically, the interventions are aimed at preserving or restoring functional capacity of
the employee, but they can also be aimed at the (work) environment, i.e. at creating and
utilizing adjustment latitude. In the present study three ‘physical’ interventions and two
‘non-physical’ interventions are offered: improving personal work capacity, reducing and
preventing back complaints, reducing and preventing neck and shoulder complaints,
guidance by a dietician in case of substantial overweight of an employee, and stress
reduction. These interventions were based on evidence described in several reviews34-37.
3) Employees with more complex or multiple complaints, who are absent from work
regularly

or

continuously,

are

offered

a

multidisciplinary

intervention.

These

multidisciplinary rehabilitation (MR) programs are conducted by professionals from several
disciplines, such as a rehabilitation physician, physiotherapists, occupational therapists, and
psychologists. Disciplines are deployed on indication. MR is deemed the most preferred
evidence-based intervention for chronic complaints of the musculoskeletal system 38. MR
also integrates interventions to adjust the workload, such as job control possibilities.
Care as usual
Regular health care, unrelated to the WHS program, is considered care as usual. Programs
already running within the company are also considered CAU.

Outcomes
Effect evaluation
The primary outcomes in this study are work ability, productivity and absenteeism.
Work ability is measured with the Work Ability Index (WAI)13. The WAI consists of 28
questions focusing on mental and physical work ability, injuries and diseases, and
future expectations. A sum score is calculated, ranging from 7-49.
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Productivity at the individual level is measured by self-report using the Quality and
Quantity (QQ) questionnaire39. The QQ addresses the quality and quantity of work
during the previous workday with two questions, each to be answered with an 11point Numeric Rating Scale (NRS).
Absenteeism data are provided by the occupational health service (OHS).
The secondary outcomes are psychosocial and physical workload, health status, and vitality.
Several aspects of the psychosocial workload are measured by the second version of
the Copenhagen Psychosocial Questionnaire (COPSOQ II)40. These aspects are
quantitative work demands, work pace, autonomy, possibilities for development,
meaning of work, job satisfaction, social support from supervisor, social support
from colleagues, social relationships among colleagues and sense of community. This
set of concepts comprises 19 items. Reproducibility of the Dutch language version of
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the COPSOQ has been shown to be adequate to good41.
Self-reported health status is evaluated by the Dutch version of the EuroQol-5D42. It
consists of five short questions on various health domains (e.g. mobility) and a
health thermometer (0-100). The valuation of EQ-5D scores is based on the Dutch
tariff, and results in scores between 0 (dead) and 1 (completely healthy).
Self-reported vitality is assessed by a subscale of the RAND-36 questionnaire43. This
scale consists of four questions on a 5-point Likert scale. The RAND-36 is a highly
reliable instrument with satisfactory construct validity44.
Covariates
Personal and work characteristics are assessed as covariate in this study.
Most personal and work characteristics (e.g. age, gender, commuting time) are
obtained through the questionnaire. Additional personal and work characteristics
(e.g. contract hours, function years) are retrieved from the company headquarters.
To assess physical workload, movement, and posture during work, a short version of
the Dutch Musculoskeletal Questionnaire (DMQ) is administered45. The 21 items of
the DMQ focus on repetitive movement, awkward postures, and force components.
Validity has been shown to be sufficient 45.
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Cost-benefit evaluation
The cost-benefit of the POSE program will be evaluated from the employer’s perspective.
The cost-benefit analysis will evaluate the total costs of the POSE program for the company
and will compare absenteeism costs before and after the POSE program. Costs (in Euros)
include:
Costs of the POSE program, which are the costs of the program itself and the
sequential costs of company interventions (excluding insured interventions).
Costs due to time spent by employees on the different elements of the POSE
program (questionnaire, assessments, counseling, interventions), which results in
lost productivity.
Absenteeism costs. These data are obtained from the OHS’s registry system. The
number of absence days will be expressed in monetary terms.
Productivity loss at work which will be assessed using the quantity scale of the QQ
39

questionnaire , ranging from 0 (nothing) to 10 (regular quantity).
Replacement costs associated with employee turnover will be calculated as the sum
of the costs for hiring and training a new employee.
Process evaluation
A process evaluation will be conducted to evaluate the preparation, implementation,
execution, and follow-up of the POSE program according to a number of key
components46,47. Context (organizational and environmental factors that affect the
intervention), recruitment (procedures to recruit employees for the POSE program), and
reach (attendance rates of employees) will be evaluated at the level of company
management. Information on dose delivered (the amount of program components actually
delivered by the providers), dose received (the extent to which employees make use of
recommended program components), and fidelity (the extent to which the program was
delivered as planned) will be obtained from the OHS. This evaluation will provide deeper
insight into components that make the POSE program a failure or a success 48. Furthermore,
the satisfaction with the POSE program will be evaluated among participating employees.
For that purpose an adapted version of the Client Satisfaction Questionnaire (CSQ-8)49 and
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Europep Questionnaire50 will be sent to all participants nine months after the initiation of
the program.
Sample size
For the sample size calculation, we used the formula proposed by Hussey and Hughes for
stepped wedge cluster randomized trials51. A pilot study among 116 employees from two
plants resulted in a standard deviation (SD) of 7.0 on the WAI and an Intraclass Correlation
Coefficient (ICC) for within location clustering of 0.034. Using these figures and assuming a
two-sided alpha of 0.05, we calculated that we needed 4 locations with 44 employees each
in order to have a 0.90 power to detect a difference of 3 points on the WAI between
intervention and CAU. A sensitivity analysis in which we assumed an ICC of 0.10 resulted in
four plants with 46 employees each, which is in accordance with the notion that the sample

4

size needed for a stepped wedged trial is relatively insensitive to the ICC 51. As described
under trial design, we will include five plants in the study in order to overcome any potential
problems in the inclusion and follow-up of the employees.
Blinding
Participants, care providers, and researchers are not blinded for the group assignment.
Statistical analyses
POSE program
The effect of the trial on the primary and secondary outcomes will be analyzed using linear
(for the continuous outcomes) and logistic (for the binary outcomes) multi-level analyses
including a random coefficient for plant and a fixed effect for time. The latter parameter is
included to adjust for any potential time effects 51. All tests will be performed two-sided,
assuming an alpha of 0.05.
Cost-benefit
The effect of the trial on the costs will also be analyzed using linear multi-level analyses
including a random coefficient for plant and a fixed effect for time. Bootstrapping will be
used in case the costs will turn out to follow a positively skewed distribution.
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DISCUSSION
This paper presents the design of a stepped wedge trial to evaluate the effectiveness of a
comprehensive workers’ health surveillance program in a meat production environment.
The POSE program aims to balance the functional capacities of employees with work
demands. Detecting and restoring imbalances between capacities and demands in an early
stage may contribute to sustained employability.
The current state of WHS programs and the use of FCEs in employment examinations have
recently been reviewed20,21. The authors observed no evidence for an association between
the length of FCEs and injury relapse. They also observed that general health examinations
did not lead to decreased sickness absence, but did lead to more rejected job applications.
Furthermore, they observed that job-specific pre-employment examinations lead to
reduced occupational disease, injury or sickness absence. The effectiveness of preemployment examinations, including FCE, on musculoskeletal injuries could not be
demonstrated. On the other hand, several individual studies have demonstrated the
predictive value of FCE on sustainable return to work 52, risk for future work disability53 and
claim closure / benefit suspension54,55. Better FCE performance was associated with better
outcomes, i.e. earlier return to work, lower risk for future work disability and earlier claim
closure. In the above mentioned studies WHS and FCE results were used in association with
work outcomes, not as a screener to deploy tailor-made interventions. No studies were
identified reporting on WHS, FCE and integrated interventions, which underpins the need
for this study.
Strengths
To our knowledge this is the first study that evaluates a WHS consisting of multiple
assessments, i.e. a questionnaire, biometric assessments, and FCE, and that also deploys
tailor-made interventions.
The design of our study has some benefits over a parallel arm randomized controlled trial.
The design allows to perform a within group and between group analysis, i.e. each plant
serves as its own control, but also serves as control for the other plants. This limits the risk
of confounding and increases statistical power.
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A strength of this study is the expected high participation rate of the POSE program. During
a pilot study at two locations (not included in this study), the participation rate was 80-90%.
We expect the same participation rates within our study. We strive to reach this
participation throughout the entire study period. During the follow-up measurements we
expect this rate to decrease over time. A careful distribution process and clear
communication about the follow-up questionnaires might mitigate this decrease.
When the POSE program proves to be effective within the company, we expect that the
results of this trial can be used by other companies in the sector, which employ
approximately 20,000 people in The Netherlands. Especially, since multiple plants are
included in this study, this provides more generalizable results for all production workers.
This WHS program was job-specific, so perhaps results cannot be generalized directly to
other sectors. However, it is reasonable to presume that a custom-made WHS program can
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be adapted to other related sectors with similar results.
Limitations / weaknesses / risk of bias
We have not included translations of our questionnaire for foreign employees, whose Dutch
language skills may be insufficient to complete the questionnaire. In the Dutch meat
processing industry, about 25% of the employees is born outside The Netherlands 15. We
strive to assist those employees in filling out the questionnaires, but this will probably not
be feasible in some cases. This issue may therefore limit the generalizability of our results.
Another issue that might have impact on the generalizability of the findings is the fact that
temporary production workers could not be included in the study, because of practical
reasons. These workers are common in the meat processing industry (approx. 30%) and
many are foreign15,16. Thus, a substantial part of all workers in this study will expectedly not
participate, which limits generalization towards these groups.
The company has already been working on absenteeism reduction for a few years before
implementing the POSE program. In these years, sickness absence has dropped from 7.0%
to 4.5%. It is unknown whether this may lead to floor effects. Possible effects of the POSE
program might therefore go unnoticed. Perhaps it is not realistic to expect absenteeism
rates to drop even further, due to the type of work.
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Plants where the POSE program has not yet been implemented could already perform
health related activities prior to implementation of the POSE program. Such activities might
influence the results of the POSE program and therefore influence possible effects of the
POSE program. We emphasized that the company should not start health-related activities
prior to POSE program implementation, other than care as usual activities.
Scientific relevance
Within our study an integrated approach is deployed. The study will yield valuable
information on the effectiveness of this approach on work-related outcomes. Combining the
results of the process evaluation and the intervention effects will hopefully provide insight
into the effectiveness of separate aspects, and perhaps underlying reasons for the
effectiveness.
Practical application
The results of this study will provide information on the effectiveness of the POSE program
on sustained employment. When the program proves to be effective, employees will benefit
from this by an improved health and perhaps a healthier working environment. Employers
might benefit from healthier employees, and in the case the intervention proves to be costeffective, reduced costs and higher productivity. Furthermore, it will expose key elements
for a successful implementation and execution of the POSE program and may serve as an
example to other companies in- and outside the industry.
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ABSTRACT
Objective: To evaluate the implementation process of a workers’ health surveillance (WHS)
program in a Dutch meat processing company.
Methods: Workers from five plants were eligible to participate in the WHS program. The
program consisted of four evaluative components and an intervention component.
Qualitative and quantitative methods were used to evaluate seven process aspects. Data
were gathered by interviews with stakeholders, participant questionnaires, and from
registries of the company and occupational health service.
Results: Two recruitment strategies were used: open invitation or automatic participation.
Of the 986 eligible workers, 305 participated in the program. Average reach was 53%. 85100% of the components was delivered, and 66-100% of the components was received by
participants. If program components were assessable on protocol fidelity, it was 100%.
Participants were satisfied with the WHS program (mean score 7.6). Contextual factors that
facilitated implementation were among others societal developments and management
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support. Factors that formed barriers were program novelty and delayed follow-up.
Conclusion: The WHS program was well received by participants. Not all participants were
offered the same number of program components, and not all components were performed
according to protocol. Deviation from protocol is an indication of program failure and may
affect program effectiveness.

Key words: implementation research, meatpacking industry, sustainable employability,
quantitative, qualitative.
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INTRODUCTION
Several workplace health promotion (WHP) programs have demonstrated effectiveness 1,2.
Recent reviews showed moderate to strong evidence for positive effects of disability
management and return-to-work programs, ergonomic adjustments and training, and
participatory ergonomics programs1. Furthermore, WHP programs showed a stronger effect
in younger populations (<40 years), in interventions with frequent contacts (at least weekly),
and in studies with lower methodological quality2.
Due to an aging workforce and rising retirement age, effective WHP programs for older
workers should be developed3,4. Companies are facing workers who indicate that they are
unable to continue work until retirement age. Some issues are that older workers are more
susceptible to develop chronic health conditions and have longer sick leaves5,6. To help
workers reach retirement age in good health, one of the largest meat processing companies
in the Netherlands has implemented a novel workers’ health surveillance (WHS) program
aiming to promote sustainable employability. WHS is a similar type of intervention as WHP.
The introduction of comprehensive health screening and individualized interventions in a
WHS program creates the opportunity to address risk factors for reduced health and
employability in an early stage7. This may allow a more proactive approach in managing and
handling possible risk factors and thereby protection of health and employability. However,
effectiveness of this WHS program has not yet been investigated. Knowledge about the
effectiveness of such programs is valuable, but knowledge about how and why they are
(in)effective may help to adapt and revise programs in order to make them more suitable
and effective to promote workers’ health1.
For a WHS program to be effective, two aspects are important: the program must be based
on sound rationale, and the program must be implemented and executed according to
protocol8. Inadequacy of one or both reduces chances that a program will be effective. If a
program fails due to a faulty rationale this is called theory failure. If a program fails due to
suboptimal implementation this is referred to as program failure8. To investigate whether
theory and program implementation are adequate a process evaluation can be performed.
A process evaluation is a systematic approach that assesses whether a program was
implemented according to protocol, how it was implemented, and whether there were
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circumstances that could have influenced program outcomes. Several previous studies have
identified factors that influenced program effectiveness. Factors that were frequently
mentioned were contextual barriers and facilitators9,10, program reach9,10, protocol
adherence9,11, worker engagement9, and worker compliance11,12.
The objective of this study was to evaluate the implementation process of a WHS program
at a large Dutch meat processing company. To structure the evaluation we used the process
evaluation framework recommended by Linnan and Steckler13. Furthermore, compliance to
advices from the WHS program was evaluated.

METHODS
Study design
This process evaluation is part of the FLESH study (Functional Labor Evaluation of Sustained
Health and employment), a stepped wedge trial evaluating a comprehensive WHS program
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in the largest Dutch meat processing company7. The WHS program was named the POSE
program (Promotion Of Sustained Employability). As recommended by the framework
described by Linnan and Steckler13, seven process aspects were evaluated: recruitment,
reach, dose delivered, dose received, fidelity, satisfaction, and context. The process aspects
were collected by different methods at different levels: company plant (human resource
(HR) management, employees), company headquarters, and occupational health service
(OHS). Because the study evaluated ‘care as usual’ the Medical Ethics Board of the
University Medical Center Groningen decided that formal approval of the study was not
necessary. The FLESH study is registered at the Dutch Trial Register (www.trialregister.nl):
NTR3445.
Study population
Between February 2012 and March 2014 a total of 986 employees from five plants were
eligible to participate in the POSE program. The POSE program was implemented at
different time points at the involved plants, because of the stepped wedge design we
applied, so invitation occurred separately at each plant.
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Intervention
The POSE program has been elaborately described elsewhere 7. In short, the program
consists of four evaluative components (questionnaire, biometric measurements, functional
capacity evaluation (FCE), and a counseling session) and an intervention component. The
results of the evaluative components indicated whether subsequent intervention was
needed. The first evaluative component was an online questionnaire focusing on work
ability, health, and lifestyle. The questionnaire could be filled out at home or at work. The
second component addressed several biometric features, such as body height, weight,
blood pressure, and cholesterol. Those were measured at the workplace by a nurse. The
third component, the FCE, was administered by an occupational physiotherapist and
addressed material handling, postural tolerance, coordination and repetition, hand and
finger strength, and energetic capacity14,15. The fourth component was a counseling session
in which the physiotherapist discussed the results of the first three components with the
participant. For all POSE program measurements participants were categorized according to
a traffic light model. For each outcome, red indicated high risk, orange was medium risk,
and green was low or no risk for reduced employability. Based on the traffic light model,
participants received advice on follow-up, i.e. whether subsequent interventions were
needed, for instance a visit to the family physician, physiotherapist, dietician, or a workplace
evaluation.
Data collection of process outcomes
Quantitative data were collected at baseline and at three and nine months follow-up. At
baseline employees enrolled in the POSE program. Various work-related, health-related, and
personal characteristics were assessed by questionnaire and measurements. After three
months, participants were called by the OHS and asked whether they had followed-up on
the advice from the POSE program. At nine months, participants received a questionnaire
which evaluated satisfaction with the program, parts of the process, contextual aspects, and
program advice. This questionnaire was constructed by using elements from the Client
Satisfaction Questionnaire (CSQ-8)16 and the Europep questionnaire17, supplemented with
newly developed questions by the authors.
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Qualitative data were collected during semi-structured interviews, which were conducted
between November 2014 and January 2015. Interviewees were informed about the purpose
of the interview, but did not receive further details up front. POSE program participants
were selected from the included plants, based on their risk profile. Per plant we aimed to
include one worker with low risk, one with medium risk, and one with high risk for sickness
absence. Other interviewees were involved HR managers and OHS employees. Interviews
were used to provide an in-depth view to the implementation process. Table 1 provides an
overview of process outcomes, which are further explained below, and data collection
methods.

Table 1 Process outcomes and data collection methods.
Process

Method

Target group

Recruitment

Interviews

4 HR managers, 10 POSE program participants

Reach

Registry

OHS, Company

Dose delivered

Registry

OHS

Dose received

Registry

OHS

Questionnaire

305 POSE program participants

Fidelity

Interviews

2 OHS employees, 10 POSE program participants

Satisfaction

Questionnaire

305 POSE program participants

Interviews

10 POSE program participants, 4 HR managers, 2

outcome

5

OHS employees
Context

Interviews

10 POSE program participants, 4 HR managers, 2
OHS employees

POSE = Promotion Of Sustained Employability; HR = Human Resource; OHS = Occupational Health Service.

Recruitment refers to the strategies being used to recruit employees to participate in the
POSE program. Information was retrieved from the OHS and HR management at the
different plants. Reasons for non-participation were also evaluated during interviews.
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Reach refers to the number of employees that participated in the POSE program. Reach was
calculated by dividing the number of participants by the number of invited employees.
Information was retrieved from OHS and company registry.
Dose delivered refers to the number of program components which were provided by the
OHS to participants. Five program components were evaluated: questionnaire, biometry,
FCE, counseling, and follow-up. These data were retrieved from OHS registry. Dose delivered
was calculated for each component by dividing the number of participants a component
was delivered to by the total number of participants.
Dose received refers to the number of program components which were actively received by
program participants. Information was collected from OHS registry and by a questionnaire
sent to all participants. Furthermore, during the interviews employees were also asked
about the dose received.
Fidelity refers to the extent to which the program was delivered as planned and whether it
was delivered according to protocol. Fidelity was evaluated by interviews with OHS
representatives and POSE program participants.
Satisfaction refers to the extent to which participants were satisfied with separate program
components. This was evaluated by questionnaire, nine months after POSE program
implementation. Participants were also asked whether they would recommend the program
to colleagues. These questions could be answered on a numeric rating scale (NRS) ranging
from 0-10. In addition to the questionnaires, three participants from each plant were
interviewed to gain more in-depth insight in reasons for participating, satisfaction with the
program (short-term and long-term), and recommendations for future implementation.
Context refers to factors in the organization, community, social/political context, or either
situational issues that could potentially affect either intervention implementation or
intervention outcome (barriers and facilitators). Context was evaluated by interviews with
WHS participants, company and plant management, and OHS. Interviewees were asked to
describe the entire process of preparation, implementation, and follow-up of the POSE
program, and to highlight barriers and facilitators that could have affected implementation.
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Context was also addressed in the follow-up questionnaire which was distributed among
participants, nine months after the POSE program.
Data analysis
Quantitative data were analyzed using descriptive statistics. Furthermore, Fisher’s Exact test
was performed to compare advice on follow-up between two age groups, under 50 years of
age (n=116) or 50 years and older (n=189). The age distinction was based on recruitment
strategies and on age distribution. In all analyses, SPSS for Windows version 22.0 was used
(IBM Corp., Armonk, New York, USA). Interviews were audio recorded, with permission from
interviewees, and transcribed verbatim. Subsequently, transcripts were read and reread by
the first author and investigated on pre-specified themes. The analyses of the interviews
with HR and OHS focused on contextual factors within and outside the organization that
could have affected the implementation and execution of the POSE program. The interviews
with participants focused on recruitment, dose received, satisfaction, and context.

5

RESULTS
Sample characteristics
Out of 986 eligible employees at the start of the study, 305 (31%) participated in the POSE
program. During the study two initially participating plants were closed due to economic
reasons. A second group of employees from an already participating plant was enrolled in
the study. Baseline characteristics of the participants are presented in Table 2. On average,
employees were 50 years (SD 8.2) old when they participated in the POSE program, and had
worked at the company for 22 years (SD 11.0). The majority of the participants was male
(89%). The follow-up questionnaire was filled out by 148 participants, and interviews were
conducted with 4 HR managers, 2 OHS employees, and 10 POSE program participants.
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Table 2 Baseline characteristics of POSE program participants.
Plant A

Plant B1

Plant B2

Plant C

Total

N

112

85

67

41

305

Age, yr (mean, SD)

47 (9.0)

48 (9.0)

55 (3.8)

53 (3.0)

50 (8.2)

Gender (% male)

91%

93%

93%

68%

89%

Job tenure, yr (mean, SD)

22 (10.0)

20 (11.6)

24 (11.7)

20 (10.6)

22 (11.0)

Process evaluation
Recruitment, reach
Different recruitment strategies were used between and within plants and different reach
was attained (Table 3). At three plants all eligible employees were enrolled in the POSE
program. They automatically participated unless they indicated otherwise. At the other
plant employees could subscribe to the program voluntarily. At plants A and B1 the total
contracted workforce was invited to participate in the POSE program. At plant B2 a smaller
sample was invited, because this was the same plant as B1 and the sample was restricted to
employees aged 50 years and older. Initially the whole workforce at plant C was eligible to
participate, but this was later restricted to employees aged 50 years and older. Recruitment
at plants B1 and B2 was done by the same person who indicated that the strategy to let
employees automatically participate in the POSE program was preferred: “With this strategy
employees did not have to take action, unless they did not want to participate. One way or
the other, the barrier to decline participation is higher.” The employees from plant B1 who
could not enter the POSE program due to restricted space could still enter the program in a
later phase, because the program was repeated on a returning basis. The reach was
calculated based on how many workers entered the POSE program, therefore 85 persons of
a potential pool of 315 workers entered the program for this plant.
Dose delivered, dose received, fidelity
An overview of the dose delivered, dose received, and fidelity is presented in Table 4. The
questionnaire and biometric measurements were actively delivered to and received by
participants. They were all delivered according to protocol. Differences in delivery existed
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for FCE, because this was not delivered to the full extent at the different plants. FCE was
purposefully not delivered to office personnel. Furthermore, FCE was offered to all
production personnel, but not always received due to fulfillment of exclusion criteria (e.g.
cardiovascular risk factors, musculoskeletal problems). This has caused differences in dose
received between plants (66-94%). In addition, FCE tests were not always administered
according to protocol because tests were ended before one of the ending criteria was
reached. Neither registration nor information from interviews with participants and OHS
representatives were sufficient to assess fidelity of FCE. Counseling should have been
delivered to every participant. However, although advices were mostly registered, it is
unknown whether counseling was actually delivered to and received by participants. For
these reasons dose delivered

Table 3 Recruitment strategies and reach at the different plants.
Location Recruitment strategy

5

Plant A

Reach*

All contracted personnel were subscribed to the POSE program. 112 / 128 = 87.5%
Employees had to unsubscribe in case they did not want to
participate.

Plant B1

All contracted personnel were invited. Employees could subscribe 85 / 315 = 27.0%
themselves to the program. Place for approximately 80 participants.

Plant B2

All contracted personnel of 50 years and older were subscribed to 67 / 90 = 74.4%
the POSE program, except employees that participated in the
previous year. Employees had to unsubscribe in case they did not
want to participate. Place for approximately 80 participants.

Plant C

All contracted personnel of 50 years and older were subscribed to 41 / 44 = 93.2%
the POSE program, excluding participants from the previous year.
Employees had to unsubscribe in case they did not want to
participate.

Total

--

* Reach = (participants / target sample) x 100%.

100

305 / 577 = 52.9%
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and dose received are regarded as not assessable. It is assumed that counseling did take
place according to protocol in case it was delivered and received. Calling participants to
check whether they had followed up on the advice they received during the POSE program
was part of the planned follow-up. From interviews with OHS representatives it became
clear that participants were called, but it was not registered how frequently this was done
by the OHS. Therefore, dose delivered, dose received, and fidelity were evaluated as not
assessable. Although the POSE program was not entirely performed according to protocol
and there was little insight in interventions following the POSE program, the POSE program
itself was perceived as the main intervention. To quote an OHS representative: “People
already take action just by participating in the POSE program, so actually offering the POSE
program is the main intervention.”

Table 4 Dose delivered, dose received, and fidelity of POSE program components.
Component

Dose delivered*

Dose received*

Fidelity*

Questionnaire

100 (100 – 100)

95 (87 – 99)

100 (100 – 100)

Biometrics

100 (100 – 100)

96 (94 – 100)

100 (100 – 100)

FCE

90 (85 – 100)

81 (66 – 94)

n.a.

Counseling

n.a.

n.a.

100

Follow-up

n.a.

n.a.

n.a.

5

* Results are presented as mean percentage (range). n.a. = not assessable.

Although it is unknown whether all advices were delivered to and received by POSE program
participants, the advices themselves were registered (Table 5). Five out of every six
participants received advice on follow-up. They ranged from a visit to a general practitioner
to workplace evaluations. Ten percent of the participants was already under treatment.
Fisher’s Exact tests indicate that in general fewer advices were provided to workers aged
under 50 (n=116) compared to workers aged 50 and older (n=189), although most
differences were not significant. If differences were significant, the younger age category
received advice less frequently. Furthermore, study questionnaires (n=148) were analyzed
on advices and follow-up. Ninety-nine participants indicated they had received advice
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during a counseling session of which 82 also had the intention to follow-up on the advice
(score of 6 or higher on a 0-10 scale). Forty-nine had already started or finished the followup, and 44 indicated not to have started (without providing a reason).
Satisfaction
On a scale from 0 to 10 the participants appreciated the POSE program with a mean score of
7.6 (SD 1.1). The information that was provided to participants before the start of the POSE
program was appreciated with a 7.4, ranging between plants from 6.9 to 7.8. The POSE
program itself was awarded a 7.6 (range 7.3 to 7.8). The advice from the program was
awarded an average of 7.7 (range 7.3 to 8.2). And the follow-up on the program received
and average score of 7.7, ranging from 7.1 to 8.0. The majority of participants would
recommend the POSE program to colleagues. Ninety-five percent of the questionnaire
respondents (n=135) indicated this by giving a grade of 6 or higher (scale 0 to 10).
POSE program participants were satisfied with the program and indicated that they felt it
added value to their own health and employability. Main reasons for participation were

5

strong interest in health, getting an update of one’s health status, but also because the
employer stimulated participation. Two participants: “First I was a little skeptic, but when
you start to think about it you realize that it might be valuable, mainly because you normally
don’t consider things like this.“ “Creating some awareness about lifestyle, that’s what they
[the company] want to promote more or less.” Reasons for not participating were fear of
bad outcomes, a feeling of the program being useless, or lack of interest. Two interviewees:
“I think that some people knowingly did not participate because of a bad lifestyle,
overweight, smoking, etc.“ “Some colleagues said it was nonsense: if something is wrong
with me I’ll go see a doctor.”
In the questionnaire 114 participants indicated what they found the most important
outcome of the POSE program. Awareness of one’s health status was mentioned most
frequently (n=36; 32%), followed by the measurement results (n=34; 30%), confirmation of
one’s own perception (n=12; 11%), and advice (n=12; 11%).
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Context
POSE program implementation started in February 2012, which was during economic
recession in the Netherlands. The company closed two plants that were initially enrolled in
the study. Those employees who were relocated to other plants were still eligible to
participate in the POSE program.

Table 5 Number of participants that received advice on follow-up after POSE program
(N=305), and comparison of age groups (<50 yrs, n=116; >50 yrs, n=189).
Advice

n

%

%

% >50

<50yrs

yrs

p*

no advice

49

16%

21%

13%

.11

movement / exercise

87

29%

26%

30%

.44

general practitioner

83

27%

15%

35% <.01

dietician / nutrition

77

25%

26%

25%

.78

weight

72

24%

22%

24%

.78

cholesterol

62

20%

13%

25% <.01

smoking

56

18%

12%

22%

.03

blood pressure

45

15%

10%

18%

.10

visual

44

14%

9%

18%

.03

audio

36

12%

12%

physical capacity

36

12%

7%

15%

.04

physiotherapist, manual therapist, exercise therapist

33

11%

8%

13%

.19

work ability

24

8%

3%

11% <.01

personal (mental) capacity

19

6%

10%

glucose

16

5%

5%

5% 1.00

occupational physician

14

5%

2%

6%

.09

workplace evaluation

13

4%

3%

5%

.38

alcohol use

7

2%

2%

3%

.71

relaxation

7

2%

1%

3%

.26

lung functioning

7

2%

2%

3%

.71

12% 1.00

4%

.09
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Advice

n

%

%

% >50

<50yrs

yrs

p*

lifestyle

5

2%

1%

2%

.65

work stress

4

1%

2%

1%

.64

psychologist

1 0.3%

0%

occupational social work

1 0.3%

0.9%

already receiving treatment

29

10%

3%

0.5% 1.00
0%

.38

13% <.01

* Age comparison by Fisher’s Exact test between workers aged under 50 and workers aged 50 or
older. Significant differences are in italics.

An important motivator to implement the POSE program was the fact that Dutch law
requires large employers to offer suitable occupational health care to employees. HR
managers indicated that some difficulties were encountered during implementation at the
first plants, which was partially caused by novelty of the POSE program, even though a pilot
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program already solved some teething troubles. Employees were still anxious about the
consequences of the results. One manager suggested that more and better communication
about the purpose of the program could have helped take away the anxiety. At that time,
implementation of the POSE program was supported but enforced by company
management and plant management was expected to execute the program. As one
interviewee explained: “We actually forced it [the POSE program] to be deployed at the
plants. It’s not the way we wanted to do it, but in this way we did give it a head start.”
Implementation of the POSE program resulted in some resistance among work floor
supervisors who had to adjust planning. Not only because employees were away from work
for some time, but also because the program took more time than they had anticipated. The
long time between program execution and presentation of results at company level was
considered a barrier for smooth follow-up of the POSE program. During that time
participants were left unaware about follow-up at company level, for instance whether they
were going to be invited to see an occupational physician, or were invited to participate in a
company health program. And even afterwards it remained a vague process, because at the
company no one was made responsible, costs were unknown, etcetera. One HR manager
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also mentioned that plant management did not receive feedback from the OHS regarding
individual follow-up.
The POSE program was provided at a location near the workplace, during working time,
which facilitated implementation and probably resulted in higher participation rates as well.
Implementation became easier along the way. One interviewee indicated that over the past
years societal influences created corporate responsibility and helped raise awareness
among employees about responsibility for their own health. Both employer and employee
became aware that they share responsibility regarding health and employability. Over time,
the POSE program has been embedded in company policy and has even been expanded
with other activities aimed at sustainable employability. Where personal employability was
considered as something new and ‘scary’ to talk about, it is now a normal issue to discuss at
the workplace and people want the employer to help them with their health problems. An
employee confirmed this: “Well, at first people were a little distrusting towards the POSE
program. Why is the company doing this, are they unsatisfied, do they want to change
company culture? But then again I think it is a good sign towards employees that they want
to listen to them.” And as another employee put it: ”I believe it is a positive signal that the
company makes employees aware and offers employees the opportunity to participate in the
POSE program, and gives the opportunity to improve. Even though it is quite basic, you show
corporate involvement.”

DISCUSSION
Findings
This study is one of the first to investigate the implementation process of a workplace
health promotion program. Our evaluation showed that the quality of program
implementation varied. Different recruitment strategies were used which both seemed to
be effective in attracting employees. POSE program questionnaire and biometrics were
delivered and received as planned and were implemented according to protocol. However,
FCE was not entirely delivered according to protocol, registration of counseling and follow-
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up was lacking and fidelity of specific components was not assessable. Nevertheless,
participants were satisfied with the POSE program.
Comparison to other studies
A number of other studies have reported on process evaluations of occupational health
care. Among those studies two were conducted in the construction industry 9,18, two in
hospitals10,11, one in the financial sector19, and one among workers with common mental
disorders20. In our study different recruitment strategies (automatic enrollment, personal
invitation) were used which resulted in different reach, i.e. from 27% to 93%. Automatic
enrollment to the POSE program resulted in higher participation rates. Other studies mainly
used personal invitation strategies resulting in great variation in reach, ranging from 9% to
84%9,10,18,19. Where assessable in our study, dose delivered ranged from 90-100% which is
similar to or higher than other studies in construction and mental health care, reporting
delivered doses of 36-95%9,18,20. Dose received was fairly high in our study, ranging from 8196%, where other studies reported lower values and more variation. In various target
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samples between 27% and 83% dose received was reported9,10,18,20. Fidelity in our study was
estimated at 100%, although not all intervention components could be evaluated due to
missing or incomplete registration. Other studies reported lower (35%) to equal values
(100%)9,10,19. Based on the high rates of dose delivered, dose received, and high fidelity one
could assume that the POSE program has been implemented as it should have been.
However, due to partial assessment of fidelity, this assumption should be treated with
caution. Regarding participant satisfaction we found scores similar to other studies 9,10,18,19.
Several contextual factors were identified in our study that either facilitated or hindered
POSE program implementation. The economic situation formed a barrier in at least 2 plants,
because they were shut down. Similar influences were reported for the construction
industry9,18. Management support facilitated implementation, which is in accordance with
other studies18,21,22. Furthermore, Dutch collective labor agreements requiring employers to
offer employees proper occupational health care also facilitated program implementation9.
Strength and limitations
A particular strength of this study is the integration of quantitative and qualitative methods
which provided us with information on the implementation process of the POSE program
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from different perspectives. Data were collected from organizational decision makers,
participants in the study, and program suppliers. The quantitative approach provided insight
into the amount and quality of program implementation and the qualitative approach
allowed an in-depth view on contextual factors and satisfaction. Another strong aspect is
the long time period between POSE program implementation and the interviews, which
allowed follow-up and interventions to come to effect. On the other hand, this long period
may have caused recall problems which may have led to the overlooking of some program
elements during participant interview. This may have affected program results, but this did
not affect program implementation. A limitation is the low response to the participant
questionnaire, which might have been caused by low satisfaction with the POSE program or
so called respondent fatigue. This may limit the validity of the results. A second limitation is
that we developed our own process evaluation questionnaire. Although other validated
questionnaires have been used to construct the questionnaire, several aspects had to be
amended to suit the current research needs, and therefore may limit generalizability.
Furthermore, purposive sampling, based on individual risk profiles, was applied to select
POSE program participants for interviews. This strategy was followed to gain insight in
different types of follow-up trajectories. It is unknown whether data saturation was
reached, although the impression was that later interviews minimally added new
information. It is possible that the applied sampling strategy did not result in a
representative perspective of the WHS program, which may limit generalizability of the
study results. A last limitation is that fidelity was only assessed during interviews. Although
it did become clear that not everything was performed according to protocol, objective
measures could have provided more detailed information on fidelity and hence the quality
of program implementation.
Conclusion and recommendations
Knowledge on the performance on several process outcomes provides insight in reasons for
success or failure of the implementation of a WHS program in the meat processing industry.
The results of this process evaluation have shown that participants were satisfied with the
POSE program and that the program raised awareness about health and employability.
Furthermore, this study has shown that several contextual factors should be taken into
account when implementing a WHS program. Organization at the workplace during paid
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working time facilitates participation, just as a positive attitude from company
management. Even though the protocol was established before the study, not everything
went according to plan. This study demonstrated that program implementation was
sufficient regarding the online questionnaire and biometric screening. Delivery of FCE and
delivery of the counseling session failed to some extent and could not always be evaluated
due to absence of registration. These registration failures apply to follow-up measures as
well. If the program is not effective on primary outcomes this can thus be attributed to
program failure. Whether it might (also) be due to theory failure will be impossible to
distinguish. Therefore, whether complete program compliance would lead to the intended
effects cannot be foretold, but complete program compliance would be the first step. Some
aspects can be improved, not only regarding implementation but also regarding evaluation.
For instance, better administration and monitoring of program implementation might
provide more insight in process aspects like fidelity. These findings show the relevance of
performing a process evaluation in order to be able to adjust and improve program
implementation in the future. New studies should take this into account.
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ABSTRACT
Objective: To evaluate the effectiveness of a comprehensive workers’ health surveillance
(WHS) program on aspects of sustainable employability and cost-benefit.
Methods: A cluster randomized stepped wedge trial was performed in a Dutch meat
processing company from February 2012 until March 2015. In total 305 workers participated
in the trial. Outcomes were retrieved during a WHS program, by multiple questionnaires,
and from company registries. Primary outcomes were sickness absence, work ability, and
productivity. Secondary outcomes were health, vitality, and psychosocial workload. Data
were analyzed with linear and logistic multilevel models. Cost-benefit analyses from the
employer’s perspective were performed as well.
Results: Primary outcomes sickness absence (OR=1.40), work ability (B=-0.63) and
productivity (OR=0.71) were better in the control condition. Secondary outcomes did not
differ between conditions, except meaning of work (B=0.18). Controlling for confounders
did not or minimally change the results. The WHS program resulted in higher costs for the
employer on the short and middle term.
Conclusion: Effects on primary outcomes were negative after program implementation and
were neutral on most of the secondary outcomes. The program was not cost-beneficial after
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1-3 year follow-up.

Key words: meat-packing industry, workplace health promotion, intervention study, stepped
wedge trial, return on investment
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INTRODUCTION
Working in the meat processing industry consists of repetitive, monotonous and physically
demanding tasks1. Workers are exposed to several occupational health hazards
simultaneously2. Most common occupational injuries and illnesses reported are
musculoskeletal disorders (MSDs), skin disorders, hearing disorders and infectious diseases.
In general, it is known that these disorders and diseases increase the chance for sickness
absence and reduced work ability3. If disorders or diseases are severe enough, they may
lead to early retirement or disability pension4 and thus have considerable economic
consequences5.
On top of the health hazards come societal developments such as an aging workforce and
rising retirement age6. Higher age is an indicator for lower work ability7. This calls for
intervention programs aimed at sustainable employability by reducing sickness absence and
improving/maintaining work ability. Sustainable employability is defined as the opportunity
to perform work with preservation of health and wellbeing during one’s working life, now
and in the future8. Considering the characteristics of the work in the meat processing
industry, occupational health hazards, and societal developments it is of great importance
to address the sustainable employability of workers in this industry.
In a recent systematic review limited evidence was found for favorable effects of
interventions aimed at sustainable employability in ageing workers 9. In the meat processing
10

industry several health interventions have been deployed . Strong evidence was presented
for effectiveness of Q fever vaccination, moderate evidence for skin protection, and low
level evidence for ergonomics programs. However, no interventions aimed at sustainable
employability were identified. Employers and employees are more aware now of their
responsibility towards sustainable employability and have created more interest in
interventions such as health promotion programs11. In particular, job-specific health
surveillance seems to be promising12. Since meat processing workers are a vulnerable
population at risk for reduced employability, they may benefit from a job-specific program
aimed at sustainable employability.
The present study evaluated the POSE program (Promotion of Sustained Employability),
which is a comprehensive workers’ health surveillance (WHS) program developed by
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commercial parties in collaboration with an occupational health service 13. The program
consists of a WHS program combining elements from occupational medicine (e.g. health
surveillance, and interventions aimed at a healthy lifestyle) and rehabilitation medicine (e.g.
Functional Capacity Evaluation (FCE), and interventions aimed to improve physical capacity).
The POSE program offers workers a custom-made risk profile and, if necessary, an
intervention plan using an integral approach with the aim of offering them the opportunity
to increase their probability of sustained employability and reduce potential health risks.
The objectives of this study were to investigate the effectiveness and cost-benefit of the
POSE program compared to care as usual (CAU) in a randomized stepped wedge trial with 1to 3-year follow-up. The following research questions were addressed:
1) Does the POSE program improve the primary outcome measures work ability, sickness
absence, and productivity compared to CAU?
2) Does the POSE program improve the secondary outcome measures psychosocial
workload, subjective health status, and vitality compared to CAU?
3) Is the POSE program cost-beneficial from the employer’s perspective?
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METHODS
The CONSORT statement was used to describe this study14. The Medical Ethical Committee
of the University Medical Center Groningen (the Netherlands) declared that the Medical
Research involving Human Subjects Act did not apply to the current study.
Trial design and study participants
Design
The study was designed as a stepped wedge trial with follow-up measurements within a 1to 3-year period after start of the intervention. A detailed description is published in the
design paper13. In brief, the study was carried out within a large Dutch meat processing
company from February 2012 to March 2015. At the start of the study, 15 company plants
were available of which five fulfilled the inclusion criteria (sufficient number of workers
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required for sufficient power, budget for the POSE program). The order of program
implementation of those five plants was randomly assigned. During the course of the study,
reorganizations within the company forced the researchers to change the study design. The
final design is displayed in Figure 1. The closure of two of the five plants (C and D) made it
necessary to include another group of participants in the study. They were recruited from
an already participating plant (B1), and introduced as plant B2.
Participants
All contracted workers (n=986) were invited to participate in the study. Workers were
eligible if they were contracted personnel, performed paid labor for at least 12 hours per
week at the company, agreed to participate in the POSE program, and provided informed
consent to participate in the study.
Workers’ health surveillance
The POSE program has previously been described in detail 13. The program was designed to
identify workers who were at risk for reduced employability. Various screening tests were
administered, in order to create the risk profile. For this purpose several constructs were
addressed such as physical and mental health, and physical and mental work capacity. An
online questionnaire focused on work ability, health, and lifestyle. Physical measurements
were performed at the workplace and focused on biometric components (e.g. blood
pressure, cholesterol, vision) and functional capacity (FCE addressing material handling,
postural tolerance, coordination and repetition, hand and finger strength, and energetic
capacity15,16. A physiotherapist conducted a counseling session with the participant and
discussed the results of the screening tests. Based on the outcomes, participants received
advice on future interventions, such as a visit to the general practitioner, physiotherapist, or
dietician.
Care as usual
Regular (occupational) health care, unrelated to the POSE program, was considered CAU.
Programs already running within the company were considered CAU as well. These could be
company fitness programs, healthy canteens, etc.
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T0
Plant A

17 weeks

T1

22 weeks

T2

30 weeks

T3

39 weeks

T4

30 weeks

T5

22 weeks

T6

POSE

Plant B1

POSE

Plant C

Plant D

Plant E

Plant B2

POSE

POSE

Figure 1 Final trial design. White boxes refer to periods in the control condition; grey boxes
refer to periods in the intervention condition. At the POSE sign, the program was
implemented. POSE = Promotion Of Sustained Employability.
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Outcomes
Effectiveness evaluation
Primary outcomes: sickness absence, work ability, productivity. Sickness absence data were
provided by the company. Sickness absence days (according to calendar days) were
calculated for 1 year prior to baseline and for the periods in between measurement points.
Partial sickness absence was taken into account by multiplying absence percentage and
number of corresponding absence days. Absence periods of more than 2 days were
recalculated by multiplying by 5/7, to ensure that weekends were excluded. Next, data were
recalculated to days per year. Finally, absence days were dichotomized. The cut-off was set
at 9 work days per year, as this matches the average yearly absence rate at the company
(approx. 4.5%). Work ability was measured with the Work Ability Index (WAI)17 for which a
sum score was calculated, ranging from 7–49. The WAI was once electronically collected
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during the POSE program assessments and at the other time points by paper questionnaire.
For calculation of the disease categories we used the number of diseases according to one’s
own opinion. When such items were missing we used diagnosed diseases, if possible.
Otherwise, it was assumed that there were no diseases. The WAI score was only calculated
if there were no missing data on main items. Test-retest reliability of the WAI is
acceptable18. Productivity at the individual level was measured by self-report using the
Quality and Quantity (QQ) questionnaire19. Only the quantity item of the questionnaire was
used. The score was dichotomized into full productivity (10) and productivity loss (0-9)20.
Secondary outcomes: psychosocial workload, health status, vitality. Aspects of the
psychosocial workload were measured by a short form of the second version of the
Copenhagen Psychosocial Questionnaire (COPSOQ II)21,22. These aspects were quantitative
work demands, work pace, autonomy, possibilities for development, meaning of work, job
satisfaction, social support from supervisor, social support from colleagues, and sense of
community. For all subscales a score was calculated (0-8), except for job satisfaction (1 item;
0-3). Self-reported health status was evaluated by the Dutch version of the EuroQol-5D23. It
consists of five short questions on various health domains and a health thermometer (0–
100). The valuation of EQ-5D scores is based on the Dutch tariff, and results in scores
between -0.329 and 1, with scores below zero meaning a worse quality of life than death,
zero equal to death and 1 meaning perfect quality of life. Self-reported vitality was assessed
by a subscale of the RAND-36 questionnaire. This scale consists of four questions on a 5point Likert scale from which a scale score was calculated (0-100). The RAND-36 is highly
reliable and has satisfactory construct validity24.
Covariates
Personal and work characteristics were assessed as covariate in this study. Most personal
and work characteristics were retrieved from the company registry (e.g., age, gender,
contract hours, job tenure) and POSE program (education).
Cost-benefit evaluation
The cost-benefit of the POSE program was evaluated from the employers’ perspective. The
cost-benefit analysis evaluated the total costs of the POSE program for the company and
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compared absenteeism and presenteeism costs before and after the POSE program. Costs
(in Euros) included:
Direct costs of the POSE program: the costs of the program itself (assessments and
counseling).
Absenteeism costs. Average salaries per plant department were obtained from the
company. The gross annual salary including holiday allowances and premiums was
recalculated to salary per workable day (day salary = gross salary / 236 days) 25. The number
of absence days per period was recalculated to absenteeism costs expressed in monetary
terms using these salaries (number of absence days * day salary).
Presenteeism costs. Productivity loss at work was assessed using the QQ questionnaire19,
consisting of a quantity and a quality item, with both scores ranging from 0 (nothing) to 10
(regular productivity). Recalculation resulted in a productivity loss score between 0 and 1
(1 – (quality * quantity / 100)). The productivity loss score was multiplied by the number of
work days (minus absence days) in a given period. The number of days lost were expressed
in monetary terms using day salary (presenteeism days * day salary). Presenteeism per
period was calculated by averaging the productivity loss scores from two measurement
points, because no continuous scores for a period were available. No average could be
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calculated for the period prior to baseline, and therefore the period before baseline was not
included in the cost-benefit analysis.
Sample size
The sample size calculation was based on the effectiveness with regard to work ability and
resulted in a sample size of 44-46 participants per plant assuming participation of four
plants. The sample size calculation for this study has been described in the design paper13.
Data analysis
Non-response analysis
POSE program participants were compared to non-participants with regard to age, gender,
job tenure, contract hours, and total sickness absence duration one year before baseline.
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Group differences were analyzed with Mann-Whitney U tests and Fisher’s exact test and
considered significant if p<0.05.
Effectiveness
Analyses on the effectiveness of the intervention were performed in SPSS version 22.0 for
Windows (IBM Corp., Armonk, New York, USA). The effect of the trial on the primary and
secondary outcomes was analyzed using linear (for the continuous outcomes) and logistic
(for the binary outcomes) multilevel analyses including a random coefficient for the
individual26. Analyses were adjusted for baseline values of the outcome of interest and for
age. All tests were performed two-sided, assuming an alpha of 0.05.
Sensitivity
To control whether long-term sickness absence affected the results of the primary analysis,
multiple sensitivity analyses were performed. First, the analyses on sickness absence were
restricted to participants without sickness absence periods of more than 200 standardized
days/year (n=17) or participants without sickness absence periods of more than 100
standardized days/year (n=47). Second, sickness absence days due to exceptional causes
(i.e. unrelated to the risks in the POSE program, such as cancer, and traffic or horse
accidents; as determined by the occupational health service; total n=16) were set to zero.
Sickness absence due to other causes was still included in the analysis. Third, to test
whether effects on primary and secondary outcomes were influenced by plant and time
effects, sensitivity analyses were conducted including plant and a categorical time variable
as fixed effects.
Cost-benefit
The cost-benefit analysis was performed from the employer’s perspective. Only employer
costs and benefits were included. Direct costs were defined as intervention costs, in this
case the POSE program, being € 200,- per participant. During this study, no in-company
interventions were offered. Benefits were expressed as the difference in monetized
outcome measures (absenteeism, presenteeism) between the intervention and control
condition. Positive benefits indicate reduced spending. Three metrics were calculated 27: Net
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Benefits (NB = Benefits – Costs), Benefit Cost Ratio (BCR = Benefits / Costs), and Return On
Investment (ROI% = (Benefits – Costs) / Costs * 100).
Two analyses were performed on absenteeism costs, one with and another without
exceptional causes. Two analyses were performed on absenteeism and presenteeism costs,
one with and another without exceptional causes. There were 33 (1.8%) missing values for
costs related to absenteeism, caused by the fact that some workers were laid off during the
trial. In addition there were 643 (36.0%) missings for costs related to presenteeism, leading
to a relatively large number of missings for total costs. Therefore we first performed
multiple imputations (n=20) using chained equations with predictive mean matching. For
the analyses on absenteeism costs, the imputation model consisted of the absenteeism
costs for every time point, the allocation at every time point, age, day salary and plant.
When presenteeism costs were included in the analyses, they were also added to the
imputation model. The effect of the trial on the costs was analyzed in these 20 imputed
datasets using linear multilevel analyses including a random effect for the individual.
Confidence intervals for NB’s, BCR’s and ROI’s were calculated based on 5000 bootstrap
samples using the percentile method. Finally, point estimates and lower and upper limits of
the confidence intervals were pooled using Rubin’s rules 28. Cost analyses were performed in
STATA 12.1 and 13.1 (StataCorp, College Station, Texas, USA).
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RESULTS
Non-response analysis
POSE program participants (n=303) differed from non-participants (n=683) on gender, age,
job tenure, and sickness absence days per year. Among participants there was a higher
percentage of men (p<0.01), they were older (p<0.01), worked longer at the company
(p<0.01) and had more sickness absence days (p<0.01). Contract hours did not differ
(p=0.52).
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Baseline characteristics
In total, 305 workers participated in the POSE program. Due to administrative flaws, two
participants were excluded from all analyses. Characteristics of the participants are
presented in Table 1.

Table 1 Personal characteristics at baseline (T0), per plant and for the total sample.
Outcome

Plant A*

Plant B1*

Plant B2*

Plant E*

Total*

N

110

85

67

41

303

Age, years

49.2 (14.6)

49.5 (10.5)

53.2 (6.7)

51.9 (5.9)

50.6 (9.3)

Gender n (% male) 100 (90.9)

79 (92.9)

62 (92.5)

28 (68.3)

269 (88.8)

Job tenure, years

21.9 (11.3)

21.3 (18.9)

24.5 (20.3)

16.4 (14.5)

21.8 (17.7)

Contract hours/4 144.0 (0.0)

144.0 (0.0)

144.0 (0.0)

152.0 (0.0)

144.0 (0.0)

0.0 (7.1)

1.0 (7.1)

2.1 (5.6)

2.0 (7.1)

weeks
Sickness absence 2.5 (9.0)
days/year
Education n (%)
No-Low

66 (60.0)

56 (65.9)

26 (63.4)

46 (68.7)

194 (64.0)

Medium-High

41 (37.3)

29 (34.1)

14 (34.1)

14 (20.9)

98 (32.3)

*Results are presented as Med (IQR) unless otherwise stated.

Effectiveness evaluation
Missing data
A flow chart with returned questionnaires per time point is presented in Figure 2. From a
few participants from plant B2, questionnaires were available from the time they worked at
plant D (T0 and T1). Even though questionnaires were returned, individual questionnaire
items could be missing. Only complete (sub)scales were included in the analyses. Sickness
absence data were complete, as far as people were employed at the time of the study. For
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the other primary and secondary outcomes, on average 49.3% of the 2,121 items each was
missing (N=303).

Total
eligible
sample

Eligible
sample
per plant

N=986

Plant A
N=128

85

Plant D
N=181
52

15

Plant E
N=227

Plant C
N=136

41

T0

POSE
48/112

85/85

9/67

32/41

174/305

T1

44/112

POSE
71/85

4/67

28/41

153/305

T2

41/112

71/85

0/67

20/41

132/305

T3

33/112

53/85

POSE
33/67

17/41

136/305

T4

71/112

59/85

32/67

POSE
24/41

186/305

T5

66/112

47/85

27/67

24/41

164/305

T6

63/112

48/85

29/67

33/41

173/305

Plant A

Plant B1

Plant B2

Plant E

6

Total questionnaire response per time point

Questionnaire response per plant per time point

112

Plant B
N=314

Figure 2 Flow chart of questionnaire response data. White boxes refer to periods in the
control condition; grey boxes refer to periods in the intervention condition. Dashed lines
refer to plant B2 not yet participating in the study. Numbers in the boxes refer to returned
questionnaires from the study participants. At the POSE sign, the program was
implemented.

Descriptive analysis
Figures 3a-c show the course of absence days, work ability, and productivity respectively
throughout the study period.
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Absence days per year (75th percentile)

Absence per condition

3a

14

12
10
8

EXP

6

CON

4

2
0

1

2

3

4

5

6

7

Time period

3b

WAI per condition

42
41

WAI score

40
39

EXP

38

CON

37
36
35
34
1

2

3

4

5

6

7

Time point

Full productivity (quantity) per condition

3c

100
90

6

80
Percentage

70

60
50

EXP

40

CON

30
20
10
0

1

2

3

4

5

6

7

Time point

Figure 3a Standardized absence days per year per condition for each time period (75 th
percentile).
Figure 3b Mean work ability scores per condition for each time point.
Figure 3c Percentage of participants indicating full quantity of work per condition for each
time point. CON = control condition; EXP = experimental condition.
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Primary and secondary outcomes
Table 2 shows the results of the multilevel analyses for primary and secondary outcome
measures (Model 1). Crude models showed statistically significantly negative effects after
POSE program implementation for the primary outcome measures. The odds of nine or
more absence days was 1.40 (95% CI: 1.09 to 1.78) and the odds for 100% productivity was
0.71 (95% CI: 0.52 to 0.96) for the experimental condition compared to the control
condition. The mean WAI score was 0.63 (95% CI: 0.14 to 1.13) points lower for the
experimental condition than for the control condition. These effects were virtually
unchanged in the analyses adjusted for age (Model 2), except for the effect of the WAI
which was somewhat attenuated and no longer statistically significant.
None of the analyses on secondary outcomes showed a significant difference between the
control condition and the experimental condition, except for the psychosocial variable
‘meaning of work’ for which the experimental condition scored higher (adjusted analysis:
B=0.18; 95% CI: 0.02-0.35).
Sensitivity analyses
After exclusion of participants absent for more than 200 days (n=17) the difference between
conditions was still significant, with the experimental condition having higher odds for nine
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or more absence days (OR=1.35; 95% CI: 1.05-1.75). This effect was attenuated and no
longer statistically significant when all participants absent for more than 100 days (n=47)
were excluded from the analysis (OR=1.26; 95% CI: 0.95-1.67). The analysis on sickness
absence excluding exceptional causes (n=16) showed a reduced, but still significant, effect
(OR=1.33; 95% CI: 1.04-1.70). Crude and adjusted models are presented in Table 2.
Two additional models were constructed to control for plant effects and time effects
(Appendix). Sensitivity analyses for plant effects (Model 3) did not materially alter the
outcomes of primary and secondary outcomes. Sensitivity analyses for time effects (Model
4) showed attenuated and non-significant effect estimates for sickness absence and
productivity, but a stronger and significant effect on the WAI score. In addition, the effect
on the secondary outcome ‘meaning of work’ disappeared after adjusting for time.
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Cost-benefit evaluation
The cost-benefit analysis on absenteeism showed a significant increase in costs after POSE
program implementation. Average total benefits per participant were negative and
amounted to €-775 (95% CI: €-1077 to €-440). The NB was on average €-975 (95% CI: €-1340
to €-691), indicating that after implementation costs for the employer were higher. The BCR
(amount of money returned per Euro invested) was -3.9 (95% CI: -5.7 to -2.5) meaning that
after implementation of the POSE program costs for the employer were four times higher.
The ROI% (percentage of profit per Euro invested) resulted in a loss of 487% (95% CI: -670%
to -345%).
The additional cost-benefit analysis on absenteeism with exclusion of exceptional causes led
to a NB of €-738 (95% CI: €-1057 to €-493), a BCR of -2.7 (95% CI: 4.3 to 1.5), and a ROI of
-369% (95% CI: -528% to -247%). The cost-benefit analysis with all absence causes and
inclusion of absenteeism and presenteeism costs showed average NB of €-2321 (95% CI:
€-2830 to €-1836). As shown in the primary analysis, 42% of the NB can be ascribed to
absenteeism. BCR amounted to -10.6 (95% CI: -13.1 to -8.2), and ROI amounted to -1160%
(95% CI: -1415% to -918%). The additional cost-benefit analysis on absenteeism and
presenteeism with exclusion of exceptional causes led to a NB of €-2040 (95% CI: €-2497 to
€-1606), a BCR of -9.2 (95% CI: -11.5 to -7.0), and a ROI of -1020% (95% CI: -1248% to
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-803%).
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1.35
1.26
1.33

Sickness absence (excl 200+)

Sickness absence (excl 100+)

Sickness absence (excl exceptional cause)

-0.39
0.24
-0.14
-0.00
0.07
0.13
0.18
0.03
0.11
-0.09
0.09

Health thermometer

Vitality

Work demands

Work pace

Autonomy

Possibilities for development

Meaning of work

Job satisfaction

Social support from colleagues

Social support form supervisor

Sense of community

-0.06

-0.28

-0.06

-0.02

0.02

-0.04

-0.15

-0.18

-0.30

-1.47

-1.62

-0.01

0.52

-1.13

1.04

0.95

1.05

1.09

0.25

0.09

0.28

0.09

0.35

0.29

0.29

0.18

0.02

1.95

0.83

0.02

0.96

-0.14

1.70

1.67

1.75

1.78

95% CI

0.24

0.33

0.21

0.25

0.03

0.14

0.54

0.97

0.09

0.78

0.53

0.26

0.03

0.01

0.02

0.12

0.02

<0.01

p

0.70

1.39

1.30

1.41

1.45

OR

MODEL 2

0.09

-0.09

0.11

0.03

0.18

0.12

0.07

-0.00

-0.14

0.23

-0.39

0.01

-0.47

B

-0.06

-0.28

-0.06

-0.02

0.02

-0.04

-0.15

-0.18

-0.29

-1.48

-1.61

-0.01

0.52

-0.97

1.08

0.98

1.09

1.14

0.25

0.09

0.28

0.09

0.35

0.29

0.29

0.18

0.02

1.94

0.84

0.02

0.96

0.04

1.78

1.73

1.82

1.86

95% CI

0.24

0.34

0.20

0.24

0.03

0.15

0.55

0.97

0.09

0.79

0.54

0.27

0.03

0.07

0.01

0.07

<0.01

<0.01

p

Model 1: analysis on condition; Model 2: model 1 adjusted for age. The control condition is used as reference in all analyses. Bold numbers are significant. 95% CI = 95% confidence interval.

0.01

-0.63

B

Subjective health

Secondary outcomes

Productivity

0.71

1.40

Sickness absence (all)

Work ability

OR

MODEL 1

Primary outcomes

OUTCOME

Table 2 Effects of the POSE program on primary and secondary outcomes.
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DISCUSSION
After POSE program implementation negative effects were found on our primary outcomes
sickness absence days, work ability scores and productivity. With regard to the secondary
outcomes, only the average scores on the psychosocial outcome meaning of work were
significantly higher in the experimental condition. Other differences were small and nonsignificant. Financially, after implementation of the POSE program costs were significantly
higher than benefits. Based on the present findings, implementation of the POSE program
did not improve sustainable employability of workers in the meat processing industry within
a 1- to 3-year follow-up period.
In literature, only few studies were found that also reported on the effect of interventions
on sustainable employability. Two studies were performed among older hospital workers
(>45 years), one investigating an intervention on problem-solving behavior29, the other
investigating a worksite lifestyle intervention30. A third study investigated a worksite
prevention program in the construction industry31. In these three studies, no or negative
effects were reported for sickness absence, work ability, vitality, productivity, and health. A
WHS mental module was shown to be effective on work functioning, but the effect was
small12,32. A review on WHP programs reported positive effects on sickness absence, work
ability, and productivity33. Furthermore, similar to our study no effects were found for
psychosocial outcomes (work demands, autonomy, and support from supervisor and
colleagues), although assessed by different instruments than in the current study29. On the
other hand, our findings deviated from studies on job-specific WHS programs. A review on
job-specific WHS programs showed promising results, although not related to sustainable
employability but to physical and mental performance34.
In the cost-benefit analyses, costs related to absenteeism and self-reported productivity loss
were included. Both types of costs are assumed to represent the employer’s perspective.
However, in a work environment with little autonomy, such as the meat processing industry,
it can be debated whether self-reported productivity should be included in analyses.
Workers have to keep up with the pace of conveyor belts. The production process continues
even when workers report lower self-reported productivity. This can be explained by the
fact that their lower self-reported productivity is compensated by colleagues, or that lower
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self-reported productivity is poorly related to actual productivity, or a combination of both.
Lower self-reported productivity may thus not be a relevant measure from a corporate
financial perspective on the short term. However, self-reported productivity loss
(presenteeism) may be a risk for future health and employability35,36. To enable better
interpretation of the results and to add transparency, we have presented the results from
the cost-benefit analyses both with and without presenteeism costs.
The results of the cost-benefit analysis of the POSE program deviated from similar studies. A
study on sustainable employability in the construction industry showed significantly positive
financial benefits, reporting a BCR of 11.0 and ROI of 999%37. Although a systematic review
on physical activity and nutrition interventions showed negative ROI’s (-112% to -49%) these
values were much lower than the ROI in the present study 27. BCR values in that review were
marginally negative (-0.12) to somewhat positive (0.51). Another review on workplace
wellness programs showed positive results on ROI for absenteeism costs (average of
273%)38. No other cost-benefit studies on sustainable employability interventions were
identified. Overall, there appears to be insufficient evidence for the financial benefits of
sustainable employability interventions.
We cannot rule out that ineffectiveness of the POSE program was caused by program
failure39, because the program was not entirely executed as intended. An extensive process
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evaluation alongside the present study showed that elements of the POSE program were
not properly implemented40. The main reason for ineffectiveness may be the poor follow-up
of advices. Unfortunately, due to lack of registration it was unknown to what extent the
advices regarding interventions were followed up by the participants and what the effects
were. Furthermore, but probably of less influence, FCE was not delivered to all participants
or not executed according to protocol.
A remarkable finding is that the control condition scored better than the experimental
condition on all primary outcomes. Several explanations can be postulated. Firstly, time may
have had its influence on effects, since almost all effects became non-significant if
controlled for time. For sickness absence, this can be explained by the fact that at the end of
the study it markedly increased at all plants, due to diverse causes and irrespective of the
time workers had been exposed to the intervention. At that time, all workers were included
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in the experimental condition due to stepped-wedge design. No workers were in the control
condition anymore. A rise in long sickness absence could be postulated as a cause of the
increase, although sensitivity analyses showed that long sickness absence could not fully
explain this observation. High sickness absence in the last study period may as well have
been caused by the flu epidemic in winter of 2014-2015, which was the worst in Dutch
history41. However, very few workers (5%) exceeded the cut-off value for sickness absence
days due to common flu, so this probably did not influence effects to a large extent.
Secondly, more sickness absence in the experimental condition could have been caused
directly by the POSE program. If workers were at high risk for health loss (e.g. cardiovascular
diseases, mental health conditions) this could have resulted in referral to primary care and
therefore more sickness absence days in the period shortly after the POSE program.
Consequently, this would cause sickness absence to rise in the experimental condition
compared to the control condition. From an occupational health care perspective this may
be a desired effect, because (short) sickness absence now may prevent longer sickness
absence in the future and promote sustainable employability. Thirdly, before
implementation of the POSE program the company already invested in reducing sickness
absence. Since 2006, sickness absence rates have been reduced from 7% to approximately
4%, which was the baseline absence rate of study participants. This low number may have
led to a floor effect and might be an explanation for not finding an additional positive effect
for sickness absence. Fourthly, effectiveness of the POSE program can be influenced by
company interventions as a result of the program, and is influenced by workers regarding
curative and preventive actions. Fifty-five percent of the questionnaire respondents had the
intention to act on the advices, and 33% indicated to have acted on the advices. However, it
is unknown to what extent individual workers followed up on advices and which specific
actions were carried out by the company40.
Participation in the POSE program was voluntary and partially depended on the invitation
strategy, either being automatically enrolled or being invited to subscribe. In plants A and
B1 participation was open to all workers, whereas in plants B2 and E only workers aged 50
years and older were invited. When workers were automatically enrolled and had to
unsubscribe, participation rates were higher (74-93% vs. 27%). Participants and nonparticipants differed on age, job tenure, and gender. Differences in age and job tenure can
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be ascribed to the invitation strategy, which deliberately targeted workers of 50 years and
older in plants B2 and E. First inviting these older workers to the POSE program was a
strategic choice of the company, because these workers were considered a more vulnerable
group7,42. Although sickness absence rates among participants in the present study were at
company average, rates were lower in evaluated non-participants. This could lead to the
expectation that participants could improve on sickness absence. However, as a result of the
sampling strategy our sample was relatively old (median age 50.6 yrs), which in general
reduces chances for a positive intervention effect33. It was not possible to stratify the results
for gender because of the limited number of women (11%) included in the study. However,
gender differences did not seem to influence program effectiveness in other studies33.
Strengths and limitations
To our knowledge this study was the first to investigate the effect of a comprehensive WHS
program to improve sustainable employability of meat processing workers. The stepped
wedge design had the benefit that it was very flexible regarding logistics, i.e. the phased
implementation of interventions43. In our specific case it allowed the inclusion of a new
intervention group, after the drop-out of two plants, although this could have introduced
allocation bias, because this inclusion was not done randomly. The design also had the
ethical benefit that everyone received the intervention. One of the disadvantages was the
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complexity of data analysis, since data were available for multiple locations on multiple time
points. This made it harder to distinguish possible time effects from plant effects. Another
complexity was the frequency of follow-up measurements which brought along possible
respondent fatigue43. In our study, participants were followed over a period of three years
(except plant B2). Data collection over the long time period has presumably lead to
respondent fatigue from T0-T3, resulting in reduced response rates. This was indicated by
respondents as well as by plant managers 40. From T4 onwards response rates were
improved by using the strategy to let participants fill out the questionnaires at the
workplace, and the provision of a possible incentive (10 x €50,- were raffled) to anyone who
completed a questionnaire. Reduced response rates might have lead to lower power in the
analysis. Fewer participants than required according to the sample size calculation
responded to each questionnaire (Appendix 4). In plant E too few workers participated in
the POSE program, and in plant A and B2 response to the questionnaire was not sufficient at
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every measurement (e.g. T3 and T4). This caused almost 50% missing items on primary and
secondary outcomes. Nevertheless, missings could be accounted for by the analysis design
by introducing a random participant effect, so most probably did not influence effect sizes.
Moreover, effects on primary outcomes were significant, indicating sufficient power.
Another limitation was that the POSE program was only available for contracted employees.
This reduces the available population by 30% which consists of temporary workers.
Furthermore, 25% of the workforce is foreign, but most of them are temporary workers.
These facts, taken together with no availability of materials in foreign languages, may limit
generalizability of study results.
Conclusions and recommendations
Results from the current study indicated that effects on primary outcomes were negative
after POSE program implementation, effects on most of the secondary outcomes were
neutral, and financial benefits were negative after 1-3 year follow up. It is important to point
out that the POSE program is not a goal in itself, but that it is a strategy to timely intervene
and allow restoration of health, improvement of work ability and reduction of sickness
absence, i.e. assuring sustainable employability. Regarding detection of workers at risk the
program has achieved its purpose, because many workers were identified with one or more
risks. A reason for not finding positive effects on primary outcomes may be program failure;
in particular, interventions were not deployed as intended. Even though the program may
not have a visible positive effect on the short term, it might be beneficial on the long term
(5-10 years, or until retirement age). From that perspective, it is recommended to continue
the POSE program and evaluate its effectiveness for a longer time period.
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ABSTRACT
Background: Workers’ health surveillance (WHS) programs commonly measure a large
number of indicators addressing health habits and health risks. Recently, work ability and
functional capacity have been included as important risk measures in WHS. In order to
address work ability appropriately, knowledge of associations with work and health
measures is necessary. The objective of this study was to evaluate which of the factors
measured in a WHS are independently associated with work ability in a group of meat
processing workers.
Methods: A cross-sectional study was performed in a large meat processing company in The
Netherlands. Data were collected during a WHS between February 2012 and March 2014.
Personal characteristics, health habits and health-risk indicators, functional capacity, and
work-related factors were measured. Work ability was measured with the Work Ability
Index and was used as dependent variable. Univariable and multivariable logistic regression
analyses were conducted, a Receiver Operating Characteristic curve was constructed and
the Area Under the Curve (AUC) was calculated.
Results: Data sets from 230 employees were used for analyses. The average age was 53
years and the average work ability index score was 39.3. In the final multivariable model age
(OR = 0.94), systolic blood pressure (OR = 1.03), need for recovery (OR = 0.56), and
overhead work capacity (OR = 3.95) contributed significantly. The AUC for this model was
0.81 (95% CI 0.75-0.86).
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Conclusion: Findings from the current study indicate that multifactorial outcomes (age,
systolic blood pressure, need for recovery, and overhead work capacity) from a WHS were
independently associated with work ability. These factors can be used to assess employees
at risk for low work ability and might provide directions for interventions.

Key words: occupational health, health risk appraisal, work ability, functional capacity
evaluation, meat-packing industry
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INTRODUCTION
Over the past decades, the number of organizations and companies that offer Workers’
Health Surveillance (WHS) for their employees at the worksite has increased1,2. The overall
aims of a WHS as part of health promotion programs are prevention of occupational
illnesses and work-related injuries, maintenance and promotion of health in relation to
work, and maintenance and improvement of functioning and employability 3,4. Through early
detection and intervention for health issues a WHS aims to prevent the development of an
occupational or work-related disease that may affect the workers’ functioning5. WHSs have
been conducted in many different ways and with different aims, however, the basic
elements of WHSs are “the assessment of personal health habits and health risk factors; a
quantitative estimation or qualitative assessment of future risk of death and other adverse
health outcomes; and provision of feedback in the form of educational messages and
counseling that describe ways in which changing one or more behavioral risk factors might
alter the risk of disease or death”6-8. More recently, WHSs also include assessments of work
ability to detect and identify any signals of change in health and functioning. Work ability
levels have been found to be an important indicator of the balance between human
resources and work demands9,10, and have been shown to be strongly associated with risk of
sickness absence and work disability11-13. Although several studies have investigated factors
influencing work ability, only few studies have estimated to what extent different WHS
indicators contribute to the level of work ability.
WHSs are often applied in certain occupations where workers are known to be at risk for
adverse health effects due to their occupational exposure5 (p11). Previous studies have
described job-specific WHSs for painters14, fire fighters15, agriculture workers16, nurses17 and
construction workers5. Another field in which workers are known to be at high risk for
adverse health effects due to occupational exposure is the meat processing industry. Meat
processing workers perform monotonous and physically demanding work 18,19 and are a
vulnerable group in the way that they are exposed to several occupational health hazards
simultaneously. Most common occupational injuries and illnesses reported are
musculoskeletal disorders (MSDs), skin disorders, hearing disorders and infectious diseases.
Prevalence rates of MSDs of over 90% have been reported 20,21. In general, it is known that
these diseases increase the chance for sickness absence and reduced work ability 22. If
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injuries or illnesses are severe enough, they may lead to early retirement or disability
benefit23 and thus have considerable economic consequences 24.
In 2011 a large Dutch meat processing company introduced the POSE program (Promotion
Of Sustained Employability)25, a WHS combining elements from occupational (e.g. health
surveillance, and interventions aimed at a healthy lifestyle) and rehabilitation medicine (e.g.
Functional Capacity Evaluation (FCE) tests, and interventions aimed at improved physical
capacity). The POSE program aims to offer employees a custom-made risk profile and, if
necessary, an intervention plan using an integral approach 26.
Although in most research on WHS and workplace health promotion programs the focus is
on investigating its effectiveness on health and work functioning outcome measures, more
knowledge should also be obtained about the relevance of the gathered information by the
included tests and assessments. This knowledge is essential for the selection of appropriate
surveillance instruments27, meaning that only relevant aspects should be addressed and
workers should be protected from an abundance of screening tests. The better the
surveillance is attuned to the requirements of the occupation and the needs of the workers,
the better the possibility to develop and deploy effective interventions5,28. The aim of the
present study was to examine which indicators from a health-risk assessment and functional
capacity evaluation tests are independently associated with work ability in a sample of meat
processing workers.
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METHODS
The STROBE statement was followed to report this study 29, which is a guideline for the
reporting of observational studies, including things like data sources, statistical methods,
main results, and generalizability.
Study design and setting
This study was designed as a cross-sectional study which was carried out at three plants of a
large meat processing company in The Netherlands. Data were collected during four WHSs
between February 2012 and March 2014. The study was part of the FLESH study (Functional
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Labor Evaluation for Sustained Health and employment) which has been described
elsewhere25.
Participants
Four groups of participants were recruited. They were eligible if they were contracted
production personnel and worked at least 12 hours per week, participated in a WHS, and
provided informed consent to participate in the study.
Measurements
Dependent variable
Work ability was the outcome of interest and was assessed in the WHS. It was measured by
the Work Ability Index (WAI)30 which consists of 28 questions focusing on mental and
physical work ability, injuries and diseases, and future work expectations. Sum score can
range from 7-49, with higher scores indicating better work ability. Scores were divided into
four categories: 7-27 (poor), 28-36 (moderate), 37-43 (good), and 44-49 (excellent)31.
Independent variables
Work-related factors were assessed in the WHS. Three constructs from the Dutch
Questionnaire on the Experience and Evaluation of Work (VBBA) 32 were measured during
the WHS. One question asked whether employees considered their work physically
demanding (no / yes). Another question asked whether employees considered their work
mentally too demanding (no / yes). Five items evaluated the Need For Recovery after work
(NFR) (no / yes)33, resulting in a scale score ranging from 0-5. Higher scores indicated more
need for recovery after work. Cronbach’s alpha for the NFR scale was 0.72. The number of
contractual work hours per four weeks was retrieved from company administration.
A Functional Capacity Evaluation was performed. Eight domains of functional capacity
(lifting low, lifting high, carrying, repetitive bending, repetitive side reach, overhead work,
forward bent work, and hand grip strength) were tested, largely based on the WorkWell
FCE34. Exact procedures and normative values have been described elsewhere 35. Results
were categorized according to cut-off values for each domain36,37. Workers scored sufficient
capacity if their score was higher than this cut-off value. A submaximal cycling test was used
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to estimate maximal aerobic capacity (VO2max)38. Participants cycled for 6-7 minutes on an
electromagnetically braked cycle ergometer (Tunturi E80, Tunturi, Bergeijk, The
Netherlands) with a target heart rate above 120 beats per minute. Based on power output,
age, body weight, and heart rate, the VO2max was estimated. A cut-off value of 32.9 ml
O2/min/kg was applied to categorize the outcome.
Health-risk factors were assessed in the WHS. Body height in cm and weight in kg (Seca 217
and Seca 803, Seca Deutschland, Hamburg, Germany) were measured. Body fat percentage
was measured with a handheld electronic device (Omron BF306, Cemex B.V., Nieuwegein,
The Netherlands). Systolic and diastolic blood pressure (BP) and resting heart rate were
measured by an automatic sphygmomanometer (Omron PA-350-E, Cemex B.V., Nieuwegein,
The Netherlands). Blood glucose level (mmol/l) and total cholesterol (mmol/l) were
measured from a small blood sample from the fingertip (Accutrend Plus, Roche Diagnostics
Nederland B.V., Almere, The Netherlands). Smoking was assessed by the question “Do you
smoke at this moment” (no / yes). Alcohol use was assessed by the question “Do you
occasionally use alcohol” (no / yes). Eating habits were assessed by the question “Do you
consider yourself having healthy eating habits” (no / yes).
Personal characteristics (age in years, gender, and affiliation duration in years) were
retrieved from company administration. Educational level was assessed in the WHS and was
categorized as low (no education / elementary school / preparatory secondary vocational
education), or medium-high (secondary vocational education / higher secondary education /
higher professional education / university).

7

Statistical analysis
Production personnel with data from the WHS, company administration, and questionnaire
were included in the analyses. Not all participants provided complete data. We therefore
decided to impute data using chained imputations39 with an imputation model consisting of
all the potential predictors, the dependent variables and three other variables which we
thought were related to missingness. These three variables were work location, number of
absence days and absence episodes in the year before the WHS. Trace plots of means and
standard deviations of imputed variables were checked for convergence. It was found that
results were stable after 50 imputations, which were used in the final analyses. Based on
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pooling of the estimates of these 50 imputed databases, first descriptive analyses were
performed. Next, univariable as well as multivariable ordinal regression models with the
WAI as the dependent and the health-risk assessment variables (work-related factors,
functional capacity, health-risk factors, and personal characteristics) as independent
variables were constructed. In the multivariable analyses a forward method was used for
the selection of variables in the final model. All indicators were stepwise entered in the
multivariable model and included if p < 0.05. Associations were considered significant at
p < 0.05. To assess the discriminative value of the multivariable model, a Receiver Operating
Characteristic (ROC) curve was constructed and the Area Under the Curve (AUC) was
calculated. All analyses were carried out using STATA version 12.1 (StataCorp, College
Station, Texas, USA).
Sensitivity analysis
From observations at the different company plants it was found that the participating
employees hardly performed work near or over cut-off values of some FC tests (lifting low,
lifting high, carrying). Since we had data available on the true workload, obtained during
workplace observations, we decided to perform a sensitivity analysis with lower cut-off
values for these tests. These lower values reflect the upper limits of real-day workload. For
lifting low and carrying the cut-off value was set at 22.7 kg and for lifting high at 15.0 kg.
Again, univariable and multivariable analyses were performed.

RESULTS
A total of 245 production workers participated in the WHS. Eighty-two employees came
from plant A, 126 (divided in groups of 70 and 56) from plant B, and 37 from plant C. In the
process of imputing data, we had to remove 15 subjects from the dataset to enable
convergence. These fifteen persons had missing values on all of the VBBA items. After
imputation of missing data, complete datasets were available from 230 employees, which
were used for the analyses in this study.
A descriptive overview of the sample characteristics is provided in Table 1. The majority of
the subjects (90%) are men and the average age for the total sample is 53 years. On average
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the employees had worked at the company for 22.5 years. The average score on the Work
Ability Index was 39.3. The distribution of work ability across categories is displayed in Table
1. Based on the distribution across categories (skewed to the right), we decided to combine
the two lowest categories into a poor-moderate group (n = 63; 27%) and the two highest
categories into a good-excellent group (n = 167; 73%). Instead of ordinal regression
analyses, logistic regression analyses were conducted.
The results from the univariable analyses are displayed in Table 2. Significant associations
with the WAI were observed for 5 variables: age (Odds ratio (OR) = 0.95), need for recovery
(OR = 0.57), overhead work (OR = 4.36), forward bent work (OR = 2.38), and trunk rotation
left (OR = 5.50). OR’s indicate that lower age, lower need for recovery, sufficient overhead
work capacity, sufficient forward bent work capacity, and sufficient left trunk rotation
capacity are related to a good WAI score. No odds ratio could be calculated for ‘lifting low’,
because pooling of effect estimates for the imputed datasets was not possible. Besides
these 5 variables, no other personal characteristics, biometric characteristics, health habits,
functional capacity, or work-related characteristics were significantly associated with the
WAI.
When all variables were stepwise entered into a multivariable logistic regression model, 4
variables independently contributed significantly: age, systolic BP, need for recovery, and
overhead work (Table 3). OR’s indicate that lower age, higher systolic blood pressure, lower
need for recovery, and sufficient overhead work capacity lead to a good WAI score. The AUC
for this model was 0.81 (95% CI 0.75-0.86) (Figure 1). The formula for work ability level

7

(poor/good), which can be derived from the ORs, is as follows: 0.968 – 0.579*NFR +
1.374*overhead work – 0.066*age + 0.027*systolic BP.

146

Work ability model
Table 1 Overview of outcomes for the total sample (N = 230) and for both WAI categories.
TOTAL
Mean

WAI +
/ SD

/

Mean

WAI / SD

/

Mean

/ SD

N

%

N

%

N

%

39.3

5.4

41.9

3.2

32.3

3.7

230

100%

167

73%

63

27%

Poor (7-27)

7

3.0%

Moderate (28-36)

56

24.3%

Good (37-43)

115

50.0%

Excellent (44-49)

49

21.3%

missing

3

1.3%

Gender (% male)

206

90%

149

89%

57

90%

Age (yr)

52.9

6.7

52.2

6.7

54.5

6.4

Affiliation duration (yr)

22.5

10.7

22.0

10.7

23.9

10.6

15.1

141.7

15.1

141.6

15.3

171

74%

123

74%

48

76%

Cholesterol (mmol/l)

5.3

0.9

5.3

0.9

5.4

0.9

Glucose (mmol/l)

5.9

1.8

5.8

1.8

6.1

1.6

Systolic BP (mm Hg)

140.7

18.5

142.0

19.2

137.3

15.8

Diastolic BP (mm Hg)

82.7

10.1

82.6

10.5

82.7

9.0

Resting heart rate (bpm)

71.4

12.3

71.5

12.1

71.3

13.2

Body height (m)

175.6

8.8

176.0

8.7

174.7

9.1

Body weight (kg)

85.9

16.0

85.3

16.3

87.5

15.6

Fat percentage (%)

27.4

7.2

26.9

7.4

28.6

6.6

Smoking, yes

95

41%

70

42%

25

40%

Alcohol use, yes

178

77%

133

80%

45

72%

Healthy eating habits, yes

110

48%

79

47%

31

49%

Work Ability Index (7-49)

/

Personal characteristics

Contract hours / 4 weeks 141.6
(hr)
Educational level, low
Biometric data

Health
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TOTAL

WAI +

WAI -

Mean / SD /

Mean / SD

N

%

N

%

Aerobic capacity (ml/min/kg)

30.8

9.8

31.3

10.1

29.4

8.7

> 32.9 ml/min/kg

90

39%

70

42%

20

31%

Lifting low (kg)

32.6

12.1

34.1

11.9

28.7

11.2

> 45 kg

17

7%

--

--

--

--

Lifting high (kg)

17.0

6.5

17.4

6.4

15.8

6.1

> 24 kg

18

8%

14

8%

4

6%

Carrying (kg)

37.1

11.5

38.0

11.6

34.8

10.6

> 48 kg

20

8%

16

10%

4

6%

Overhead work (s)

220.9

98.2

237.6

92.7

177.0

96.4

> 221 s

118

51%

102

61%

16

26%

Forward bent work (s)

244.5

100.5

255.1

95.1

216.7

103.1

> 262 s

121

53%

98

58%

23

37%

Repetitive bending (s)

47.9

10.3

47.1

9.7

49.8

11.2

< 55 s

191

83%

141

84%

50

80%

Trunk rotation right (s)

68.5

15.2

67.2

14.6

71.8

15.5

< 93 s

219

95%

161

96%

58

92%

Trunk rotation left (s)

68.5

13.7

67.3

13.1

71.7

14.1

< 98 s

222

97%

164

98%

58

92%

Hand grip strength (kgf)

49.2

11.1

49.5

11.0

48.3

11.3

> 32.5 kg

213

92%

156

93%

57

90%

High physical workload, yes

100

43%

66

40%

34

54%

High mental workload, yes

40

17%

25

15%

15

24%

Need for recovery (0-5)

1.2

1.4

0.9

1.2

2.1

1.7

/

Mean / N SD

/

%

Functional capacity*

7

VBBA

Number of participants, number of participants with sufficient functional capacity and means (SD) are presented.
WAI: Work Ability Index; VBBA: Dutch Questionnaire on the Experience and Evaluation of Work.
WAI +: employees scoring equal to or above WAI cut-off; WAI -: employees scoring below WAI cut-off.
* For functional capacity the number of participants scoring better than the cut-off value is presented together with
average (SD) scores on these tests.
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Sensitivity analysis
For three FC tests (lifting low, lifting high, and carrying) additional univariable analyses with
lower cut-off values were performed. This resulted in changed ORs for lifting high
(OR = 1.61) and carrying (OR = 1.41), but they were still not significant. For lifting low
pooling of effect estimates was now possible, which resulted in an OR of 2.14 (95% CI
1.01-4.52; p = 0.047) in the univariable analyses. None of these three variables contributed
significantly to the multivariable model.

Table 2 Odds Ratios (ORs), their 95% confidence interval (95% CI), and p-values for having
good to excellent work ability: results from the univariable analyses.
OR

95% CI

p

LL

UL

Personal characteristics
Gender

1.16

0.44

3.06

0.770

Age

0.95

0.90

0.99

0.024

Affiliation duration

0.98

0.96

1.01

0.227

Contract hours

1.00

0.98

1.02

0.980

Educational level

1.14

0.58

2.24

0.705

Cholesterol

0.97

0.69

1.35

0.834

Glucose

0.91

0.76

1.07

0.256

Systolic BP

1.02

1.00

1.03

0.080

Diastolic BP

1.00

0.97

1.03

0.937

Resting heart rate

1.00

0.98

1.03

0.924

Body height

1.02

0.98

1.05

0.320

Body weight

0.99

0.97

1.01

0.359

Fat percentage

0.97

0.93

1.01

0.122

Smoking

1.06

0.56

2.03

0.850

Alcohol use

1.55

0.80

3.01

0.196

Healthy eating habits

0.92

0.52

1.65

0.782

Biometric data

Health
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OR

95% CI

p

LL

UL

Functional capacity
Aerobic capacity

1.61

0.84

3.11

0.155

Lifting low

--

--

--

--

Lifting high

1.35

0.35

5.18

0.662

Carrying

1.68

0.39

7.22

0.482

Overhead work

4.36

2.14

8.88

0.000

Forward bent work

2.38

1.23

4.57

0.010

Repetitive bending

1.33

0.58

3.07

0.496

Trunk rotation right

2.27

0.62

8.22

0.214

Trunk rotation left

5.50

1.05

28.76

0.043

Hand grip strength

1.49

0.52

4.21

0.457

High physical workload

0.56

0.31

1.00

0.052

High mental workload

0.55

0.27

1.14

0.109

Need for recovery

0.57

0.46

0.71

0.000

VBBA

LL: Lower limit; UL: Upper limit; VBBA: Dutch Questionnaire on the Experience and Evaluation of Work.

Table 3 Odds Ratios (ORs), their 95% confidence interval (95% CI), and p-values for having
good to excellent work ability: results from the multivariable analyses.
OR

7

Multivariable model

95% CI

p

LL

UL

Need for recovery

0.56

0.44

0.71

0.000

Overhead work

3.95

1.80

8.68

0.001

Age

0.94

0.89

0.99

0.016

Systolic BP

1.03

1.00

1.05

0.025

Overhead work is included as dichotomous variable; need for recovery, age, and systolic BP are included as continuous
variables. LL: Lower limit; UL: Upper limit.
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DISCUSSION
The results of this study showed that age, systolic blood pressure, need for recovery and
overhead work were independently associated with work ability in a sample of meat
processing workers. Being older decreased the odds for good work ability by 6% per year.
Higher systolic blood pressure, despite being significant, led to only 3% higher odds for good
work ability. In numbers, a 10 mmHg higher systolic blood pressure increased the odds for
good work ability by 30%. Workers with lower need for recovery had about twice the odds
for good work ability as did workers with higher need for recovery. Workers with sufficient
overhead work capacity had a four times higher odds for good work ability. Single indicators
that showed significant associations with work ability were age, need for recovery, overhead
work, forward bent work, and trunk rotation left.

7

Figure 1 ROC curve for the multivariable model predicting good to excellent work ability. Xaxis: probability of false-positive predictions; Y-axis: probability of true-positive predictions.
AUC = 0.81 (95% CI 0.75-0.86).
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Age was found to be significantly associated with work ability, where higher age is an
indicator for lower work ability. This confirms findings from previous studies 40-42. On the
other hand, inconsistent relations between work ability and age have been reported 43. From
a scientific point of view it is interesting to incorporate factors such as age and gender in a
model to explain work ability. From a practical point of view this may be debated, because
both factors are not modifiable and therefore cannot be used as a basis for intervention.
However, certain problems, e.g. musculoskeletal or cardiovascular, are age-related44 and
can be addressed in interventions for specific age-groups which in turn may positively
influence work ability. A surprising finding was the significant association between systolic
BP and work ability, especially the direction of the association, since high BP is normally
considered as a health-risk indicator. An explanation might be that employees with poor
work ability used medication against high BP, resulting in a lower systolic BP. As a
consequence, lower work ability is associated with lower BP. Since the OR is very close to 1,
and we identified no literature that higher systolic BP may be protective to work ability, the
relation between systolic BP and work ability may be based on coincidence and has little or
no clinical relevance. Unfortunately, our data did not contain enough information on
medication use to check this assumption. Need for recovery after work was also found to be
significantly associated with work ability. Although no previous studies were identified that
investigated this association, similar results were reported for the relation between fatigue
and work ability45,46. Lack of recovery can lead to the onset of occupational injuries and
illnesses47,48 and reduced work ability. Furthermore, as in previous studies, better functional
capacity was positively associated with work ability49-52, although in our model only one FCE

7

test (overhead work) was included in the final model. This association is plausible since work
in the meat processing industry is predominantly physical and this test resembles typical job
tasks. Some other FCE tests were significantly associated with the WAI in the univariable
analyses, but were not included in the multivariable model. This might be due to
correlations with the variables included in the final model, e.g., forward bent work
(r = -0.204) and trunk rotation left (r = -0.149) correlated significantly with NFR.
The ROC curve indicates that our model has good discriminating ability in terms of
classifying workers into their respective work ability category. The best combination of
sensitivity and specificity leads to a value of 0.72 for both, indicating that 28% could be
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falsely categorized as having good-excellent or poor-moderate work ability. The model
cannot completely explain worker classification, which implies that other indicators could be
involved. Further study is necessary to identify these indicators. Furthermore, individual
indicators and the WAI may contain measurement error in themselves. So, a certain amount
of uncertainty in the model is inevitable.
Strengths and limitations
To our knowledge, this is the first study that investigates associations of various indicators
with work ability in a WHS. The cross-sectional design of this study makes it impossible to
draw conclusions on possible causal relationships. We therefore stress the need of
longitudinal studies to elaborate on our findings. Other relevant outcomes could be
included in those studies, such as sickness absence and productivity. Another point of
interest is the homogeneity of the population. It consists of only blue collar workers from
one meat processing company, which might be considered as a strength of this study. At the
same time, homogeneity might be a drawback since it may hinder the explanation of
variance and is a limitation concerning generalizability. Nevertheless, it is assumed that
findings from this study may apply to production personnel outside the industry, but with
similar job tasks.
A limitation of this study is the fact that employees could refuse to participate in the WHS.
This might have caused a selection bias, since participants generally appear to be somewhat
healthier than non-participants53. This may have resulted in the good average work ability of
our study sample, and the above cut-off work ability of almost two-thirds of the sample.
Nevertheless, the on average good work ability might be an overestimation of the true
score, since workers with high physical work demands are less inclined to report a low work
performance, compared to workers with more mentally demanding work54.
For all FCE tests, participants were instructed to put in their maximum effort. However, it is
possible that they did not reach their maximum55, and as a consequence scored below cutoff. It is also possible that cut-off values were not applicable for this population, because the
job demands were lower in general. The sensitivity analysis demonstrated that lower cut-off
values for some tests did not change the multivariable model. It is possible for a trained
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observer to estimate whether maximum effort was put in 55, but this was not recorded for
the current study.
Imputation of missing data was performed to get complete data for as many workers as
possible. In the end, 245 production workers provided data on most or all variables.
However, 15 workers lacked data on all VBBA items. These employees had to be excluded
from the dataset, because analyses on imputed data did not lead to convergence.
Descriptive analyses on both raw and imputed data from the remaining 230 participants
show similar results. This implies that imputations were done reliably and valid conclusions
can be drawn for the entire sample.
Implications for practice
The growing proportion of older workers in the meat processing industry stresses the need
for new policies and programs to assure health and sustainable employability of the
workers. In 2009 and 2010, the Dutch Labor Inspectorate performed nationwide inquiries at
multiple meat processing companies. The main risk factors identified for sustainable
employability were related to job demands and job design (machine handling, knife
handling, repetitive movements, static postures, work pressure), and contextual factors
(work on platforms, biologic agents, noise, safety measures)56,57. The finding that age is
related to work ability stresses the need for interventions aimed at sustainable
employability specifically targeted on the aging population 44. This study also shows that to
improve work ability, elements from occupational medicine as well as from rehabilitation
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medicine should be addressed. Furthermore, need for recovery after work should be
addressed by, for example, the introduction of more rest-breaks during work58,59.
Conclusion
In a WHS for meat processing workers, one socio-demographic indicator (age), one healthrisk indicator (systolic blood pressure), one work-related indicator (need for recovery), and
one functional capacity indicator (overhead work) were shown to be related to work ability.
To confirm and expand our findings, longitudinal studies should be performed,
incorporating other (health) outcomes as well.
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GENERAL DISCUSSION

Chapter 8
The objectives of this thesis were 1) to provide an overview of effectiveness of existing
occupational health interventions in the meat processing industry, 2) to compare energetic
workload and energetic capacity in production workers, 3) to evaluate the POSE program
(Promotion Of Sustained Employability) on its implementation process, effectiveness, and
cost-benefit, and 4) to study associations between indicators from the POSE program and
work ability. In this chapter, the main findings of the thesis are summarized and interpreted,
methodological considerations are addressed, and recommendations for science and
practice are presented.

MAIN RESULTS
Existing evidence on effectiveness of interventions in the meat processing industry
In chapter 2 a systematic literature review showed studies about the effectiveness of three
types of occupational health interventions in the meat processing industry: ergonomics
programs, skin protection, and Q fever vaccination. Ergonomics programs focused on
workplace health and safety and their effects on injuries and sickness absence. Programs
focused on the effect of added rest breaks as well. Very low level evidence for the effect of
added rest breaks on ratings of perceived discomfort was found. Skin protection comprised
the use of gloves and hand creams. Moderate level evidence for the effectiveness of skin
disorder prevention was found. Regarding Q fever, high-quality evidence for strong
effectiveness of Q fever vaccination was found. It was also found that studies on workers’
health surveillance (WHS) programs for meat processing workers were lacking.
Objective comparison of workload and capacity
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Workload of meat processing workers consists of static and energetic load. In chapter 3 a
novel method was introduced which compared energetic workload and energetic capacity
at the workplace by objective methods. Workers in the meat processing industry worked at
18% of their heart rate reserve or 33% of their energetic capacity. Based on heart rate
reserve, 17% of the workers exceeded the maximum acceptable working time. Besides
having a higher objectified energetic workload, these workers did not differ from workers
who did not exceed maximum acceptable working time.
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Study design
In chapter 4 the design of POSE program evaluation was described. The POSE program is a
WHS program specifically designed for meat processing workers and consisted of the
following components: questionnaires on work ability and health, biometric screening,
Functional Capacity Evaluation (FCE), and a counseling session. Interventions could be
deployed on indication. The program was evaluated in a stepped wedge trial with a one to
three-year follow-up.
Quality of the implementation process and stakeholder satisfaction
The process evaluation described in chapter 5 showed that different strategies were
followed to recruit workers for the POSE program in the different participating plants, which
also resulted in different program reach. The dose of program components that was
delivered to participants was high, ranging from 85 to 100%. The dose that was actually
received ranged from 66 to 100%. The program components were delivered according to
protocol and, when assessable, fidelity was 100%. Information on program follow-up and
FCE fidelity was lacking. Participants and company stakeholders were generally satisfied
with the POSE program. Several personal and contextual factors influenced program
implementation. One major barrier was economic recession in the Netherlands. Other
barriers were novelty of, and skepticism towards the program. Factors that facilitated
implementation were management support, organization during working time and near the
work floor, and growing awareness about sustainability in society in general.
Effects of the POSE program on primary and secondary outcomes and cost-benefit
The results of the effectiveness study in chapter 6 showed a significantly negative effect on
all primary outcomes. There was significantly more sickness absence (OR=1.40), lower work
ability (B=-0.63), and a lower chance for full productivity (OR=0.71) in the experimental
condition. On the secondary outcomes vitality, subjective health, and psychosocial workload
no differences between experimental and control condition were found with the exception
of the psychosocial outcome meaning of work, where the experimental group scored
significantly higher. The cost-benefit analyses from the employer’s perspective (absenteeism
and presenteeism costs) showed negative results for net benefit, benefit-cost ratio, and
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return-on-investment. Extra costs could be divided into 42% caused by absenteeism and
58% caused by productivity loss.
Work and health indicators associated with work ability
In chapter 7, associations between work ability and several POSE program indicators were
investigated, with the aim to make screening more efficient. Work ability was found to be
significantly and independently associated with age, need for recovery after work, overhead
work, and systolic blood pressure. This study showed that work ability can be explained
from different perspectives, i.e., a health perspective, a work perspective, and a functional
capacity perspective. The finding that age is negatively related to work ability stresses the
need for interventions targeted at the aging workforce in the study sample.

INTERPRETATION
Main findings
In the Netherlands many employers are aware of the urgency to invest in sustainability, of
companies as well as of workers1. For this reason, policies have been developed and put into
practice. For policy on sustainable employability to be effective, change is required at the
individual and organizational level. The systematic review in this thesis (chapter 2) described
several organizational interventions to improve health of meat processing workers.
Evidence of effectiveness was presented for ergonomics programs, skin protection, and Q
fever vaccination. This thesis added evidence for a WHS program designed to improve
sustainable employability of meat processing workers. However, effectiveness could not be
demonstrated within a one to three-year follow-up period. The results of this study should
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be interpreted in the specific context of the meat processing company. This study was
carried out during economic recession, when two plants were closed because of
reorganizations. Research indicates that sickness absence decreases during periods of
economic recession, but also increases in times of economic prosperity2. In the years prior
to the POSE program (until 2011), the company had already been working on reducing
sickness absence for a couple of years. At study baseline, the sickness absence rate was
already as low as approximately 4%. This may have caused a ceiling effect regarding
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effectiveness which may have limited a positive effect on (a part of) sickness absence.
Furthermore, after 2013, economy started to grow again3. This may explain the increase in
sickness absence at the end of the study and thereby the adverse effects of the POSE
program.
The process evaluation in this thesis (chapter 5) was conducted to provide insight into
possible reasons for the (in)effectiveness of the POSE program. Unfortunately, the data
from the process evaluation could not be associated directly with effect outcomes. In our
studies, too much process information at the individual level was missing to allow for this.
The process evaluation showed that POSE program implementation went according to plan,
although some program components could not be evaluated. One important issue was the
lack of information on the counseling and follow-up process. Therefore, we had no
information on whether participants understood the advice they received on their risks,
which might have had an adverse effect on their outcomes. As shown in a previous study,
workers need help with interpretation and advice in dealing with a health risk 4. Raising
health literacy will allow workers to make sound health decisions in everyday life, at home
and at work5. If participants did not act on the advices they received, effects may also have
turned out to be negative or lacking.
Effects were either adverse or absent, but it is unknown whether this was caused by the
POSE program. Nevertheless, the program had some positive effects. Participants were
satisfied with the program; they had the feeling they were heard and valued. The
occupational health service emphasized that the POSE program had achieved one of the
main goals of WHS, i.e., identification of people at risk. The POSE program identified many
workers (84%) with one or more health and employability risks. They all received advice for
further interventions. Making workers more aware that they are at risk of health loss and
giving them advice to contact health care professionals may have resulted in sickness
absence shortly after participation in the POSE program. Although this may have resulted in
a negative effect on the sickness absence rate in the intervention group, it can be seen as a
desired effect from an occupational health care perspective. Sickness absence on the short
term can be a strategy to prevent sickness absence on the long term and thereby improve
chances for sustainable employability. Participants indicated that the program created
awareness about their health status and employability, a first step in behavioral change
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models1. They were more aware about their own responsibility and appreciated the
opportunity to work on their health and employability6. As a result, company management
decided to implement the POSE program throughout the whole company, before results of
the effect evaluation were known. So, even if the POSE program was not effective on
sickness absence, work ability, and self-reported productivity within a one to three-year
follow-up, it may still be beneficial for others to adopt a similar program in order to change
behavior in the future.
In the process and effect evaluation (chapter 5 & 6) it was mentioned that the negative
results could be explained by program failure, i.e., the program was not implemented as
intended7. It was shown that during implementation of the POSE program several barriers
were encountered. Not only by the company implementing it, but also by the occupational
health care providers. Some of the barriers were inevitable, but had to be overcome
(novelty, skepticism). Other barriers could have been anticipated, but were still encountered
(workforce planning, availability of interventions). These barriers may have caused the
program not to be implemented fully according to protocol. The negative effects after the
POSE program might be attributed to theory failure as well, meaning that, despite high
participation rates and adequate follow-up, the intended results were not achieved 7. The
idea of the POSE program was to construct it in such a way that it was comprehensive and
job-specific. Face validity was assumed, but no scientific validation was performed on
comprehensiveness and job-specificity. Lack of effects might therefore also be attributed to
theory failure, because the program was not sufficiently attuned to the needs of the specific
occupation. On the other hand, previous reviews on (job-specific) WHS and workplace
health promotion (WHP) programs have provided evidence for their effectiveness on several
health-related outcomes, but only modest positive effects on sickness absence8-10 and work
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ability were identified10. However, those reviews did not present information on the
implementation process.
To our knowledge, this study was the first to investigate the effects of a WHS program on
sustainable employability. Other studies on workplace health promotion programs have
investigated similar outcomes to our study10-12, but this is among the first to specifically
study sustainable employability13,14. Similar to our study, those studies reported no or
negative results for sickness absence, work ability, and productivity. Contrary to our study,
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several other studies differed on primary and secondary outcomes 9,10,15,16. In concordance
with the negative effects on the primary outcomes, the POSE program did not result in
financial benefits in the follow-up period. Both higher sickness absence and lower selfreported productivity led to significantly more costs after program implementation. As
indicated in chapter 6 this finding differed from most other studies on workplace health
programs15,16 which reported positive financial results. Different findings compared to other
studies may be explained by differences in interventions, differences in study samples, and
may also depend on the timing of the study. Another explanation may be publication bias,
indicating that mainly positive effects and positive financial results have been published
previously17, while negative or indifferent results, if or when present, may not have been
published.
Fine-tuning of the POSE program
In literature the consensus opinion is that WHP programs need to be in place for at least
three years to observe any possible positive health and financial outcomes but that annual
assessments of those outcomes are necessary to track progress and fine-tune the
interventions18. In the effect study health outcomes were evaluated repeatedly in a threeyear period, but the POSE program has not been fine-tuned intermediately. Development of
the POSE program was initiated by the company and performed in cooperation with an
occupational health service. It is unknown whether the needs of the workers were reflected
and incorporated in the contents of the POSE program. Possibly, fine-tuning of the program
could be achieved by taking into account the needs and preferences of workers.
Consequently, better attunement may lead to better program results. A recent study
demonstrated that those needs can vary between different ages, between educational
levels, and between genders19. In general, workers reported a need for programs addressing
physical activity (55%), general health (45%), stress management (39%), healthy nutrition
(33%), and smoking cessation (7%). Programs provided by the employer were favored over
19

programs at one’s own discretion .
Another way to fine-tune the occupational health care process can possibly be achieved by
relating screening indicators to interventions. First, there should be more clarity on how to
categorize outcomes. When is someone not at risk, extremely at risk, or only moderately at
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risk? Gaining more insight into which risk category should lead to a certain intervention may
benefit the effectiveness of the referral process and effects on outcomes. Second, more
knowledge must be acquired about the effectiveness of interventions. As indicated before,
interventions should reflect the needs of individuals.
Further fine-tuning may be deployed by introducing a stepped-care procedure20. This means
that workers do not receive more care than strictly necessary. Translating this procedure to
the POSE program implies that workers are screened on a restricted set of risk indicators.
The cross-sectional study on associations in the POSE program (chapter 7) showed that
work ability was related to age, need for recovery after work, overhead work capacity, and
systolic blood pressure. These aspects could be taken as a starting point. Age is not a
modifiable factor, but it has been shown that work ability depends on age21. So, work ability
screening and treatments might be deployed differently for different ages. In screening and
treatment, focus could be on the other associated indicators: need for recovery, overhead
work capacity, and systolic blood pressure. A short screening module might then indicate if
more elaborate assessment is needed. In that case the full health surveillance program can
be deployed, as well as subsequent interventions. Effectiveness of this procedure first needs
to be investigated in longitudinal studies.

METHODOLOGICAL CONSIDERATIONS
Design
In the intervention study a stepped wedge design was used instead of a parallel arm trial.
For the company, the stepwise implementation of the POSE program was beneficial in terms
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of practicality, logistics, and finances. Compared to a parallel arm trial, the use of a stepped
wedge design has both advantages and disadvantages 22-24. The main advantage was ethical
in nature, because the POSE program could be offered to all contracted workers, since it
was expected to yield positive results. Another advantage was that the design allowed a
smaller sample than would be required in a regular cluster-randomized trial, and it
depended to a lesser extent on the number of included clusters. A stepped wedge trial
usually takes longer than a RCT, which makes it possible to follow the intervention for a
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longer period. On the other hand, a longer study period can also introduce confounding by
time. In our study, different lengths of follow-up applied to different plants, varying from
one to three years. Despite those differences, effects did not differ between plants. The
course of outcomes over time was similar for all plants, and did not seem to depend on the
timing of POSE program implementation. Unfortunately, confounding by time could not be
separated from specific cluster (plant) effects in our study. We did observe an increase in
sickness absence towards the end of our follow-up, but this occurred at all plants.
Furthermore, in the last two follow-up periods all plants were in the experimental condition,
meaning that adjustment for those time points was not possible. This may have caused the
influence of sickness absence in the experimental condition to become exaggerated. The
magnitude of this exaggeration can be determined when sickness absence in the
experimental condition is compared to sickness absence rates throughout the entire
company. Inclusion of a comparable control condition over the whole study period could
indicate the true effect of sickness absence in the experimental condition. Another
disadvantage of the long trial concerned the data collection procedure which required
multiple measurements, every time a new cluster was included in the study. As explained in
the effect study in chapter 6 this may have led to survey fatigue and it complicated
statistical analysis. A strategy to prevent survey fatigue is the use of incomplete designs,
which means that data are not collected from all clusters at all times 25. However, that was
not feasible in the current study, because only one cluster (i.e., one plant) switched to the
intervention at every step.
Selection bias
Participation in the POSE program and the scientific study was voluntary. Company
management emphasized to workers that participation was not obliged, but encouraged
participation. POSE program participants were not obliged to participate in the scientific
study. Nevertheless, workers sometimes did not want to participate in the program,
because they felt obliged to participate in the scientific study as well, or considered it too
large a burden. This may have led to a selection of workers who were more motivated to
participate in the program and/or study. It is assumed that motivated workers positively
influence study results26. However, this does not seem to be reflected in the results. It must
be noted that the same participants were both in the control and experimental condition,
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for whom within-subject analyses were performed. So, this type of selection bias probably
did not influence the outcomes of the study.
Generalizability
A limitation of the studies in this thesis concerns generalizability within and outside the
meat processing industry. Due to the selective sample, it is difficult to generalize the results
to the whole industry, or to other industries. The meat processing industry consists for
about 30% of temporary workers and for about 25% of foreigners 27,28. For practical reasons,
temporary workers were not included in our study. However, inclusion of these workers
would provide a better representation of the industry. It was impossible to follow these
workers throughout the whole study period. This would require cooperation with temporary
employment agencies. Depending on the number of involved agencies this could be a
barrier. Furthermore, inclusion of foreign workers brings along that study material should be
available in several languages. This implies that questionnaires are to be validated in these
languages within different study samples, which is a time-costly process. Language
difficulties may have prevented foreigners from participating in the POSE program, even
though materials were available in different languages and workers could receive assistance
in completing questionnaires.
Another limitation regarding generalizability involves the recruitment strategies which
differed between plants; at some plants specifically older workers (>50 years) were
targeted. The company made a strategic choice to first offer the POSE program to this
sample of older workers assuming they were most vulnerable. This assumption was not only
based on the constitution and aging of the workforce, but also on the high work pressure
and limited opportunities for retraining. Although this creates a great sense of urgency to
address sustainable employability, it also makes it harder to achieve success, because it was
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shown that workplace health promotion programs are less effective for older workers 10.
Therefore, generalizing findings to other ages or to the total meat processing industry
should be practiced with caution.
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Sustainable employability
Sustainable employability is multifactorial, and its defining factors have been scarcely
investigated. As described in the introductory chapter of this thesis, there are several
proxies that can be used to assess sustainable employability. In this thesis three proxies
were used: sickness absence, self-reported work ability, and self-reported productivity.
These proxies are assumed to be indicative for sustainable employability, although they do
not cover the whole spectrum of sustainable employability, neither can they fully explain
the concept29. Many other factors are involved that define sustainable employability, which
may be just as important, such as aspects related to opportunities, knowledge/skills, and
attitude/motivation (p203)30. Possibly equally important is the work environment, because
sustainable employability implies an interaction between a worker and his/her
environment. We deliberately chose not to incorporate those factors in the participant
questionnaires in order to keep the burden for participants as low as possible. Inclusion of
the work environment could have provided a better assessment of the fit between a worker
and his/her environment. Consequently, better tailored interventions could have been
deployed, possibly leading to more positive results on health and employability.
Objective, test and self-reported measures
For the different studies, several types of data were used. Sickness absence data and
salaries were retrieved from company registries. Energetic workload and capacity were
obtained by heart rate registrations and by exercise testing; FCE data were obtained by
performance tests. All other data were self-reported; Work Ability Index data were retrieved
from the POSE program (electronic questionnaire) as well as from paper questionnaire;
productivity and secondary outcomes data were obtained by paper questionnaire; process
data were obtained by questionnaire and by interview. Although self-reported outcome
measures are less reliable than register (i.e., objective) data31-33, it is assumed that bias
resulting from self-reported data did not distort outcomes. Because POSE program
participants were their own controls, bias would be present before and after the
implementation of the program. Most probably this would not alter the results.
Study participants may have encountered difficulties with correctly interpreting the
questionnaires. Although the questionnaires have been validated, they are not always
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comprehensible for all target populations. The Dutch Central Committee on Research
Involving Human Subjects recommends using language at the level of 8 th-graders (12 years
old) in all study materials. But these recommendations have not been practiced in validated
questionnaires like the WAI, QQ, and COPSOQ. Adjustments in these questionnaires could
benefit comprehensibility and contribute to the quality of future studies, and perhaps lower
the number of missings. However, adapted questionnaires need validation before being
used in research and practice.

RECOMMENDATIONS
Recommendations for research
Several occupational health interventions are available to address health risks in the
meat processing industry. However, not all health risks are covered by the available
interventions. Therefore, it is recommended to conduct more research on effectiveness
of interventions.
Multiple strategies were used to compare energetic workload and energetic capacity of
meat processing workers. The applied methods were feasible in practice but no gold
standard. To improve the methods, further study is recommended in which gold
standard methods are made feasible for practice. In chapter 3 we showed that energetic
work capacity was sufficient to handle the workload for the majority of older production
workers in this sample. For future research it is recommended to investigate whether
static work capacity of these workers is sufficient as well, as the work in the meat
processing industry consists of several physical static tasks, e.g., working in a standing
position, either up right or bent forward.
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The process evaluation showed that most components of the POSE program were
properly implemented. However, it also showed that several aspects in program
implementation can be improved. Moreover, not all components could be evaluated on
quality of implementation. For future studies, more accurate registration and
monitoring is recommended. This will allow intermediate adaptation of the program and
improvement of interventions. Although workers were satisfied with the POSE program,
it is unknown whether the needs and preferences of the workers were reflected in the
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program. When a new intervention is developed this should be incorporated by, for
instance, following the intervention mapping approach34.
Sickness absence, work ability, and productivity did not improve within a one- to threeyear follow-up period. Longer follow-up studies with better operationalization of
sustainable employability and better registration of counseling and implementation of
subsequent interventions should be performed to investigate the effects of the POSE
program on the longer term (e.g., 5-10 years, or until statutory retirement age).
Cross-sectional associations between work ability and several health-related and workrelated indicators were identified. The predictive value of these indicators for future
work ability should be investigated in a longitudinal study. Furthermore, similar studies
can be performed on other outcomes of sustainable employability, such as sickness
absence and productivity.
Recommendations for practice
To achieve a good fit between the worker with his/her environment, workload should
not exceed the worker’s capacity level, as this may result in musculoskeletal or
cardiovascular complaints. Methods have been provided to compare energetic workload
and energetic capacity. It is recommended to use those methods in practice to establish
whether a worker has sufficient energetic capacity to perform his/her work without
becoming overloaded. Moreover, it is recommended to assess if the static work capacity
of these workers is sufficient, as the work in the meat processing industry consists of
several physical static tasks as well. If a worker’s capacity (static or energetic) is
insufficient for the tasks he/she should perform, worker’s capacity should be
ameliorated by physical training or workload should be reduced.
Health screening (i.e., the POSE program) depending on risk identification alone did not
seem to be effective. For risk identification to be effective, it should be followed by
(appropriate) evidence based interventions.
Usability and satisfaction are good, but those qualitative results were not reflected by
quantitative results on sustainable employability within the follow-up period. Based on
the fact that interventions were not or hardly deployed, it is recommended to consider
adaptations to the present form of the POSE and integrate interventions into the
program. In the systematic review, several effective occupational health interventions
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were identified to address health risks in the meat processing industry. It is
recommended to deploy evidence based interventions when available and applicable.
Sustainable employability is a dynamic interplay between a worker and his/her
environment. Instead of only focusing on worker characteristics in the POSE program, it
is recommended to include evaluation of the work environment as well.
Improvements can be made in the screening process. Instead of performing a complete
assessment, a short form screening may suffice. For work ability it could possibly be
shortened to four indicators: need for recovery, overhead work capacity, systolic blood
pressure, and age. Risk profiles should be identified and these should be directly related
to further assessment and interventions. This will help occupational health care
providers to better attune their services to the needs of workers. The stepped care
approach can be considered here.
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SUMMARY

Summary
In 2011, the largest Dutch meat processing company developed and implemented a
workers’ health surveillance (WHS), aiming to promote sustained employability and health,
and reduce sickness absence and early exit from the labor market of their (older) workers.
The POSE program (Promotion Of Sustained Employability) includes elements from
occupational and rehabilitation medicine. The contents were tailored to the needs and
preferences of the meat processing workers. As little is known about the effectiveness of
WHS in the meat processing industry, a research project was started. It included the
following aims: 1) to provide an overview of existing occupational health interventions in
the meat processing industry and describe their effectiveness on work-related outcomes, 2)
to compare energetic workload and energetic capacity in meat processing workers, 3) to
evaluate the POSE program on its implementation process, effectiveness, and cost-benefit
from the employer’s perspective, and 4) to investigate associations between work ability
and indicators from the POSE program. Chapter 1 introduces the topic of this thesis and
presents the main objectives and the thesis outline.
In chapter 2 a systematic review was described in which the effectiveness of occupational
health interventions in the meat processing industry in upper-middle and high-income
countries was investigated. The literature search was performed in PubMed, Embase and
the Cochrane Library. Studies were included if they reported on interventions among
workers in the meat processing industry and presented outcomes related to work or health.
Studies were assessed on risk of bias and data were synthesized by intervention topic. A
total of 1200 articles were retrieved which were possibly eligible for inclusion. Assessment
on title, abstract and full-text led to a final inclusion of 13 articles reporting on two
randomized controlled trials and nine non-randomized intervention studies. Studies were
categorized into three topics: ergonomics programs, skin protection, and Q fever
vaccination. All studies had high risk of bias. Based on four studies, there was limited
evidence for workplace health and safety programs showing reductions in musculoskeletal
injury severity, reduction of lost work days, and reduction of costs and claims for several
musculoskeletal disorders. There was limited evidence for added rest breaks resulting in
improved productivity at the end of a workday and in reductions of perceived discomfort in
various body regions at the end of the workday. One study on skin protection showed
reductions of eczema prevalence, although evidence was moderate. Based on four studies,
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there was high quality evidence for 100% effectiveness of Q fever vaccination. No studies
were identified that described a WHS program in the meat processing industry.
In chapter 3 a study was described which was performed at the workplace. The objective of
the study was to examine individual energetic workload during a workday and compare this
with energetic capacity. Furthermore, differences in demographic and health-related
characteristics between normally loaded and overloaded workers were examined. Forty-one
workers who were 50 years or older and participated in the POSE program were included in
this study. To quantify energetic workload, heart rate was monitored during one workday.
To quantify energetic capacity from power output and heart rate, workers performed a submaximal bicycle test. Two strategies were used to compare energetic workload and
capacity. For the first strategy, heart rate reserve (HRR) was calculated based on resting and
maximum heart rate, and heart rate during work. HRR is in itself a comparison of workload
and capacity. On average the workers performed work at 18% HRR. Based on the HRR, the
maximum acceptable work time (MAWT) was calculated. Seven workers were qualified as
overloaded because they exceeded MAWT. Overloaded workers did not differ from
normally loaded workers, except in workload, which was significantly higher in overloaded
workers (3.3 vs. 2.4 METs (Metabolic Equivalent of Task)). For the second strategy, heart
rate index was calculated from resting and work heart rate and then converted to energetic
workload. This was compared to energetic capacity. On average the workers used 33% of
their energetic capacity to perform work. In conclusion it can be stated that energetic work
capacity was sufficient to handle the workload for the majority of workers.
In chapter 4 the contents of the POSE program were described together with the design of
the evaluation study. The objectives of the evaluation study were to evaluate the POSE
program on its implementation process, effectiveness on primary and secondary outcomes,
and cost-benefit from the employer’s perspective. The WHS consisted of four components:
1) online questionnaires on work ability and health, 2) biometric screening, 3) Functional
Capacity Evaluation (FCE), and 4) a counseling session. The goals of the POSE program were
to provide participants insight into their health and employability, to offer them
opportunities to work on health and employability, and to keep them healthy at work.
Based on the outcomes of the WHS program, participants were classified according to the
risk of reduced health and employability. The risk profile indicated whether participants
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needed referral to subsequent interventions. The evaluation study was conducted as a
cluster randomized stepped wedge trial. Five meat processing factories were included in the
trial. The POSE program was implemented stepwise, one factory at a time. Measurements
were performed at each implementation and were followed up at six and 12 months after
the last implementation. The primary outcome measures were work ability, productivity,
and sickness absence. Secondary outcomes included health status, vitality, and psychosocial
workload. To evaluate effectiveness of the POSE program, primary and secondary outcomes
were analyzed over time. Subsequently, sickness absence and productivity data were used
to conduct a cost-benefit analysis from the employer’s perspective. The implementation of
the POSE program was evaluated at process level, focusing on different process aspects.
Furthermore, satisfaction with the POSE program was evaluated among employees and
several stakeholders.
The process evaluation was described in chapter 5. The goal of this study was to evaluate
the implementation of the POSE program at process level. Seven process aspects were
evaluated: recruitment, reach, dose delivered, dose received, fidelity, satisfaction, and
context. Nine months after participation in the POSE program, workers received an
evaluation questionnaire. Furthermore, ten workers and six other stakeholders were
interviewed, and POSE program data were used. Two different strategies were used to
recruit workers for the POSE program: open invitation or automatic participation. Of the 986
employees that were eligible for participation in the POSE program, 305 participated.
Average reach over factories was 53%. Of the POSE program components, 85-100% was
delivered, and 66-100% was received by participants. FCE, counseling, and intervention
adherence could not be evaluated on protocol fidelity. Fidelity to the other program
components was 100%. The majority of participating workers (84%) was detected with risk
factors for health loss or reduced employability. Overall, participants were satisfied with the
total POSE program (mean score 7.6 (0-10)), although satisfaction varied between program
components. Ninety-five percent of the participants would recommend the POSE program
to colleagues. Several factors were identified that facilitated implementation. The POSE
program was supported and advocated by upper management. Societal developments
regarding sustainability and sustainable employability created awareness of managers and
workers. There also were some factors that hindered implementation. Two included
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factories were closed during the course of the study. Furthermore, at the start of the study
the POSE program was new to the company. This caused some delay in implementation and
insecurity about the follow-up process. The process evaluation showed that there were
flaws in program implementation, among others the absence of targeted interventions
following the POSE program. Deviation from the protocol is an indication of program failure
and may affect program effectiveness.
In chapter 6 the results of the effect analyses were presented. The goal was to evaluate the
effectiveness of the POSE program on outcomes of sustainable employability. Data were
collected from February 2012 until March 2015, by questionnaire, from the POSE program,
and from company registries. Originally, workers from five factories were included in this
study. Within the first year, two factories were closed down. To compensate for this dropout, a second group from an already participating factory was introduced into the study.
Divided over four groups, 305 workers participated in the POSE program. Before
participation in the POSE program, workers were in the control condition, after participation
they moved to the experimental condition. We found significantly negative effects on all
primary outcomes. The odds for sickness absence were 40% higher in the experimental
condition (OR=1.40; p<0.01). Work ability was slightly, but significantly lower in the
experimental condition compared to the control condition (B=-0.63; p=0.01), but average
work ability remained good for all workers. Odds for full productivity were 29% lower in the
experimental group (OR=0.71; p=0.03). Almost all secondary outcomes (health, vitality,
psychosocial workload) were similar in the control and experimental condition. Controlling
for confounding factors (age, time, location) did not, or minimally, change the results. The
cost-benefit analysis from the employer’s perspective showed a significantly negative effect.
The financial benefits amounted to €-2321 (95% CI: €-2830 to €-1836). Approximately 42%
(€975) of the extra costs were caused by sickness absence, the other 58% (€1346) were
caused by increased productivity loss. Based on the results it cannot be concluded that the
POSE program (in its evaluated form) improved the evaluated outcomes within a one- to
three-year period. To increase the chances for positive effects it is recommended to make
interventions an integral part of the POSE program.
In chapter 7 cross-sectional associations between work ability and a number of POSE
program indicators were examined. For this purpose, data from 230 production workers
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who participated in the POSE program were used. Personal characteristics, health habits
and health-risk indicators, functional capacity, and work-related factors were used as
independent variables. The Work Ability Index (WAI; score range 7-49; mean score 39.3),
was used as dependent variable. For analysis, the WAI was dichotomized into poormoderate and good-excellent work ability, using a cut-off score of 37. Sixty-three (27%)
participants scored below cut-off. Four variables were significantly and independently
associated with work ability. More need for recovery reduced the odds for good-excellent
work ability (OR=0.56; p<0.01). Sufficient overhead work capacity increased the odds for
good-excellent work ability by a factor four (OR=3.95; p<0.01). Age reduced the odds for
good-excellent work ability by 6% per year (OR=0.94; p=0.02). Higher systolic blood pressure
increased the odds for good-excellent work ability by 3% per mmHg (OR=1.03; p=0.03). The
final model had an Area Under the Curve of 0.81 (95% CI: 0.75-0.86). The best combination
of specificity and sensitivity led to an approximate value of 0.72 for both, indicating that
28% was falsely categorized as poor-moderate or good-excellent work ability based on this
model. The presented model may provide directions for addressing work ability in meat
processing workers.
In chapter 8 the main results were integrated and interpreted. Previous research on WHS
programs and workplace health promotion has shown inconsistent results. Publications on
(effects of) a WHS program in the meat processing industry were lacking. POSE program
effectiveness on primary, secondary, and financial outcomes could not be demonstrated.
Reasons for absence of effects can be sought in the POSE program itself, but also in the
context of the meat processing industry. The POSE program was not entirely carried out
according to protocol. Furthermore, the economic situation influenced the entire Dutch
meat processing industry. Within the specific company, several reorganizations took place.
Fine-tuning and improvement of the POSE program may enhance future effects. Input for
fine-tuning can possibly be derived from work ability and its associated POSE program
indicators. The designs of the separate studies have several strengths and limitations. They
are ethical, practical and methodological in nature. Strengths are the availability of the POSE
program for all workers, the implementation of the program at the workplace itself, and the
flexibility of the stepped wedge design. Other strengths were the use of objective measures
in the workload assessment and the POSE program. Limitations apply to the use of a
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stepped wedge design in a changing environment, and to the conclusion that can be based
on the cross-sectional design used in the studies described in chapter 3 and 7. Other
limitations concern the exclusion of temporary foreign workers in the studies, and the use of
self-report measures. The findings and considerations in this thesis may provide directions
for future research and practice. In conclusion it can be stated that this thesis contributes to
the knowledge base of WHS programs in general, and of occupational health care in the
meat processing industry in particular.
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Samenvatting
In 2011 is door het grootste Nederlandse vleesverwerkingsbedrijf een preventief medisch
onderzoek (PMO) ontwikkeld en ingevoerd dat gericht was op het bevorderen van
duurzame inzetbaarheid en gezondheid, en op het terugdringen van verzuim en vervroegd
verlaten van de arbeidsmarkt van (oudere) werknemers. Het PMO-DI (Preventief Medisch
Onderzoek – Duurzame Inzetbaarheid) bevat elementen uit de bedrijfsgeneeskunde en
revalidatiegeneeskunde. De inhoud is zo samengesteld dat die aansluit bij de behoeftes en
voorkeuren van werknemers in de vleesindustrie. Omdat er weinig bekend was over de
werkzaamheid van een PMO in de vleesindustrie is een onderzoeksproject gestart. Dit
project

had

de

volgende

doelen:

1)

een

overzicht

geven

van

bestaande

gezondheidsinterventies binnen de vleesindustrie en hun effectiviteit op werkgerelateerde
uitkomsten, 2) het vergelijken van de energetische belasting van werk in de vleesindustrie
met de energetische belastbaarheid van productiewerknemers, 3) het evalueren van het
PMO-DI

op

implementatieproces,

effectiviteit

en

kosten-baten

vanuit

werkgeversperspectief, en 4) onderzoeken welke uitkomsten uit het PMO-DI gerelateerd
zijn aan werkvermogen. In hoofdstuk 1 is het onderwerp van dit proefschrift geïntroduceerd
en staan de doelstellingen en samenstelling van dit proefschrift beschreven.
In hoofdstuk 2 is een systematisch literatuuronderzoek beschreven naar bestaande
interventies in de vleesindustrie in geïndustrialiseerde landen. Specifiek is gekeken naar de
effectiviteit van die interventies op uitkomsten gerelateerd aan arbeid en gezondheid.
Hiervoor is in enkele elektronische databases (PubMed, Embase, Cochrane Library) gezocht
naar wetenschappelijke literatuur. Studies werden geïncludeerd als zij interventies in de
vleesindustrie beschreven die zich richtten op werk- en gezondheidsgerelateerde
uitkomsten. Studies werden beoordeeld op ‘risk of bias’ en gegevens werden
samengevoegd per interventie onderwerp. De zoekstrategie resulteerde in 1200 mogelijk
relevante artikelen. Beoordeling van deze artikelen op inclusiecriteria leidde tot een
uiteindelijke selectie van 13 relevante artikelen die rapporteerden over twee
gerandomiseerde gecontroleerde studies en negen niet-gerandomiseerde interventie
studies. De studies konden worden opgedeeld in drie categorieën: ergonomische
programma’s, huidbescherming en Q-koorts vaccinatie. Alle studies hadden een hoge ‘risk
of bias’. Gebaseerd op vier studies was er beperkt bewijs voor effectiviteit van
ergonomische programma’s (veiligheid en gezondheid) op afname van klachten aan het
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bewegingsapparaat, afname van verzuim, afname van kosten en claims voor diverse
klachten aan het bewegingsapparaat. Er was eveneens beperkt bewijs voor de effectiviteit
van ergonomische programma’s (extra micropauzes) op productiviteit en ervaren ongemak
aan het eind van de werkdag. Voor de effectiviteit van huidbescherming was er matige
bewijskracht voor afname van eczeem prevalentie. Er was sterk bewijs voor de effectiviteit
van Q-koorts vaccinatie, die in 100% van de gevallen beschermend was. Er werden geen
studies gevonden die een PMO in de vleesindustrie beschreven.
In hoofdstuk 3 is een studie beschreven die op de werkvloer is uitgevoerd. Het doel van
deze studie was de individuele energetische belasting op een werkdag te bepalen en deze te
vergelijken met de energetische capaciteit. Daarnaast zijn verschillen in demografische en
gezondheidsgerelateerde kenmerken onderzocht tussen normaal belaste en overbelaste
werknemers. Eenenveertig werknemers van 50 jaar of ouder die hadden deelgenomen aan
het PMO-DI namen deel aan dit onderzoek. Om de energetische belasting te bepalen
werden productiemedewerkers met een hartslagmeter gemonitord. Om de energetische
capaciteit te bepalen deden werknemers een submaximale inspanningstest op een
fietsergometer. Op basis van o.a. geleverd vermogen en hartslag werd de energetische
capaciteit berekend. Er werden twee strategieën gehanteerd om de energetische belasting
en capaciteit te vergelijken. In de eerste strategie werd op basis van rusthartslag, hartslag
tijdens werk en de maximale hartslag de hartslagreserve (HRR) berekend. HRR is een
vergelijking tussen energetische belasting en capaciteit. Gemiddeld werd het werk
uitgevoerd op 18% HRR. Vervolgens is bepaald of individuele werknemers de referentie
voor maximaal aanvaardbare werktijd overschreden. Zeven van de 41 werknemers
overschreden deze referentie. Het enige verschil met de andere werknemers was de
significant hogere energetische belasting (3,3 vs. 2,4 METs (Metabolic Equivalent of Task)).
In de tweede strategie werd de hartslag index berekend op basis van de rusthartslag en
hartslag tijdens werk, die vervolgens werd omgezet naar energetische belasting. Deze is
gerelateerd aan de energetische capaciteit zoals die was gemeten in het PMO-DI.
Gemiddeld gebruikten werknemers 33% van hun energetische capaciteit om hun werk uit te
voeren. Concluderend kan gesteld worden dat de meerderheid van de werknemers over
voldoende energetische capaciteit beschikte om de energetische belasting van het werk aan
te kunnen.
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In hoofdstuk 4 zijn de inhoud van het PMO-DI en de opzet van het evaluatieonderzoek
beschreven. De doelen van het evaluatieonderzoek waren het onderzoeken van het PMO-DI
op het implementatieproces, de effectiviteit op primaire en secundaire uitkomsten, en de
kosten-baten vanuit werkgeversperspectief. Het PMO-DI bestond uit vier componenten: 1)
vragenlijst over werkvermogen en gezondheid, 2) screening op gezondheidsmaten, 3)
Functionele Capaciteit Evaluatie (FCE), en 4) adviesgesprek. De doelen van het PMO-DI
waren om deelnemers inzicht te verschaffen in hun gezondheid en inzetbaarheid, hen de
mogelijkheid te bieden om daaraan te werken en hen gezond aan het werk te houden. Op
basis van de uitkomsten van het PMO-DI werd een deelnemer geclassificeerd naar het risico
op verminderde inzetbaarheid. Hieruit volgde een advies voor een type interventie. In de
opzet van het onderzoek waren vijf vestigingen opgenomen waar het PMO-DI ingevoerd en
geëvalueerd zou gaan worden. Het gehele onderzoek werd uitgevoerd door middel van een
cluster-gerandomiseerd stepped wedge ontwerp. Dit houdt in dat het PMO-DI gefaseerd,
per vestiging, werd ingevoerd. Tijdens iedere invoering op een nieuwe vestiging werden
vragenlijsten naar de deelnemers gestuurd en vervolgens een half jaar en één jaar na de
laatste invoering van het PMO-DI. Primaire uitkomsten in het onderzoek waren
werkvermogen, productiviteit en verzuim. Secundaire uitkomsten waren gezondheid,
vitaliteit en psychosociale belasting van het werk. Om de effectiviteit van het PMO-DI te
evalueren zijn deze uitkomstmaten over de tijd geanalyseerd. Daarnaast zijn verzuim- en
productiviteitsgegevens gebruikt om vanuit werkgeversperspectief een kosten-baten
analyse uit te voeren. De implementatie van het PMO-DI is op procesniveau onderzocht,
waarbij werd gefocust op verschillende proces aspecten. Tevredenheid met het PMO-DI is
geëvalueerd onder deelnemers, betrokken managers en medewerkers van de arbodienst.
De procesevaluatie is beschreven in hoofdstuk 5. Het doel van deze studie was het
evalueren van de implementatie van het PMO-DI op procesniveau. Zeven proces aspecten
werden geëvalueerd: rekrutering, bereik, aanbod, afname, protocollering, tevredenheid en
context. Hiervoor kregen alle deelnemers negen maanden na deelname aan het PMO-DI een
vragenlijst toegestuurd en werden tien deelnemers en zes andere betrokkenen
geïnterviewd. Daarnaast werden gegevens van het PMO-DI gebruikt. Er zijn twee
verschillende strategieën gebruikt om werknemers voor het PMO-DI te rekruteren. Op één
vestiging werd iedereen uitgenodigd, maar was het aantal plaatsen beperkt. Op de andere
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vestigingen nam iedereen deel aan het PMO-DI tenzij daarvoor werd afgemeld. Van de 986
beschikbare werknemers namen uiteindelijk 305 deel aan het PMO-DI. De gemiddelde
deelname van uitgenodigde werknemers over de vestigingen was 53%. Van alle PMOonderdelen werd 85-100% aan de deelnemers aangeboden; de afname bedroeg 66-100%.
Voor de FCE, het adviesgesprek en interventies was niet te beoordelen of zij geheel volgens
protocol waren uitgevoerd. De andere onderdelen werden 100% volgens protocol
uitgevoerd. Bij het grootste deel van de deelnemers (84%) werden één of meerdere risico’s
voor gezondheidsverlies of verminderde inzetbaarheid gevonden. De deelnemers waren
tevreden over het PMO-DI en beoordeelden het gemiddeld met een 7,6 op een schaal van 0
tot 10. Vijfennegentig procent van de deelnemers zou het PMO-DI aan collega’s aanbevelen.
Er waren verschillende contextuele factoren die de implementatie van het PMO-DI
bevorderden. Implementatie werd vanuit hoger management gesteund en ondersteund.
Ontwikkelingen in de maatschappij wat betreft duurzaamheid en duurzame inzetbaarheid
zorgden voor een breder draagvlak bij managers en werknemers. Er waren ook enkele
factoren die implementatie belemmerden. Twee vestigingen die in het onderzoek zaten
werden gesloten ten tijde van het onderzoek. Daarnaast was het PMO-DI bij de start van het
onderzoek een nieuw instrument. Dit leidde tot vertraging in de opvolging van het PMO-DI,
waardoor men nog niet goed wist wat er mee moest gebeuren. De procesevaluatie liet zien
dat er tekortkomingen zaten in de uitvoering van het PMO-DI, onder meer het grotendeels
ontbreken van gerichte interventies aansluitend op het PMO-DI. Dit is een indicatie voor
“programma falen” en kan wellicht de effectiviteit van het PMO-DI aantasten.
In hoofdstuk 6 zijn de resultaten van de effectanalyse gepresenteerd. Het doel van de studie
was de effectiviteit van het PMO-DI op uitkomsten gerelateerd aan duurzame inzetbaarheid
te onderzoeken. Gegevens zijn verzameld vanaf februari 2012 tot en met maart 2015
middels vragenlijsten, het PMO-DI en bedrijfsadministratie. Oorspronkelijk konden
werknemers van vijf vestigingen deelnemen. Echter, in het eerste jaar van het onderzoek
werden er daarvan twee gesloten. Om deze sluitingen op te vangen, is een nieuwe groep
van een reeds deelnemende vestiging aan het onderzoek toegevoegd. In vier groepen
hebben 305 werknemers aan het PMO-DI deelgenomen. Voor deelname aan het PMO-DI
behoorden zij tot de controlegroep, na deelname tot de experimentele groep. Op alle
primaire uitkomsten werd een significant negatief effect gevonden. De odds op verzuim in
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de experimentele groep lag 40% hoger dan in de controlegroep (OR=1,40; p<0,01). De score
op werkvermogen lag 0,6 punten lager, maar was gemiddeld nog steeds goed voor alle
deelnemers (B=-0,63; p=0,01). De odds op volledige productiviteit lag in de experimentele
groep 29% lager dan in de controlegroep (OR=0,71; p=0,03). Vrijwel alle secundaire
uitkomsten (gezondheid, vitaliteit en psychosociale belasting van het werk) waren gelijk in
de controle- en experimentele groep. Na correctie voor eventuele verschillen in
beïnvloedende factoren (leeftijd, tijd, locatie) werden vergelijkbare resultaten gevonden. De
kosten-baten analyse vanuit werkgeversperspectief liet een negatief beeld zien. De
financiële baten kwamen uit op €-2321 (95% BI: €-2830 tot €-1836). Ongeveer 42% (€975)
van dat verschil in kosten werd veroorzaakt door toename van verzuim, ongeveer 58%
(€1346) door lagere zelfgerapporteerde productiviteit. Deze resultaten laten zien dat het
PMO-DI (in de onderzochte vorm) binnen een periode van 1 tot 3 jaar geen aantoonbare
verbetering heeft kunnen bewerkstelligen op de gemeten uitkomsten. Om de kans op
positieve effecten te vergroten wordt aanbevolen om interventies integraal onderdeel te
laten uitmaken van het PMO-DI.
In hoofdstuk 7 is een onderzoek beschreven waarin de cross-sectionele relatie tussen
werkvermogen en uitkomsten uit het PMO-DI werd onderzocht. Hiervoor zijn de gegevens
van 230 productiemedewerkers gebruikt die aan het PMO-DI hebben deelgenomen.
Onderzochte factoren waren persoonskenmerken, leefstijl, gezondheidsrisico’s, functionele
capaciteit en werkgerelateerde factoren. Deze factoren werden gebruikt als onafhankelijke
variabelen. Werkvermogen werd gebruikt als afhankelijke variabele. Gemiddeld werd er een
goed werkvermogen gescoord (gemiddelde score 39,3; range 7-49). Op basis van een
afkapwaarde van 37 werd werkvermogen opgedeeld in slecht-matig en goed-uitstekend
werkvermogen. Drieënzestig werknemers (27%) scoorden een slecht-matig werkvermogen
en 167 werknemers (73%) een goed-uitstekend werkvermogen. Er werden vier
onafhankelijke factoren gevonden die significant geassocieerd waren met werkvermogen.
Een grotere herstelbehoefte leidde tot een tweemaal zo kleine odds op goed-uitstekend
werkvermogen (OR=0,56; p<0,01). Voldoende capaciteit voor bovenhands werk gaf een vier
keer zo grote odds op goed-uitstekend werkvermogen (OR=3,95; p<0,01). Wat betreft
leeftijd nam de odds op goed-uitstekend werkvermogen per jaar met zes procent af
(OR=0,94; p=0,02). En een hogere systolische bloeddruk liet de odds op goed-uitstekend
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werkvermogen toenemen met drie procent per punt (mmHg) (OR=1,03; p=0,03). Het
uiteindelijke model had een Oppervlakte Onder de Receiver Operator Curve van 0,81 (95%
BI: 0,75-0,86). De beste combinatie van specificiteit en sensitiviteit leidde tot een waarde
van 0,72 voor beiden, hetgeen betekent dat 28% van de werknemers foutief
gecategoriseerd werd naar slecht-matig of goed-uitstekend werkvermogen op basis van dit
model. Het gevonden model kan aanknopingspunten geven om het werkvermogen van
werknemers in de vleesindustrie te verbeteren.
In hoofdstuk 8 zijn de belangrijkste resultaten geïntegreerd en geïnterpreteerd. Eerder
onderzoek naar PMO’s en gezondheidsprogramma’s op het werk hebben inconsistente
resultaten laten zien. Publicaties over (effecten van) PMO’s in de vleesindustrie ontbraken.
Effectiviteit van het PMO-DI op primaire, secundaire en financiële uitkomsten kon niet
worden aangetoond. Redenen voor afwezigheid van positieve effecten kunnen gezocht
worden in het PMO-DI, maar ook in de context van de vleesindustrie. Het PMO-DI werd niet
geheel volgens protocol uitgevoerd. Daarnaast was de economische situatie van invloed op
de gehele Nederlandse vleesindustrie. Binnen het onderzochte bedrijf vonden gedurende
het onderzoek diverse reorganisaties plaats. Het verfijnen en verbeteren van het PMO-DI
kan effecten in de toekomst wellicht verbeteren. Input voor het verbeteren kan
bijvoorbeeld gehaald worden uit werkvermogen en de daarmee samenhangende factoren
uit het PMO-DI. De ontwerpen van de verschillende studies hebben sterke en zwakke
kanten. Zij zijn ethisch, praktisch en methodologisch van aard. Sterke punten zijn de
beschikbaarheid van het PMO-DI voor alle werknemers, de uitvoering van het PMO-DI op
locatie en de flexibiliteit van het stepped wedge ontwerp. Een ander sterk punt is het
gebruik van objectieve meetmethodes in het PMO-DI en in de evaluatie van fysieke
belasting. Beperkingen kunnen gevonden worden in het gebruik van een stepped wedge
ontwerp in een veranderende omgeving, maar ook aan de conclusies die verbonden kunnen
worden aan de cross-sectionele studies zoals beschreven in hoofdstuk 3 en 7. Andere
beperkingen betreffen de exclusie van tijdelijke buitenlandse medewerkers en het gebruik
van zelfgerapporteerde uitkomsten. De bevindingen en overwegingen in dit proefschrift
kunnen richting geven aan toekomstig onderzoek en aan de praktijk. Concluderend kan
gesteld worden dat dit proefschrift een bijdrage levert aan de kennis over PMO’s in het
algemeen en aan de bedrijfsgezondheidszorg in de vleesindustrie in het bijzonder.
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Dankwoord
Onder mijn persoonlijke e-mails sluit ik meestal af met de tekst: “zonder doel in het leven is
de weg ook niet van belang”. Deze spreuk kenmerkt in mijn ogen perfect mijn
promotietraject. Het doel is nu bereikt, dus is het tijd om kort terug te blikken op de weg. De
weg begon met een verhuizing vanuit Ede naar Groningen. Nieuwe omgeving, nieuwe
mensen. Hoe zou dat gaan bevallen? Gelukkig had ik mijn weg op het werk en in de
omgeving snel gevonden. Het was vervolgens niet één rechte streep richting einddoel, al
zou je dat in het vlakke Groningen wel verwachten. Onderweg heb ik toch wel enkele
hobbels moeten nemen om bij het einddoel te komen. En vele duizenden kilometers later
ben ik daar dan. De personen die mij daarbij geholpen hebben, ben ik grote dank
verschuldigd. In het bijzonder wil ik een aantal mensen noemen.
Allereerst gaat mijn dank uit naar mijn promotieteam dat het mogelijk maakte om dit mooie
project uit te voeren. Beste Michiel, tijdens mijn sollicitatiegesprek heb je me behoorlijk het
vuur aan de schenen gelegd. Zelfs zo erg dat ik nooit had gedacht dat ik voor de functie
gekozen zou worden. Niets bleek minder waar en ik ben nog steeds erg blij met de kans die
je me hebt geboden. In de jaren daarna stond je deur altijd voor me open en… smeet je ook
regelmatig mijn deur open. Of het nu was voor inhoudelijke vragen, om stoom af te blazen
of om even te ouwehoeren. Ik kon altijd bij je terecht. Hartelijk dank daarvoor en voor je
vertrouwen. Beste Sandra, het voltooien van dit proefschrift is voor mij een mijlpaal in mijn
leven. Jouw kennis op het gebied van duurzame inzetbaarheid is daarin enorm belangrijk
voor me geweest. Dank daarvoor. Hopelijk kunnen we in de toekomst blijven samenwerken
aan duurzame inzetbaarheid. Ik vind het ook mooi om enkele mijlpalen in jouw leven van
dichtbij meegemaakt te hebben, je benoeming tot professor en de bevalling van je dochter.
Beste Remko, in de eerste twee jaar van mijn promotie was je mijn dagelijks begeleider. Ik
kon met alles bij je terecht. Vragen over onderzoek, praktische zaken, maar ook dingen op
persoonlijk vlak. Ik heb dit als zeer prettig ervaren. Ik vond het dan ook erg jammer dat je na
2 jaar de overstap naar Twente maakte, ook al bleef je wel betrokken bij het onderzoek.
Gaaf dat we nu samen dit hoogtepunt kunnen vieren. Beste Michiel, mijn steun en
toeverlaat in methodologie en statistiek. Wat heb ik ontzettend veel van je geleerd. Niet
alleen van jouw kennis op methodologisch vlak, maar ook van jouw kritische blik op mijn
stukken. Ik denk ook met veel plezier terug aan de vele uren samen aan jouw keukentafel
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als we, onder het genot van een bakje koffie, weer eens door data aan het werken waren.
Dank voor al je hulp en fijn dat dit wordt gewaardeerd met een plek als copromotor.
Onderzoek doen in de praktijk is een uitdaging. Het kan soms lastig zijn, maar dat maakt het
ook wel weer erg leuk. De mensen die vanuit de praktijk dit onderzoek hebben mogelijk
gemaakt wil ik op deze plaats hartelijk danken. Irene, Bianca, Daniëlle, Sharon, Simone en
Mariëlle dank ik voor alle hulp bij de organisatie van het onderzoek op locatie en alle Vion
medewerkers voor hun bijdrage aan het onderzoek. Verder wil ik Frans en Robert van
Business Health Support en Erwin en Nicolle van Immens-advies danken voor het
beschikbaar stellen van hun onderzoeksgegevens en voor hun deskundigheid als ik met
vragen zat. Zonder jullie was dit onderzoek niet mogelijk geweest.
Onderweg heb ik een aardig peloton aan (oud)collega’s om me heen verzameld, waarvan ik
een aantal hier persoonlijk wil bedanken. Uiteraard begin ik met Franka, mijn kamergenote
de afgelopen vier jaar. Wat hebben we een fantastische tijd gehad samen. Dit boekje bevat
niet genoeg ruimte om te beschrijven wat wij allemaal samen hebben meegemaakt en
doorgemaakt. Hartelijk dank voor de mooie tijd en dank dat je mijn paranimf bent. En o ja,
ik moet je ook bedanken voor mijn mooie bijnaam -. Dan Haitze, ook een kamergenoot van
het eerste uur, eerst in de ‘Pijnkamer’ en later bij Sociale Geneeskunde. Dank voor het
wegwijs maken in Haren en omstreken en de vele gezellige uurtjes samen sporten en
kletsen over sport en onderzoek. Vervolgens alle collega’s bij Oker, Revalidatie en Sociale
Geneeskunde. Teveel mensen om allen persoonlijk te bedanken, maar weet dat ik de tijd
met jullie als erg prettig heb ervaren. Talloze gezellige gesprekken tijdens de lunch, koffieen theepauzes, maar ook inhoudelijke wetenschappelijke discussies. Dank voor jullie
interesse, behulpzaamheid en vriendelijkheid. Een woord van dank gaat ook naar Johan,
coauteur van één van de hoofdstukken. Dank voor je hulp en inzichten bij de uitvoering van
dat onderzoek. Wat mij betreft was dat onderzoek de slagroom op de taart.
Om de sores van alledag van me af te zetten, moest er gesport worden. Of het nu in het
zwembad, op de fiets, op de atletiekbaan of voor het dartbord was, overal kon ik wel bij
iemand m’n ei kwijt. Dank daarvoor. Met name wil ik Frans bedanken, die mij enorm gastvrij
heeft opgevangen en mij de grondbeginselen van Groningen en de Groningse taal heeft
bijgebracht. Fijn dat je mijn paranimf bent. ’t Kon minder…
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Grappig dat je normaal je vrienden eigenlijk niet bedankt voor het feit dat ze er voor je zijn,
maar dat op deze plek wel doet. Wellicht komt dat doordat we elkaar de afgelopen jaren
minder hebben gezien dan de jaren daarvoor. En dan heb ik het met name over mijn
vrienden uit Ede en omstreken. Weet dat ik jullie vriendschap op prijs stel en dat ik het tof
vind dat jullie me regelmatig in het noorden hebben opgezocht. Mijn vrienden uit
Groningen heb ik vaker gezien, maar wellicht ook niet genoeg. Ook jullie vriendschap stel ik
enorm op prijs.
Het staat buiten kijf dat ik mijn lieve ouders, Gerrit en Cobi, wil bedanken. Zonder jullie had
ik dit nooit waar kunnen maken. En natuurlijk kan ik mijn prachtige zusjes, Wanda, Arine en
Jacobine niet vergeten. Ik kan niet in woorden uitdrukken wat jullie voor me betekenen.
Tot slot een woord voor jou, Nicky. Ik heb altijd gezegd dat ik in Groningen zou blijven voor
werk en/of de liefde. Ik ben blij dat ik die liefde hier heb gevonden en kijk uit naar onze weg
samen.
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