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1
GENEral iNTrOduCTiON

Many chronic diseases and various physical and mental health problems are in 

large part preventable (1). An overwhelming body of evidence indicates that an 

unhealthy lifestyle (e.g. insufficient physical activity, unhealthy diet, smoking, high 

levels of alcohol consumption, low levels of relaxation) and other modifiable health 

risks (e.g. high levels of work stress) play an important role in the development of 

such conditions (1-7). Nonetheless, the prevalence of modifiable health risks is high 

(8;9). Moreover, even though the prevalence of some risk factors slightly decreased 

during the last decades (e.g. smoking), that of others increased dramatically in 

many developed countries due to changes in daily (working) life (10). For example, 

an increased availability of larger portion sizes, lower prices of unhealthy food, 

and the influence of commercials has led to an increased energy intake among the 

population, while at the same time work-related and leisure-time activity levels 

decreased (11;12). As a consequence, the prevalence of overweight (Body Mass 

Index [BMI]≥25 kg m-2 and <30 kg m-2), obesity (BMI≥30 kg m-2), and their attributable 

diseases (i.e. type-2 diabetes, cardiovascular disease, and certain types of cancer) 

increased dramatically during the last decades (13). In 2008, the World Health 

Organization estimated that globally more than 1.4 billion adults were overweight or 

obese (14). In the Netherlands, the combined prevalence of overweight and obesity 

is estimated to be 43% in adult women and 54% in adult men (15). Also, due to 

increased work pressure, competition, work pace, and job instability, working life 

became more emotionally and mentally demanding (16-18). Currently, 36% of Dutch 

workers “regularly have to work at a high work pace” and 30% “regularly have to 

work under high time pressure” (19). As a consequence, workers experience higher 

levels of work stress as compared to a couple of decades ago (20), which in turn may 

lead to the development of various stress-related problems (e.g. mental disorders 

and cardiovascular disease) (18;21-27). 
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Economic consequences of modifiable health risks

Next to the human suffering associated with modifiable health risks, the economic 

consequences are considerable. Various studies indicate that such risk factors are 

associated with increased medical spending (28-30). For example, Goetzel et al. 

(1998) examined the relationship between ten modifiable health risks (e.g. stress, 

smoking, unhealthy diet, alcohol abuse, physical inactivity) and medical claim costs 

among 46,026 United States (U.S.) adult workers. They found that workers with these 

risk factors had approximately 25% higher healthcare expenditures than workers 

without these risk factors (29). Several other reports have shown that people with 

modifiable health risks are also more likely to be absent from work (i.e. absenteeism), 

are less productive while at work (i.e. presenteeism), and have higher work disability 

rates (31-35). Boles et al. (2004), for example, found that mean absenteeism and 

presenteeism rates ranged from 0.0% to 6.3% and 1.3% to 25.9% in workers with 

zero to eight risk factors, respectively (32;34). Tsai et al. (2005) also demonstrated an 

association between the number of modifiable health risks and absenteeism from 

work, with the average number of sickness absence days per year ranging from 4.1 

days among workers with zero risk factors to 12.6 days among those with four or 

more risk factors (34;36). These findings indicate that health promotion programs 

aimed at preventing and/or reducing (the number of) modifiable health risks may 

not only be useful to reduce their individual health consequences but also their 

associated costs. 

rationale for improving health at the workplace

From a public health perspective, implementing health behavior change interventions 

in the occupational setting offers a number of advantages over approaches to health 

promotion in other settings. Amongst them are the possibilities to:

1) reach a higher percentage of participants that could benefit from a health 

promotion program than in, for example, the public health setting, 

2) implement multi-level interventions that also address work organizational and 

environmental/policy variables in addition to individual health behaviours, 

3) offer health promotion programs at relatively low costs, because the infrastructure 

necessary for program implementation is often already available, especially in large 

enterprises,
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4) enhance maintenance of behavior changes, because employees spend many 

hours at the workplace and organizational and social support can be made easily 

available (16;31;37;38).

On top of that, employers themselves may (financially) benefit from implementing 

worksite health promotion programs as they bear most of the financial consequences 

of increased absenteeism, presenteeism, and work disability rates (16;31;37). In 

countries with employer-provided healthcare insurance (e.g. the U.S.) they also bear 

a large part of the medical costs of their workers. In addition, the looming labor 

shortages associated with the current ageing of the population make it even more 

important for employers that their workers are vital and healthy so that they can 

prolong their active labor participation (39). 

Worksite health promotion programs

Today, many employers associate poor health with reduced employee performance, 

safety, and morale (31). Therefore, they increasingly turn to worksite health 

promotion programs in an effort to manage employee health and costs (31). To be 

effective, such programs should be developed in close cooperation with employers 

and have to be tailored to the needs of the employees at hand (10). The latter is 

critical as the needs of employees seem to vary by age, gender, type of industry, 

and job category (40). For example, the prevalence of overweight and obesity is 

particularly high among blue collar workers, whereas high levels of work stress may 

be a particular concern among white collar workers (41;42). 

In recent years, four different research projects were performed at the EMGO+ 

Institute for Health and Care Research, in which several worksite health promotion 

programs were developed in close cooperation with managers and employees of 

various participating companies. All programs were systematically tailored to the 

stakeholders’ needs by using the so-called “Intervention Mapping protocol” (43). 

These programs included:

1) The Vital@Work intervention: A worksite health promotion program aimed 

at improving physical activity, nutrition, and relaxation, as a potentially 

effective tool to keep older hospital workers vital and healthy, and thereby 

contributing to prolonged employability. Vitality is characterized by a 

perceived high energy level, low levels of fatigue, and feeling fit (44).
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2) The Mindful VIP intervention: A mindfulness-based worksite intervention 

aimed at improving work engagement among knowledge workers (45). Work 

engagement is defined as “a positive, fulfilling, work-related state of mind 

that is characterized by vigor (i.e. vitality), dedication, and absorption” and 

was previously found to be negatively associated with burnout, depression, 

and psychosomatic complaints (46-48). 

3) The VIP in Construction intervention: A worksite health promotion program 

aimed at improving nutrition and physical activity among construction 

workers. The program was developed in an effort to combat the high 

prevalence of overweight, obesity, and musculoskeletal disorders among 

construction workers (49).

4) The Be Active & Relax VIP intervention: A combined social and physical 

environmental intervention aimed at reducing the need for recovery from 

work related fatigue in office workers (50). Need for recovery was previously 

found to be associated with various stress-related problems (e.g. mental 

disorders and cardiovascular disease) and increased absenteeism (22;24;51).

the impact of worksite health promotion programs

According to “The conceptual model of health promotion”, the aforementioned 

interventions may lead to improvements in individual health and various corporate 

benefits, such as increased corporate reputation and employee retention as well as 

reduced absenteeism and presenteeism costs. Improvements in individual health 

outcomes are thought to occur directly from program impact. Corporate benefits, on 

the other hand, are hypothesized to occur indirectly as the result of individual health 

improvements or directly from program impact. For example, improved health and/

or well-being may lead to lower absenteeism and/or presenteeism costs, while the 

provision of a worksite health promotion program itself may improve corporate 

reputation and/or employee retention (Figure 1) (52). 

In accordance with this model, various systematic reviews indicated that worksite 

health promotion programs can be effective in improving employee health and well-

being (53-56). Worksite physical activity and/or nutrition programs, for example, 

were found to be effective in reducing body fat, waist circumference, and body 
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weight (53;54). Worksite stress reduction programs, on the other hand, seem to be 

effective in reducing the levels of stress, burnout, and/or anxiety among workers 

(55). Research also indicates that worksite health promotion programs are effective 

in reducing absenteeism and presenteeism rates, and healthcare utilization (57-

60), but evidence on their impact on other corporate benefits, such as improved 

corporate reputation, remains limited. 

 


 



• 
 -  
 -  
•  
 -  
 -  
• - 



• 
 -   
 -   
 -   
 -   
• 
 -   
 -   
 -   
 -   

Figure 1: A simplified representation of “The conceptual model of health promotion” (52) 

Economic evaluations of worksite health promotion programs

The effectiveness of the aforementioned worksite health promotion programs 

in comparison to usual practice will be evaluated using a randomized controlled 

trial (RCT) (44;45;49) or a study with a 2X2 factorial design (50). However, as 

resources for occupational health are restricted, decisions about investments in 

such programs are not only guided by evidence of their effectiveness, but also by 

considerations of their efficiency in terms of their resource utilization (61). To inform 
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such decisions, economic evaluations can be conducted, which are defined as “the 

comparative analysis of alternative courses of action in terms of both their costs and 

consequences” (62). Economic evaluations inform decision-makers about whether 

the (financial) consequences of a new program justify their possible additional costs 

as compared to an alternative strategy (e.g. usual practice) (63). Several kinds of 

economic evaluations exist. In cost-effectiveness analyses (CEAs), incremental costs 

of alternatives are compared to their incremental effects (expressed in natural 

units). Such analyses provide insight into the (extra) cost per additional unit of 

effect gained. Cost-benefit analyses (CBAs), also known as return-on-investment 

(ROI) analyses, provide insight into the net financial benefit or financial return of 

a program by comparing incremental costs to incremental benefits of alternatives 

(i.e. program outcomes converted to monetary units). In cost-utility analyses 

(CUAs), the incremental costs of a program are compared to its attributable health 

improvements measured in utility units (e.g. “Quality Adjusted Life Years”) (62;64). 

In cost-minimization analyses (CMAs), only the incremental costs of alternatives are 

compared when it is assumed that their consequences are similar. CMAs are therefore 

considered inappropriate if there is uncertainty regarding a possible difference in the 

magnitude of consequences (62). 

Critical elements in the design of an economic evaluation are the choice of the 

kinds of economic evaluations that are performed as well as the applied analytic 

perspective(s) (e.g. societal perspective, employer’s perspective). When evaluating 

worksite health promotion programs these choices can be challenging due to the 

relative complexity of the occupational health decision-making context that generally 

includes multiple stakeholders (e.g. individual workers, employers, occupational 

health services, healthcare insurance companies, income insurance companies, 

public policy makers). A major consideration should be the trade-off and analytic 

perspective that matters most to the decision-maker(s) at hand (65-67). 

Choosing the appropriate kind of economic evaluation

CEAs are of particular interest to occupational health researchers, workers, and 

public policy makers, particularly if monetary measures do not adequately capture 

important health outcomes (62;67). CBAs/ROI analyses, on the other hand, are more 
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salient to decision-makers at the company level, since they can give an indication of 

a program’s impact on a company’s bottom-line (66).

As decisions to implement worksite health promotion programs are typically made 

by the company’s management, it would be natural to consider focusing exclusively 

on financial outcomes (i.e. by solely performing a CBA/ROI analysis) (66). This 

approach, however, has several shortcomings. First, it ignores the fact that the 

primary objective of worksite health promotion programs is to enhance employee 

health. Second, it runs the risk of overlooking the fact that costs may be reduced 

without health improvements (68). Third, various corporate benefits of worksite 

health promotion programs are hard to monetize (e.g. job satisfaction, corporate 

reputation) and can therefore not be included in a CBA/ROI analysis. Fourth, it does 

not provide relevant information to all stakeholders involved. Within this thesis, 

both CEAs and CBA/ROI analyses will therefore be performed of the aforementioned 

worksite health promotion programs. 

Choosing the appropriate analytic perspective of an economic evaluation

The analytic perspective refers to the “point of view” taken for identifying relevant 

costs and consequences for inclusion in the evaluation. The chosen perspective may 

be that of any relevant stakeholder or an aggregate of stakeholders, such as a societal 

perspective. An item may be considered a cost from one perspective, but not from 

another (62). In the societal perspective, for example, all costs and consequences 

are considered irrespective of who pays or benefits, whereas only those borne by 

employers are taken into account when the employer’s perspective is applied. 

As mentioned earlier, decisions to implement worksite health promotion programs 

are typically made by the company’s management. Therefore, economic evaluations 

of worksite health promotion programs are typically performed from the employer’s 

perspective, but other perspectives may also be relevant, such as the societal, 

worker’s, healthcare insurance’s, and income insurance’s perspective. The societal 

perspective is particularly useful, because it provides insight into the distribution of 

costs and benefits between various stakeholders and thereby allows for bargaining 

between them (62). This is of particular importance in the Dutch situation, in which 

employers bear most of the costs of worksite health promotion programs, while the 
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government and healthcare insurance companies reap a large part of their possible 

benefits (i.e. reduced medical spending) (69). Also, the application of the societal 

perspective better ensures that the societal costs of an intervention are less than 

the benefits experienced by all stakeholders, rather than simply the company’s costs 

being less than their benefits (68).

As there is no restriction to the number of perspectives that can be taken in an 

economic evaluation, the aforementioned worksite health promotion programs will 

be evaluated from both the employer’s and societal perspective (65;68). 

Transferability of economic evaluation results

Applying economic evaluation results across countries and jurisdictions is hampered 

by the fact that healthcare and social security systems are organized differently. As 

a consequence, the source and use of resources for an intervention as well as their 

costs and benefits may vary between countries (70). On top of that, differences 

exist regarding the stakeholder(s) that reap the possible benefits of worksite health 

promotion programs, and this particularly influences the transferability of economic 

evaluation results when the employer’s perspective is applied. To illustrate, in 

countries with employer provided health insurance (e.g. the U.S.), medical costs 

are generally included in such analyses, as employers in such jurisdiction bear most 

of the healthcare costs of their employees. In countries with universal health care 

coverage (e.g. the United Kingdom) and dual-payer systems (e.g. the Netherlands), 

on the other hand, this cost category is not included, as these costs mainly accrue to 

the government and/or health insurance companies (71). 

In recent years, various studies have been undertaken to explore how the 

transferability of economic evaluation results can be improved (70;72;73). Amongst 

others, these studies recommended the application of the societal perspective, to 

collect and report resource use data separately from unit costs or prices, as well as 

the provision of some background information on the (occupational) healthcare and 

social security system of the country in which the original study has been performed 

(70;72;73). 
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The Dutch (occupational) healthcare and social security system

In the Netherlands, healthcare is financed by a dual-payer system. Long-term costs of 

treatment, nursing, personal care, and support are covered by a universal mandatory 

social health insurance scheme that is financed by income-related employee 

contributions, supplemented by an annual State subsidy. Such costs are covered 

regardless of an individual’s financial situation, but for most long-term care services 

income-related co-payments are required. Other healthcare costs are covered by 

private health insurance. Dutch citizens are mandated by law to buy a basic package 

of health insurance from a private health insurance company. Supplementary health 

insurance packages are voluntary (74;75). Uninsured people are liable to a penalty, 

but those who cannot afford the monthly insurance premiums get a financial 

compensation through the tax system. Health insurance companies, on the other 

hand, must offer the basic package of health insurance to anyone who applies, 

irrespective of their health or age. They get compensation for taking on high risk 

individuals from the “Risk Equalization fund”, which is financed by income-related 

employee contributions and individual premiums (76;77). Even though competition 

in healthcare is increasing, many of the costs are still regulated by the government 

and therefore based on fixed prices (70). 

Dutch employers are required by law to contract either a certified occupational 

health service or hire a board-certified occupational health and safety expert (often 

an occupational health physician) to assist them with occupational health and safety 

and sickness absence management (78). For most Dutch employees, occupational 

healthcare is supplied by large occupational health services operating from outside 

the workplace (79). Occupational healthcare is not integrated in the regular 

healthcare system, prices for occupational healthcare are not regulated, and all 

occupational healthcare costs are paid by the employers themselves (70). When an 

employee’s sickness absence period exceeds 6 weeks, employers are obliged to seek 

advice from a certified occupational physician (78). In addition, they are obliged to 

pay at least 70% of the salary of sick employees for a period of two years, and most of 

them top up the wage payments from 70% to 100% during the first year of sickness 

absence. Small and medium-sized companies often take out an insurance contract to 

cover this risk, whereas larger companies typically pay for these salaries themselves. 
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After the two-year period, sick employees can apply for a work disability benefit 

through the “Institute for Employee Benefit Schemes” (UWV). UWV professionals 

will subsequently determine whether an employee is entitled to receive a work 

disability benefit, and if so, what his or her benefit level would be (≤75% of his/

her last earned wage). Those who are able to work up to a certain level receive a 

supplement to their wage (80).

Economic evaluations and evidence-based practice in occupational health 

Information on the resource implications of worksite health promotion programs 

seems to play an important role in daily practice when deciding whether or not they 

should be implemented or continued (69;81). To prevent spending already scarce 

resources on ineffective and/or inefficient interventions, such decisions should be 

based on the best available evidence (i.e. evidence-based practice). To ensure that 

this is the case, it is critical that both methodologically sound evidence exists on 

the resource implications of worksite health promotion programs and that high 

quality studies are used in daily practice to inform program implementation and/or 

continuation decisions. 

The methodological quality of economic evaluations in occupational health

The number of economic evaluations in occupational health is limited (68) and 

the methodological quality of those that have been performed is generally poor 

(67;82;83). For practice, the main implication of a poor methodological quality of 

economic evaluations is that there is a risk that their results are biased. The use of 

such biased results to guide program implementation and/or continuation decisions 

may eventually result in inappropriate (business) investments (82). Therefore, it is 

of utmost importance that the methodological quality of economic evaluations in 

occupational health is improved. In recent years, some efforts have been undertaken 

to improve the methodological quality of such studies (66;68;82), but more needs 

to be done to accomplish this. A possible means to contribute to this cause may be 

to provide occupational health researchers with a brief overview of the theory and 

methodology of (trial-based) economic evaluations as well as recommendations for 

good practice regarding their design, analysis, and reporting.
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The use of economic evaluations in the occupational health decision-making process

Up until now, it is unknown to what extent economic evaluations of worksite health 

promotion programs are used during the occupational health decision-making 

process. However, as research indicates that results of economic evaluations of 

healthcare interventions are rarely used among medical decision-makers (84-86), 

their use among occupational health decision-makers is likely to be limited as well. In 

order to improve the uptake of economic evaluation results, more insight is needed 

into the occupational health decision-making process as well as the information 

needs of decision-makers. By exploring these issues, recommendations can be made 

as to how occupational health researchers might better frame and disseminate their 

economic evaluations to ensure uptake in daily practice (87-89). 

objectives of this thesis

The aim of the present thesis is to contribute to the development of a sound evidence 

base on the resource implications of worksite health promotion programs as well as 

to improve the uptake of the results of such studies in daily practice. This will be done 

by summarizing the current literature, generating new evidence, and developing and 

providing recommendations for good practice when conducting and disseminating 

economic evaluations in occupational health. 

outline of this thesis

Chapter 2 and chapter 3 describe two systematic reviews that were conducted to 

summarize and critically appraise the current literature on the cost-effectiveness and 

financial return of worksite physical activity and/or nutrition programs, respectively. 

Chapter 4 through chapter 7 contain economic evaluations of the “Vital@Work 

intervention” (Chapter 4), the “Mindful VIP intervention” (Chapter 5), the “VIP in 

Construction intervention” (Chapter 6), and the “Be Active & Relax VIP intervention” 

(Chapter 7). As the methodological quality of economic evaluations in occupational 

health is generally poor, recommendations for good practice regarding their design, 

analysis, and reporting are provided in chapter 8. To improve the uptake of economic 

evaluations in daily practice, chapter 9 describes a qualitative study into the 

occupational health decision-making process and information needs of occupational 
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health decision-makers. Finally, chapter 10 presents a general discussion of our main 

findings, methodological considerations, as well as recommendations for practice 

and research. This thesis is concluded with both a Dutch and English summary. 
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abSTraCT

objective: The aim of this study was to appraise and summarize the evidence on the 

cost-effectiveness of worksite physical activity and/or nutrition programs.

methods: We searched EMBASE, MEDLINE, SportDiscus, PsycInfo, NIOSHTIC-2, 

NHSEED, HTA, and Econlit for studies published up to 14 January 2011. Additionally, 

we searched for articles by reviewing references, searching authors’ databases, and 

contacting authors of included studies. Two researchers independently selected 

articles. Articles had to include a cost-effectiveness and/or cost-utility analysis 

comparing a worksite physical activity and/or nutrition program to usual care or an 

abridged version of the program. Data were extracted on study characteristics and 

results. Two researchers independently assessed the risk of bias using the Consensus 

on Health Economic Criteria list (CHEC-list).

results: Ten studies (18 programs) were included. More than 50% of the studies 

fulfilled 11 (58%) of the 19 CHEC-list items. From various perspectives, worksite 

nutrition and worksite physical activity and nutrition programs (N=6) were more 

costly and more effective in reducing body weight than usual care. When only 

intervention costs were considered, most worksite nutrition (N=4/5) and worksite 

physical activity and nutrition programs (N=5/6) were more costly and more effective 

in reducing cholesterol level and cardiovascular disease risks, respectively. 

Conclusions: The cost-effectiveness of more costly and more effective programs 

depends on the “willingness to pay” for their effects. It is unknown how much 

decision-makers are willing to pay for reductions in body weight, cholesterol level, 

and cardiovascular disease risks. Therefore, conclusions about the cost-effectiveness 

of worksite physical activity and/or nutrition programs cannot be made. There 

is substantial need for improvement of the methodological quality of studies and 

particular emphasis should be placed on the handling of uncertainty.
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2

iNTrOduCTiON

Regular physical activity and healthy dietary habits are considered important in 

preventing overweight, obesity, and their attributable diseases [eg, diabetes type 2, 

cardiovascular disease (CVD) and certain cancers] (1–5). Nevertheless, many adults 

do not meet public health recommendations for nutrition and physical activity (6–

11). Currently, 34% of United States (US) adults are overweight [body mass index 

(BMI) ≥25 kg/m2 and <30 kg/m2] and 34% are obese (BMI ≥30 kg/m) (12). In Europe, 

the combined prevalence of overweight and obesity ranges from 38–61% among 

women and 52–69% among men (13). In addition to the toll that overweight and 

obesity take on the health and wellbeing of individuals, they impose considerable 

financial burdens in terms of increased productivity-related and healthcare costs 

(14–16). Therefore, health promotion programs aimed at increasing physical activity 

and/or improving nutrition are warranted.

The worksite provides a useful setting for implementing such programs; since 

employees spend up to 60% of their waking hours at the worksite, organizational 

and social support can easily be made available, and large enterprises often have 

the infrastructure to offer such programs at relatively low costs (17–19). Employers 

themselves may also benefit from implementing worksite health promotion (WHP) 

programs, as healthier workers are expected to be more productive and miss fewer 

days of work (17). 

WHP programs aimed at increasing physical activity and/or improving nutrition 

were found effective in reducing body fat and body weight (20–22). For example, a 

recent systematic review found worksite physical activity and nutrition programs to 

significantly reduce body weight by 1.2 kg, BMI by 0.3 kg/m2, and body fat percentage 

by 1.1% during the first years after implementation (≤3 years) (22). 

Budgets for occupational healthcare are restricted. Decisions about investments 

in WHP programs may, therefore, not only be guided by the evidence on their 

effectiveness, but also by considerations of their costs in relation to these effects 

(23–25). For this reason, cost-effectiveness analyses (CEA) and cost-utility analyses 

(CUA) are conducted to gain insight into the (additional) costs of an intervention per 

additional unit of effect gained. These analyses not only give insight into the cost 
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savings of an intervention, like return on investment (ROI) analyses, but also provide 

details on the price of achieving a particular goal if an intervention produces better 

outcomes at additional costs (eg, costs per kilogram body weight loss) (21). Although 

ROI results are likely to be most frequently used within companies to describe 

the financial aspects of a business case for occupational health initiatives (26, 27), 

CEA may be of interest for corporate decision-makers as well. A recent systematic 

review on the financial return of worksite physical activity and/or nutrition programs 

indicated that they may not pay for themselves in terms of reduced medical and/

or absenteeism costs during the first years after implementation (28). Nevertheless, 

a significant lag between health improvements and reductions in medical and/or 

productivity-related cost may exist. Therefore, reporting on cost-effectiveness in 

terms of intermediate outcome measures that might be associated with long-term 

cost savings (eg, body weight loss) (29), may also give useful information to aid 

implementation decisions (17). Furthermore, investments in WHP programs may be 

motivated not only by making a profit but also by obtaining positive health effects 

and/or by the wish to be a caring employer. In that case, their anticipated effects are 

worth having and the question is to determine the most cost-effective way to achieve 

it (ie, least costly per unit of effect) (30).

Up until now, various reviews have been conducted on the cost-effectiveness of WHP 

programs (20, 31–39). One of them (36), for example, concluded that the literature 

provided “guarded cautious optimism” about their cost-effectiveness. However, these 

reviews were limited to studies published up until 2008 and most of them looked at 

the cost-effectiveness of WHP programs in general (ie, also including disease and 

stress management, and smoking cessation programs), instead of worksite physical 

activity and/or nutrition programs in particular. Furthermore, although the quality 

of the design and execution of economic evaluations should be considered when 

judging the validity of their findings, none of the reviews used an internationally 

accepted instrument for assessing their risk of bias (40, 41). This raises questions 

about the credibility of their conclusions. Therefore, the aim of the present study was 

to critically appraise and summarize the current evidence on the intermediate and 

long-term cost-effectiveness of worksite physical activity and/or nutrition programs 

compared to usual care or an abridged version of the program.
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mEThOdS

Search strategy

A systematic search was conducted to identify studies evaluating the cost-effectiveness 

and/or cost-utility of WHP programs aimed at improving nutrition and/or increasing 

physical activity. Eight databases (EMBASE, MEDLINE, SPORTDiscus, PsycINFO, 

NIOSHTIC-2, NHSEED, HTA, and Econlit) were searched for studies published up to 

14 January 2011. 

An information specialist of the VU University Medical Center was consulted to 

develop and run the search strategy. Databases were searched with the following 

keywords: participant/setting type (eg, “Workplace”, “Employee”, “Workforce”), 

intervention type (eg, “Health Promotion”, “Lifestyle”), intervention aim (eg, 

“Exercise”, “Physical Activity”, “Nutrition”, and “Diet”), and study design (eg, “Cost-

Effectiveness Analysis”, “Cost-Utility Analysis”, and “Economic Evaluation”). In 

addition to the present study, a systematic review on the financial return of worksite 

physical activity and/or nutrition programs was conducted (28). Therefore, a broad 

search strategy was used so that the search results could be used for both studies 

simultaneously. As an example, the complete search strategy for EMBASE can be 

found in Appendix 1. In addition to the electronic search, reference lists of relevant 

review articles (17, 18, 20, 21, 31–39, 42) and those of the retrieved fulltext were 

searched. Articles were also identified from the authors’ own literature databases. 

To identify unpublished studies, authors of included studies published during the 

last decade were contacted. During the search, a “search diary” was maintained, 

including keywords used, searched databases, and search results. 

Study selection

Titles and abstracts of retrieved studies were stored in an electronic database using 

Reference Manager 11.0 (ISI Research Soft Inc, Berkeley, California). Two reviewers 

independently assessed whether these studies met the following inclusion criteria: 

(i) the study included a CEA and/or CUA, (ii) participants were part of the adult 

working population, (iii) the intervention under study was a WHP program aimed 

at improving nutrition and/or increasing physical activity, (iv) the intervention was 
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compared to usual care (including no intervention) or an abridged version of the 

program, (v) outcome measures included a behavioral measure (eg, physical activity 

and dietary intake), a health-related measure (eg, BMI, waist circumference, body 

fat percentage, musculoskeletal symptoms, cardiorespiratory fitness, and health risk 

profiles), or a work-related measure (eg, productivity and work satisfaction), and (vi) 

the study was reported in English, German, French, or Dutch. 

For the purpose of this review, analyses could be performed from all perspectives (eg, 

employer’s perspective and societal perspective). Furthermore, no limitations were 

set as to program format [eg, (self-)assessment, counselling, and exercise program], 

worksite characteristics (eg, age, gender, occupation, proportion of full-time 

employees, and number of employees), length of the intervention, and follow-up 

duration. Studies aimed at long-term sick-listed employees, employees with chronic 

conditions (eg, diabetes type 2 and CVD), retirees, and children were excluded. 

If studies met the inclusion criteria, or if uncertainty remained about inclusion, 

fulltexts were retrieved. All fulltexts were read and checked for eligibility. To resolve 

disagreements between the two reviewers, a consensus procedure was used. A third 

reviewer was consulted when disagreements persisted; this was necessary on one 

occasion. 

risk of bias assessment

Two reviewers independently assessed the risk of bias of included studies. If one 

of the reviewers was a (co-)author of a given study, another reviewer acted as the 

second reviewer. Risk of bias was assessed using the Consensus Health Economic 

Criteria list (CHEC-list), which was developed for systematic reviews of economic 

evaluations using a Delphi consensus procedure involving 23 international experts in 

economic evaluations (43). The test–retest reliability of the CHEC-list was shown to 

be good (intra-class correlation coefficient: 0.97, 95% CI 0.73–0.98) (44). Items were 

scored as negative in case of an inadequate performance of an item or if insufficient 

information was available in the article or related materials (43). If a study presented 

its results in multiple articles, those articles were scored as one study. A consensus 

procedure was used to resolve disagreements between the two reviewers. When 

disagreements remained, a third reviewer was consulted; this was necessary on two 

occasions.
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Data extraction, data analyses, and applied classification schemes

Data were extracted on: (i) study details (eg, perspective, primary study design, setting, 

and follow-up duration), (ii) characteristics of the study population (eg, participant 

and job characteristics), (iii) program focus (ie, improving nutrition, increasing 

physical activity, or both), (iv) program format [ie, (self-)assessment, educational/

informational, behavioral, exercise, environmental, and incentive components], (v) 

measurement and valuation methods of costs, (vi) measurement methods of effects, 

and (vii) study results [reported costs, effects, and incremental cost-effectiveness 

ratios (ICER)]. One reviewer extracted data using a pre-designed data extraction 

form. Ten percent of the extracted data was checked by a second reviewer, which 

did not reveal any errors. If articles did not contain sufficient information on study 

results, authors were contacted for missing data.

If an incremental cost-effectiveness analysis was not performed, an ICER was 

calculated per reported outcome measure as the incremental difference in costs 

relative that in effects (30). Costs and ICER were standardized to 2010 US dollars 

(USD) using consumer price indices (45) and purchasing power parities (46). For this, 

their reference year was needed. If their reference year was not stated, the year 

of publication was used. For data analyses and presentation, studies were grouped 

according to their program focus (ie, improving nutrition, increasing physical activity, 

or both), (stated) perspective, and outcome measures.

To summarize results, and thereby draw conclusions about the cost-effectiveness of 

the included programs, their incremental costs and effects were explored. Programs 

that were less costly and more effective than the control condition were considered 

cost-effective (ie, the program dominates the control condition). For programs that 

were more costly and less effective, the opposite was true. Programs that were either 

more costly and more effective or less costly and less effective were only considered 

cost-effective if their ICER was respectively lower or higher than the “willingness to 

pay” (ie, the maximum amount of money decision-makers are willing to pay per unit 

of effect gained) (30). 
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Literature search and study selection

The electronic search yielded 3230 unique references. After screening their abstracts 

and titles, we retrieved 47 fulltexts. Thirty-one additional fulltexts were retrieved 

after screening references of relevant review articles and those of the retrieved 

fulltexts. After reading those 78 fulltexts, 9 articles were identified that met the 

inclusion criteria (Figure 1). Additionally, three unpublished articles were identified 

by searching the authors’ own literature databases. Contacting authors of included 

studies did not yield any additional results. Most studies were excluded because they 

did not include an economic evaluation or because they only evaluated the financial 

return by comparing intervention costs to their financial consequences. Eventually, 

12 articles, including 10 original studies (47–58), were included in the review.

Study characteristics

A description of the study characteristics can be found in Table 1. Worksite nutrition 

programs (N=7) were evaluated in four studies (47, 51, 55, 56) and worksite physical 

activity and nutrition programs (N=11) in six studies (48–50, 52–54, 57, 58). None of 

the studies evaluated a WHP program solely aimed at increasing physical activity. In 

general, interventions consisted of a (self-)assessment, educational/informational, 

behavioral, exercise, environmental, and/or incentive component. All interventions 

were compared to usual care, consisting of no intervention or a (self-)assessment, 

educational/informational, and/or environmental component. The number of 

participants in the studies ranged from 66–1883. The length of the interventions 

ranged from 12 weeks to 3 years. Four studies (51, 54–56) evaluated the short-term 

effectiveness of the programs (follow-up ≤6 months) and six studies (47–50, 52, 53, 

57, 58) evaluated the long-term effectiveness (follow-up >6 months). No studies had 

a follow-up >3 years. Seven studies (47–50, 52–54, 57, 58) were conducted alongside 

a randomized controlled trial and three (51, 55, 56) alongside a non-randomized 

study. Five studies (47–49, 51, 54, 56) were conducted in the US, three (50, 53, 57, 

58) in the Netherlands, one (52) in Australia, and one (55) in Denmark. All studies 

conducted a CEA, and one (58) also conducted a CUA. 
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3835 Potentially relevant records identified by 
searching electronic databases 
EMBASE (n=1401) 
MEDLINE (n=776) 
SportDiscus (n=215) 
PsycInfo (n= 249) 
NIOSHTIC-2 (n=119) 
NHSEED (n=974) 
HTA (n=46) 
Econlit (n=55) 

 

3230 records screened  

605 duplicates removed 

3183 records excluded after screening titles 
and abstracts 

47 full texts retrieved 

31 additional full texts retrieved after screening 
the reference lists of relevant review articles 
and the retrieved full texts 

78 full texts assessed for eligibility 

9 articles included 

3 unpublished articles retrieved from the 
authors’ own databases 

12 articles (10 studies) included in the review 

69 Full texts excluded  
 
    30 Financial return analysis  
    29 No economic evaluation 
    4   No physical activity/nutrition intervention 
    3   No control group 
    3   No worksite intervention 

Figure 1: Flow chart for inclusion of studies



36

Ta
bl

e 
1:

 C
ha

ra
ct

er
is

ti
cs

 o
f t

he
 in

cl
ud

ed
 s

tu
di

es
 (n

 =
 1

0)
St

ud
y

St
ud

y 
D

et
ai

ls
Po

pu
la

ti
on

In
te

rv
en

ti
on

 a
nd

 c
on

tr
ol

 c
on

di
ti

on
s

In
te

rv
en

ti
on

 
pu

rp
os

e,
 fo

rm
at

Co
st

s
o

ut
co

m
es

W
or

ks
it

e 
nu

tr
iti

on
 p

ro
gr

am

Ka
tc

he
r 

et
 

al
.(5

1)
 

Pe
rs

pe
cti

ve
: N

S
Pr

im
ar

y 
st

ud
y:

 N
RS

Se
tti

ng
: U

.S
. 2

00
7-

20
08

Le
ng

th
 in

te
rv

en
tio

n:
 2

2 
w

ee
ks

Fo
llo

w
-u

p:
 2

2 
w

ee
ks

11
3 

ov
er

w
ei

gh
t e

m
pl

oy
ee

s 
an

d/
or

 e
m

pl
oy

ee
s 

w
ith

 a
n 

el
ev

at
ed

 ty
pe

 2
 d

ia
be

te
s 

ri
sk

 
fr

om
 a

n 
in

su
ra

nc
e 

co
m

pa
ny

 
U

C:
 4

5
I: 

68

U
C:

 -
I: 

W
ee

kl
y 

(v
eg

an
) d

ie
t i

ns
tr

uc
tio

ns
 (2

2 
se

ss
io

ns
), 

da
ily

 lo
w

-f
at

 v
eg

an
 o

pti
on

s 
in

 
ca

fe
te

ri
a,

 d
ai

ly
 m

ul
tiv

ita
m

in

Pu
rp

os
e:

 
Im

pr
ov

in
g 

he
al

th
 

re
la

te
d 

qu
al

ity
 

of
 li

fe
 a

nd
 w

or
k 

pr
od

uc
tiv

ity

Fo
rm

at
:

U
C:

 -
I: 

b,
 e

In
te

rv
en

tio
n 

co
st

s
M

ic
ro

-c
os

te
d,

 
va

lu
ati

on
 m

et
ho

d 
no

t s
ta

te
d

Bo
dy

 w
ei

gh
t

D
ig

ita
l s

ca
le

, l
ig

ht
 c

lo
th

in
g,

 
w

ith
ou

t s
ho

es
(6

8)

Ea
tin

g 
be

ha
vi

or
Th

e 
Ea

tin
g 

In
ve

nt
or

y

H
ea

lth
 re

la
te

d 
qu

al
ity

 o
f l

ife
SF

-3
6

W
or

k 
pr

od
uc

tiv
ity

W
PA

I q
ue

sti
on

na
ire

Si
gg

aa
rd

 e
t 

al
.(5

5)
 

Pe
rs

pe
cti

ve
: N

S
Pr

im
ar

y 
st

ud
y:

 N
RS

 
Se

tti
ng

: D
en

m
ar

k 
(y

ea
r 

no
t s

ta
te

d)
Le

ng
th

 in
te

rv
en

tio
n:

 1
2 

w
ee

ks
Fo

llo
w

-u
p:

 1
2 

w
ee

ks

66
 in

su
ra

nc
e 

co
m

pa
ny

 
em

pl
oy

ee
s 

U
C:

16
I: 

50
 

U
C:

 -
I: 

N
ut

ri
tio

n 
ed

uc
ati

on
 (1

2 
se

ss
io

ns
), 

w
ee

kl
y 

w
ei

gh
tin

gs
 

Pu
rp

os
e:

 
W

ei
gh

t l
os

s 

Fo
rm

at
:

U
C:

 - 
I: 

a,
 b

In
te

rv
en

tio
n 

co
st

s:
 

M
ic

ro
-c

os
te

d,
 

va
lu

ati
on

 m
et

ho
d 

no
t s

ta
te

d

Bo
dy

 w
ei

gh
t:

D
ig

ita
l s

ca
le

, l
ig

ht
 c

lo
th

in
g,

 
so

be
r 

fo
r 

3 
ho

ur
s

D
ai

ly
 c

ar
bo

hy
dr

at
e 

an
d 

fa
t 

in
ta

ke
: 

4-
da

y 
di

et
ar

y 
re

co
rd

W
ils

on
 e

t 
al

.(5
6)

 
Pe

rs
pe

cti
ve

: N
S

Pr
im

ar
y 

st
ud

y:
 N

RS
Se

tti
ng

: U
.S

. (
ye

ar
 n

ot
 s

ta
te

d)
Le

ng
th

 in
te

rv
en

tio
n:

 1
 to

 3
 m

on
th

s
Fo

llo
w

-u
p:

 6
 m

on
th

s

65
2 

m
an

uf
ac

tu
ri

ng
 w

or
ke

rs
 

w
ith

 a
n 

el
ev

at
ed

 C
VD

 ri
sk

.
U

C:
 1

46
I-1

: 1
80

I-2
: 1

61
I-3

: 1
12

I-4
: 5

3

U
C:

 C
ho

le
st

er
ol

 s
cr

ee
ni

ng
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

I-1
: C

ho
le

st
er

ol
 s

cr
ee

ni
ng

, h
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
, 1

-m
on

th
 e

du
ca

tio
na

l p
ro

gr
am

 
I-2

: C
ho

le
st

er
ol

 s
cr

ee
ni

ng
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

, 1
-m

on
th

 e
du

ca
tio

na
l p

ro
gr

am
, 

in
ce

nti
ve

s 
I-3

: C
ho

le
st

er
ol

 s
cr

ee
ni

ng
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

, 3
-m

on
th

 e
du

ca
tio

na
l p

ro
gr

am
 

I-4
: C

ho
le

st
er

ol
 s

cr
ee

ni
ng

, h
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
, 3

-m
on

th
 e

du
ca

tio
na

l p
ro

gr
am

, 
in

ce
nti

ve
s 

Pu
rp

os
e:

 
CV

D
 r

is
k 

re
du

cti
on

 

Fo
rm

at
: 

U
C:

 a
, b

I-1
: a

, b
I-2

: a
, b

, f
I-3

: a
, b

I-4
: a

, b
, f

In
te

rv
en

tio
n 

co
st

s:
 

M
ic

ro
-c

os
te

d,
 v

al
ue

d 
us

in
g 

ta
ri

ffs
 a

nd
 

de
pl

et
ed

 s
ou

rc
es

Ch
ol

es
te

ro
l l

ev
el

 re
du

cti
on

: 
Pe

rc
en

ta
ge

 o
f p

ar
tic

ip
an

ts
 

w
ith

 1
0%

 (o
r 

m
or

e)
 

ch
ol

es
te

ro
l l

ev
el

 re
du

cti
on

, 
m

ea
su

re
d 

us
in

g 
th

e 
Re

flo
tr

ol
 

dr
y 

ch
em

ic
al

 a
na

ly
ze

r



37

2

Ta
bl

e 
1:

 C
ha

ra
ct

er
is

ti
cs

 o
f t

he
 in

cl
ud

ed
 s

tu
di

es
 (n

 =
 1

0)
St

ud
y

St
ud

y 
D

et
ai

ls
Po

pu
la

ti
on

In
te

rv
en

ti
on

 a
nd

 c
on

tr
ol

 c
on

di
ti

on
s

In
te

rv
en

ti
on

 
pu

rp
os

e,
 fo

rm
at

Co
st

s
o

ut
co

m
es

W
or

ks
it

e 
nu

tr
iti

on
 p

ro
gr

am

Ka
tc

he
r 

et
 

al
.(5

1)
 

Pe
rs

pe
cti

ve
: N

S
Pr

im
ar

y 
st

ud
y:

 N
RS

Se
tti

ng
: U

.S
. 2

00
7-

20
08

Le
ng

th
 in

te
rv

en
tio

n:
 2

2 
w

ee
ks

Fo
llo

w
-u

p:
 2

2 
w

ee
ks

11
3 

ov
er

w
ei

gh
t e

m
pl

oy
ee

s 
an

d/
or

 e
m

pl
oy

ee
s 

w
ith

 a
n 

el
ev

at
ed

 ty
pe

 2
 d

ia
be

te
s 

ri
sk

 
fr

om
 a

n 
in

su
ra

nc
e 

co
m

pa
ny

 
U

C:
 4

5
I: 

68

U
C:

 -
I: 

W
ee

kl
y 

(v
eg

an
) d

ie
t i

ns
tr

uc
tio

ns
 (2

2 
se

ss
io

ns
), 

da
ily

 lo
w

-f
at

 v
eg

an
 o

pti
on

s 
in

 
ca

fe
te

ri
a,

 d
ai

ly
 m

ul
tiv

ita
m

in

Pu
rp

os
e:

 
Im

pr
ov

in
g 

he
al

th
 

re
la

te
d 

qu
al

ity
 

of
 li

fe
 a

nd
 w

or
k 

pr
od

uc
tiv

ity

Fo
rm

at
:

U
C:

 -
I: 

b,
 e

In
te

rv
en

tio
n 

co
st

s
M

ic
ro

-c
os

te
d,

 
va

lu
ati

on
 m

et
ho

d 
no

t s
ta

te
d

Bo
dy

 w
ei

gh
t

D
ig

ita
l s

ca
le

, l
ig

ht
 c

lo
th

in
g,

 
w

ith
ou

t s
ho

es
(6

8)

Ea
tin

g 
be

ha
vi

or
Th

e 
Ea

tin
g 

In
ve

nt
or

y

H
ea

lth
 re

la
te

d 
qu

al
ity

 o
f l

ife
SF

-3
6

W
or

k 
pr

od
uc

tiv
ity

W
PA

I q
ue

sti
on

na
ire

Si
gg

aa
rd

 e
t 

al
.(5

5)
 

Pe
rs

pe
cti

ve
: N

S
Pr

im
ar

y 
st

ud
y:

 N
RS

 
Se

tti
ng

: D
en

m
ar

k 
(y

ea
r 

no
t s

ta
te

d)
Le

ng
th

 in
te

rv
en

tio
n:

 1
2 

w
ee

ks
Fo

llo
w

-u
p:

 1
2 

w
ee

ks

66
 in

su
ra

nc
e 

co
m

pa
ny

 
em

pl
oy

ee
s 

U
C:

16
I: 

50
 

U
C:

 -
I: 

N
ut

ri
tio

n 
ed

uc
ati

on
 (1

2 
se

ss
io

ns
), 

w
ee

kl
y 

w
ei

gh
tin

gs
 

Pu
rp

os
e:

 
W

ei
gh

t l
os

s 

Fo
rm

at
:

U
C:

 - 
I: 

a,
 b

In
te

rv
en

tio
n 

co
st

s:
 

M
ic

ro
-c

os
te

d,
 

va
lu

ati
on

 m
et

ho
d 

no
t s

ta
te

d

Bo
dy

 w
ei

gh
t:

D
ig

ita
l s

ca
le

, l
ig

ht
 c

lo
th

in
g,

 
so

be
r 

fo
r 

3 
ho

ur
s

D
ai

ly
 c

ar
bo

hy
dr

at
e 

an
d 

fa
t 

in
ta

ke
: 

4-
da

y 
di

et
ar

y 
re

co
rd

W
ils

on
 e

t 
al

.(5
6)

 
Pe

rs
pe

cti
ve

: N
S

Pr
im

ar
y 

st
ud

y:
 N

RS
Se

tti
ng

: U
.S

. (
ye

ar
 n

ot
 s

ta
te

d)
Le

ng
th

 in
te

rv
en

tio
n:

 1
 to

 3
 m

on
th

s
Fo

llo
w

-u
p:

 6
 m

on
th

s

65
2 

m
an

uf
ac

tu
ri

ng
 w

or
ke

rs
 

w
ith

 a
n 

el
ev

at
ed

 C
VD

 ri
sk

.
U

C:
 1

46
I-1

: 1
80

I-2
: 1

61
I-3

: 1
12

I-4
: 5

3

U
C:

 C
ho

le
st

er
ol

 s
cr

ee
ni

ng
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

I-1
: C

ho
le

st
er

ol
 s

cr
ee

ni
ng

, h
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
, 1

-m
on

th
 e

du
ca

tio
na

l p
ro

gr
am

 
I-2

: C
ho

le
st

er
ol

 s
cr

ee
ni

ng
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

, 1
-m

on
th

 e
du

ca
tio

na
l p

ro
gr

am
, 

in
ce

nti
ve

s 
I-3

: C
ho

le
st

er
ol

 s
cr

ee
ni

ng
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

, 3
-m

on
th

 e
du

ca
tio

na
l p

ro
gr

am
 

I-4
: C

ho
le

st
er

ol
 s

cr
ee

ni
ng

, h
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
, 3

-m
on

th
 e

du
ca

tio
na

l p
ro

gr
am

, 
in

ce
nti

ve
s 

Pu
rp

os
e:

 
CV

D
 r

is
k 

re
du

cti
on

 

Fo
rm

at
: 

U
C:

 a
, b

I-1
: a

, b
I-2

: a
, b

, f
I-3

: a
, b

I-4
: a

, b
, f

In
te

rv
en

tio
n 

co
st

s:
 

M
ic

ro
-c

os
te

d,
 v

al
ue

d 
us

in
g 

ta
ri

ffs
 a

nd
 

de
pl

et
ed

 s
ou

rc
es

Ch
ol

es
te

ro
l l

ev
el

 re
du

cti
on

: 
Pe

rc
en

ta
ge

 o
f p

ar
tic

ip
an

ts
 

w
ith

 1
0%

 (o
r 

m
or

e)
 

ch
ol

es
te

ro
l l

ev
el

 re
du

cti
on

, 
m

ea
su

re
d 

us
in

g 
th

e 
Re

flo
tr

ol
 

dr
y 

ch
em

ic
al

 a
na

ly
ze

r

St
ud

y
St

ud
y 

D
et

ai
ls

Po
pu

la
ti

on
In

te
rv

en
ti

on
 a

nd
 c

on
tr

ol
 c

on
di

ti
on

s
In

te
rv

en
ti

on
 

pu
rp

os
e,

 fo
rm

at
Co

st
s

o
ut

co
m

es

By
er

s 
et

 a
l.(

47
) 

Pe
rs

pe
cti

ve
: N

S
Pr

im
ar

y 
st

ud
y:

 R
CT

Se
tti

ng
: U

.S
. (

ye
ar

 n
ot

 s
ta

te
d)

Le
ng

th
 in

te
rv

en
tio

n:
 1

 m
on

th
Fo

llo
w

-u
p:

 1
2 

m
on

th
s

84
6 

em
pl

oy
ee

s 
w

ith
 a

n 
el

ev
at

ed
 C

VD
 ri

sk
(v

ar
ia

bl
e 

co
m

pa
ni

es
)

U
C:

 4
63

I: 
38

3

U
C:

 C
ho

le
st

er
ol

 s
cr

ee
ni

ng
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

 
I: 

Ch
ol

es
te

ro
l s

cr
ee

ni
ng

, h
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
, n

ut
ri

tio
n 

ed
uc

ati
on

 s
es

si
on

s 
(2

 h
ou

rs
), 

30
 m

in
ut

es
 v

id
eo

ca
ss

ett
e 

on
 

nu
tr

iti
on

Pu
rp

os
e:

 
CV

D
 r

is
k 

re
du

cti
on

 

Fo
rm

at
: 

U
C:

 a
, b

I: 
a,

 b

In
te

rv
en

tio
n 

co
st

s:
 

M
ic

ro
-c

os
te

d,
 v

al
ue

d 
us

in
g 

ta
ri

ffs
 a

nd
 

de
pl

et
ed

 s
ou

rc
es

Ch
ol

es
te

ro
l l

ev
el

 re
du

cti
on

: 
Pe

rc
en

ta
ge

 c
ho

le
st

er
ol

 le
ve

l 
re

du
cti

on
, m

ea
su

re
d 

us
in

g 
th

e 
Re

flo
tr

ol
 d

ry
 c

he
m

ic
al

 
an

al
yz

er
 o

r 
th

e 
Ko

da
k 

sy
st

em

W
or

ks
it

e 
ph

ys
ic

al
 a

cti
vi

ty
 a

nd
 n

ut
ri

ti
on

 p
ro

gr
am

s

Ra
su

 e
t a

l.(
54

) 
Pe

rs
pe

cti
ve

: I
m

pl
em

en
tin

g 
ag

en
cy

Pr
im

ar
y 

st
ud

y:
 R

CT
Se

tti
ng

: U
.S

. 2
00

3-
20

06
Le

ng
th

 in
te

rv
en

tio
n:

 6
 m

on
th

s
Fo

llo
w

-u
p:

 6
 m

on
th

s

44
2 

ov
er

w
ei

gh
t U

.S
. A

ir
 F

or
ce

 
em

pl
oy

ee
s

U
C:

 2
15

I: 
22

7

U
C:

 H
RA

, s
ta

nd
ar

d 
fa

ce
-t

o-
fa

ce
 n

ut
ri

tio
n/

PA
 p

ro
gr

am
s

I: 
H

RA
, s

ta
nd

ar
d 

fa
ce

-t
o-

fa
ce

 n
ut

ri
tio

n/
PA

 
pr

og
ra

m
s,

 in
 p

er
so

n 
tr

ea
tm

en
t o

ri
en

ta
tio

n 
m

ee
tin

g 
+ 

24
 w

ee
k 

be
ha

vi
or

al
 in

te
rn

et
 

th
er

ap
y,

 m
an

ua
l f

or
 w

ei
gh

t c
on

tr
ol

, 
te

le
ph

on
e 

co
un

se
lin

g 
(2

 ti
m

es
)

Pu
rp

os
e:

 
W

ei
gh

t l
os

s 

Fo
rm

at
:

U
C:

 a
, b

I: 
a,

 b
, c

In
te

rv
en

tio
n 

co
st

s:
 

M
ic

ro
-c

os
te

d,
 v

al
ue

d 
us

in
g 

ta
ri

ffs
 a

nd
 

de
pl

et
ed

 s
ou

rc
es

Bo
dy

 w
ei

gh
t:

Ca
lib

ra
te

d 
sc

al
e,

 in
do

or
 

cl
ot

he
s,

 w
ith

ou
t s

ho
es

W
ai

st
 c

irc
um

fe
re

nc
e:

G
ul

ic
k 

ta
pe

 a
t t

he
 u

m
bi

lic
us

W
ei

gh
t e

ffi
ca

cy
 li

fe
st

yl
e:

W
EL

 q
ue

sti
on

na
ire

G
ro

en
ev

el
d 

et
 

al
.(5

0)
 

Pe
rs

pe
cti

ve
: S

oc
ie

ta
l

Pr
im

ar
y 

st
ud

y:
 R

CT
 

Se
tti

ng
: N

L 
20

07
-2

00
9

Le
ng

th
 in

te
rv

en
tio

n:
 6

 m
on

th
s

Fo
llo

w
-u

p:
 1

2 
m

on
th

s

57
3 

co
ns

tr
uc

tio
n 

w
or

ke
rs

 
w

ith
 a

n 
el

ev
at

ed
 C

VD
 ri

sk
U

C:
 2

80
I: 

29
3

U
C:

 H
RA

, h
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
 I:

 H
RA

, h
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
, 

6-
m

on
th

 c
ou

ns
el

in
g 

pr
og

ra
m

 (3
 fa

ce
-t

o-
fa

ce
 s

es
si

on
s 

/ 
4 

te
le

ph
on

e 
co

nt
ac

ts
)

Pu
rp

os
e:

 
CV

D
 r

is
k 

re
du

cti
on

 

Fo
rm

at
U

C:
 a

, b
 

I: 
a,

 b
, c

In
te

rv
en

tio
n 

co
st

s
M

ic
ro

-c
os

te
d,

 v
al

ue
d 

us
in

g 
ta

ri
ffs

 a
nd

 
de

pl
et

ed
 s

ou
rc

es

A
bs

en
te

ei
sm

 c
os

ts
Se

lf-
re

po
rt

ed
 d

ay
s 

m
is

se
d 

du
e 

to
 

he
al

th
 c

om
pl

ai
nt

s,
 

m
ul

tip
lie

d 
by

 a
n 

av
er

ag
e 

w
ag

e 
ra

te

M
ed

ic
al

 c
os

ts
Se

lf-
re

po
rt

ed
 h

ea
lth

 
ca

re
 u

til
iz

ati
on

 
va

lu
ed

 u
si

ng
 D

ut
ch

 
st

an
da

rd
 c

os
ts

Bo
dy

 w
ei

gh
t:

D
ig

ita
l s

ca
le

, n
o 

sh
oe

s,
 n

o 
ja

ck
et



38

St
ud

y
St

ud
y 

D
et

ai
ls

Po
pu

la
ti

on
In

te
rv

en
ti

on
 a

nd
 c

on
tr

ol
 c

on
di

ti
on

s
In

te
rv

en
ti

on
 

pu
rp

os
e,

 fo
rm

at
Co

st
s

o
ut

co
m

es

Va
n 

w
ie

r 
et

 
al

.(5
8)

Pe
rs

pe
cti

ve
: S

oc
ie

ta
l 

Pr
im

ar
y 

st
ud

y:
 R

CT
Se

tti
ng

: N
L 

20
04

-2
00

6
Le

ng
th

 in
te

rv
en

tio
n:

 6
 m

on
th

s
Fo

llo
w

-u
p:

 2
4 

m
on

th
s

 

13
86

 o
ve

rw
ei

gh
t e

m
pl

oy
ee

s 
(v

ar
ia

bl
e 

co
m

pa
ni

es
)

U
C:

 4
60

I-P
ho

ne
: 4

62
I-I

nt
er

ne
t:

 4
64

U
C:

 H
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
 +

 o
ra

l 
in

st
ru

cti
on

s 
I- 

Ph
on

e:
 R

in
g 

bi
nd

er
 c

on
ta

in
in

g 
10

 h
ea

lth
 

ed
uc

ati
on

 m
od

ul
es

, t
el

ep
ho

ne
 c

ou
ns

el
in

g,
 

pe
do

m
et

er
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

 +
 

or
al

 in
st

ru
cti

on
s

I-I
nt

er
ne

t:
 W

eb
si

te
 c

on
ta

in
in

g 
10

 h
ea

lth
 

ed
uc

ati
on

 m
od

ul
es

, e
m

ai
l c

ou
ns

el
in

g,
 

pe
do

m
et

er
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

 +
 

or
al

 in
st

ru
cti

on
s

Pu
rp

os
e:

 
W

ei
gh

t l
os

s 

Fo
rm

at
:

U
C:

 b
 

I-P
ho

ne
: b

, c
I-I

nt
er

ne
t:

 b
, c

In
te

rv
en

tio
n 

co
st

s
M

ic
ro

-c
os

te
d,

 v
al

ue
d 

us
in

g 
ta

ri
ffs

 a
nd

 
de

pl
et

ed
 s

ou
rc

es

A
bs

en
te

ei
sm

 c
os

ts
Se

lf-
re

po
rt

ed
 

nu
m

be
r 

of
 d

ay
s 

m
is

se
d 

du
e 

to
 

he
al

th
 c

om
pl

ai
nt

s 
m

ul
tip

lie
d 

by
 a

n 
av

er
ag

e 
w

ag
e 

ra
te

M
ed

ic
al

 c
os

ts
Se

lf-
re

po
rt

ed
 h

ea
lth

 
ca

re
 u

til
iz

ati
on

 
va

lu
ed

 u
si

ng
 D

ut
ch

 
st

an
da

rd
 c

os
ts

Bo
dy

 w
ei

gh
t:

D
ig

ita
l s

ca
le

, l
ig

ht
 c

lo
th

es
, 

no
 s

ho
es

W
he

n 
di

gi
ta

l w
ei

gh
t 

m
ea

su
re

m
en

ts
 w

er
e 

m
is

si
ng

, s
el

f-
re

po
rt

ed
 w

ei
gh

t 
m

ea
su

re
m

en
ts

 w
er

e 
us

ed

 Q
ua

lit
y 

A
dj

us
te

d 
Li

fe
 Y

ea
rs

: 
Eu

ro
Q

ol
 s

co
re

s 
va

lu
ed

 u
si

ng
 

D
ut

ch
 ta

ri
ffs

 a
nd

 m
ul

tip
lie

d 
w

ith
 th

e 
am

ou
nt

 o
f ti

m
e 

sp
en

t i
n 

a 
sp

ec
ifi

c 
he

al
th

 
st

at
e

G
us

se
nh

ov
en

 
et

 a
l.(

57
)

Pe
rs

pe
cti

ve
: E

m
pl

oy
er

 
Pr

im
ar

y 
st

ud
y:

 R
CT

Se
tti

ng
: N

L 
20

04
-2

00
5

Le
ng

th
 in

te
rv

en
tio

n:
 6

 m
on

th
s

Fo
llo

w
-u

p:
 1

2 
m

on
th

s

Se
e 

Va
n 

w
ie

r 
et

 a
l.(

58
)

Se
e 

Va
n 

w
ie

r 
et

 a
l.(

58
)

Se
e 

Va
n 

w
ie

r 
et

 
al

.(5
8)

In
te

rv
en

tio
n 

co
st

s
M

ic
ro

-c
os

te
d,

 v
al

ue
d 

us
in

g 
ta

ri
ffs

 a
nd

 
de

pl
et

ed
 s

ou
rc

es

A
bs

en
te

ei
sm

 c
os

ts
N

um
be

r 
of

 d
ay

s 
m

is
se

d 
be

ca
us

e 
of

 
a 

he
al

th
 c

on
di

tio
n 

ba
se

d 
on

 d
is

ab
ili

ty
 

ab
se

nc
e 

da
ta

 
m

ul
tip

lie
d 

by
 a

n 
av

er
ag

e 
w

ag
e 

ra
te

Bo
dy

 w
ei

gh
t:

Se
lf-

re
po

rt
ed

 b
od

y 
w

ei
gh

t
W

he
n 

se
lf-

re
po

rt
ed

 b
od

y 
w

ei
gh

t d
at

a 
w

as
 m

is
si

ng
, 

di
gi

ta
l w

ei
gh

t m
ea

su
re

m
en

ts
 

w
er

e 
us

ed



39

2

St
ud

y
St

ud
y 

D
et

ai
ls

Po
pu

la
ti

on
In

te
rv

en
ti

on
 a

nd
 c

on
tr

ol
 c

on
di

ti
on

s
In

te
rv

en
ti

on
 

pu
rp

os
e,

 fo
rm

at
Co

st
s

o
ut

co
m

es

Va
n 

w
ie

r 
et

 
al

.(5
8)

Pe
rs

pe
cti

ve
: S

oc
ie

ta
l 

Pr
im

ar
y 

st
ud

y:
 R

CT
Se

tti
ng

: N
L 

20
04

-2
00

6
Le

ng
th

 in
te

rv
en

tio
n:

 6
 m

on
th

s
Fo

llo
w

-u
p:

 2
4 

m
on

th
s

 

13
86

 o
ve

rw
ei

gh
t e

m
pl

oy
ee

s 
(v

ar
ia

bl
e 

co
m

pa
ni

es
)

U
C:

 4
60

I-P
ho

ne
: 4

62
I-I

nt
er

ne
t:

 4
64

U
C:

 H
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
 +

 o
ra

l 
in

st
ru

cti
on

s 
I- 

Ph
on

e:
 R

in
g 

bi
nd

er
 c

on
ta

in
in

g 
10

 h
ea

lth
 

ed
uc

ati
on

 m
od

ul
es

, t
el

ep
ho

ne
 c

ou
ns

el
in

g,
 

pe
do

m
et

er
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

 +
 

or
al

 in
st

ru
cti

on
s

I-I
nt

er
ne

t:
 W

eb
si

te
 c

on
ta

in
in

g 
10

 h
ea

lth
 

ed
uc

ati
on

 m
od

ul
es

, e
m

ai
l c

ou
ns

el
in

g,
 

pe
do

m
et

er
, h

ea
lth

 e
du

ca
tio

n 
m

at
er

ia
ls

 +
 

or
al

 in
st

ru
cti

on
s

Pu
rp

os
e:

 
W

ei
gh

t l
os

s 

Fo
rm

at
:

U
C:

 b
 

I-P
ho

ne
: b

, c
I-I

nt
er

ne
t:

 b
, c

In
te

rv
en

tio
n 

co
st

s
M

ic
ro

-c
os

te
d,

 v
al

ue
d 

us
in

g 
ta

ri
ffs

 a
nd

 
de

pl
et

ed
 s

ou
rc

es

A
bs

en
te

ei
sm

 c
os

ts
Se

lf-
re

po
rt

ed
 

nu
m

be
r 

of
 d

ay
s 

m
is

se
d 

du
e 

to
 

he
al

th
 c

om
pl

ai
nt

s 
m

ul
tip

lie
d 

by
 a

n 
av

er
ag

e 
w

ag
e 

ra
te

M
ed

ic
al

 c
os

ts
Se

lf-
re

po
rt

ed
 h

ea
lth

 
ca

re
 u

til
iz

ati
on

 
va

lu
ed

 u
si

ng
 D

ut
ch

 
st

an
da

rd
 c

os
ts

Bo
dy

 w
ei

gh
t:

D
ig

ita
l s

ca
le

, l
ig

ht
 c

lo
th

es
, 

no
 s

ho
es

W
he

n 
di

gi
ta

l w
ei

gh
t 

m
ea

su
re

m
en

ts
 w

er
e 

m
is

si
ng

, s
el

f-
re

po
rt

ed
 w

ei
gh

t 
m

ea
su

re
m

en
ts

 w
er

e 
us

ed

 Q
ua

lit
y 

A
dj

us
te

d 
Li

fe
 Y

ea
rs

: 
Eu

ro
Q

ol
 s

co
re

s 
va

lu
ed

 u
si

ng
 

D
ut

ch
 ta

ri
ffs

 a
nd

 m
ul

tip
lie

d 
w

ith
 th

e 
am

ou
nt

 o
f ti

m
e 

sp
en

t i
n 

a 
sp

ec
ifi

c 
he

al
th

 
st

at
e

G
us

se
nh

ov
en

 
et

 a
l.(

57
)

Pe
rs

pe
cti

ve
: E

m
pl

oy
er

 
Pr

im
ar

y 
st

ud
y:

 R
CT

Se
tti

ng
: N

L 
20

04
-2

00
5

Le
ng

th
 in

te
rv

en
tio

n:
 6

 m
on

th
s

Fo
llo

w
-u

p:
 1

2 
m

on
th

s

Se
e 

Va
n 

w
ie

r 
et

 a
l.(

58
)

Se
e 

Va
n 

w
ie

r 
et

 a
l.(

58
)

Se
e 

Va
n 

w
ie

r 
et

 
al

.(5
8)

In
te

rv
en

tio
n 

co
st

s
M

ic
ro

-c
os

te
d,

 v
al

ue
d 

us
in

g 
ta

ri
ffs

 a
nd

 
de

pl
et

ed
 s

ou
rc

es

A
bs

en
te

ei
sm

 c
os

ts
N

um
be

r 
of

 d
ay

s 
m

is
se

d 
be

ca
us

e 
of

 
a 

he
al

th
 c

on
di

tio
n 

ba
se

d 
on

 d
is

ab
ili

ty
 

ab
se

nc
e 

da
ta

 
m

ul
tip

lie
d 

by
 a

n 
av

er
ag

e 
w

ag
e 

ra
te

Bo
dy

 w
ei

gh
t:

Se
lf-

re
po

rt
ed

 b
od

y 
w

ei
gh

t
W

he
n 

se
lf-

re
po

rt
ed

 b
od

y 
w

ei
gh

t d
at

a 
w

as
 m

is
si

ng
, 

di
gi

ta
l w

ei
gh

t m
ea

su
re

m
en

ts
 

w
er

e 
us

ed

St
ud

y
St

ud
y 

D
et

ai
ls

Po
pu

la
ti

on
In

te
rv

en
ti

on
 a

nd
 c

on
tr

ol
 c

on
di

ti
on

s
In

te
rv

en
ti

on
 

pu
rp

os
e,

 fo
rm

at
Co

st
s

o
ut

co
m

es

O
ld

en
bu

rg
 e

t 
al

.(5
2)

 
Pe

rs
pe

cti
ve

: N
S

Pr
im

ar
y 

st
ud

y:
 R

CT
Se

tti
ng

: A
us

tr
al

ia
 (y

ea
r 

no
t s

ta
te

d)
Le

ng
th

 in
te

rv
en

tio
n:

 1
2 

m
on

th
s

Fo
llo

w
-u

p:
 1

2 
m

on
th

s

43
1 

am
bu

la
nc

e 
w

or
ke

rs
U

C:
 1

30
I-R

FE
: 8

2
I-B

C:
 1

24
I-B

CI
: 9

5

U
C:

 H
RA

I-R
FE

: H
RA

, s
ta

nd
ar

di
ze

d 
he

al
th

y 
lif

es
ty

le
 

ad
vi

ce
, e

du
ca

tio
na

l r
es

ou
rc

e 
m

an
ua

l a
nd

 
vi

de
ot

ap
e

I-B
C:

 H
RA

, s
ta

nd
ar

di
ze

d 
he

al
th

y 
lif

es
ty

le
 

ad
vi

ce
, e

du
ca

tio
na

l r
es

ou
rc

e 
m

an
ua

l 
an

d 
vi

de
ot

ap
e,

 c
ou

ns
el

in
g 

se
ss

io
ns

 fo
r 

pa
rti

ci
pa

nt
s 

w
ith

 a
 h

ig
h 

CV
D

 r
is

k,
 s

el
f-

in
st

ru
cti

on
 li

fe
st

yl
e 

ch
an

ge
 m

an
ua

l
I-B

CI
: H

RA
, s

ta
nd

ar
di

ze
d 

he
al

th
y 

lif
es

ty
le

 
ad

vi
ce

, e
du

ca
tio

na
l r

es
ou

rc
e 

m
an

ua
l 

an
d 

vi
de

ot
ap

e,
 c

ou
ns

el
in

g 
se

ss
io

ns
 fo

r 
pa

rti
ci

pa
nt

s 
w

ith
 a

 h
ig

h 
CV

D
 r

is
k,

 s
el

f-
in

st
ru

cti
on

 li
fe

st
yl

e 
ch

an
ge

 m
an

ua
l, 

in
ce

nti
ve

s

Pu
rp

os
e:

 
CV

D
 r

is
k 

re
du

cti
on

 

Fo
rm

at
:

U
C:

 a
I-R

FE
: a

, b
I-B

C:
 a

, b
, c

I-B
CI

: a
, b

, c
, f

In
te

rv
en

tio
n 

co
st

s:
 

M
ic

ro
-c

os
te

d,
 v

al
ue

d 
us

in
g 

ta
ri

ffs
 a

nd
 

de
pl

et
ed

 s
ou

rc
es

Ch
an

ge
s 

in
 C

VD
 r

is
k:

Co
m

po
si

te
 s

co
re

, i
nc

lu
di

ng
; 

ch
ol

es
te

ro
l l

ev
el

, b
lo

od
 

pr
es

su
re

, n
um

be
r 

ci
ga

re
tt

es
 

sm
ok

ed
, b

od
y 

m
as

s 
in

de
x,

 
m

ax
im

um
 o

xy
ge

n 
up

ta
ke

 

Er
fu

rt
 e

t 
al

.(4
8)

 
Pe

rs
pe

cti
ve

: N
S

Pr
im

ar
y 

st
ud

y:
 R

CT
Se

tti
ng

: U
.S

. 1
98

5-
19

88
Le

ng
th

 in
te

rv
en

tio
n:

 3
 y

ea
rs

 
Fo

llo
w

-u
p:

 3
 y

ea
rs

16
07

 m
an

uf
ac

tu
ri

ng
 w

or
ke

rs
 

w
ith

 a
n 

el
ev

at
ed

 C
VD

 ri
sk

 
(o

ne
 o

r m
or

e 
of

 3
 C

VD
 ri

sk
s)

U
C:

 4
20

I-H
E:

 4
32

I-H
EC

: 4
08

I-H
EC

E:
 3

47

U
C:

 H
RA

, p
er

io
di

c 
he

al
th

 im
pr

ov
em

en
t 

cl
as

se
s,

 fi
tn

es
s 

ce
nt

re
I-H

E:
 H

RA
, p

er
io

di
c 

he
al

th
 im

pr
ov

em
en

t 
cl

as
se

s,
 w

el
ln

es
s 

co
m

m
itt

ee
, h

ea
lth

 
ed

uc
ati

on
 s

tr
at

eg
ie

s 
I-H

EC
: H

RA
, p

er
io

di
c 

he
al

th
 im

pr
ov

em
en

t 
cl

as
se

s,
 w

el
ln

es
s 

co
m

m
itt

ee
, h

ea
lth

 
ed

uc
ati

on
 s

tr
at

eg
ie

s,
 c

ou
ns

el
in

g 
an

d 
he

al
th

 im
pr

ov
em

en
t p

ro
gr

am
s 

fo
r 

hi
gh

 r
is

k 
em

pl
oy

ee
s.

I-H
EC

E:
 H

RA
, p

er
io

di
c 

he
al

th
 im

pr
ov

em
en

t 
cl

as
se

s,
 w

el
ln

es
s 

co
m

m
itt

ee
, h

ea
lth

 
ed

uc
ati

on
 s

tr
at

eg
ie

s,
 c

ou
ns

el
in

g 
an

d 
he

al
th

 im
pr

ov
em

en
t p

ro
gr

am
s 

fo
r 

hi
gh

 
ri

sk
 e

m
pl

oy
ee

s,
 h

ea
lth

 c
om

m
un

ic
ati

on
 

ne
tw

or
ks

, p
ee

r 
su

pp
or

t g
ro

up
s,

 h
ea

lth
 

pr
om

oti
on

 g
ro

up
s 

an
d 

or
ga

ni
za

tio
na

l 
st

ra
te

gi
es

 to
 e

nc
ou

ra
ge

/s
up

po
rt

 h
ea

lth
 

im
pr

ov
em

en
ts

 

Pu
rp

os
e:

CV
D

 r
is

k 
re

du
cti

on
 

Fo
rm

at
:

U
C:

 a
, b

, d
 

I-H
E:

 a
, b

, e
I-H

EC
: a

, b
, c

, e
I-H

EC
E:

 a
, b

, c
, e

, d

In
te

rv
en

tio
n 

co
st

s:
 

M
ic

ro
-c

os
te

d,
 v

al
ue

d 
us

in
g 

ta
ri

ffs
 a

nd
 

de
pl

et
ed

 s
ou

rc
es

Ch
an

ge
s 

in
 C

VD
 r

is
k:

Pe
rc

en
ta

ge
 o

f t
hr

ee
 r

is
k 

fa
ct

or
s 

(h
ig

h 
bl

oo
d 

pr
es

su
re

, 
ov

er
w

ei
gh

t a
nd

 s
m

ok
in

g)
 th

at
 

w
er

e 
m

od
er

at
el

y 
an

d 
hi

gh
ly

 
re

du
ce

d 
or

 p
re

ve
nt

ed



40

St
ud

y
St

ud
y 

D
et

ai
ls

Po
pu

la
ti

on
In

te
rv

en
ti

on
 a

nd
 c

on
tr

ol
 c

on
di

ti
on

s
In

te
rv

en
ti

on
 

pu
rp

os
e,

 fo
rm

at
Co

st
s

o
ut

co
m

es

Er
fu

rt
 e

t a
l. 

2(
49

)
Se

e 
Er

fu
rt

 e
t a

l.(
48

)
18

83
 m

an
uf

ac
tu

ri
ng

 w
or

ke
rs

 
w

ith
 a

n 
el

ev
at

ed
 C

VD
 ri

sk
 

(o
ne

 o
r m

or
e 

of
 4

 C
VD

 ri
sk

s)
U

C:
 4

93
 

I-F
C:

 5
05

I-H
EC

: 4
82

I-H
EC

E:
 4

03

U
C:

 I-
H

E 
Er

fu
rt

 e
t a

l.(
48

)
I-F

C:
 “

U
C

” 
Er

fu
rt

 e
t a

l.(
48

) 
I-H

EC
: “

I-H
EC

” 
Er

fu
rt

 e
t a

l.(
48

)
I-H

EC
E:

 “
I-H

EC
E”

 E
rf

ur
t e

t a
l.(

48
) 

Pu
rp

os
e:

 
CV

D
 r

is
k 

re
du

cti
on

 

Fo
rm

at
:

U
C:

 a
, b

, e
 

I-F
C:

 a
, b

, d
I-H

EC
: a

, b
, c

, e
I-H

EC
E:

 a
, b

, c
, e

, d

Se
e 

Er
fu

rt
 e

t a
l.(

48
)

Ch
an

ge
s 

in
 C

VD
 r

is
k:

Pe
rc

en
ta

ge
 o

f f
ou

r 
ri

sk
 

fa
ct

or
s 

(h
ig

h 
bl

oo
d 

pr
es

su
re

, 
ov

er
w

ei
gh

t,
 s

m
ok

in
g 

an
d 

la
ck

 o
f e

xe
rc

is
e)

 th
at

 w
er

e 
m

od
er

at
el

y 
an

d 
hi

gh
ly

 
re

du
ce

d 
or

 p
re

ve
nt

ed

Pr
op

er
 e

t 
al

.(5
3)

 
Pe

rs
pe

cti
ve

: E
m

pl
oy

er
Pr

im
ar

y 
st

ud
y:

 R
CT

Se
tti

ng
: N

L 
20

00
-2

00
2

Le
ng

th
 in

te
rv

en
tio

n:
 9

 m
on

th
s

Fo
llo

w
-u

p:
 9

 m
on

th
s

29
9 

ci
vi

l s
er

va
nt

s
U

C:
 1

68
I: 

13
1

U
C:

 H
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

ls
I: 

H
ea

lth
 e

du
ca

tio
n 

m
at

er
ia

l, 
9 

m
on

th
 

co
un

se
lin

g 
pr

og
ra

m
 (7

 fa
ce

-t
o-

fa
ce

 
se

ss
io

ns
)

Pu
rp

os
e:

 Im
pr

ov
in

g 
ph

ys
ic

al
 fi

tn
es

s

Fo
rm

at
:

U
C:

 b
I: 

b,
 c

In
te

rv
en

tio
n 

co
st

s
M

ic
ro

-c
os

te
d,

 v
al

ue
d 

us
in

g 
ta

ri
ffs

 a
nd

 
de

pl
et

ed
 s

ou
rc

es

A
bs

en
te

ei
sm

 c
os

ts
N

um
be

r 
of

 d
ay

s 
m

is
se

d 
be

ca
us

e 
of

 
a 

he
al

th
 c

on
di

tio
n 

ba
se

d 
on

 d
is

ab
ili

ty
 

ab
se

nc
e 

da
ta

 
m

ul
tip

lie
d 

by
 a

n 
av

er
ag

e 
w

ag
e 

ra
te

M
ee

tin
g 

PA
 

re
co

m
m

en
da

tio
ns

: 
Se

lf-
re

po
rt

ed

En
er

gy
 e

xp
en

di
tu

re
: 

St
ru

ct
ur

ed
 in

te
rv

ie
w

 (7
-d

ay
 

PA
 re

ca
ll)

Su
b-

m
ax

 h
ea

rt
 ra

te
: 

Bi
cy

cl
e 

er
go

m
et

er
 te

st
 

U
pp

er
-e

xt
re

m
ity

 s
ym

pt
om

s:
 

N
or

di
c 

qu
es

tio
nn

ai
re

N
S:

 N
ot

 s
ta

te
d

N
RS

: N
on

-R
an

do
m

iz
ed

 T
ri

al
RC

T:
 R

an
do

m
iz

ed
 C

on
tr

ol
le

d 
Tr

ia
l

U
.S

.: 
U

ni
te

d 
St

at
es

N
L:

 T
he

 N
et

he
rl

an
ds

CV
D

: C
ar

di
ov

as
cu

la
r 

di
se

as
e

U
C:

 U
su

al
 c

ar
e

I: 
In

te
rv

en
tio

n 
gr

ou
p

H
RA

: H
ea

lth
 R

is
k 

A
ss

es
sm

en
t

PA
: P

hy
si

ca
l a

cti
vi

ty
Pr

og
ra

m
 fo

rm
at

(s
): 

a:
 (S

el
f-

)a
ss

es
sm

en
t,

 b
: E

du
ca

tio
n/

In
fo

rm
ati

on
, c

: B
eh

av
io

ra
l, 

d:
 E

xe
rc

is
e,

 e
: E

nv
iro

nm
en

t,
 f:

 In
ce

nti
ve

s
SF

-3
6:

 S
ho

rt
 F

or
m

-3
6

W
PA

I q
ue

sti
on

na
ire

: W
or

k 
Pr

od
uc

tiv
ity

 a
nd

 A
cti

vi
ty

 Im
pa

ir
m

en
t q

ue
sti

on
na

ire
W

EL
 q

ue
sti

on
na

ire
: W

ei
gh

t E
ffi

ca
cy

 L
ife

st
yl

e 
qu

es
tio

nn
ai

re



Cost-effectiveness review

41

2

risk of bias assessment

Reviewers initially disagreed on 40 (21%) of the 190 items (10 studies multiplied with 

19 CHEC-list items). Most disagreements were due to reading errors and different 

interpretations of the CHEC-list items and were solved during the consensus 

meeting; for four disagreements a third reviewer was consulted. Of the 19 CHEC-list 

items, 11 (58%) were fulfilled by more than 50% of the studies and 7 items (37%) 

by more than 75%. The economic perspective was specifically stated by four studies 

(50, 53, 54, 57, 58), including: the societal perspective, the employer’s perspective, 

and that of an implementing agency. The latter (54) appropriately collected costs to 

the chosen perspective by only including intervention costs. Studies performed from 

the societal and employer’s perspective also included absenteeism and/or medical 

costs and were all conducted in The Netherlands. Costs were measured in physical 

units [ie, individual items of an intervention were measured (30)] in four studies, 

(52–54, 57, 58). One of them (54) also appropriately valued costs by calculating them 

based on depleted sources [ie, based on the value of the forgone benefits because 

the resources were not available for their best alternative use (30)] and stating their 

reference year. Three studies (47, 51, 56) presented both costs and effects, but did 

not conduct an incremental cost-effectiveness analysis. Just over half of the studies 

conducted a sensitivity analysis to test the robustness of their results (Table 2).
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Table 2: Risk of bias assessment of included studies using the CHEC-list

CHEC-list items Studies scoring “Yes”
[No. (%)]
(n = 10)

1) Study population 7 (70)
2) Competing alternatives 9 (90)
3) Research question 5 (50)
4) Study design 10 (100)
5) Time horizon 9 (90)
6) Perspective 3 (30)
7) Costs identified 1 (10)
8) Costs measured 4 (40)
9) Costs valued 1 (10)
10) outcomes identified 9 (90)
11) Outcomes measured 8 (80)
12) Outcomes valued 10 (100)
13) Incremental analysis 7 (70)
14) Discounted 7 (70)
15) Sensitivity analysis 6 (60)
16) Conclusions 10 (100)
17) Generalizability 1 (10)
18) Conflict of interest 2 (20)
19) Ethical and distributional issues 0 (0)

Cost effectiveness analysis

Worksite nutrition programs. 

All four studies (47, 51, 55, 56) evaluating WHP programs aimed at improving nutrition 

only included intervention costs in their cost estimates (Table 3). Two of them (51, 

55) evaluated cost-effectiveness by comparing intervention costs to the effect on 

body weight reduction. Both interventions were more costly and more effective than 

usual care at a cost of $43 and $20 per kilogram body weight loss (see also table 4). 

One of those (55) was also more costly and more effective in reducing daily fat intake 

and increasing daily carbohydrate intake. The other intervention (51) was also more 

costly and more effective in improving physical functioning, general health, vitality, 

mental health, impairment at work, and impairment with daily activities. However, 

the intervention was more costly and less effective in reducing restraint, disinhibition 

(ie, overeating in response to stress or other cues), and hunger. Two other studies 

(47, 56) evaluated cost-effectiveness by comparing intervention costs to the effect 
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on cholesterol level reduction. However, both studies used different outcomes for 

assessing the degree of cholesterol level reduction, which limits their comparability. 

The first study (56) evaluated four different interventions: (i) I-1: 1-month program 

without incentives, (ii) I-2: 1-month program with incentives, (iii) I-3: 3-month 

program without incentives, and (iv) I-4: 3-month program with incentives. The 

least intensive program (ie, 1-month program without incentives) was more costly 

and less effective than usual care (ICER: $-110 per 1% of participants reducing their 

cholesterol level by ≥10%). The other interventions were more costly and more 

effective (ICER I-2: $0.1; I-3: $4; and I-4: $54). The nutrition intervention evaluated 

by the second study (47) was also more costly and more effective than usual care at 

a cost of $11 per 1% cholesterol level reduction. 

Worksite physical activity and nutrition programs

Six studies evaluated the cost-effectiveness of WHP programs aimed at increasing 

physical activity and improving nutrition (48–50, 52–54, 57, 58). Three of them (48, 

49, 52, 54) only included intervention costs in their cost estimates. When costs were 

considered from a broader perspective (50, 53, 57, 58), intervention costs were 

partially offset by a reduction in absenteeism and/or medical costs (Table 3). Three 

studies (50, 54, 57, 58) evaluated the cost-effectiveness in terms of body weight 

reduction from various perspectives. All interventions were more costly and more 

effective than usual care. When only intervention costs were considered, the additional 

costs per kilogram body weight loss were $26. When analyses were performed from 

the employer’s perspective those costs were $75 and $1534, and from the societal 

perspective $174, $20, and $1282 (see also table 4). One of those interventions (54) 

was also more costly and more effective in reducing waist circumference. Two other 

studies (48, 49, 52) evaluated the cost-effectiveness by comparing intervention costs 

to the effect on CVD risk reduction. Both studies, however, used different composite 

scores to estimate the level of CVD risk reduction, which limits their comparability.

The first study (52) evaluated three different interventions: (i) I-RFE: risk factor 

education, (ii) I-BC: behavioral counseling, and (iii) I-BCI: behavioral counseling plus 

incentives. All interventions were more costly and more effective than usual care 

(ICER I-RFE: $10, I-BC: $24, and I-BCI: $363 per CVD risk unit reduced). The other study 
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presented its results in two articles (48, 49), which differed in the number of CVD 

risk factors included in the composite score (ie, three risk factors in the first article 

versus four in the second article) as well as their control condition. Furthermore, in 

the first article (48), they did not include all intervention costs in their cost estimates 

(ie, fitness centre costs were missing). In the second article (49), they evaluated 

three different interventions: (i) I-FC: fitness centre, (ii) I-HEC: health education & 

follow-up counseling, and (iii) I-HECE: health education, follow-up counseling & 

environmental strategies. I-FC was more costly and less effective than usual care. 

The other interventions were more costly and more effective (ICER I-HEC: $2 and $2 

I-HECE: $3 and $3 per 1% of CVD risks, respectively highly or moderately reduced). 

Another study (53) evaluated the cost-effectiveness from the employer’s perspective 

using its effect on physical activity-related outcome measures. The intervention was 

more costly and more effective than usual care in increasing energy expenditure, 

and decreasing sub-maximal heart rate. However, the intervention was more costly 

and less effective in increasing the number of participants meeting physical activity 

recommendations. 

Cost-utility analysis

One study (58) evaluated the cost-utility of both an internet- and a phone-based 

nutrition and physical activity program. Analyses were conducted from the societal 

perspective. After 24 months, the cost-utility of the internet-based intervention 

was $1698 per quality adjusted life year (QALY) gained and that of the phone-based 

intervention $311 523 per QALY gained.
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Table 3: Costs, outcomes, and incremental cost-effectiveness ratios (Dollars, 2010) of inclu-
ded studies (n=10)

Study Costs
mean 

[incremental]

outcomes
mean 

[incremental]

Incremental cost-effectiveness 
ratio

Worksite nutrition programs

Katcher et al.(51) UC: 0
I: 226 [226]

Body weight reduction (kg)
UC: -0.1; I: 5.1 [5.3]* 

Eating behavior (points)

Restraint
UC:-1.1; I: 0.5 [1.6]*
Disinhibition
UC: 0.1; I: 1.7 [1.7]*
Hunger
UC: -0.7; I: 1.6 [2.3]*

Health related quality of life (points) 

Physical functioning
UC: 0.23; I: 9.1 [8.9]*
General health
UC: 2.3; I: 12.6 [10.3]*
Physical role limitations
UC: -2.3; I: 8.5 [10.7]
Emotional role limitations
UC: 6.8; I: 8.7 [1.9]
Bodily pain
UC: -0.3; I: 6.4 [6.7]
Vitality
UC: -0.3; I: 10.8 [11]*
Social functioning
UC: 1.7; I: 6.2 [4.4]
Mental health
UC: -1.5; I: 5.1 [6.6]*

Work productivity (points)

Impairment at work
UC: 2.0; I: -6.1 [-8.1]*
Impairment with daily activities
UC: 0.0; I: -9.8 [-9.8]*
Overall work impairment
UC: 1.4. I: -6.2 [-7.6]

43 per kg body weight loss# 

Costs per point decrease on the 
Eating Inventory subscales# 
Restraint
-141
Disinhibition
-133
Hunger
-98

Costs per point improvement on 
the SF-36 subscales#
Physical functioning
25
General health
22
Physical role limitations
21
Emotional role limitations
119
Bodily pain
34
Vitality
21
Social functioning
51
Mental health
34

Costs per point decrease on the 
WPAI questionnaire subscales#
Impairment at work
28
Impairment with daily activities
23
Overall work impairment
30
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Study Costs
mean 

[incremental]

outcomes
mean 

[incremental]

Incremental cost-effectiveness 
ratio

Siggaard et 
al.(55) 

UC: NS
I: NS [NS]

Body weight reduction (kg)
UC: 0.8; I: 4.2 [3.4]*

Reduction in overweight (%)
UC: 0.9; I: 5 [4.1]*

Daily carbohydrate intake (g) 
UC: 3.1; I: 36.0 [32.9]*

Daily fat intake (g)
UC: -4.0; I: -27.5 [-23.5]*

20 per kg body weight loss
 

17 per 1% reduction in 
overweight

2 per gram increase in daily 
carbohydrate intake

3 per gram decrease in daily fat 
intake

Wilson et al.(56) UC: 140
I-1: 217 [77]
I-2: 141 [1]
I-3: 204 [64]
I-4: 461 [321]

Participants with a cholesterol level 
reduction of 10%
UC: 18.5
I-1: 17.8 [-0.7]
I-2: 28 [9.5]
I-3: 33 [14.5]
I-4: 24.5 [6]
Levels of significance unknown

Costs per 1% of participants with 
a cholesterol level reduction of 
≥10%# 
I-1: -110
I-2: 0.1
I-3: 4
I-4: 54

Byers et al.(47) UC: 33
I: 72 [39]

Cholesterol level reduction (%)

6 months
UC: 0.4
I: 1.2 [0.8]

12 months
UC: 3 
I: 6.5% [3.5]*

6 months
48 per 1% cholesterol level 
reduction#

12 months
11 per 1% cholesterol level 
reduction#
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Study Costs
mean 

[incremental]

outcomes
mean 

[incremental]

Incremental cost-effectiveness 
ratio

Worksite physical activity and nutrition programs

Rasu et al.(54) UC: NS
I: NS [49]

Body weight reduction (kg)
UC: -0.6; I: 1.3 [1.9]* 

Waist circumference reduction (cm)
UC: 0.4; I: 2.1[1.7]*

Participants with a weight reduction 
of ≥5% (%)
UC: 6.8; I: 22.6 [15.8]*

Weight efficiency lifestyle (points)

Social pressure
UC: 1.3; I: 2.5 [1.3]
Positive activity
UC: 0.8; I: 2.3 [1.5]
Availability
UC: 2.2; I: 3.2 [1.0]
Levels of significance unknown

26 per kg body weight loss 

29 per cm waist circumference 
reduction

3 per 1% of participants with a 
weight reduction of ≥5%
 

Costs per point improvement on 
the WEL questionnaire subscales#
Social pressure
38
Positive activity
33
Availability
49 

Groeneveld et 
al.(50) 

UC: 5048
I: 5399 [351]

Body weight reduction (kg)
UC: -1.1; I: 1 [2]*

174 per kg body weight loss from 
the societal perspective

Van Wier et 
al.(58)

UC: 3150
I-1: 3597 [447]
I-2: 3168 [18]

Body weight reduction (kg)
UC: 1.1 
I-phone: 1.5 [0.3] 
I-Internet: 1.9 [0.9]

QALY
UC: 1.85
I-phone: 1.85 [0.001]
I-Internet: 1.86 [0.01]

Costs per kg body weight loss 
from the societal perspective
I-phone: 1282
I-Internet: 20

Costs per QALY gained from the 
societal perspective
I-phone: 311523
I-Internet: 1698

Gussenhoven et 
al.(57) 

UC: 4100
I-1: 4469 [369]
I-2: 4161 [61]

Body weight reduction (kg)
UC: 1.6 
I-phone: 1.9 [0.2]
I-Internet: 2.4 [0.8]

Costs per kg body weight loss 
from the employer’s perspective
I-phone: 1534
I-Internet: 75
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Study Costs
mean 

[incremental]

outcomes
mean 

[incremental]

Incremental cost-effectiveness 
ratio

Oldenburg et 
al.(52) 

UC: 111
I-RFE: 146 [35]
I-BC: 274 [163]
I-BCI: 285 
[174]

CVD risk unit reduction

6 months
UC: 1.04
I-RFE: 3.99 [2.96]*
I-BC: 8.13 [7.09]*
I-BCI: 4.16 [4.01]*

12 months
UC: -0.76
I-RFE: 2.79 [3.55]
I-BC: 6.10 [6.86]*
I-BCI: -0.28 [0.48]

Costs per CVD risk unit reduced

6 months

I-RFE: 12
I-BC: 23
I-BCI: 43

12 months

I-RFE: 10#
I-BC: 24
I-BCI: 363#

Erfurt et al.(48) UC: 5
I-HE: 28 [23]
I-HEC: 50 [45]
I-HECE: 61 [56]

CVD risk reduction (%)

High level reduction 
UC:  34         
I-HE:       35     [1]       
I-HEC:    44      [10]      
I-HECE:  46     [12]

Moderate level reduction
UC:          40 
I-HE:        41     [1]
I-HEC:      51    [11]
I-HECE:    56    [16]
Levels of significance unknown

Costs per 1% of 3 CVD risk factors 
reduced or prevented 
High level reduction   
        
I-HE: 23
I-HEC: 5
I-HECE: 4

Moderate level reduction

I-HE: 23
I-HEC: 4
I-HECE: 4

Erfurt et al. 2(49) UC: 27
I-FC: 61 [33]
I-HEC: 48 [21]
I-HECE: 60 [33]

CVD risk reduction (%)

High level reduction   
UC:            35       
I-FC:          32     [-3]
I-HEC:       44      [9]
I-HECE:     45      [10]
Moderate level reduction
UC:           39
I-F:            36    [-3]
I-HEC:       48     [9]
I-HECE:     51   [12]  
Levels of significance unknown

Costs per 1% of 4 CVD risk factors 
that reduced or prevented 
High level reduction   
        
I-FC: -11
I-HEC: 2
I-HECE: 3
Moderate level reduction

I-F: -11
I-HEC: 2
I-HECE: 3
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Study Costs
mean 

[incremental]

outcomes
mean 

[incremental]

Incremental cost-effectiveness 
ratio

Proper et al.(53) UC: 25911

I: 2979 [387] 1

Increase in participants meeting PA 
recommendations (%)
UC: -6; I: -6.6 [-0.6] 

Increase in energy expenditure 
(kilocalorie/day) 
UC: -129; I: 64.2 [193.2]*

Decrease in sub-maximal heart rate 
(beats/minute)
UC: -2.5; I: 2.2 [4.7]* 

Decrease in participants with upper-
extremity symptoms (%)
UC: 6.2; I: 17.9 [-11.7]

-1308 per 1% increase in 
participants meeting PA 
recommendations from the 
employer’s perspective

7 per extra kilocalorie/day from 
the employer’s perspective

299 per beat/minute decrease in 
sub-maximal heart rate from the 
employer’s perspective

68 per 1% decrease in 
participants with upper-extremity 
symptoms from the employer’s 
perspective

UC: Usual care
I: Intervention group
NS: Not stated
kg: Kilogram
CVD: Cardiovascular disease
cm: Centimeter
SF-36: Short Form-36
WPAI questionnaire: Work Productivity and Activity Impairment questionnaire
WEL subscales: Weight Efficacy Lifestyle subscales
QALY: Quality Adjusted Life Year
PA: Physical activity 
#: Incremental cost-effectiveness ratio calculated based on the information provided in the article and 
other related materials
* Significant at p < 0.05
1 Average costs of all participants with complete cost and effect data. Costs included in the cost-
effectiveness analyses were variable and depended on the number of participants with complete follow-
up data in terms of that outcome measure
Costs are expressed in USD 2010 and rounded to the nearest dollar
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diSCuSSiON

The present review critically appraised and summarized the current evidence on the 

cost-effectiveness of worksite physical activity and/or nutrition programs. Ten studies 

(published in 12 articles), evaluating 18 programs, were included in the review. None 

of the studies evaluated WHP programs aimed solely at increasing physical activity. 

From various perspectives, all worksite nutrition as well as worksite physical activity 

and nutrition programs (N=6) were more costly and more effective in reducing body 

weight compared to usual care during the first years after implementation. If only 

intervention costs were considered, most worksite nutrition (N=4/5) and worksite 

physical activity and nutrition programs (N=5/6) were more costly and more effective 

in reducing cholesterol level and CVD risks, respectively. Currently, however, there 

are no set levels for how much different stakeholders are willing to pay for reductions 

in body weight, cholesterol level, and CVD risks. It is therefore unknown whether 

the costs associated with achieving these results are acceptable, ie, whether these 

programs are cost-effective. Therefore, it is up to individual decision-makers to judge 

whether or not these programs offer good value for money. CEA were also conducted 

in terms of various other outcome measures (eg, dietary habits, quality of life, physical 

activity-related outcome measures, and work-related outcome measures). However, 

ICER in terms of these outcome measures were only calculated for one intervention. 

Furthermore, only one study evaluated the cost-utility of worksite physical activity 

and nutrition programs and provided mixed results. When compared to the National 

Institute for Health and Clinical Excellence (NICE) threshold of GBP20,000 (±USD30 

500) to GBP30 000 (±USD45 700) per QALY gained as well as the frequently cited 

US threshold of USD50 000–100 000 per QALY gained (59), the internet-based 

intervention of the study can be regarded as cost-effective ($1698 per QALY gained), 

whereas the phone-based intervention ($311 523 per QALY gained) cannot. All in all, 

these findings do not necessarily support the conclusion of a previous review (36) that 

the literature provides “guarded cautious optimism” about the cost-effectiveness of 

WHP programs. 

When only intervention costs were considered, the additional costs per kilogram 

body weight loss ranged from $20–43, independent of the program focus (ie, 
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nutrition or physical activity and nutrition). From a broader perspective, intervention 

costs were partially offset by a reduction in medical and/or absenteeism costs. 

Strikingly, this did not result in lower ICER as the three programs evaluated by only 

including intervention costs were equally or more effective in reducing body weight 

compared to those evaluated from a broader perspective, whereas their intervention 

costs were similar or lower. This superior effectiveness might be explained by the 

fact that these studies conducted follow-up measurements immediately after the 

intervention period (<6 months) as opposed to several months after the completion 

of the program (≥6 months) in the studies performed from a broader perspective. 

Systematic reviews show that (partial) weight rebound after the intervention period 

is common (60, 61). Another explanation may be the non-randomized design of 

two of these three studies (ie, results may be confounded by selection bias) (40). 

Nevertheless, it would also be insightful to investigate the relationship between 

intervention costs, which are strongly related to intervention composition and 

intensity, and effect size in more detail. If it is established that more costly programs 

do not necessarily produce better health outcomes or cost-savings, cost containment 

strategies during the design phase of a program may be a useful strategy to optimize 

cost-effectiveness. 

A risk of bias assessment revealed that most of the included studies had several 

methodological shortcomings. For example, few studies specifically stated their 

perspective and an incremental analysis of costs and effects were not performed in 

all studies. Furthermore, many studies applied a rather restrictive perspective by only 

including intervention costs in their cost estimate. However, as WHP programs are 

thought to be associated with other cost categories (eg, medical and productivity-

related costs) (27), the adoption of a broader perspective is recommended. Costs 

were only measured in physical units in four studies, and of these, only one valued 

them appropriately by calculating them based on depleted sources and stating their 

reference year. Furthermore, although research has indicated that presenteeism 

accounts for a larger proportion of productivity-related losses compared to 

absenteeism, none of the studies conducted from the societal and/or employer’s 

perspective included presenteeism costs in their cost estimates. This likely resulted 

from the fact that a “gold standard” for measuring and valuing presenteeism does 
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not exist. Nevertheless, up until now, various instruments have been developed to 

measure presenteeism, of which several capture lost productivity suitable for direct 

translation into a monetary unit (62–64). In addition, although economic analyses 

require that assumptions are made (30, 65), few studies conducted a sensitivity 

analysis and hardly any of the studies reported on the uncertainty around their ICER. 

Sensitivity analyses are useful to test the robustness of the study results, but do not 

give insight into the uncertainty due to sampling variation (30, 66, 67). To quantify 

precision, non-parametric bootstrapping can be used as a statistical technique for 

dealing with the highly skewed nature of cost data (30, 65) and the uncertainty 

around an ICER can be illustrated graphically using cost-effectiveness planes (30). It is 

also important to mention that three studies did not even report on the uncertainty 

around their effects. Economic evaluations rely heavily on the assessment of the 

clinical effectiveness (30). Not reporting on the uncertainty around the effects 

strongly hampers the interpretation of the reported ICER. Using results of economic 

evaluations with a high risk of bias for deciding how resources should be optimally 

allocated, may lead to inappropriate decisions (40, 65). Therefore, strong conclusions 

about the cost-effectiveness of worksite physical activity and/or nutrition programs 

cannot be made due to the methodological shortcomings of the included studies. 

This should be addressed in future studies. In particular, future studies should include 

presenteeism costs and emphasis should be placed on the handling of uncertainty.

One of the main strengths of this review was that it incorporated a risk of bias 

assessment using a standardized quality checklist based on consensus among experts 

in the field of economic evaluations. Furthermore, four additional studies were 

identified compared to previous reviews on the cost-effectiveness of WHP programs, 

all of which evaluated costs and kilogram body weight loss. As a result, the present 

review was the first to compare ICER in terms of costs per kilogram body weight loss 

from different perspectives. However, due to heterogeneity of outcome measures, 

follow-up (long- versus short-term), and perspectives, results could not be pooled. As 

a result of the relatively limited number of included studies, it was also not possible 

to conduct subgroup analyses to investigate the impact of program format [ie, (self-)

assessment, educational/informational, behavioral, exercise, environmental, and 

incentive components] or participant characteristics (eg, age, gender, and white- 
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versus blue-collar workers) on the cost-effectiveness of the interventions. Therefore, 

the present review cannot indicate which program formats are important for attaining 

cost-effectiveness or how worksite physical activity and/or nutrition programs should 

optimally be designed. Furthermore, a program’s cost-effectiveness may depend on 

the characteristics of its participants. Blue-collar workers, for example, may respond 

differently compared to white-collar workers as a result of their difference in 

underlying health risks (68). It is important to address these issues in future reviews 

when additional research on the cost-effectiveness of worksite physical activity and/

or nutrition programs has been completed. Another limitation of the present review 

was the possible effect of publication bias. That is, economic evaluations may be 

more likely to be conducted of interventions that had previously been found to be 

effective, and studies with favorable results may be more likely to be published. 

It is also important to bear in mind that all CEA conducted from the employer’s 

perspective were performed in The Netherlands. These results are not necessarily 

generalizable to other countries, as their health and social security systems may 

differ. US employers, for example, bear a large part of the medical costs of their 

employees, whereas in Europe these accrue to the government and/or insurance 

companies (28). Furthermore, only trial-based economic evaluations with relatively 

short follow-ups (≤3 years) were identified and included. As cost-savings due to 

improved health might only occur after a longer period, this may have resulted in an 

underestimation of a possible absenteeism and/or medical cost-offset effect. Due to 

their relatively short follow-ups, studies were also only able to assess the programs’ 

cost-effectiveness in terms of intermediate outcome measures relating to aspects of 

diet and physical activity (eg, CVD risk, body weight, and cholesterol level reduction), 

whereas disease prevention (eg, CVD, diabetes type 2) can be regarded as the primary 

endpoint of worksite physical activity and/or nutrition programs (69). To bridge the 

gap between what has been observed in the trial-based economic evaluations and 

what the cost-effectiveness of worksite physical activity and/or nutrition programs 

would be over a longer time horizon, decision analytic modelling could be used (30). 

However, currently little is known about the longevity of the intermediate outcomes 

of WHP programs and the relationship of these outcomes with changes in long-term 

medical and productivity-related costs. More research should therefore be done in 

this field to allow for the development of credible decision analytic models.
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Conclusion

Current evidence indicates that worksite physical activity and/or nutrition programs 

can result in reductions in body weight, cholesterol level, and CVD risks, but at a higher 

cost than usual care. Because it is unknown how much decision-makers are willing 

to pay for these health outcomes, conclusions about their cost-effectiveness cannot 

be made. Most of the included studies had several methodological shortcomings, 

which hinders the validity of their results. Therefore, there is substantial need 

for improvement of the methodological quality of studies evaluating the cost-

effectiveness of worksite physical activity and/or nutrition programs and particular 

emphasis should be placed on the handling of uncertainty.
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abSTraCT

This systematic review summarizes the current evidence on the financial return 

of worksite health promotion programmes aimed at improving nutrition and/or 

increasing physical activity. Data on study characteristics and results were extracted 

from 18 studies published up to 14 January 2011. Two reviewers independently 

assessed the risk of bias of included studies. Three metrics were (re-)calculated per 

study: the net benefits, benefit cost ratio (BCR) and return on investment (ROI). 

Metrics were averaged, and a post hoc subgroup analysis was performed to compare 

financial return estimates between study designs. Four randomized controlled trials 

(RCTs), 13 non-randomized studies (NRSs) and one modelling study were included. 

Average financial return estimates in terms of absenteeism benefits (NRS: ROI 325%, 

BCR 4.25; RCT: ROI -49%, BCR 0.51), medical benefits (NRS: ROI 95%, BCR 1.95; RCT: 

ROI -112%, BCR -0.12) or both (NRS: ROI 387%, BCR 4.87; RCT: ROI -92%, BCR 0.08) 

were positive in NRSs, but negative in RCTs. Worksite health promotion programmes 

aimed at improving nutrition and/or increasing physical activity generate financial 

savings in terms of reduced absenteeism costs, medical costs or both according to 

NRSs, whereas they do not according to RCTs. Since these programmes are associated 

with additional types of benefits, conclusions about their overall profitability cannot 

be made.
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3

iNTrOduCTiON 

An imbalance between energy intake (nutrition) and output (physical activity) 

among the population has led to an increased prevalence of overweight, obesity, 

and their attributable diseases (e.g. type 2 diabetes, and cardiovascular disease) (1). 

Nowadays, 33.8% of US adults are obese (body mass index ≥ 30) and the combined 

prevalence of overweight and obesity is 68.0% (body mass index ≥ 25) (2). In the UK, 

the combined prevalence of overweight and obesity is 57% in adult women and 65% 

in adult men (3). 

Next to the toll that overweight and obesity take on the health and well-being of 

individuals, they impose a substantial economic burden in terms of healthcare costs 

and lost productivity (1,4–7). For example, obesity-related medical payments are 

estimated to account for 5% of health insurance expenditures among US businesses 

with employer-provided health insurance (5). Moreover, the estimated US national 

costs of obesity attributable absenteeism range from $3.38 billion to $6.38 billion 

per year (6). 

Employers bear the financial consequences of reduced productivity. In countries with 

employer-provided health insurance (e.g. the US), they also bear a large part of the 

financial consequences of increased medical spending. Therefore, employers may 

financially benefit from implementing worksite health promotion programmes (WHP 

programmes) aimed at weight gain prevention among their workforce by improving 

nutrition and/or increasing physical activity (8). In addition, the worksite provides 

a useful setting for implementing these programmes since employees spend the 

majority of their waking hours at the worksite (9), large enterprises often have the 

infrastructure available to offer such programmes at relatively low costs (10), and 

organizational and social support can be made available when behaviour change 

efforts are attempted (11). 

Worksite health promotion programmes aimed at improving nutrition and/or 

increasing physical activity were previously found to be effective in reducing body 

fat and body weight (12–14). Employers, however, may like to know whether these 

programmes generate a positive financial return. A useful way for communicating 

the financial ramifications of a given programme is a ‘return on investment’ analysis 
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(ROI analysis), a form of investment analysis often used in business administration in 

which programme costs are compared to its resulting financial benefits (15).

Several efforts have been undertaken to summarize the literature on the financial 

return of WHP programmes (8,9,16,17). Estimated financial returns, as defined 

by averted medical costs, productivity-related costs or both, ranged from $1.4 to 

$4.6 per dollar spent (8,17). Furthermore, medical costs were found to decrease by 

$3.3, and absenteeism costs by $2.7 per dollar spent (9). Most of these reviews, 

however, did not adjust for the different methodologies used in the included studies 

to estimate the financial return and a risk of bias assessment was often missing. 

Furthermore, these reviews focused on WHP programmes in general, instead of 

programmes aimed at improving nutrition and/or increasing physical activity in 

particular. Therefore, the present study aimed to critically appraise and summarize 

the current evidence on the financial return of WHP programmes aimed at improving 

nutrition and/or increasing physical activity, compared to usual care (including no 

intervention) or a cut-down version of the programme.

mEThOdS

Inclusion criteria

English, Dutch, German and French-written studies evaluating the financial return of 

WHP programmes aimed at improving nutrition and/or increasing physical activity 

in the working population were eligible for inclusion. The WHP programme should 

be compared to usual care (including no intervention) or a cut-down version of the 

programme. Studies should contain a ROI analysis, assessing and presenting both 

programme costs and its resulting benefits. Benefits, defined as programme outcomes 

converted to monetary values, should be directly measured or modelled based on 

primary data. Benefits related to WHP programmes are mostly defined in terms 

of averted medical and productivity-related costs (18). Examples of productivity-

related costs are costs associated with absenteeism and reduced productivity 

at work (presenteeism) (18). No limitations were set as to the perspective of the 

ROI analysis (e.g. employer’s and societal perspective), programme format (e.g. 

assessment, counselling and exercise programme), worksite characteristics (e.g. age, 

gender, occupation, proportion of full-time employees and number of employees) 
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and follow-up duration. Studies targeting employees with chronic conditions (e.g. 

diabetes and cardiovascular diseases), long-term sick-listed employees, retirees or 

children were excluded.

Search strategy

To identify relevant studies, eight electronic databases (EMBASE, MEDLINE, 

SPORTDiscus, PsycINFO, NIOSHTIC-2, NHSEED, HTA and Econlit) were searched for 

studies published from inception to 14 January 2011. An information specialist of 

the VU University Medical Center was consulted to develop and run the search 

strategy. Databases were searched on participant/setting type (e.g. ‘Workplace’, 

‘Employee’ and ‘Workforce’), intervention type (e.g. ‘Health Promotion’, ‘Lifestyle’), 

intervention aim (e.g. ‘Exercise’, ‘Physical Activity’, ‘Nutrition’ and ‘Diet’) and study 

design (e.g. ‘Return on Investment’, ‘Cost Effectiveness’). A broad search strategy 

was used so that the results could be used for both the present study and a review 

on the cost-effectiveness of WHP programmes aimed at improving nutrition and/or 

increasing physical activity (van Dongen et al., unpublished data). An example of the 

EMBASE search can be found in Table 1. The electronic search was supplemented 

by searching references of relevant review articles (9–12,16,17,19–26) and those of 

the retrieved full texts. Articles were also identified from the authors’ own literature 

databases. To identify unpublished studies, authors of included studies which were 

published during the last decade, were contacted. During the search, a ‘search diary’ 

was maintained consisting of keywords used, searched databases and search results. 

Titles and abstracts of the retrieved studies were stored in an electronic database 

using Reference Manager 11.0 (ISI Research Soft Inc., Berkeley, CA, USA).

Study selection

On the basis of abstracts and titles, two reviewers (J. v. D. and K. P.) independently 

determined the eligibility of the retrieved studies. If studies met the inclusion criteria 

or uncertainty remained about inclusion, full texts were retrieved. All full texts were 

read and checked for eligibility. To resolve disagreements between the two reviewers 

regarding inclusion of a study, a consensus procedure was used. A third reviewer 

(M. v. W.) was consulted when disagreements persisted; this was necessary in two 

occasions.
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Data extraction

Data were extracted on study design (e.g. perspective, research design, setting and 

follow-up duration), characteristics of the study population (e.g. participants and 

job characteristics), programme focus (e.g. improving nutrition, increasing physical 

activity or both), programme format (e.g. assessment, educational/informational, 

behavioural, exercise, environmental and incentive components), measurement 

and valuation methods of costs and benefits and study results (e.g. reported costs, 

benefits and ROI outcomes). One reviewer (J. v. D.) extracted data using a pre-

designed data extraction form. Ten percent of the extracted data was checked by 

a second reviewer (K. P.). No disagreements were identified between reviewers. 

If articles did not contain sufficient information on study results, authors were 

contacted for additional information. Research designs were classified into three 

categories (i) randomized controlled trials (RCTs); (ii) non-randomized studies (NRSs) 

comparing data between an intervention and a self-selected or matched control 

group and (iii) modelling studies.

risk of bias assessment 

An instrument assessing the risk of bias of ROI analyses does not exist. Therefore, the 

Consensus Health Economic Criteria list (CHEC list) was used, representing a minimum 

set of methodological criteria addressing internal and external validity aspects of 

economic evaluations (27,28). If a CHEC list item was not adequately performed, or 

if insufficient information about the performance regarding that item was available 

in the article or in related materials, the item was scored as negative (27). The CHEC 

list includes six items related to costs and benefits. Costs were defined as programme 

costs and outcomes as benefits. The CHEC list does not include items for assessing 

modelling studies. Therefore, two items of the BMJ checklist were added (‘Details of 

any model used are given’ and ‘The choice of model used and the key parameters on 

which it is based are justified’) (29). Two reviewers (J. v. D. and K. P.) independently 

assessed the risk of bias of included studies. If one of the reviewers was a (co-)author 

of a study, M. v. W. or M. v. T. acted as the second reviewer. A third reviewer (M. v. 

W. or M. v. T.) was consulted when disagreements remained, which happened three 

times.
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Data synthesis

To provide a complete picture of the financial return, three ROI metrics were (re-)

calculated for each intervention evaluated in the included studies: net benefits (NB), 

benefit cost ratio (BCR) and ROI (30,31).
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(29). Two reviewers (J. v. D. and K. P.) independently assessed the risk of bias of included studies. If 

one of the reviewers was a (co-)author of a study, M. v. W. or M. v. T. acted as the second reviewer. 

A third reviewer (M. v. W. or M. v. T.) was consulted when disagreements remained, which 

happened three times. 

 

Data synthesis 

To provide a complete picture of the financial return, three ROI metrics were (re-)calculated for each 

intervention evaluated in the included studies: net benefits (NB), benefit cost ratio (BCR) and ROI 

(30,31). 

 

CostsBenefitsNB −=  

Costs
BenefitsBCR =  

]100[(%) ×
−

=
Costs

CostsBenefitsROI  

 

Costs were calculated as the difference in programme costs between the intervention and control 

groups (incremental costs). Benefits were calculated as the difference in monetized outcome 

measures (e.g. absenteeism and medical costs) between the intervention and control groups during 

follow-up and, if available, subtracted by their difference before the intervention (incremental 

benefits). All monetized outcome measures presented in the article and other related materials 

were included. If a study did not provide incremental costs and benefits, they were calculated based 

on figures and tables. Consumer price indices (32) and purchasing power parities (33) were used to 

standardize costs and benefits to annual costs per participant in 2010 US dollars.  

Costs and benefits beyond 1 year have to be discounted to correct for the fact that people place 

greater value on something that they have today than on something that they will have in the future 

(29,31). However, cost and benefits are usually reported as a total and not per year, making it 

impossible to apply a discount rate (34). Therefore, discounting was not standardized in this study. 

For those studies that reported discounted costs and/or benefits as their main results, these were 

the costs and benefits that were presented and used for the recalculations. For those studies that 

did not discount costs beyond 1 year, no additional discounting was performed.  

Since ROI metrics are highly dependable on the number and type of included benefits, benefit-

standardized financial return estimates were calculated per intervention. If, e.g. both medical and 

absenteeism benefits were included in a ROI analysis, three types of benefit-standardized financial 

Costs were calculated as the difference in programme costs between the intervention 

and control groups (incremental costs). Benefits were calculated as the difference 

in monetized outcome measures (e.g. absenteeism and medical costs) between the 

intervention and control groups during follow-up and, if available, subtracted by their 

difference before the intervention (incremental benefits). All monetized outcome 

measures presented in the article and other related materials were included. If a 

study did not provide incremental costs and benefits, they were calculated based on 

figures and tables. Consumer price indices (32) and purchasing power parities (33) 

were used to standardize costs and benefits to annual costs per participant in 2010 

US dollars. 

Costs and benefits beyond 1 year have to be discounted to correct for the fact that 

people place greater value on something that they have today than on something 

that they will have in the future (29,31). However, cost and benefits are usually 

reported as a total and not per year, making it impossible to apply a discount rate 

(34). Therefore, discounting was not standardized in this study. For those studies that 

reported discounted costs and/or benefits as their main results, these were the costs 

and benefits that were presented and used for the recalculations. For those studies 

that did not discount costs beyond 1 year, no additional discounting was performed. 

Since ROI metrics are highly dependable on the number and type of included benefits, 

benefit-standardized financial return estimates were calculated per intervention. If, 

e.g. both medical and absenteeism benefits were included in a ROI analysis, three 
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types of benefit-standardized financial return estimates were calculated: including 

medical benefits, including absenteeism benefits and including both. 

Standard deviations of financial return estimates are often lacking (28,34), which 

makes statistically pooling impossible. To summarize the results of the included 

studies and to compare the results of the present review with those of previous 

reviews, BCRs and ROIs were averaged. One reviewer (J. v. D.) carried out the data 

analyses, which were all checked by a second reviewer (M. v. W.).

Subgroup analysis

A post hoc subgroup analysis was performed comparing the average BCRs and ROIs 

between study designs. In addition, the differences in ROI between study designs 

were depicted graphically using scatter plots.

rESulTS

Literature search and study selection

The electronic search yielded 3,835 results. After removing 605 duplicates, 3,230 

titles and abstracts were screened for inclusion and 47 full texts were retrieved. 

Thirty-one additional full texts were retrieved after screening references of relevant 

review articles and the retrieved full texts. After reading those 78 full texts, 16 articles 

were identified that met the inclusion criteria. Additionally, two unpublished articles 

were identified from the authors’ own databases. Contacting authors of included 

studies did not yield any results. Eventually, 18 studies were included in the review 

(Figure 1).
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Figure 1: Flow chart for inclusion of studies 

 

3835 Potentially relevant records identified by 
searching electronic databases 
EMBASE (n=1401) 
MEDLINE (n=776) 
SportDiscus (n=215) 
PsycInfo (n= 249) 
NIOSHTIC-2 (n=119) 
NHSEED (n=974) 
HTA (n=46) 
Econlit (n=55) 

 

3230 records screened  

605 duplicates removed 

3183 records excluded after screening titles and 
abstracts 

47 full texts retrieved 

31 additional full texts retrieved after screening 
the reference lists of relevant review articles and 
the retrieved full texts 

78 full texts assessed for eligibility 

16 articles included 

2 unpublished articles retrieved from the authors’ 
own databases 

18 articles included in the review 

62 Full texts excluded  
 
     29 No economic evaluation 
     18 Cost effectiveness analysis 
      4  No physical activity and/or nutrition                
          intervention 
      3  No control group 
      2  Financial return only calculated for a    
          disease management programme 
      2  Not based on primary data 
      1  Financial return only calculated for high  
          adherants 
      1  Break even scenario 
      1  Duration intervention unknown 
      1  Financial return methodology unclear 

Figure 1: Flow chart for inclusion of studies
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Study characteristics

Thirteen NRSs (15 interventions) (35–47), four RCTs (five interventions; (48–50); 

Gussenhoven et al., unpublished data) and one modelling study (one intervention) 

(51) were included in the review (Table 2). Ten studies ((40–42;45–50); Gussenhoven 

et al., unpublished data) were performed from the employer’s perspective, indicating 

that only costs and benefits to the employer were included in the ROI analysis (52). 

Eight studies (35–39,43,44,51) did not state their perspective. Fourteen studies (35–

39,41–47,49,51) were carried out in the USA, three ((48,50); Gussenhoven et al., 

unpublished data) in the Netherlands and one (40) in the UK. Two studies (38,45) 

evaluated the financial return of a physical activity intervention and 16 ((35,37,39– 

44,46–51,53); Gussenhoven et al., unpublished data) that of a comprehensive WHP 

programme aimed at improving nutrition and increasing physical activity as well as 

other unhealthy lifestyle behaviours, such as smoking and alcohol consumption. In 

general, interventions consisted of a (self-)assessment, educational/informational, 

behavioural, exercise, environmental and/or an incentive component. In the 

majority of the studies, the control group received no intervention (35–40,42,45–

47,51). The length of the interventions varied from 6 months to 5 years (median: 23.7 

months, mean: 21.1 months). Financial returns were estimated during the first years 

after implementation and over a somewhat longer period than the interventions 

lasted (follow-up: 6 months to 5 years, median: 24 months, mean: 25.1), because 

four studies ((39,48,50); Gussenhoven et al., unpublished data) had a follow-up 

beyond the intervention period. Absenteeism benefits were provided by 13 studies 

(15 interventions; (37,38,40,43–50,53); Gussenhoven et al., unpublished data), 

medical benefits by 11 studies (13 interventions; (35,38,39,41,42,44,46,48,49,51); 

Gussenhoven et al., unpublished data), and absenteeism as well as medical benefits 

by 6 studies (9 interventions; (38,44,46,48,49); Gussenhoven et al., unpublished 

data). Three of them (three interventions) also provided presenteeism benefits 

(40,49,51).
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3

risk of bias assessment

Reviewers disagreed on 58 of the 344 items (17%). Disagreements were mainly due 

to misreading and different interpretations of the CHEC-list items. Nine out of 19 

CHEC list items (47%) were fulfilled by more than 50% of the studies and seven items 

(37%) by more than 75%, indicating that the risk of bias of the included studies was 

high. RCTs, however, had a lower risk of bias compared to NRSs. On average, they 

fulfilled almost 13 out of 19 CHEC-list items (68%), whereas NRSs fulfilled almost 9 

(47%) (Table 3). In five studies ((41,48–50); Gussenhoven et al., unpublished data) 

costs were measured appropriately in physical units, and of these two, (41,49) valued 

them appropriately by calculating them based on depleted sources and stating 

their reference year. One study (49) appropriately collected benefits to the chosen 

perspective (employer’s perspective). At a minimum, these comprise medical, 

absenteeism and presenteeism benefits in countries with employer-provided health 

insurance (e.g. US). In countries with nationalized health insurance or health service 

programmes (e.g. the Netherlands and the UK), the last two apply (54). Seven studies 

((39,41,42,48,49,51); Gussenhoven et al., unpublished data) appropriately discounted 

costs and benefits by converting them to a single year based on a motivated 

discount rate. Sensitivity analyses were performed in six studies ((41,42,44,48,49); 

Gussenhoven et al., unpublished data).

Costs and benefits 

Average annual programme costs per participant ranged from $11 to $1,075 (median: 

$155, n = 21). Average annual absenteeism and medical benefits per participant 

ranged from -$113 to $1,384 (median: $324, n = 15) and -$82 to $554 (median: $187, 

n = 13), respectively. One study (46) included absenteeism and medical benefits in 

the total benefits and could therefore not be presented separately. Average annual 

presenteeism benefits per participant ranged from $2 to $1,528 (median: $158, n = 

3) (Table 4, columns 2–5).
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Table 3: Risk of bias assessment of included studies using the CHEC-list and BMJ-checklist.       

Items Studies scoring “Yes” [No. (%)]

RCTs
(n = 4)

NRSs
(n = 14)

Overall
(n = 18)

CHEC-list
1) Study population 3 3 6 (33)
2) Competing alternatives 4 2 6 (33)
3) Research question 1 9 10 (56)
4) Study design 4 13 17 (94)
5) Time horizon 4 14 18 (100)
6) Perspective 4 6 10 (56)
7) Costs identified 4 12 16 (89)
8) Costs measured 4 1 5 (28)
9) Costs valued 1 1 2 (11)
10) outcomes identified 1 0 1 (6)
11) Outcomes measured 3 13 16 (89)
12) Outcomes valued 3 12 15 (83)
13) Incremental analysis 3 12 15 (83)
14) Discounted 3 4 7 (39)
15) Sensitivity analysis 3 3 6 (33)
16) Conclusions 4 13 17 (94)
17) Generalizability 1 2 3 (17)
18) Conflict of interest 1 2 3 (17)
19) Ethical and distributional issues 0 0 0 (0)
BMJ-checklist
20) Model details N.A. 1 1 (100)
21) Model and key parameters  N.A. 1 1 (100)

RCT: Randomized Controlled Trial
NRS: Non-Randomized Study
N.A.: Not Applicable 

Financial return

The NB ranged from -$451 to $2,757 (median; $91, n = 21), indicating the amount 

of money gained after costs were recovered. The BCR ranged from -0.76 to 18.84 

(median: 1.42, mean: 3.76, SD: 5.36), indicating the amount of money returned per 

dollar invested. The ROI ranged from -176% to 1,784% (median: 42%, mean: 276%, 

SD: 536%), indicating the percentage of profit per dollar invested (30). The financial 

return was positive in 14 out of 21 interventions (NB > 0, BCR > 1 and ROI > 0) (Table 

4, column 7).
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Benefit-standardized financial return

On average, benefit-standardized ROIs and BCRs were positive, indicating that 

WHP programmes aimed at improving nutrition and/or increasing physical activity 

generate financial savings during the first years after implementation. For example, 

the average ROI in terms of absenteeism benefits was 200% (SD: 440%), in terms 

of medical benefits 22% (SD: 168%), in terms of presenteeism benefits 246% (SD: 

557%), and in terms of both absenteeism and medical benefits 174% (SD: 438%) 

(Table 4, columns: 8–11).

Subgroup analysis

Average benefit-standardized ROIs and BCRs were positive in NRSs, but negative in 

RCTs (Table 4, columns: 8–11). For example, the average ROI in terms of absenteeism 

benefits was 325% (SD: 497%) in NRSs, but -49% (SD: 84%) in RCTs. This indicates that 

WHP programmes aimed at improving nutrition and/or increasing physical activity 

generate financial savings during the first years after implementation according to 

NRSs, whereas they do not pay for themselves in terms of absenteeism benefits, 

medical benefits or both according to RCTs. The average ROI and BCR in terms 

of presenteeism benefits could not be compared between study designs, since 

presenteeism benefits were only provided by three studies. The differences in ROI 

between NRSs and RCTs are depicted graphically in Figure 2.
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(a) ROI in terms of absenteeism benefits

(n = 15 interventions)

(b) ROI in terms of medical benefits

(n = 13 interventions)

(c) ROI in terms of absenteeism and                  

medical benefits

(n = 9 interventions)

Figure 2: Distribution of Return On Investments (ROIs) in terms of (a) absenteeism, (b) 
medical, and (c) both absenteeism and medical benefits of Non-Randomized Studies (NRSs) 
and Randomized Controlled Trials (RCTs)
ROI: Return On Investment
NRS: Non-Randomized Study
RCT: Randomized Controlled Trial
A ROI of more than 0 indicates that the financial profitability is positive 
Note that the number of interventions is higher than the number of studies, because some 
studies included more than one intervention.

diSCuSSiON

This review critically appraised and summarized the current evidence on the financial 

return of WHP programmes aimed at improving nutrition and/or increasing physical 

activity. On average, financial returns in terms of absenteeism benefits, medical 

benefits or both were positive during the first years after implementation. This is in 

accordance with previous reviews (9,16,17,53) concluding that WHP programmes 

should be considered as an effective method for reducing employee-related expenses 

(16,17,53) and producing positive financial returns in terms of absenteeism and 

medical benefits (9). A subgroup analysis, however, revealed that the average financial 

return estimates were positive due to the inclusion of NRSs; they were positive in 

NRSs, but negative in RCTs. This is in line with previous findings indicating that NRSs 

of healthcare interventions tend to result in larger estimates of effect compared to 
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RCTs (55). These findings also support researchers arguing that the cost savings and 

high ROI estimates found in WHP studies are likely the result of selection bias (11). 

Selection bias arises when allocation methods other than randomization are used, 

meaning that the intervention and control group are unlikely to be comparable (56). 

Consequently, it is difficult to attribute any differences found in outcomes between 

both groups to the intervention and to rule out the possibility that they were biased 

by baseline differences in group characteristics or confounders (e.g. motivation to 

change health) (57). It has been argued that results of RCTs may not reflect ‘real-

life’ effectiveness, since they evaluate the efficacy of programmes in well-controlled 

experimental circumstances. However, although other research designs can add 

to the existing knowledge on WHP programmes, RCTs are the ‘gold standard’ for 

investigating their effectiveness untainted by bias (58,59).

The overall risk of bias of the included studies was high. Few studies explicitly stated 

the perspective of their ROI analysis and properly measured and valued costs and 

benefits. More than half of the studies did not state the reference year of their 

monetary outcomes, which limits their interpretation. In addition, an incremental 

analysis of costs and benefits was not performed in all studies. One study (35), for 

example, included the decrease in medical costs of both the intervention and control 

group in their benefit estimate, resulting in an overestimation of the financial return. 

Furthermore, although economic analyses require that assumptions are made (28), 

few studies conducted a sensitivity analysis and hardly any of the studies reported 

on the uncertainty around their financial return estimates. To quantify the precision, 

non-parametric bootstrapping can be used as a statistical technique for dealing 

with the highly skewed nature of cost data (28,52). These findings are not unique 

to the present review. A systematic review appraising the methodological quality of 

economic evaluations of occupational health and safety interventions also concluded 

that most of them had a high risk of bias (28). Using the results of ROI analyses 

with a high risk of bias to advise companies, however, may lead to inappropriate 

business decisions (28). Therefore, the methodological quality of ROI analyses in 

WHP programme research should be improved. This can be achieved by developing 

a methodological guideline for ROI analyses. Furthermore, since NRSs had a higher 

risk of bias compared to RCTs, the discrepancies found between their financial 
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return estimates may also be explained by types of bias other than selection (e.g. 

performance, detection, attrition and reporting bias) (56). 

The results of the present review indicate that financial return estimates derived 

from NRSs should be interpreted with caution. RCTs with a low risk of bias indicate 

that WHP programmes aimed at improving nutrition and/or increasing physical 

activity do not pay for themselves in terms of reduced absenteeism costs, medical 

costs or both during the first years after implementation. This is in contrast with 

the conclusions of previous reviews (9,16,17,53). An explanation for this discrepancy 

may be that the previous reviews were mainly based on NRSs, which might have 

confounded their results as well. 

Several strengths of the present review are noteworthy. First, to improve 

comparability among the included studies, costs and benefits were standardized to 

annual costs per participant in 2010 dollars and ROI metrics were (re-)calculated per 

study using the same methodology. Second, when reporting the financial return of 

WHP programmes, economists and policy makers prefer the NB, whereas the BCR 

and ROI are more familiar to business managers (60). By providing all three of them, 

the results of the present review can be easily interpreted by all stakeholders. In 

addition, this makes the results easily comparable with those of other studies, since 

different ROI metrics are used in the literature to estimate the financial return of 

WHP programmes. Third, the present study was the first review on the financial 

return of WHP programmes in which subgroup analyses were performed to compare 

financial return estimates of RCTs and NRSs, yielding substantial differences.

A first limitation concerns the fact that none of the interventions were solely 

aimed at improving nutrition and only two of them were solely aimed at increasing 

physical activity. Therefore, the present review examined the financial return 

of WHP programmes aimed at improving nutrition and/or increasing physical 

activity in general. Further research is needed to investigate whether financial 

returns vary between interventions with a different focus (i.e. improving nutrition, 

increasing physical activity or both). Additionally, only the financial return in terms 

of absenteeism and/or medical benefits were compared between RCTs and NRSs. 

WHP programmes, however, are suggested to provide additional types of financial 

benefits, such as reduced presenteeism, turnover, disability management and 
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workers’ compensation costs (16,54). Presenteeism benefits were only presented in 

three studies, which likely resulted from the fact that a ‘gold standard’ for measuring 

and valuing presenteeism does currently not exists. The other three types of 

financial benefits were not presented at all (61). Consequently, conclusions about 

the overall profitability of WHP programmes aimed at improving nutrition and/or 

increasing physical activity cannot be made. Furthermore, WHP programmes may 

yield intangible benefits (e.g. improved reputation or increased worker satisfaction) 

(34), which were not reported by any of the studies. Since intangible benefits may 

also be important drivers of business decisions (34), it is advisable to report them 

alongside ROI analyses or to conduct a cost-effectiveness analysis in which the total 

incremental costs are compared to the incremental intangible benefits. Furthermore, 

the varying number and type of benefits included in the studies indicate that 

consensus should be reached about a minimum set of benefits to be included in 

ROI analyses of WHP programmes. Another limitation may be that no requirements 

were set as to programme format, subject and worksite characteristics, intervention 

length and follow-up duration. Consequently, NRSs and RCTs may differ with respect 

to these characteristics contributing to the discrepancies found in financial return 

estimates between both study designs. For example, the follow-up duration of 

NRSs was, on average, longer than that of RCTs. Since WHP programme costs are 

more costly at the start while health benefits accumulate gradually (9), this may 

have resulted in lower financial return estimates in the RCTs. Therefore, conclusions 

about the extent to which financial return estimates were overestimated in NRSs 

cannot be made. It is also important to mention that US employers bear a large 

part of the medical costs of their employees, whereas in Europe these accrue to the 

government or insurance companies. As a result, ROI analyses from the employer’s 

perspective conducted in the USA and Europe are limited in their comparability. 

To provide information that would be useful to both sides of the Atlantic, benefit-

standardized financial return estimates were calculated, including financial returns 

in terms of absenteeism benefits, medical benefits and both. Benefit-standardized 

financial returns in terms of medical benefits assume that no benefits accrue in 

terms of reduced absenteeism costs and vice versa for financial returns in terms of 

medical benefits. Thus, US employers are informed by the total benefits, whereas 
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European employers are informed by the productivity-related benefits and European 

governments and insurance companies by the medical benefits. An advantage of this 

approach is that RCTs and NRSs could be compared, without distortion resulting from 

differences in the jurisdictions in which they were conducted. It should also be noted 

that no corrections were made for transatlantic differences in healthcare costs. Per 

capita spending on health care in the USA is double that of most European countries, 

leaving more room for reductions in medical costs in the USA than in Europe (62). 

This may have influenced the differences found between RCTs and NRSs as all but 

one of the NRSs were performed in the USA, whereas all but one of the RCTs were 

performed in Europe. Nevertheless, in accordance with the overall results, financial 

returns were negative in the RCT conducted in the USA, whereas those of the NRSs 

conducted in the USA were on average positive.

Conclusion

During the first years after implementation, WHP programmes aimed at improving 

nutrition and/or increasing physical activity generate financial savings in terms of 

reduced absenteeism costs, medical costs or both according to NRSs, whereas they 

do not according to RCTs. However, since these programmes are associated with 

additional types of benefits, conclusions about their overall profitability cannot be 

made. Therefore, more ROI analyses should be performed that are based on RCTs 

and include a consensus-based set of financial benefits.
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abSTraCT

objective: To conduct a cost-effectiveness and return-on-investment analysis 

comparing a worksite vitality intervention with usual care. 

methods: A total of 730 older hospital workers were randomized to the intervention 

or control group. The 6-month intervention consisted of yoga and aerobic exercising, 

coaching, and fruit. At baseline, and 6 and 12 months, general vitality, work-related 

vitality, and need for recovery were determined. Cost data were collected on a 

3-monthly basis. The cost-effectiveness analysis was performed from the societal 

perspective and the return-on-investment analysis from the employer’s perspective 

using bootstrapping techniques.

results: No significant differences in costs and effects were observed. Incremental 

cost-effectiveness ratios in terms of general vitality (range, 0 to 100), work-related 

vitality (range, 0 to 6), and need for recovery (range, 0 to 100) were, respectively, 

€280, €7506, and €258 per point improvement. Per euro invested, €2.21 was lost. 

Conclusions: The intervention was neither cost-effective nor cost-saving.
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iNTrOduCTiON

In various European countries, people aged 60 years and older will comprise up 

to one third of the population during the next decades. Because a shrinking labor 

force will have to support a growing number of retired people (1), there is a need for 

workers who are able to prolong their working life in good health (2). In the Vital@

Work study, a worksite vitality intervention was developed that aimed to improve 

physical activity, nutrition, and relaxation, as a potentially effective tool to keep older 

workers vital (ie, at a perceived high energy level, lowlevels of fatigue, and feeling fit) 

and healthy, thereby contributing to prolonged employability (2). 

An evaluation of the Vital@Work intervention’s effectiveness has been reported 

elsewhere (3,4). Nevertheless, budgets for occupational health care are restricted. 

Therefore, decisions about investments in worksite interventions may be guided 

not only by the evidence on their effectiveness, but also by considerations of their 

costs in relation to these effects (5). In occupational health care research, cost-

effectiveness analyses (CEAs) are conducted to gain insight into the (additional) 

costs of an intervention per additional unit of effect gained. These results can be 

used by decision makers to decide how resources should optimally be allocated 

to maximize health or welfare (6,7). Within business administration, the primary 

interest may not be in maximizing health or welfare but in maximizing the financial 

return of an intervention (8). This is often determined using a return-on-investment 

(ROI) analysis, in which intervention costs are compared with their resulting financial 

benefits (ie, program outcomes converted to monetary values) (9–11). As CEAs and 

ROI analysis are based on the same data, both can be conducted simultaneously and 

doing so provides information that can be used by business managers and experts in 

occupational health care research.

The aim of the present study was to conduct a CEA and ROI analysis in which the 

Vital@Work intervention was compared with usual care. The CEA was performed 

from the societal perspective, which is generally advocated for when various 

stakeholders may be affected by an intervention (7,12). This is clearly the case for 

worksite health promotion interventions, as employers invest in the program and 

may benefit from it through reduced productivity-related spending, whereas (in the 
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Dutch situation) the government and health insurance companies may benefit from it 

through reduced medical costs. Because employers are the ones deciding whether or 

not to implement such intervention, and in doing so may have an explicit interest in 

its financial return, the ROI analysis was performed from the employer’s perspective.

mEThOdS

Study population and design

The present study was conducted alongside a randomized controlled trial (RCT) (2). 

The follow-up was 12 months and data collection took place during 2009 and 2010. 

Older workers (45 years or older) from two Dutch academic hospitals were invited 

to participate: VU University Medical Center Amsterdam (VUMC, Amsterdam, the 

Netherlands) and Leiden University Medical Center (LUMC, Leiden, the Netherlands). 

The criteria for inclusion were: (1) working at least 16 hours a week, and (2) no risk for 

developing adverse health effects when becoming physically active. At enrollment, 

workers provided written informed consent. After baseline measurements, they were 

individually randomized to the intervention or control group by a research assistant 

using Random Allocation Software (version 1.0, May 2004, Isfahan University of 

Medical Sciences, Iran). The research assistant had no information about the workers 

to ensure concealment of treatment allocation. The study protocol was approved 

by the medical ethics committee of the VUMC Amsterdam (2). The sample size was 

based on detecting a 10% difference in work-related vitality, measured by the Utrecht 

Work Engagement Scale (UWES) (13). Assuming a mean baseline UWES Vitality Score 

(range, 0 to 6) of 3.99 (standard deviation [SD], 1.11) (14), a power of 0.90, and a 

confidence interval (CI) of 95% (α = 0.05), 189 workers were needed per group at 

follow-up (2). Taking into account a loss to follow-up of 15%, at least 446 workers 

(223 per group) needed to be included at baseline.

Control and intervention condition

After randomization, all workers received written information about a healthy 

lifestyle regarding physical activity, nutrition, and relaxation. Subsequently, workers 

in the intervention group received the Vital@Work intervention. 
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A full description of the Vital@Work intervention has been given elsewhere (2). 

Briefly, the intervention consisted of a Vitality Exercise Program (VEP), three Personal 

Vitality Coach (PVC) visits, and free fruit (2). 

The VEP lasted 24 weeks. Once a week, workers were invited to participate in a guided 

group yoga session, a guided group workout session, and 45 minutes of unsupervised 

vigorous physical activity (eg, fitness and spinning). Guided group sessions were 

provided in small groups (16 participants or fewer) and lasted 45 minutes as well. 

During working days (Monday to Friday), group sessions were provided in two time 

blocks: (1) during lunchtime, and (2) directly after working hours (after 4 PM). Yoga 

sessions were guided by qualified yoga instructors and took place at the worksite. 

Workout sessions were guided by certified fitness instructors and took place at a 

fitness center near the worksite (2).

PVC visits took place at the worksite. The first visit was scheduled at the start of the 

intervention and was followed by two visits at 4 to 6 and 10 to 12 weeks. Before the 

start of the intervention, the PVC protocol and accompanying materials (eg, coaching 

registration forms) were explained to the coaches during 4-hour training sessions (2). 

Free fruit was provided during the guided group sessions of the VEP (2).

Effect measures

Vitality and need for recovery (NFR) from work-induced efforts, which is thought to 

increase with age (15), were assessed at baseline and 6 and 12 months.

Vitality was measured using two questionnaires. The RAND-36 Vitality Scale was 

used to measure general vitality and included four items assessing a worker’s general 

vitality during the previous 4 weeks. Items were scored on a 6-point scale ranging 

from “all of the time” (1) to “none of the time” (6) (16). The RAND-36 Vitality Score 

ranged from 0 to 100 (higher scores indicate a better general vitality). The RAND-

36 Vitality Scale has shown to be sufficiently reliable; internal consistency was 0.82 

(Cronbach α), and the 6-month test–retest stability coefficient was 0.63 (16). Work-

related vitality was measured using a subscale of the UWES (ie, UWES Vitality Scale). 

This scale included six items, scored on a 7-point scale ranging from “never” (0) to 

“always” (6). The UWES Vitality Score ranged from 0 to 6 (higher scores indicate 

a better work-related vitality) (13). The UWES Vitality Scale has shown sufficient 
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internal consistency (Cronbach α =0.83). Also, two longitudinal studies carried out 

in Australia and Norway showed 1-year test–retest stability coefficients ranging 

between 0.64 and 0.71 (13).

The NFR was assessed using a subscale of the “Dutch Questionnaire on the Experience 

and Evaluation of Work” (ie, NFR scale). The NFR scale contains 11 statements, 

answered with “Yes” or “No”, and has shown sufficient internal consistency 

(Cronbach α =0.88) (17). Also, a 2-year test–retest intra class coefficient of 0.80 was 

found among Dutch hospital nurses (18). The NFR score ranged from 0 to 100 (lower 

scores indicate a better NFR) (17).

resource use and valuation

Intervention costs were estimated using a bottom-up microcosting approach (ie, 

detailed data were collected regarding the quantity and unit prices of resources 

consumed). During the study period, data on other resource use (ie, health care, 

absenteeism, presenteeism, and sports activities) were collected on a 3-monthly 

basis using retrospective questionnaires. All costs were converted to 2010 Euros 

using consumer price indices (19). As the follow-up of the trial was 1 year, discounting 

of costs and effects was not necessary (7).

Intervention costs were those related to implementing and operating the Vital@Work 

intervention (ie, costs for VEP, PVC visits, fruit, and printed materials). The number 

of guided group sessions was monitored using attendance registration forms. The 

number of PVC visits per worker and their average duration were recorded by the 

coaches. Labor costs were valued using the total time investments of the intervention 

staff and their gross salaries including holiday allowances and premiums. Capital costs 

were valued using cost data collected from project and finance department staff. 

Costs of printed materials and the provision of fruit were estimated using invoices. 

Health care utilization was assessed using 3-monthly retrospective questionnaires and 

included cost categories relevant to the study outcomes and intervention; primary 

health care (ie, general practitioner, allied health professionals, and complementary 

medicine) and secondary health care (ie, medical specialist and hospitalization). 

Dutch standard costs were used to value health care utilization (20). If these were 

unavailable, prices according to professional organizations were used.
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Absenteeism was assessed using an item of the “Productivity and Disease 

Questionnaire” (PRODISQ) asking workers to report their total number of sick 

leave days during the past 3 months (21). The absenteeism module of the PRODISQ 

showed satisfactory responsiveness and construct validity (22). In accordance with 

the Dutch Manual of Costing, costs associated with one sick leave day were calculated 

per worker by dividing their gross annual salary including holiday allowances and 

premiums by their total number of workable days per year (20). Gross annual 

salaries including holiday allowances and premiums were calculated using a worker’s 

self-reported net salary. Therefore, Dutch total tax on income rates (23) and the 

percentage of holiday allowances and premiums according to the Dutch Manual of 

Costing were used (20). Using the Friction Cost Approach (FCA), absenteeism costs 

were estimated by multiplying the total number of sick leave days during follow-

up by their associated costs. The FCA assumes that costs are limited to the friction 

period (ie, period needed to replace a sick worker). A friction period of 23 weeks and 

an elasticity of 0.8 were used (20,24). 

Presenteeism (ie, reduced productivity while at work) (25) was assessed using an 

item of The World Health Organization Health and Work Performance Questionnaire 

(WHO-HPQ) (26). Workers were asked to rate their overall work performance during 

the previous 4 weeks on an 11-point scale, ranging from “worst performance” (0) 

to “best performance” (10). The WHO-HPQ Work Performance Scale has been 

validated against objective measures of performance (ie, archival performance 

data) and good concordance was found between both measures (27). Assuming 

linearity, their average work performance during follow-up (Wown) was calculated. 

Because presenteeism is conceptualized in the WHO-HPQ as a measure of actual 

performance in relation to “best performance” (10) (26,28), a worker’s average level 

of presenteeism during follow-up (presenteeism score) was calculated using the 

following formula:

presenteeism score = (10 - Wown)/10

Using the Human Capital Approach (HCA), presenteeism costs were calculated by 

multiplying a worker’s presenteeism score by their gross annual salary including 

holiday allowances and premiums.
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Costs related to the sports activities of the workers (eg, membership fees and sports 

equipment costs) were collected using two items with a 3-month recall period.

Potential confounders and effect modifiers

At baseline, data about potential confounders and effect modifiers were assessed 

by questionnaire, including age (years), sex (female/male), education level (low 

= elementary school or less, medium = secondary education, and high = college/

university), chronic disease status (yes/no), smoking (yes/no), intervention location 

(VUMC/LUMC), and marital status (having a partner: yes/no).

Statistical analyses

Analyses were performed according to the intention-to-treat principle. All missing 

data about general vitality, work-related vitality, NFR, and costs were imputed 

using Fully Conditional Specification and Predictive Mean Matching (29,30). Forty 

different data sets were created and pooled estimates were calculated according 

to Rubin’s rules (31). Baseline characteristics were compared between completers 

and non-completers using descriptive statistics. Missing data were imputed on the 

cost level and not on the level of resource use. Therefore, a descriptive analysis on 

resource use was performed based on the complete cases using t tests for normally 

distributed data and Mann-Whitney U tests for non-normally distributed data. 

Unless otherwise stated, data were analyzed in PASW (v18.0, SPSS Inc, Chicago, IL). 

Statistical significance was set at P < 0.05.

Societal perspective: CEa

The CEA was conducted from the societal perspective (ie, all costs related to the 

intervention were taken into account irrespective of who pays for them). The 

intervention effect on both vitality measures and NFR was analyzed using linear 

regression. Because the addition of potential confounders did not change the 

intervention effects by more than 10% and no effect modifiers were found, outcome 

measures were only adjusted for their baseline values. Mean cost differences between 

the intervention and control group were calculated for total and disaggregated 

costs. Using R (Version 2.13.1., Free Software Foundation Inc., Boston, MA), their 
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95% CIs were estimated by means of approximate bootstrap confidence intervals 

(32). Incremental cost-effectiveness ratios (ICERs) were calculated by dividing 

the difference in total costs between both groups by the difference in effects. 

Bootstrapped incremental cost-effect pairs, using 5000 replications, were plotted on 

cost-effectiveness planes to graphically illustrate the uncertainty around the ICERs 

(33). A summary measure of the joint uncertainty of costs and effects was presented 

using cost-effectiveness acceptability curves. These indicate the probability of cost-

effectiveness at different ceiling ratios (ie, the maximum amount of societal costs 

decision makers are willing to pay per unit of effect) (34).

Employer’s perspective: roI analysis

The ROI analysis was performed from the employer’s perspective (ie, only the costs 

relevant to the employer were considered, including intervention, absenteeism, and 

presenteeism costs). Three ROI metrics were calculated; (1) net benefits (NBs), (2) 

benefit:cost ratio (BCR), and (3) ROI (10).

NB = benefits − costs

BCR = benefits/costs

ROI = (benefits − costs)/costs [*100]

Costs were defined as intervention costs. Benefits were defined as the difference in 

monetized outcome measures (ie, absenteeism, and presenteeism costs) between 

the intervention and control groups during follow-up, with positive benefits indicating 

reduced spending. To quantify precision, 95% CIs around the benefit estimates and 

NB were estimated by means of approximate bootstrap confidence intervals (32). 

Financial returns are positive if the following criteria are met: NB > 0, BCR > 1, and 

ROI > 0%.

Sensitivity analyses

To test the robustness of the results, four sensitivity analyses (SAs) were conducted. 

First, analyses were performed using the complete cases only (SA1). Second, 

analyses were performed in which intervention costs were based on prices paid 
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(ie, intervention costs were solely valued using invoices) (SA2). Third, analyses were 

performed in which absenteeism costs were estimated using the HCA instead of the 

FCA (SA3). In the HCA, total sick leave days are neither “truncated” as in the FCA 

nor is elasticity considered (24). Fourth, because of the lack of overall consensus 

regarding the inclusion of presenteeism costs in economic evaluations, analyses 

were performed in which presenteeism costs were excluded (SA4) (10).

rESulTS

Participants

A total of 730 workers were randomized to the intervention (n = 367) or control 

group (n = 363). At baseline, no meaningful differences were found between both 

groups (Table 1). Complete follow-up data were obtained from 68.5% of the workers 

on the effect measures (n = 500; 250 intervention group workers and 250 control 

group workers) and from 53.4% of the workers on the cost measures (n = 390; 199 

intervention group workers and 191 control group workers) (Figure 1). Data about 

VEP and PVC visits were complete for all intervention group workers. No significant 

differences in baseline characteristics were found between workers with complete 

and incomplete follow-up data.

Effectiveness

During follow-up, intervention group workers increased their general vitality by 2.5 

points (range, 0 to 100) and their work-related vitality by 0.12 points (range, 0 to 

6), whereas both remained about the same in the control group (general vitality, 

0.0 points; work-related vitality, 0.03 points). Furthermore, the intervention group 

decreased their NFR by 1.8 points (range, 0 to 100), whereas that of the control group 

increased by 0.8 points. None of these between-group differences were statistically 

significant. 
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Figure 1: Flow diagram of older workers in the Vital@Work study
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Table 1: Baseline characteristics of the study population

Intervention group Control group

Baseline characteristics all
(n=367)

all
(n=363)

Female [n. (%)] 274 (74.7) 277 (76.3)
Age (years) [mean (SD)] 52.5 (4.8) 52.3 (4.9)
Education level [n. (%)]1

       Low 42 (11.4) 32 (8.8)
       Intermediate 100 (27.3) 110 (30.3)
       High 225 (61.3) 221 (60.9)

Working hours per week [mean (SD)] 30.4 (7.3) 29.8 (7.0)
Irregular working hours [n. (%)]
       Yes 44 (12.0) 52 (14.3)
       No 323 (88.0) 311 (85.7)

General vitality (Range 0-100) [mean (SD)] 66.7 (16.9) 68.1 (16.0)
Work-related vitality (Range 0-6) [mean (SD)] 4.9 (0.9) 4.9 (0.9)
Need for recovery (Range 0-100) [mean (SD)] 29.6 (27.7) 27.8 (28.1)

Abbreviations: n: number, SD: standard deviation
1 Education level was classified according to the definition of Statistics Netherlands (http://
www.cbs.nl)

resource use

During the intervention period, 894 PVC visits, 459 workout sessions, and 392 

yoga sessions were provided. On the basis of the complete cases, workers in the 

intervention and control groups did not differ in terms of their median number of 

visits to a care provider (2.0 vs 2.0; P = 0.96), median number of days of hospitalization 

(0.0 vs 0.0; P = 0.74), median number of sick leave days (2.0 vs 1.0; P = 0.127), and 

average presenteeism scores (0.2 vs 0.2; 95% CI, −0.01 to 0.02) during follow-up.

Costs

On average, intervention costs were €149 per worker (Table 2). Medical, absenteeism, 

presenteeism, and total costs were higher in the intervention than in the control 

group during follow-up. Sports costs, however, were lowest in the intervention group. 

None of these between-group differences were statistically significant (Table 3).
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Table 3: Mean costs per worker in the intervention and control group, and mean cost 
differences between both groups during the 12-month follow-up 

Imputed dataset

Cost category Intervention group
n=367; mean (SEm)

Control group
n=363; mean (SEm)

mean cost difference
(95% Ci)

Medical costs 847 (73) 593 (53) 254 (-246 – 670)
Absenteeism costs 2793 (250) 2570 (249) 223 (-1284 – 1637)
Presenteeism costs 11580 (408) 11475 (396) 106 (-1454 – 1650)
Sports costs 553 (37) 714 (38) -162 (-466 – 228)
Intervention costs 149 (NA) 0 (NA) 149 (NA)
Total costs 15922 (624) 15353 (574) 570 (-1968 – 2905)

Complete dataset
Cost category Intervention group

n=199; mean (Sd)
Control group

n=191; mean (Sd)
mean cost difference

(95% Ci)
Medical costs 295 (587) 277 (562) 19 (-94 - 132)
Absenteeism costs 793 (1764) 686 (1779) 107 (-259 – 446)
Presenteeism costs 9466 (4963) 9782 (6745) -315 (-1549 – 855)
Sports costs 449 (502) 505 (608) -56 (-170 – 45)
Intervention costs 149 (NA) 0 (NA) 149 (NA)
Total costs 11153 (5828) 11249 (7671) -96 (-1578 – 1237)

Abbreviations: n: number; SEM: standard error of the mean, CI: confidence interval, NA: not 
applicable, SD: standard deviation
Note: Costs are expressed in 2010 Euros

Societal perspective: Cost-effectiveness

For general vitality, an ICER of 280 was found. This indicates that the additional 

societal costs per 1-point improvement in general vitality were €280. ICERs in similar 

directions were found for work-related vitality (ICER, 7506) and NFR (ICER, −258) 

(Table 4). Note that the ICER for NFR was negative because lower scores indicate a 

better NFR. In all cost-effectiveness planes, the majority of incremental cost-effect 

pairs were located in the northeast quadrant (Figure 2 [1A–1C]), indicating that the 

intervention was more expensive than usual care in obtaining an additional unit of 

effect. The uncertainty surrounding the cost-effectiveness was large, as is reflected 

by the wide distribution of incremental cost-effect pairs (Table 4). Cost-effectiveness 

acceptability curves are presented in Figure 2 (2A–2C). To illustrate, if society is not 

willing to pay anything to obtain a 1-point improvement in general vitality, there is 

a probability of 0.3 that the intervention is cost-effective. If society is willing to pay 

±€3500, there is a probability of 0.9.
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Figure 2: Cost-effectiveness planes indicating the uncertainty around the incremental cost-
effectiveness ratios (1) and cost-effectiveness acceptability curves indicating the probability 
of cost-effectiveness for different values (€) of willingness to pay per unit of effect gained 
(2) for general vitality (a), work-related vitality (b), and need for recovery (c) (based on the 
imputed dataset).
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Employer’s perspective: Financial return

During follow-up, average absenteeism (−€223; 95% CI, −1636 to 1284) and 

presenteeism (−€106; 95% CI, −1650 to 1454) benefits per worker were negative, 

suggesting that the intervention increased productivity-related spending (Table 5). 

The NB was on average −€478 (95% CI, −2663 to 1816) per worker, suggesting a 

net loss to the employer of €478. Nevertheless, as indicated by the 95% CIs, the 

uncertainty surrounding the benefit estimates and NB was large and they cannot be 

regarded as statistically significant. The BCR (ie, amount of money returned per euro 

invested) and ROI (ie, percentage of profit per euro invested) were −2.21 and −321%, 

respectively (11). Overall, these findings suggest that the intervention was not cost 

saving to the employer during the 12-month follow-up. 

Sensitivity analyses

The overall conclusions would not change when using the results from SA2 (using 

prices paid), SA3 (using HCA), and SA4 (excluding presenteeism) (Tables 4 and 5). 

When solely analyzing the complete cases (SA1), however, total societal costs were 

lower in the intervention than in the control group, whereas they were highest in the 

intervention group according to the main analysis. This difference is mostly explained 

by differences in presenteeism costs, which were lowest in the intervention group 

among the complete cases, whereas they were lowest in the control group after 

multiple imputation (Table 3). Effect sizes, on the contrary, were about the same 

in both analyses. In the complete-case analysis, the majority of the incremental 

cost-effect pairs were located in the southeast quadrant of the cost-effectiveness 

plane, indicating that the intervention was less expensive than usual care to obtain 

an additional unit of effect. Nevertheless, the uncertainty surrounding this cost-

effectiveness was large. For the employer, the complete-case analysis resulted in an 

NB of €59 (95% CI, −1137 to 1471), a BCR of 1.40, and an ROI of 40%, indicating that 

the intervention produced a positive financial return. Again, however, the range of 

uncertainty was large.
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diSCuSSiON

The present study aimed to assess the cost-effectiveness and financial return of a 

worksite vitality intervention among older workers versus usual care. No significant 

differences in effects and costs were found. The intervention can neither be regarded 

as cost-effective from the societal perspective nor cost saving from that of the 

employer.

Effects and Costs

The lack of effect on the study outcomes might be due to their baseline values 

already being in the upper limit range of those measures, leaving less room for 

improvement. This might indicate a “healthy worker effect” (ie, healthier workers 

are more likely to stay in the workforce than those who are sick or physically unfit). 

Another explanation might be that attendance and compliance were lower than 

expected among intervention group workers. The attendance rates, defined as the 

mean percentage of attended group sessions in relation to the number of provided 

group sessions (n = 24), for the yoga and workout sessions were 51.7% and 44.8%, 

respectively (35). Furthermore, 108 (29.4%) intervention group workers did not 

attend any of the yoga sessions and 133 (36.2%) did not attend any of the workout 

sessions (35).

Until now, few studies evaluated the effectiveness of worksite health promotion 

intervention in terms of vitality or NFR. One study (36) found a worksite intervention 

consisting of vegan nutrition education sessions to increase general vitality by 11.0 

points (range, 0 to 100) at 22-week follow-up. Their results, however, were based on 

a nonrandomized study, making it difficult to attribute the effect to the intervention 

and to rule out the possibility that the study was biased by confounders or baseline 

differences in group characteristics (ie, selection bias) (10,37). Furthermore, the 

content of the intervention was different from that of the Vital@Work intervention, 

the intervention was not specifically aimed at older workers, and it is unknown 

whether the effect was sustained over the long term. 

As for the lack of significant cost differences, it is known that cost data are highly 

skewed and therefore require large sample sizes to detect relevant differences (38). 
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In our study, the sample size calculation was based on work-related vitality (2), 

which may have underpowered it to detect significant cost differences. Although not 

significant, it is noteworthy that despite the fact that intervention group workers 

reported a larger increase in weekly sports activities compared with their control 

group counterparts (3), sports costs were lowest in the intervention group. Further 

examination of the data revealed that this was mainly due to the fact that intervention 

group workers purchased fewer sports memberships than those of the control group 

(data not shown). Therefore, a possible explanation for this finding may be that 

workers regarded the Vital@Work intervention as a substitute for a membership of 

a sports club.

Societal perspective: Cost-effectiveness

Joint comparison of costs and effects revealed that a substantial amount of money 

has to be paid by society to reach a reasonable probability of cost-effectiveness. For 

example, for a 0.9 probability of cost-effectiveness, society should be willing to pay 

±€3500 per 1-point improvement in general vitality (range, 0 to 100). Although it is 

unknown what relevant improvements on the main study outcomes are, and this 

will depend on their baseline values, it may be in the 10% to 20% range. Therefore, 

although it is currently unknown how much decision makers are willing to pay 

for a 1-point improvement on both vitality measures and NFR, the present study 

provides no evidence to support the implementation of the Vital@Work intervention 

on cost-effectiveness grounds. One might argue that this was expected because 

the intervention did not have a significant effect on the main study outcomes. 

Nevertheless, CEAs are about the joint distribution of differences in costs and 

effects, which could even show clear cost-effectiveness when neither cost nor effect 

differences are individually significant (39). 

Comparing these results with previous studies is hampered by the lack of studies 

evaluating the societal cost-effectiveness of similar interventions in terms of vitality 

or NFR. Nevertheless, the previously mentioned study did report the intervention 

costs of their worksite vegan nutrition intervention ($3614/16 participants; $226/

participant) (36), but the authors did not measure any other cost and did not perform 

a full economic evaluation.
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Employer’s perspective: Financial return

The ROI analysis indicated that the Vital@Work intervention cannot be regarded as 

cost saving to the employer. So far, only one other study (40) evaluated the financial 

return of a similar intervention in terms of both absenteeism and presenteeism 

benefits. On average, this worksite physical activity and nutrition program, consisting 

of a health risk assessment, a Web portal, and lifestyle seminars, resulted in a 

reduction of 4.3 absenteeism days (absenteeism benefits: $1236) and a 0.79-point 

(range, 0 to 10) increase in work performance (presenteeism benefits, $1364). 

Combining these findings with the reported intervention costs ($138/participant) 

results in a BCR of 18.84 and an ROI of 1784% (10). These findings differ enormously 

from those of our study, which might be explained by differences in intervention 

content, intervention participants (older workers vs general working population), 

study design (RCT vs nonrandomized study) or a combination of these. The latter is 

underscored by a recent systematic review, which indicated that worksite physical 

activity, nutrition programs, or both generate positive financial returns through 

reduced absenteeism, medical costs, or both according to nonrandomized studies, 

whereas they do not according to RCTs (10).

robustness of study results

Sensitivity analyses revealed that the present findings were reasonably robust 

with respect to the valuation of intervention and absenteeism costs. Excluding 

presenteeism costs did not change the conclusions either. Nevertheless, differences 

were found between the main analysis, for which data were imputed, and the 

complete-case analysis. These differences were mainly caused by differences in 

presenteeism costs. This may be due to the complete cases being unrepresentative 

of the whole study population in terms of (presenteeism) costs and, therefore, not 

satisfying the missing completely at-random assumption (ie, the “missingness” 

of data does not depend on the unobserved or the observed data) required for a 

complete-case analysis to provide valid and unbiased results (32).
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Strengths and limitations

Several strengths of the present study are noteworthy. First, analyses were performed 

alongside a pragmatic RCT, which is generally acknowledged as the best vehicle for 

economic evaluations as it enables the evaluation of an intervention’s economic 

consequences under “real life” conditions and allows prospective collection of 

relevant cost and effect data (39,41). So far, few studies have used this design to 

evaluate the financial return of worksite physical activity or nutrition programs, 

although their results seem to differ from those of nonrandomized studies with a 

higher risk of bias (10). Second, the CEA was conducted from the societal perspective. 

Until now, many studies evaluating the cost-effectiveness of similar interventions 

have applied a rather restrictive perspective by including only intervention costs (42). 

Worksite interventions, however, are also thought to be associated with medical and 

productivity-related costs. Both were included in the present study as a result of 

the adoption of the societal perspective. Third, the present study was one of the 

first CEAs and ROI analyses of worksite physical activity or nutrition programs to 

incorporate presenteeism costs (10), which can represent a considerable proportion 

of total productivity-related costs (43). Nevertheless, it is important to mention that 

a “gold standard” for estimating presenteeism costs does not exist currently (25). 

Further research is needed to develop more sophisticated instruments for measuring 

and valuing presenteeism and to reach consensus about the best way to do so. Until 

then, the method used in the present study provides at least a crude estimate of the 

presenteeism costs associated with a worksite vitality intervention.

A first limitation concerns the amount of incomplete data. For 360 workers (48%), 

complete follow-up data were missing. This is comparable with the amount of 

missing data in other CEAs of worksite interventions that were conducted alongside 

RCTs with a follow-up of 1 year or more (44,45). Multiple imputation was used to 

deal with the missing data, which is acknowledged as a more appropriate way to 

deal with missing data than complete-case analyses (46). Complete-case analysis will 

always be inefficient, to some degree, as the sample size is reduced and it will ignore 

observed cost data, effect data, or both in the excluded participants (32). Multiple 

imputation, however, relies on the assumption that data are missing at random 

(ie, the “missingness” depends only on the observed data and not on unobserved 
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data), an assumption that may not necessarily hold true. Therefore, the results 

of the present study should be interpreted with caution. In future studies, every 

endeavor should be made to minimize the amount of missing data (32). Another 

limitation may be that cost and effect data were obtained through self-reported 

retrospective questionnaires, which may have caused “social desirability bias,” 

“recall bias,” or both. For example, participants’ health insurance claim data could 

not be used for calculating medical costs, as these are often practically inaccessible 

in the Netherlands. As a consequence, self-report of medical resource utilization is 

the most commonly used method in Dutch economic evaluations and was therefore 

used in the present study as well. Furthermore, it is unknown whether the results 

may be generalized to other working populations (ie, “external validity”), as the 

intervention was specifically tailored to older hospital workers.

Conclusion

The Vital@Work intervention was neither cost-effective from the societal perspective 

nor cost saving from that of the employer. Therefore, the present study provides no 

evidence to support its implementation on cost-related grounds.
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abSTraCT

objectives: To evaluate the cost-effectiveness and financial return of a mindfulness-

based worksite intervention compared to usual practice.

methods: 257 employees of two Dutch governmental research institutes were 

randomized to the intervention (n=129) or control group (n=128). Intervention group 

participants received an intervention consisting of mindfulness training, e-coaching, 

and several supporting elements. Data on work engagement, general vitality, 

job satisfaction, and work ability were collected at baseline, six, and 12 months. 

Salary and absence data were collected from company records. Data on healthcare 

utilization, work performance, the utilization of occupational health services and/

or in-company health promotion activities as well as the participants’ expenses 

on sports equipment and membership fees were collected using 3- or 6-monthly 

retrospective questionnaires. Missing data were imputed using multiple imputation. 

Cost-effectiveness analyses were conducted from both the societal and employer’s 

perspective. A return on investment analysis was conducted from the employer’s 

perspective. To test the robustness of the study results, various sensitivity analyses 

were conducted.

results: Intervention costs were €171 per participant from the societal perspective 

(bottom-up micro-costed) and €464 from the employer’s perspective (market prices). 

After 12 months, a statistically significant but not clinically relevant adverse effect on 

work engagement (-0.19; 95%CI -0.38 – -0.01) was found. There were no differences 

in job satisfaction (-0.02; 95%CI -0.22 – 0.17), general vitality (-3.0; 95%CI -6.1 – 0.1), 

work ability (-0.34; 95%CI -0.84 – 0.17), and total costs (societal: 1814; 95%CI -800 

– 4588, employer: 2038; 95%CI -548 - 4752). Probabilities of cost-effectiveness were 

low (≤0.25) and the intervention did not result in a positive financial return to the 

employer.

Conclusion: The intervention was neither cost saving nor cost-effective. Therefore, 

the present study provided no evidence to support its implementation. 
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iNTrOduCTiON 

During the last decades, daily working life has become more emotionally and mentally 

demanding (1). This may contribute to the development of mental health problems 

(1;2), of which up to 30% of the population worldwide experiences some form each 

year (3). Next to the human suffering associated with mental health problems, they 

negatively affect employers through reduced productivity and (in most European 

countries) the government and/or health insurance companies through increased 

health care costs. For example, in Europe alone, the annual costs of anxiety disorders 

and depression have been estimated at €136.3 billion, of which the majority (i.e. 

€99.3 billion) was due to productivity losses (4). Furthermore, mental health 

problems are one of the most important reasons for early retirement and withdrawal 

from the workforce on health-related grounds (5). 

In the Mindful “Vitality in Practice” (VIP) study, a mindfulness-based intervention 

was developed aimed at promoting mental health among workers by improving 

their work engagement. Work engagement is defined as “…a positive, fulfilling, 

work-related state of mind that is characterized by vigor (i.e. vitality), dedication, 

and absorption” (6). Work engagement was found to be negatively associated 

with burnout, depression, and psychosomatic complaints (2;7). In addition, work 

engagement is considered to be related to increased job satisfaction and reduced 

turnover intentions (8;9) and plays an important role in the promotion of work 

ability (10). A mindfulness-based approach was chosen as it is thought to produce 

“psychological flexibility”; i.e. the propensity to persist with behaviors that are 

consistent with ones values and to desist from those that are not (11). This in turn 

may lead to improved work engagement and mental health (12). 

Evaluations of the Mindful VIP intervention’s effectiveness have been reported 

elsewhere (13;14). However, numerous occupational health interventions exist, 

of which only a limited number can be provided with the resources available (15). 

Therefore, decision-makers may not only be interested in the effectiveness of worksite 

interventions, but also in their (additional) costs per unit of effect gained (16). This 

is explored using “cost-effectiveness analyses” (CEAs), of which the results can be 

used to decide how resources should optimally be allocated to maximize health or 
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welfare (17). Decision-makers, and employers in particular, may also be interested in 

the financial return of worksite interventions. This can be determined using “return 

on investment analyses” (ROI analyses), in which the costs of an intervention are 

compared to its financial benefits (18-20). 

The aim of the present study was to conduct a CEA and ROI analysis comparing the 

Mindful VIP intervention to usual practice. As various stakeholders may be affected 

by the implementation of this intervention (e.g. employers, government, and health 

insurance companies), CEAs were performed from both the societal and employer’s 

perspective. Additionally, a ROI analysis was performed from the employer’s 

perspective. 

mEThOdS 

Study population and design

The present study was conducted alongside a 12-month randomized controlled trial 

(21), which took place in 2010 and 2011. All employees of two Dutch governmental 

research institutes were invited to participate. Participants were recruited through 

available communication channels (e.g. intranet, and employee magazine). Exclusion 

criteria were: 1) being on sickness absence for more than four weeks, and 2) 

being pregnant. All participants provided written informed consent. After baseline 

measurements, they were randomly allocated to the intervention or control group 

by a research assistant using a computer-generated randomization sequence in SPSS 

(v15.0, Chicago, IL). The research assistant was blinded to group allocation. As a 

result of the nature of the intervention, blinding of participants and trainers was not 

possible. The study protocol was approved by the Medical Ethics Committee of the 

VU University Medical Center (21).

Control and intervention condition

After randomization, all participants were granted access to an intranet webpage 

containing links to various health promotion activities of the participating research 

institutes (e.g. in-company fitness). Additionally, intervention group participants 

received the 6-month Mindful VIP intervention. The intervention and its development 
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have been fully described elsewhere (21). Briefly, the intervention consisted of 

mindfulness training, e-coaching, and several supporting elements (i.e. fruit and 

vegetables, lunch walking routes, and a buddy system). 

The mindfulness training lasted eight weeks. Once a week, employees participated 

in 90-minute mindfulness group sessions (4-17 participants per group), given by 

certified trainers. Group compositions were the same during the training period, 

but participants were allowed to switch between groups if necessary. All sessions 

took place at the worksite and were scheduled so that participants could attend 

them outside working hours. Participants received hand-outs containing homework 

exercises, a mindfulness exercise booklet, and an audio disc with relaxation exercises. 

Participants formed pairs (i.e. the buddy system) for discussing homework exercises. 

An intranet webpage (“VIP webpage”) was developed where participants could access 

the intervention materials at any time. The webpage also provided suggestions for 

lunch walking routes in the vicinity of the worksite. The mindfulness training was 

followed by an 8-week e-coaching trajectory to continue the implementation of the 

mindfulness principles, which was provided by the mindfulness trainers as well. If 

deemed necessary by the trainers, participants were referred to an occupational 

health service (e.g. occupational physician, occupational social worker, and career 

coach) and/or an in-company health promotion activity. Throughout the 6-month 

intervention period, free fruit and vegetables were provided at the worksite (21). 

Effect measures

Effect measures were assessed at baseline, six, and 12 months and included work 

engagement, general vitality, job satisfaction, and work ability. 

Work engagement was assessed using the “Utrecht Work Engagement Scale” (UWES). 

The UWES includes 17 items concerning three aspects of work engagement; 1) vigor 

(6 items), 2) dedication (5 items), and 3) absorption (6 items). All items were scored 

on a 7-point scale ranging from “never”(0) to “always”(6). The Work Engagement 

Score ranges from 0 to 6 (higher scores indicate a better work engagement) (6). 

General vitality was assessed using the RAND-36 Vitality Scale, which includes four 

items assessing a participant’s general vitality during the previous four weeks. Items 

were scored on a 6-point scale ranging from “all of the time”(1) to “never”(6). The 
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RAND-36 Vitality Score ranges from 0-100 (higher scores indicate a better general 

vitality) (22).

Job satisfaction was explored using a 1-item question of the “Netherlands Working 

Conditions Survey” (23). Participants were asked to rate their overall job satisfaction 

on a 5-point scale ranging from “very dissatisfied”(1) to “very satisfied”(5). 

Work ability was explored using the Work Ability Index (WAI). The WAI originally 

consists of seven concepts (24). However, as sub-items can also be used as a concise 

indicator of work ability (25;26), only two concepts were used in the present study; 

1) current work ability (one item, range: 0-10), and 2) work ability in relation to 

physical and mental job demands (two items, range: 0-10). The Work Ability Score 

was calculated by combining the raw scores of both WAI concepts and ranges from 0 

to 20 (higher scores indicate a better work ability).

resource use and valuation

For the societal perspective, bottom-up micro-costing was used to estimate 

intervention costs (i.e. data were collected regarding the quantity of resources 

consumed during the implementation of the intervention as well as their unit prices) 

(27). Intervention costs comprised those related to developing, implementing, 

and operating the Mindful VIP intervention (i.e. costs of mindfulness training, 

e-coaching, printed materials, fruit and vegetables, and “VIP webpage” hosting and 

maintenance). Frequency, duration, and preparation time of group meetings and 

e-mail contacts were registered by the trainers. Labor costs of intervention staff 

were valued by multiplying their total time investments by their gross hourly salaries 

including holiday allowances and premiums. Capital costs were valued using cost data 

collected from finance department staff. Costs of printed materials, the provision of 

fruit and vegetables, and website hosting and maintenance were estimated using 

invoices. Development costs were estimated by dividing the total costs related to 

the development of the intervention by the expected number of program users 

during the first five years after implementation. For the analyses conducted from the 

employer’s perspective, intervention costs were valued using market prices (i.e. the 

true cost to the employer, namely the amount of money employers have to pay when 

implementing the Mindful VIP intervention).
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Health care utilization was assessed using 3-monthly retrospective questionnaires 

and included primary health care (i.e. general practitioner, allied health professionals, 

and complementary medicine), secondary health care (i.e. medical specialists, and 

hospitalization) and the use of prescribed and over-the-counter medications. Dutch 

standard costs were used to value health care utilization (28). If these were not 

available, prices according to professional organizations were used. Medication use 

was valued using unit prices provided by the Dutch Society of Pharmacy (29). 

The use of occupational health services and/or in-company health promotion 

activities was assessed using 6-monthly retrospective questionnaires. Occupational 

health costs were valued using both a micro-costing approach (societal perspective) 

and market prices (employer’s perspective). For both costing methods, information 

was collected from finance department staff.

Participants’ expenses on sports membership fees and sports equipment were 

assessed using 3-monthly retrospective questionnaires.

Sickness absence at baseline (i.e. a one year period prior to baseline) and during 

follow-up as well as gross annual salaries of participants were collected from company 

records. Costs associated with one sick leave day were calculated per participant by 

dividing their gross annual salaries including holiday allowances and premiums by 

their total number of workable days per year (28). Holiday allowances and premiums 

were estimated according to the Dutch manual of costing (28). Using the Friction Cost 

Approach (FCA), absenteeism costs were estimated by multiplying the total number 

of sickness absence days during follow-up by their associated costs. Therefore, a 

friction period of 23 weeks was used, which is the time-span organizations need to 

replace a sick worker. Also, an elasticity of 0.8 was used, which implies that a 100% 

loss of work time corresponds with an 80% reduction in productivity (30).

Presenteeism was assessed on a 3-monthly basis using an item of “The World 

Health Organization Health and Work Performance Questionnaire” (WHO-HPQ). 

Participants were asked to rate their overall work performance during the previous 

three months on an 11-point scale, ranging from “worst performance”(0) to “best 

performance”(10). Subsequently, their average work performance during follow-up 

(Wown) was calculated. In the WHO-HPQ, presenteeism is conceptualized as a measure 

of actual work performance in relation to “best performance”(10), irrespective of 
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the presence or absence of health complaints. Therefore, a participant’s level of 

presenteeism (PHPQ) was calculated using the following formula (31;32):

PHPQ = (10 – Wown)/10

Presenteeism costs were calculated by multiplying a participant’s PHPQ by their gross 

annual salary including holiday allowances and premiums, corrected for absenteeism 

costs. 

All costs were converted to 2011 Euros using consumer price indices (33). As the 

follow-up of the trial was one year, discounting of costs and effects was not necessary 

(34). An overview of the price weights used for valuing resource use can be found in 

Table 1 (Columns: 2-3).

Statistical analyses 

Analyses were performed according to the intention-to-treat principle. Using 

descriptive statistics, baseline characteristics were compared between intervention 

and control group participants as well as those with complete and incomplete data. 

Missing data were imputed using multiple imputation. Imputations were performed 

separately for the intervention and control group. Amongst others, the imputation 

model included age, gender, number of working days, baseline sickness absence, 

baseline effect measure values, and available midpoint and follow-up cost and 

effect measure values (6- and 12 months). Using Fully Conditional Specification 

and Predictive Mean Matching, 10 complete data sets were created in PASW (V18, 

Chicago, IL) (Loss of Efficiency ≤5%) (35-37). Pooled estimates were calculated 

according to Rubin’s rules (38). Furthermore, a descriptive analysis on resource use 

was performed. This analysis was based on the complete-cases, as missing data 

were imputed on the cost level rather than the level of resource use. T-tests were 

performed for normally distributed data. For skewed data, 95% confidence intervals 

(95%CIs) around the mean resource use differences were calculated using the bias-

corrected and accelerated (BCA) bootstrap method (5000 replications). Unless 

otherwise stated, data were analyzed using Stata (V12, Stata Corp, College Station, 

TX). Statistical significance was set at p<0.05. 
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Cost-effectiveness analysis

CEAs in terms of work engagement and general vitality were conducted from 

the societal perspective (i.e. all costs related to the intervention were taken into 

account irrespective of who pays or benefits). CEAs in terms of work engagement, 

job satisfaction, and work ability were conducted from the employer’s perspective 

(i.e. only costs relevant to Dutch employers were considered, including intervention, 

absenteeism, presenteeism, and occupational health costs). Effectiveness at 

12-month follow-up was analyzed using linear regression, adjusted for baseline 

values. Unadjusted mean cost differences between the intervention and control 

group were calculated for total and disaggregated costs. Their 95%CIs were estimated 

by means of BCA intervals, with 5000 replications. Seemingly unrelated regression 

(SUR) analyses were performed in which effect differences were corrected for their 

baseline values and cost differences for baseline sickness absence (39). Subsequently, 

incremental cost-effectiveness ratios (ICERs) were calculated by dividing the 

corrected cost differences by those in effects. The uncertainty surrounding the ICERs 

was graphically illustrated by plotting bootstrapped incremental cost-effect pairs (CE-

pairs) on cost-effectiveness planes (CE-planes) (40). A summary measure of the joint 

uncertainty of costs and effects was presented using cost-effectiveness acceptability 

curves (CEACs). CEACs indicate the intervention’s probability of cost-effectiveness at 

different values of willingness-to-pay (41). 

Employer’s perspective: ROI analysis

The ROI analysis was performed from the employer’s perspective. Costs were 

defined as intervention costs and benefits as the difference in total monetized 

outcome measures between the intervention and control group during follow-

up (i.e. absenteeism, presenteeism, and occupational health costs). Using linear 

regression, benefits were adjusted for baseline sickness absence. Positive benefits 

indicate reduced spending. Three ROI-metrics were calculated; 1) Net Benefits (NB), 

2) Benefit Cost Ratio (BCR), and 3) Return On Investment (ROI). 
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NB = Benefits – Costs

BCR = Benefits / Costs

ROI = ((Benefits – Costs)/Costs)*100

To quantify precision, 95% bootstrapped confidence intervals were estimated, using 

5000 replications. Financial returns are positive if the following criteria are met: 

NB>0, BCR>1, and ROI>0% (18-20).

Sensitivity analyses

To test the robustness of the results, six sensitivity analyses were performed. First, 

analyses were performed using the complete-cases only (SA1). Second, analyses 

were performed in which productivity losses were estimated using standard mean 

labor costs of the Dutch population (i.e. €30.90) (SA2) (28). Third, analyses were 

performed in which absenteeism costs were estimated using the Human Capital 

Approach (HCA) instead of the FCA (SA3). In the HCA, total sickness absence days 

are neither “truncated” to the friction period, nor is an elasticity factor applied. 

Fourth, analyses were performed in which presenteeism costs were estimated 

using a slightly modified version of the “PROductivity and DISease Questionnaire” 

(PRODISQ) (42;43). On a 3-montly basis, participants were asked to report the 

number of days during the previous two weeks at which they went to work while 

experiencing health complaints. If applicable, participants were asked to rate the 

quantity (Q1) and quality (Q2) of their work during these days on an 11-point scale 

ranging from “Nothing/Very bad quality”(0) to “Same as normal”(10). Assuming 

linearity, the number of workdays at which participants experienced some level of 

presenteeism was extrapolated over a 3-month period (W
pres). Per 3-month period, 

total workdays lost due to presenteeism were calculated using the following formula: 

PdaysPRODISQ = Wpres * (1-((Q1*Q2)/100))

Subsequently, the total number of workdays lost due to presenteeism during 

the complete follow-up period was estimated and valued using gross salaries 

of participants including holiday allowances and premiums. Fifth, due to the lack 
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of overall consensus regarding the inclusion of presenteeism costs in economic 

evaluations, analyses were performed in which presenteeism costs were excluded 

(SA5). Sixth, as work engagement was previously found to be related to turnover 

intentions (10), we set out to include turnover costs in our main analysis. 

Unfortunately, however, only the number of participants leaving the company during 

follow-up could be ascertained, instead of the number that was replaced. Therefore, 

turnover costs were only included in a sensitivity analysis (SA6), which was based on 

the premise that all participants that left the company were replaced, by new ones. 

Turnover costs were estimated by multiplying the number of participants that left 

the company by the organizational costs associated with replacing one employee. 

Using information from finance and human resource department staff, these costs 

were estimated according to the costing model of Smith and Watkins (See Appendix 

1) (44).

rESulTS

Participants

A total of 257 participants were randomized to the intervention (n=129) or control 

group (n=128) (Figure 1). At baseline, a relevant difference in sickness absence was 

found between both groups (Intervention group: Mean=7.1 (SD=25.7); Control group: 

Mean=3.8 (SD=9.5)) (Table 1). Complete follow-up data were obtained from 88% of 

participants on the effect measures (n=226; 118 intervention group participants 

and 108 control group participants) and from 71% on the cost measures (n=181; 

91 intervention group participants and 90 control group participants). Data on the 

total number of provided mindfulness and e-coaching were complete. Relevant 

differences in terms of sickness absence days were also found between participants 

with complete and incomplete data in the intervention (Complete: 7.9 (SD=28.0); 

Incomplete: 3.4 (SD=5.1)) and control group (Complete: 2.5 (SD=5.0); Incomplete: 

9.5 (SD=18.9)) (Table 2). 
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Imputed dataset 

(n=129; 100%) 
Imputed dataset 

(n=128; 100%) 

Multiple imputations 

(n=38) 
Multiple imputations 

(n=44) 

 

Randomized (n= 257) 

Allocation 

Allocated to control (n=128) 

Willing to participate (n=260)   

Excluded (n=3) 

♦   Declined to participate (n=2) 

♦   Other reason (n=1) 

Lost to follow-

up after 

baseline: n= 8 

 

Lost to follow-

up after 

baseline: n= 8 

Allocated to intervention (n=129) 

Lost to follow-

up after 

baseline: n= 14 

Lost to follow-

up after 

baseline: n= 16 

Follow-Up T1  
(6 months) 

Enrollment 

Invited to participate (n=1820)   

Follow-Up T2  
(12 months) 

Reasons for loss to 

follow-up: 

- resignation (n=1) 
- no time (n=5) 
- personal/private  reasons 
(n=2) 

Reasons for loss to 

follow-up: 

 
- resignation (n=5) 
- no time (n=6) 
- personal/private  reasons 
(n=2) 
-dissatisfied with control  
condition (n=3) 
- unknown (n=1) 

Complete cases 

(n=91; 71%)  
 
Effect data: 118 (92%) 

Cost data:  91 (71%) 

Analysis 

Complete cases 

(n=84; 66%)  
 
Effect data: 108 (84%) 

Cost data:  90 (70%) 

Figure 1: Flow diagram of participants in the Mindful VIP study 



Economic evaluation Mindful VIP

139

5

Ta
bl

e 
2:

 B
as

el
in

e 
ch

ar
ac

te
ri

sti
cs

 o
f t

he
 s

tu
dy

 p
op

ul
ati

on
 

In
te

rv
en

ti
on

 g
ro

up
Co

nt
ro

l g
ro

up
Ba

se
lin

e 
ch

ar
ac

te
ri

sti
cs

a
ll

(n
=1

29
)

Co
m

pl
et

e
(n

=9
1)

In
co

m
pl

et
e 

(n
=3

8)
a

ll
(n

=1
28

)
Co

m
pl

et
e 

(n
=8

4)
In

co
m

pl
et

e 
(n

=4
4)

Fe
m

al
e 

[n
 (%

)]
82

 (6
3.

6)
56

 (6
1.

5)
26

 (6
8.

4)
91

 (7
1.

1)
57

 (6
7.

9)
34

 (7
7.

3)
A

ge
 (y

ea
rs

) [
m

ea
n 

(S
D

)]
46

.0
 (9

.5
)

46
.8

 (8
.8

)
44

.1
 (1

0.
7)

45
.1

 (9
.6

)
45

.2
 (8

.9
)

44
.7

 (1
0.

9)
M

ar
ita

l s
ta

tu
s:

 m
ar

ri
ed

 o
r 

si
gn

ifi
ca

nt
 o

th
er

 (n
 (%

)]
 

10
5 

(8
1.

3)
78

 (8
5.

7)
27

 (7
1.

1)
94

 (7
2.

9)
68

 (9
1.

9)
26

 (5
9.

1)
Ed

uc
ati

on
 le

ve
l [

n 
(%

)]
1

   
   

 L
ow

3 
(2

.3
)

2 
(2

.2
)

1 
(2

.6
)

2 
(1

.6
)

1 
(1

.2
)

1 
(2

.3
)

   
   

 In
te

rm
ed

ia
te

27
 (2

0.
9)

19
 (2

0.
9)

8 
(2

1.
1)

16
 (1

2.
5)

8 
(9

.5
)

8 
(1

8.
2)

   
   

 H
ig

h
99

 (7
6.

7)
70

 (7
6.

9)
29

 (7
6.

3)
11

0 
(8

5.
9)

75
 (8

9.
3)

35
 (7

9.
5)

W
or

ki
ng

 h
ou

rs
 p

er
 w

ee
k 

[m
ea

n 
(S

D
)]

32
.6

 (5
.6

)
32

.6
 (5

.6
)

32
.6

 (5
.7

)
32

.0
 (5

.6
)

32
.2

 (5
.0

)
31

.8
 (6

.7
)

W
or

k 
en

ga
ge

m
en

t  
(r

an
ge

: 0
-6

) [
m

ea
n 

(S
D

)]
4.

1 
(0

.8
)

4.
0 

(0
.8

)
4.

3 
(0

.9
)

4.
0 

(0
.9

)
4.

1 
(0

.8
)

3.
8 

(1
.0

)
G

en
er

al
 V

ita
lit

y 
(r

an
ge

: 0
-1

00
) [

m
ea

n 
(S

D
)]

67
.2

 (1
6.

7)
66

.9
 (1

6.
7)

67
.9

 (1
6.

9)
67

.6
 (1

8.
7)

68
.2

 (1
8.

6)
66

.5
 (1

9.
2)

Jo
b 

sa
tis

fa
cti

on
 (r

an
ge

: 1
-5

) [
m

ea
n 

(S
D

)]
 

4.
1 

(0
.7

)
4.

1 
(0

.6
)

4.
2 

(0
.8

)
3.

9 
(0

.8
)

4.
0 

(0
.6

)
3.

8 
(0

.8
)

W
or

k 
ab

ili
ty

 (r
an

ge
: 0

-2
0)

 [m
ea

n 
(S

D
)]

16
.6

 (2
.3

)
16

.5
 (2

.3
)

16
.9

 (2
.5

)
16

.3
 (2

.6
)

16
.6

 (2
.4

)
15

.7
 (2

.8
)

Si
ck

ne
ss

 a
bs

en
ce

: n
um

be
r 

of
 s

ic
kn

es
s 

ab
se

nc
e 

da
ys

 
du

ri
ng

 th
e 

ye
ar

 p
ri

or
 to

 b
as

el
in

e 
[m

ea
n 

(S
D

)]
2

7.
1 

(2
5.

7)
7.

9 
(2

8.
0)

3.
4 

(5
.1

)
3.

8 
(9

.5
)

2.
4 

(5
.0

)
9.

5 
(1

8.
9)

W
or

k 
pe

rf
or

m
an

ce
: W

H
O

-H
PQ

 w
or

k 
pe

rf
or

m
an

ce
 s

co
re

 
du

ri
ng

 a
 4

-w
ee

k 
pe

ri
od

 b
ef

or
e 

ba
se

lin
e 

[m
ea

n 
(S

D
)]

7.
9 

(1
.3

)
7.

8 
(1

.3
)

8.
0 

(1
.1

)
7.

9 
(1

.1
)

8.
0 

(1
.1

)
7.

7 
(1

.2
)

A
bb

re
vi

ati
on

s:
 n

: n
um

be
r, 

SD
: s

ta
nd

ar
d 

de
vi

ati
on

1  E
du

ca
tio

n 
le

ve
l w

as
 c

la
ss

ifi
ed

 a
cc

or
di

ng
 to

 th
e 

de
fin

iti
on

 o
f S

ta
tis

tic
s 

N
et

he
rl

an
ds

 (h
tt

p:
//

w
w

w
.c

bs
.n

l) 
2  C

om
pl

et
e 

da
ta

 w
er

e 
ob

ta
in

ed
 fr

om
 1

09
 in

te
rv

en
tio

n 
gr

ou
p 

pa
rti

ci
pa

nt
s 

an
d 

10
3 

co
nt

ro
l g

ro
up

 p
ar

tic
ip

an
ts



Chapter 5

140

Effectiveness

A statistically significant difference in work engagement was found in favor of the 

control group. Compared to the control group, intervention group participants 

decreased their work performance (Range: 0-6) by 0.19 points (95%CI -0.38 - -0.01). 

No statistically significant differences were found for job satisfaction (-0.02; 95%CI – 

0.22 – 0.17), general vitality (-3.0; 95%CI -6.1 – 0.1), and work ability (-0.34; 95%CI 

-0.84 – 0.17).

resource use

During the intervention period, 112 mindfulness sessions and 194 e-coaching sessions 

were provided. Based on the complete-cases, participants in the intervention and 

control group did not differ in terms of their average number of visits to a care 

provider (6.9 versus 8.5), average number of days of hospitalization (0.3 versus 

0.3), and their average number of months of in-company fitness (2.7 versus 2.8). 

However, a statistically significant between-group difference was found in terms of 

their average presenteeism score (0.26 versus 0.23; p=0.01) (Table 1). 

Costs

Average intervention costs per participant were €171 from the societal perspective 

and €464 from the employer’s perspective (Appendix 2). Medical, absenteeism, and 

presenteeism costs were highest among intervention group participants. Sports and 

occupational health costs were highest among control group participants. However, 

none of these between-group differences were statistically significant (Table 3). 
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Table 3: Mean costs per participant in the intervention and control group, and unadjusted 
mean cost differences between both groups during the 12-month follow-up

Cost category Intervention group
n=129; mean (SEm)

Control group
n=128; mean (SEm)

mean cost difference
(95%Ci)

Societal perspective
Medical costs 588 (126) 495 (68) 94 (-116 – 472)
Sports costs 449 (44) 491 (52) -42 (-180 – 86)
Occupational health costs 113 (15) 137 (19) -24 (-75 – 23)
Absenteeism costs 2160 (423) 1413 (214) 746 (-14 – 1885)
Presenteeism costs 17293 (957) 16424 (904) 869 (-325 - 3930)
Intervention costs 171 (NA) NA 171 (NA)
total 20773 (1034) 18960 (963) 1814 (-800 – 4588)

Employer’s perspective
Absenteeism costs 2160 (423) 1413 (214) 746 (-14 – 1885)
Occupational health costs 113 (17) 155 (28) -42 (-118 – 15)
Presenteeism costs 17293 (957) 16424 (904) 869 (-325 - 3930)
Intervention costs 464 (NA) NA 464 (NA)
total 20029 (1012) 17992 (950) 2038 (-548 – 4752)

Abbreviations: n: number; SEM: Standard Error of the Mean, CI: Confidence Interval, NA: Not 
Applicable, SD: Standard Deviation
Note: Costs are expressed in 2011 Euros

Societal perspective: cost-effectiveness

For work engagement an ICER of -7321 was found, indicating that a 1-point decrease 

in work engagement was associated with a societal cost of €7321. An ICER in the 

similar direction was found for general vitality (ICER:-470). In both cases, the 

majority of incremental CE-pairs were located in the northwest quadrant of the 

CE-plane, indicating that the intervention was more costly and less effective than 

usual practice. This is graphically illustrated for work engagement (Figure 2). The 

uncertainty surrounding both cost-effectiveness estimates was large, as is reflected 

in the wide distribution of incremental CE-pairs (Figure 2, Table 4). The CEAC for 

work engagement presented in Figure 3 shows that the maximum probability of 

the intervention being cost-effective in comparison with usual practice was 0.17 

regardless of the willingness to pay. For general vitality, the maximum probability 

was 0.17 as well (Figure not shown).
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Figure 2: Costs-effectiveness plane for the difference in work engagement at 12-months 
(societal perspective)
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Employer’s perspective: cost-effectiveness 

For work engagement an ICER of -8593 was found, indicating that a 1-point decrease 

in work engagement was associated with an employer’s cost of €8593. ICERs in 

the similar direction were found for job satisfaction (ICER:-81295) and work ability 

(ICER:-5081). In all cases, the majority of incremental CE-pairs were located in the 

northwest quadrant of the CE-plane (Table 4), indicating that the intervention was 

more costly and less effective than usual practice. Irrespective of the willingness to 

pay, the associated maximum probabilities of cost-effectiveness were 0.13 (work 

engagement), 0.25 (job satisfaction), and 0.12 (work ability) (Figures not shown).

Employer’s perspective: financial return 

During follow-up, total benefits in terms of absenteeism, presenteeism, and 

occupational health costs were on average €-1170 (95%CI: -3760 – 1486) (Table 

5). The NB was on average €-1635 (95%CI: -4268 – 973), which suggests that the 

intervention was associated with a net loss to the employer of €1635 per participant. 

The BCR (i.e. amount of money returned per Euro invested) and ROI (i.e. percentage 

of profit per Euro invested) were -2.51 (95%CI: -8.19 – 3.10) and -315% (95%CI: -919 

– 210), respectively. None of these estimates was statistically significant. 

Sensitivity analyses

Results of SA2, SA3, and SA6 were similar to those of the main analysis, whereas 

the outcomes of SA1, SA4, and SA5 differed in some aspects from those of the main 

analysis (Table 4, Table 5). Three differences stand out. First, work engagement 

significantly decreased among intervention group participants compared to their 

control group counterparts in the main analysis, whereas this difference was non-

significant among the complete-cases (SA1). Second, the total cost differences 

between the intervention and control group were considerably lower in SA4 

(PRODISQ) compared to those of the main analysis. Third, financial return estimates 

were statistically significant among the complete-cases (SA1) and when presenteeism 

costs were excluded (SA5), whereas they were not in the main analysis. 
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5

diSCuSSiON

This study evaluated the cost-effectiveness and financial return of a mindfulness-

based worksite intervention aimed at improving work engagement versus usual 

practice. The intervention had a statistically significant adverse but non-relevant 

effect (i.e. ≤10% decrease) on work engagement (21), no significant effect on all other 

cost and effect measures, and low probabilities of cost-effectiveness from both the 

societal and employer’s perspective. In addition, the intervention did not generate a 

positive financial return to the employer. As such, the present study does not provide 

evidence for its implementation for economic reasons.

Effects and costs

A possible explanation for the lack of positive effects could be the low compliance 

with some of the intervention components. Although more than half of the 

participants (55%) were highly compliant with the mindfulness sessions (i.e. 

they attended ≥75% of the 8 provided sessions), only 8% were considered highly 

compliant with the homework exercises, and only 6% with the e-coaching sessions 

(45). The latter were provided after the 8-week mindfulness training in order to 

continue the implementation of the mindfulness principles (21). It is therefore 

likely that participants did not sufficiently integrate these principles into their daily 

(work) life to affect their work engagement at 12-month follow-up. This reasoning 

is supported by the fact that participants reported to feel ‘revitalised’, ‘fresh’, 

‘energetic’, and ‘peaceful’ after the mindfulness sessions, whereas they indicated that 

this effect faded away with time (45). This might also explain why previous studies, 

with relatively short follow-up durations (Range: 8–26 weeks, Mean: 12.4 weeks), 

found mindfulness-based worksite interventions to be effective in terms of various 

stress- and/or work-related outcomes (46-50), whereas the present study did not. 

Other factors, however, might also account for these conflicting results, including 

differences in study population and study design (e.g. three of the five studies were 

based on a non-randomized design (46;48;49)). Another explanation for the lack of 

positive effects might be that the favourable long-term effects found among various 

clinical populations are not necessarily generalizable to a relatively healthy workforce 

(46;51). However, more long-term RCTs are needed to establish this. 
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Regarding the lack of significant cost differences, it is known that cost data are heavily 

right skewed and therefore require large sample sizes to detect relevant differences 

(52). As in most RCTs, however, the sample size calculation was based on the primary 

outcome (i.e. work engagement) (21). This probably underpowered the present 

study to detect relevant cost differences (52). Although statistically non-significant, it 

is worth mentioning that absenteeism and presenteeism costs were highest among 

intervention group participants who also had significantly lower levels of work 

engagement in comparison to the control group. This is in line with previous research 

findings that found work engagement to negatively predict sickness absence duration 

and frequency and to positively predict overall work performance (2;53). 

Cost-effectiveness

Joint comparison of costs and effects revealed that the maximum probability of cost-

effectiveness was very low for all outcome measures, irrespective of the willingness-

to-pay (≤0.25). Therefore, the present study provides no evidence to support 

implementation of the intervention on cost-effectiveness grounds. 

Although various studies evaluated the effectiveness of mindfulness-based worksite 

interventions, none of them conducted a CEA. One study (54), however, did evaluate 

the societal cost-effectiveness of a worksite vitality intervention (i.e. work-out, yoga, 

coaching, and free fruit) versus usual practice among older hospital workers. Per 

1-point increase in general vitality, the additional societal costs were found to be 

€280. Although this ICER is considerably more favourable than that of the present 

study (i.e. -470), the intervention was not considered to be cost-effective either, 

as a substantial amount of money had to be paid by society to reach a reasonable 

probability of cost-effectiveness (i.e. €3500 for a probability of 0.9).

Financial return

The ROI analysis indicated that the Mindful VIP intervention cannot be regarded as cost 

saving to the employer. Other studies evaluating the financial return of mindfulness-

based worksite interventions are lacking. However, the previously mentioned study 

(54) also estimated the financial return of the worksite vitality intervention. In terms 

of absenteeism and presenteeism, a BCR of -2.21 and a ROI of -321% were found. 
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Although these financial return estimates are similar to those of the present study, 

a higher benefit decrease (€-1170 versus €-329) and higher intervention costs (€464 

versus €149) were found in the present study. Also, occupational health costs were 

included in the present study, but not in the previous one. 

Robustness of study results

The outcomes of the sensitivity analyses differed in some aspects from those of 

the main analysis (i.e. value sensitivity). First, the effect on work engagement was 

statistically significant in the main analysis (for which data were imputed), but not in 

the complete-case analysis. As their mean effect differences were comparable (i.e. 

-0.19 versus -0.15), this is likely explained by the increased power resulting from 

multiply imputing the missing values. Second, the total cost difference between 

the intervention and control group was considerably smaller when presenteeism 

costs were estimated using a slightly modified version of the PRODISQ, instead the 

WHO-HPQ. This was due to the fact that presenteeism costs were highest among 

intervention group participants when using the WHO-HPQ, but lowest when 

using the modified-PRODISQ (data not shown). Both instruments likely produced 

different results because they conceptualize presenteeism in a slightly different 

way (WHO-HPQ: reduced overall work performance, modified-PRODISQ: reduced 

work performance due to health complaints). The WHO-HPQ was used in the 

main analysis, as work engagement was found to be positively related to overall 

work performance (53), whereas evidence regarding an association between work 

engagement and reduced work performance due to health complaints is currently 

lacking. Third, in the main analysis, financial return estimates were not statistically 

significant, whereas they were statistically significant among the complete-cases and 

when presenteeism costs were excluded. The first may be due to the complete-cases 

being unrepresentative of the whole study population in terms of their total costs 

and therefore not satisfying the “Missing Completely At Random” assumption (i.e. 

the “missingness” of data does neither depend on the observed nor the unobserved 

data) required for a complete-case analysis to provide valid results (35-37). Based on 

the latter, it can be concluded that the intervention generated a financial loss to the 

employer in terms of absenteeism and occupational health costs alone. 
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None of the sensitivity analyses, however, led to changes in the overall conclusion 

about whether or not to implement the intervention (i.e. decision sensitivity). As 

CEAs and ROI analyses are conducted to inform implementation decisions, the results 

of the present study can be considered robust (15). 

Strengths and limitations

An important strength of the present study is its pragmatic RCT design, which enabled 

the evaluation of the intervention’s cost-effectiveness and financial return under 

“real world” circumstances. The randomization aspect is of particular importance, 

as financial return estimates based on RCTs seem to differ from those of non-

randomized studies with a higher risk of bias (55). A second strength concerns the 

measurement and valuation of productivity-related costs. For estimating absenteeism 

costs, sickness absence and salary data were retrieved from company records, which 

eliminated recall bias. Also, the present study incorporated presenteeism costs, which 

can represent a considerable proportion of total productivity-related spending. Not 

including this cost category could lead to an underestimation of the cost impact of 

worksite interventions. It is important to mention, however, that a “gold standard” 

for measuring and valuing presenteeism does currently not exist. Further research 

is therefore needed to develop more sophisticated methods for estimating and 

valuing presenteeism and to reach consensus about the best way to do so. Until 

then, the methods used in the present study provides at least a crude estimate of 

the presenteeism costs associated with a mindfulness-based worksite intervention. 

A third strength concerns the use of state-of-the-art statistical methods that are not 

or infrequently used in occupational health research. Multiple imputation was used 

to avoid the problems of lost power and inefficiency associated with complete-case 

analyses. SUR analyses were used for the cost and effect components of the CEA 

allowing us to adjust for various confounders that are not required to be the same for 

costs and effects. Also, this method has the advantage that it allows for the correction 

for the possible correlations between error terms of regression equations (i.e. cost 

and effect equations) (39). Finally, until now, BCR and ROI estimates were presented 

without an indication of their uncertainty. In the present study, bootstrapping 

techniques, which are frequently used for estimating the uncertainty surrounding 

skewed data (34;52), were used to estimate their 95%CIs. 
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Some methodological limitations deserve attention as well. A first limitation concerns 

the amount of missing data; i.e. complete data were missing from 32% of participants. 

Although this percentage is relatively low compared to that of similar studies (56;57), 

and multiple imputation was used for handling missing data, multiple imputation 

cannot be regarded as a solution to prevent missing data in the first place. Even 

with the most sophisticated imputation techniques, cost and effect estimates are 

less reliable than those based on a 100% complete dataset. Every endeavor should 

therefore be made in future studies to minimize the amount of missing data. Second, 

the present study was carried out at two Dutch governmental research institutes and 

it is unknown whether the results are generalizable to other working populations or 

jurisdictions (i.e. external validity). As for the jurisdictions, it is important to bear in 

mind that employee medical cost policies differ between countries. In countries with 

employer-provided health insurance (e.g. the United States), employers bear a large 

part of the medical costs of their employees, whereas in the Netherlands (which has 

a dual payer system) they accrue to the government or health insurance companies. 

Therefore, the results of the analyses performed from the employer’s perspective 

are mainly of interest to decision makers in countries with comparable policies. Third, 

as work engagement seems to be a predictor for turnover intentions (8;9), we set 

out to include turnover costs in our cost estimate. Unfortunately, the participating 

institutes were not able to provide us with all the required information and turnover 

costs were therefore only included in a sensitivity analysis. Nevertheless, the current 

methods used for estimating them could be insightful for researchers that intend to 

include this cost category in a future economic evaluation. Also, some researchers 

argue that economic evaluations should not be performed of interventions that 

were previously found to be ineffective. Such interventions, however, may still be 

considered cost-effectiveness and/or show a positive financial return if there is a non-

negligible probability that the intervention is associated with cost-savings (52;58). 

Even if this would not be the case, not reporting on their cost-effectiveness and/or 

financial return would lead to biased systematic reviews on the resource implications 

of interventions.
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Conclusion

The intervention was neither cost-effective from the societal perspective nor from 

that of the employer. Also, the intervention did not produce a positive financial 

return to the employer. Therefore, although mindfulness-based interventions are 

increasingly being offered in the workplace, the present study did not provide 

evidence for its implementation on cost-related grounds. 
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abSTraCT

objectives: To conduct a cost-effectiveness and return-on-investment (ROI) analysis 

of a worksite physical activity and nutrition program for construction workers in 

comparison with usual practice.

methods: The intervention consisted of generic as well as tailored health 

information and personal health counseling. A total of 314 participants were 

randomized to the intervention (n=162) or control group (n=152). Data on body 

weight, waist circumference, musculoskeletal disorders (MSD), work-related vitality, 

and job satisfaction were collected at baseline, 6, and 12 months. Sickness absence 

data were collected from company records. Other cost data were collected with 

3-monthly questionnaires. Missing data were imputed using multiple imputation. 

Cost-effectiveness analyses were conducted from both the societal and employer’s 

perspective. A ROI analysis was performed from the employer’s perspective. 

Bootstrapping techniques were used to assess the uncertainty of the results.

results: Intervention costs per participant were €178 from the societal perspective 

(bottom-up micro-costed) and €287 from that of the employer (market prices). 

At 12-month follow-up, no statistically significant cost and effect differences were 

found. The probabilities of cost-effectiveness for body weight, waist circumference, 

and MSD gradually increased with an increasing ceiling ratio to 0.84 (willingness-to-

pay = €21,000/kg), 0.77 (willingness-to-pay = €18,000/cm), and 0.84 (willingness-to-

pay = €42,000/person prevented from having a MSD), respectively. The probabilities 

of cost-effectiveness for work-related vitality and job satisfaction were low at all 

ceiling ratios (≤0.54). Financial return estimates were positive, but their confidence 

intervals were rather wide and none of them was statistically significant. 

Conclusion: The intervention’s cost-effectiveness in improving weight-related 

outcomes and MSD depends on the societal and employer’s willingness-to-pay for 

these effects and the probability of cost-effectiveness that they consider acceptable. 

From the employer´s perspective, the intervention was not cost-effective in improving 

work-related vitality and job satisfaction. Also, due to a high level of uncertainty, it 

cannot be concluded that the intervention was cost-beneficial to the employer.
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6

iNTrOduCTiON 

Excessive body weight and musculoskeletal disorders (MSD) have a serious impact on 

public health in many developed countries (1-5). In the Netherlands, the combined 

prevalence of overweight (Body Mass Index [BMI] 25 - 30 kg/m2) and obesity (BMI ≥ 

30 kg/m2) is 48% among adults (6), and that of MSD is estimated to be 39% in adult 

men and 45% in adult women (7). Among construction workers, these prevalences 

are even higher (8;9). Both conditions not only reduce a person’s well-being, but 

also impose a large economic burden on companies and society as a whole due to 

increased absenteeism, presenteeism (i.e. reduced productivity while at work), and 

healthcare consumption (10-12).

The workplace presents a useful setting to combat the high prevalence of excessive 

body weight and MSD, as it provides social and organizational support structures 

that can help improve risk behaviours and many companies have the infrastructure 

available to offer behaviour change interventions at relatively low costs (13). In 

addition, worksite physical activity and nutrition programs in particular, cannot only 

reduce body weight (14) and MSD prevalence (15), but may also generate cost savings 

to a company through reduced absenteeism (16) and presenteeism (17). Therefore, 

in the VIP in Construction study, a worksite physical activity and nutrition program 

was developed aimed at preventing and reducing overweight and MSD among 

construction workers (i.e. VIP in Construction intervention) (18). An evaluation of the 

intervention’s effectiveness has been reported elsewhere (19;20). 

Decisions about investments in worksite health promotion programs typically lie by 

the company management. In doing so, they are not just interested in the effectiveness 

of such interventions, but also in their impact on the company’s bottom-line (21;22). 

To provide this information, return-on-investment (ROI) analyses can be performed 

in which the costs of an intervention are compared to the company’s resulting 

financial savings (23;24). However, as health outcomes are not directly considered 

in a ROI analysis and other stakeholders may reap a large part of the benefits (e.g. 

health insurance companies), cost-effectiveness analyses (CEAs) and analyses from 

the broader societal perspective are of importance as well. 
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The present study aimed to conduct CEAs and a ROI analysis, in which the VIP in 

Construction intervention was compared to usual practice. CEAs were performed 

from both the societal and employer’s perspective, and the ROI analysis from that of 

the employer. 

mEThOdS

Study design

Analyses were conducted alongside a 12-month randomized controlled trial (RCT), 

which took place from 2010 to 2012. The study protocol was approved by the Medical 

Ethics Committee of the VU University Medical Center (18), and the trial has been 

registered in the Netherlands Trial Register (NTR2095).

 

Participants

All blue collar workers of a Dutch construction company who were invited for a 

voluntary periodical health screening at the occupational health service between 

February 2010 and October 2011 were recruited for the study. Workers who were on 

long-term sick leave (≥4 weeks) were excluded. At baseline, all workers who decided 

to participate in the study provided informed consent. After baseline measurements, 

participants were randomized to the intervention or control group. Randomization 

took place at the individual level and was performed by a research assistant using a 

computer-generated randomization sequence in SPSS (v15, Chicago, IL). The research 

assistant had no information on the participants to ensure allocation concealment 

(18).

Intervention and control condition

All participants received practice as usual. Additionally, intervention group 

participants received the VIP in Construction intervention. A detailed description of 

the intervention has been given elsewhere (18). In brief, the intervention consisted 

of generic as well as tailored health information (i.e. VIP in Construction toolbox) 

and personal health counseling (PHC). Participants with a healthy weight status (i.e. 

BMI<25 and waist circumference<94) and a healthy physical activity level (i.e. meeting 
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physical activity recommendations (25;26)) only received the VIP in Construction 

toolbox; all others also received PHC. 

The VIP in Construction toolbox consisted of health information brochures tailored 

to the participants’ physical activity level and weight status, a calorie guide, a 

pedometer, a BMI card, a waist circumference measuring tape, a cookbook including 

healthy recipes and a knowledge test, “personal energy plan” forms, an overview of 

the health promotion facilities of the company, and an exercise card. 

PHC intensity (i.e. number and duration of contacts) was tailored to the participants’ 

stage-of-change for improving physical activity and nutrition (Table 1) (18;27). Face-

to-face and telephone coaching contacts were provided during work hours and 

were given by physiotherapists specialized in lifestyle coaching (i.e. health coaches). 

Face-to-face coaching contacts took place at the worksite. A web-based system was 

used to register the participants’ coaching contacts (i.e. date, time), as well as their 

content (i.e. goals, action plans). 
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Effect measures

Primary and secondary outcomes were assessed at baseline, six, and 12 months. 

Primary outcomes

Primary outcomes were body weight and waist circumference. Body weight was 

measured using a calibrated scale with participants wearing light clothes and no 

shoes. Waist circumference was measured midway between the lower rib margin 

and the iliac crest, and was rounded to the nearest 0.1cm. Measurements were 

performed in a standing position, over bare skin, and at the end of expiration (28). At 

baseline, these measurements were performed by occupational physicians or their 

assistants. At 6 and 12 months, they were performed by the research team. 

Secondary outcomes

Secondary outcomes were MSD, work-related vitality, and job satisfaction. The 

prevalence of MSD was assessed using the “Dutch Musculoskeletal Questionnaire” 

(DMQ) (29). Participants were asked to rate the occurrence of pain or discomfort 

in the neck, shoulders, upper and lower back, elbows, wrists/hands, knees, and 

ankles/feet during the previous three months on a 4-point scale (never, sometimes, 

frequent, and prolonged). Participants who answered “frequent” or “prolonged” 

on one or more of the questions were classified as having MSD; all others as not 

having MSD. Work-related vitality was assessed using a subscale of the “Utrecht 

Work Engagement Scale” (i.e. UWES Vitality Scale). This scale included six items, 

scored on a 7-point scale ranging from “never”(0) to “always”(6). The UWES Vitality 

Score ranged from 0-6 (higher scores indicate a better work-related vitality) (30). 

Job satisfaction was assessed using a 1-item question of the “Netherlands Working 

Conditions Survey” (31). Participants were asked to rate their overall job satisfaction 

on a 5-point scale ranging from “very dissatisfied”(1) to “very satisfied”(5). 

resource use and valuation

Intervention costs

For the societal perspective, bottom-up micro-costing was used to quantify 

intervention costs (32). Intervention costs included those related to the development, 
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implementation, and operation of the intervention. Frequency, duration, preparation 

time, and locations of coaching contacts were recorded by the coaches. Labor costs 

were valued by multiplying the intervention staff’s time investments (hours) by their 

gross hourly salaries including overhead costs. Capital costs were valued using cost 

data collected from finance department staff. Material costs were estimated using 

invoices. Coaches’ travelling costs were valued according to the Dutch manual of 

costing (33). As PHC contacts took place during work hours, the participants’ lost 

productivity costs for the duration of the contacts were included as well, and were 

valued using the average salary (including overhead costs) of Dutch construction 

workers (Economic Institute of the Dutch construction industry, personal 

communication). 

For the employer’s perspective, intervention costs were valued using charges paid. 

Lost productivity due to PHC was valued using the average salary (including overhead 

costs) of blue collar workers of the participating company.

Healthcare costs

Healthcare utilization was assessed using 3-monthly retrospective questionnaires 

and included costs of primary healthcare (i.e. general practitioner, allied health 

professionals, complementary medicine), secondary healthcare (i.e. medical 

specialist, hospitalization), and both prescribed and over-the-counter medications. 

Dutch standard costs were used to value primary and secondary healthcare 

utilization (33). If unavailable, prices according to professional organizations were 

used. Medication use was valued using unit prices of the Royal Dutch Society of 

Pharmacy (34).

Occupational health costs 

Occupational health costs consisted of gym membership subsidies, as provided 

by the employer. The duration of the memberships was assessed using 3-monthly 

retrospective questionnaires. The associated costs were calculated by multiplying 

the duration of the memberships (in months) by the height of the subsidy (i.e. €10/

month). 
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Sports costs

Sports costs were assessed using 3-monthly retrospective questionnaires asking 

participants to report their sports membership fees and expenses on sports 

equipment during the previous three months.

Absenteeism costs

Baseline (i.e. one year prior to baseline) and follow-up sickness absence data were 

collected from company records. For the societal perspective, costs per sickness 

absence day were calculated by dividing the average annual salary of Dutch 

construction workers (including overhead costs) by the associated number of 

workable days (i.e. 214) (33). Absenteeism costs were estimated using the “Friction 

Cost Approach”(FCA) (35). A friction period of 23 weeks (i.e. period needed to 

replace a sick worker) and an elasticity of 0.8 (i.e. a 100% reduction in work time 

corresponds with an 80% reduction in productivity) were assumed (33;35). For the 

employer’s perspective, costs per sickness absence day were calculated using the 

average annual salary of blue collar workers of the participating company (including 

overhead costs). Subsequently, absenteeism costs were estimated using the “Human 

Capital Approach”(HCA), in which absenteeism costs are neither truncated as in the 

FCA, nor is elasticity considered (33). 

Presenteeism costs

Presenteeism was assessed on a 3-monthly basis using an item of “The World 

Health Organization Health and Work Performance Questionnaire”(WHO-HPQ) 

(36;37). In the WHO-HPQ, presenteeism is conceptualized as a measure of actual 

work performance in relation to “best performance”, irrespective of the presence or 

absence of health complaints (37). Participants were asked to rate their overall work 

performance during the previous three months on an 11-point scale ranging from 

“worst performance”(0) to “best performance”(10). Their average work performance 

during follow-up (Wown) was estimated and the participants’ level of presenteeism 

(P
HPQ) was calculated using the following formula: 

PHPQ = (10 – Wown)/10
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Presenteeism days were calculated by multiplying the participants’ PHPQ by their 

number of days worked during follow-up; i.e. working days minus sickness absence 

days. Presenteeism days were valued using the average salary of Dutch construction 

workers (societal perspective) and that of blue collar workers of the participating 

company (employer’s perspective). 

Using consumer price indices, all costs were converted to 2011 Euros (38). Discounting 

of costs and effects was not necessary, because the follow-up of the trial was one 

year (39). Price weights used for valuing resource use are given in Appendix 1.

Data analysis

Analyses were performed according to the intention-to-treat method. Descriptive 

statistics were used to compare baseline characteristics between intervention and 

control group participants, and participants with complete and incomplete data. 

Missing data were imputed in IBM SPSS (v20, Chicago, IL) using Fully Conditional 

Specification and Predictive Mean Matching. An imputation model was constructed 

that included variables related to the “missingness” of data and those that predicted 

the outcome variables. The model included age, smoking status, baseline sickness 

absence, baseline effect measure values, and available midpoint and follow-up 

cost and effect measure values (6- and 12 months). Fifteen different data sets 

were created (Loss of Efficiency≤5%) (40). Each data set was analyzed separately 

as specified below. Pooled estimates were subsequently calculated using Rubin’s 

rules (41). Data were imputed at the cost level. Therefore, a descriptive analysis of 

resource use was performed using the complete-cases only. T-tests were used for 

continuous variables and Chi-square tests for dichotomous variables. For skewed 

data, uncertainty was assessed using the bias-corrected accelerated (BCA) bootstrap 

method (5000 replications). Unless otherwise stated, data were analyzed in STATA 

(V12, Stata Corp, College Station, TX), with a level of significance of p<0.05. 

Cost-effectiveness analysis

CEAs in terms of body weight and waist circumference were conducted from the 

societal perspective (i.e. all costs were taken into consideration regardless of who 
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pays or benefits). CEAs in terms of work-related vitality, job satisfaction, and MSD 

were conducted from the employer’s perspective (i.e. only the costs borne by 

employers were considered). Linear regression analyses were used to compare 

outcomes between the intervention and control group. Follow-up outcomes were 

adjusted for their baseline values. To compare costs between both groups, 95% 

confidence intervals (95%CIs) around the unadjusted mean differences in total and 

disaggregated costs were calculated using BCA bootstrapping (5000 replications). 

Seemingly unrelated regression (SUR) analyses were performed, in which effect 

differences were corrected for their baseline values and cost differences for baseline 

sickness absence and presenteeism scores (42). Incremental cost-effectiveness 

ratios (ICERs) were calculated by dividing the corrected cost differences by those in 

effects. Uncertainty was graphically illustrated by plotting bootstrapped incremental 

cost-effect pairs (CE-pairs) on cost-effectiveness planes (CE-planes) (43). A summary 

measure of the joint uncertainty of costs and effects was provided using cost-

effectiveness acceptability curves (CEACs), which provide an indication of the 

intervention’s probability of cost-effectiveness at different ceiling ratios (i.e. the 

maximum amount of money decision-makers are willing to pay per unit of effect) 

(44). 

Return-on-investment analysis

The ROI analysis was performed from the employer’s perspective, in which only 

employer costs and benefits were considered. Costs were defined as intervention 

costs. Benefits were defined as the difference in total monetized outcome measures 

(i.e. absenteeism, presenteeism, and occupational health costs) between the 

intervention and control group during follow-up, with positive benefits indicating 

reduced spending. The ROI analysis (costs and benefits) was conducted using 

SUR analyses, in which benefits were adjusted for baseline sickness absence and 

presenteeism scores. Three ROI metrics were calculated; 1) Net Benefits (NB), 2) 

Benefit Cost Ratio (BCR), and 3) Return On Investment (ROI) (23;24;45). 

NB = Benefits – Costs

BCR = Benefits / Costs

ROI = ((Benefits – Costs)/Costs)*100
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To quantify precision, 95% bootstrapped confidence intervals (5000 replications) 

were estimated around the benefits and ROI metrics using the percentile method. 

Financial returns are positive if the following criteria are met: NB>0, BCR>1, and 

ROI>0% (23;24;45). 

Sensitivity analyses

Five sensitivity analyses were conducted to test the robustness of the results. First, 

analyses were performed using the complete-cases only (SA1). Second, analyses 

were performed in which intervention costs were estimated under the assumption 

that the intervention took place outside work hours (SA2). Thus, the costs of lost 

productivity due to PHC were excluded. Third, analyses were performed in which 

absenteeism costs were valued using the HCA for the societal perspective and 

the FCA for the employer’s perspective (SA3). Fourth, analyses were performed in 

which presenteeism costs were estimated using a slightly modified version of the 

“PROductivity and DISease Questionnaire” (PRODISQ) (46;47). In this version of 

the PRODISQ, presenteeism was conceptualized as reduced work performance due 

to health complaints and was valued by considering both the quantity and quality 

of labor input (SA4). Fifth, as overall consensus about whether or not to include 

presenteeism costs in economic evaluations does currently not exist, analyses were 

performed in which presenteeism costs were excluded (SA5). 

rESulTS

Participants

After randomization, 162 participants were allocated to the intervention group 

and 152 to the control group. At baseline, intervention group participants had 

approximately four more sickness absence days than their control group counterparts. 

Also, the prevalence of MSD was higher in the intervention group (55.6%) than in the 

control group (49.3%) (Table 2). After 12 months, 32 intervention group (19.7%) and 

22 control group participants (14.5%) were lost to follow-up, among others, because 

they lost their job or lost interest in the study (Figure 1). Complete data were obtained 

from 62.4% of participants on the effect measures (n=196; 101 intervention group 
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participants and 95 control group participants) and 40.5% on the cost measures 

(n=127; 62 intervention group participants and 65 control group participants). Some 

differences were observed between participants with complete and incomplete data 

in both the intervention and control group (Table 2). 

Imputed dataset 
(n=162; 100.0%) 

Imputed dataset 
(n=152; 100.0%) 

Multiple imputations 
(n=110) 

Multiple imputations 
(n=105) 

 
 
 
 
 
 
 
 
 
 
 
 

Willing to participate (n=327) 

Excluded (n=13) 
 

♦   Not meeting inclusion criteria (n=10) 

♦   Other reasons (n=3) 

Complete cases 
(n=52; 32.1%) 

 
Effect data: n=101 
Cost data:  n=62 

Lost to follow-up 
after baseline 

(n=25) 

Allocated to intervention (n=162) 

Lost to follow-up 
after baseline 

(n=15) 

Allocated to control (n=152) 
 

Allocation 

Follow-Up after 
6 months 

Randomized (n=314) 

Enrollment 

Blue collar workers invited to 
participate (n=1021) 

Reasons at 6 months:  
 
Termination of employment 
(n=10); No time/interest 
(n=10); health problems 
(n=1); deceased (n=1); 
unknown (n=3) 

Reasons at 6 months:  
 
Termination of employment 
(n=5); No time/interest (n=10) 

 

Lost to follow-up 
after baseline 

(n=32) 

Lost to follow-up 
after baseline 

(n=22) 

Follow-Up after 
12 months 

Reasons at 12 months: 
 
Termination of employment 
(n=11); No time/interest 
(n=15); health problems 
(n=1); deceased (n=1); 
unknown (n=3); other (n=1) 
 

Reasons at 12 months:  
 
Termination of employment 
(n=5); No time/interest (n=17) 

 

Analysis 

Complete cases 
(n=47; 30.1%) 

 
Effect data: n=95 
Cost data:   n=65 

Figure 1: Flow chart of participants to the VIP in Construction study
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Effectiveness

After 12 months, no statistically significant differences were found between the 

intervention and control group for body weight (-0.7; 95%CI: -2.2 to 0.7), waist 

circumference (-0.7; 95%CI: -2.5 to 1.1), MSD (-0.07; 95%CI -0.22 to 0.08), work-

related vitality (-0.03; 95%CI: -0.39 to 0.33), and job satisfaction (-0.01; 95%CI: -0.34 

to 0.32).

resource use

Forty participants were allocated to PHC group A, 61 to PHC group B, 48 to PHC 

group C, and 13 only received the VIP in Construction toolbox (Table 1). During the 

intervention period, 126 face-to-face and 173 telephone counseling contacts were 

provided. Based on the complete-cases, intervention and control group participants 

did not significantly differ in terms of their average number of visits to a care provider 

(-2.4; 95%CI: -5.7 to 0.7), average number of days of hospitalization (-0.1; 95%CI: -0.4 

to 0.2), average number of months of gym membership subsidies (0.5; 95%CI: -0.3 to 

1.3), average number of sickness absence days (-2.7; 95%CI: -9.7 to 3.0), and average 

number of presenteeism days (-2.6; 95%CI: -9.6 to 4.1). However, significantly more 

intervention group participants (n=36) had sports costs than their control group 

counterparts (n=23; X2: 5.3, p=0.02) (Appendix 1). 

Costs

Average intervention costs per participant were € 178 (SD=77) from the societal 

perspective and €287 (SD=22) from the employer’s perspective (Appendix 2). No 

statistically significant differences were found on all cost measures (Table 3). 
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Table 3: Mean costs per participant in the intervention and control group, and unadjusted 
mean cost differences between both groups during the 12-month follow-up period

Cost category Intervention group
n=162; mean (SEm)

Control group
n=152; mean (SEm)

mean cost difference
(95%Ci)

Societal perspective
Intervention costs 178 (6) 0 (0) 178 (166 to 190)
Medical costs 1499 (356) 1033 (174) 457 (-129 to 1434)
Occupational health costs 26 (4) 20 (3) 5 (-3 to 15)
Sports costs 461 (98) 265 (46) 156 (32 to 497)
Absenteeism costs 2214 (338) 2055 (345) 150 (-802 to 1094)
Presenteeism costs 9382 (550) 9663 (975) -533 (-2449 to 1597)
total 13760 (725) 13037 (1025) 412 (-1572 to 3093)

Employer’s perspective
Intervention costs 287 (2) 0 (0) 287 (283 to 290)
Occupational health costs 26 (4) 20 (3) 5 (-3 to 15)
Absenteeism costs 2543 (447) 2217 (374) 306 (-742 to 1551)
Presenteeism costs 10088 (591) 10390 (1048) -573 (-2634 to 1717)
total 12943 (616) 12626 (1111) 25 (-2005 to 2485)

Abbreviations: n: number; SEM: Standard Error of the Mean, CI: Confidence Interval, NA: Not 
Applicable, SD: Standard Deviation
Note: Costs are expressed in 2011 Euros

Societal perspective: cost-effectiveness

The ICER for body weight was -371, indicating that society has to pay €371 for an 

additional kilogram body weight loss. An ICER in the similar direction was found 

for waist circumference (ICER:-392). In both cases, the majority of CE-pairs were 

located in the north-east quadrant (Table 4; Figure 2 (1a-b)). These results imply 

that the intervention was more costly and more effective than usual practice, but 

the wide distribution of CE-pairs around the quadrants of the CE-planes indicates 

that the uncertainty surrounding these estimates was large (Table 4; Figure 2 (1a-

b)). The CEAC in Figure 2 (2a) indicates that if society is not willing to pay anything 

for a kilogram body weight loss, the probability of cost-effectiveness is 0.41. This 

probability increased with an increasing willingness-to-pay to 0.84 at a ceiling ratio 

of €21,000/kg. The CEAC for waist circumference showed a similar picture, with a 

0.41 probability at a ceiling ratio of €0/cm and a maximum of 0.77 at a ceiling ratio 

of €18,000/cm (Figure 2(2b)). 
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(1) a (2) a 

(1) b (2) b 

(1) c (3) c 

Figure 2: Cost-effectiveness planes indicating the uncertainty around the incremental cost-
effectiveness ratios (1) and cost-effectiveness acceptability curves indicating the probability 
of the intervention being cost-effectiveness at different values (€) of willingness to pay per 
unit of effect gained (2) for weight loss (a), waist circumference (b), and MSD (c) (based on 
the imputed dataset). 
Note: Effects are expressed in terms of kilogram body weight loss and waist circumference, 
and MSD prevalence reduction
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Employer’s perspective: cost-effectiveness

For MSD, an ICER of 2000 was found, indicating that employers save €2,000 per 

additional person prevented from having a MSD. Most CE-pairs were contained in the 

north-east quadrant (Table 4; Figure 2(1c)). This implies that the intervention was less 

costly and more effective than usual practice, but the level of uncertainty was large. 

The CEAC in Figure 2 (2c) indicates that the probability of cost-effectiveness was 0.55 

at a ceiling ratio of €0/person, increasing to 0.84 at a ceiling ratio of €42,000/person. 

The ICERs for work-related vitality and job satisfaction were 3322 and 16328, 

respectively (Table 4). In both cases, the intervention was less costly and less effective 

than usual practice. CEACs showed that the associated maximum probabilities of 

cost-effectiveness were 0.54 for both outcomes, irrespective of the willingness-to-

pay (Figures not shown). 

Employer’s perspective: financial return

Total benefits in terms of absenteeism, presenteeism, and occupational health costs 

were on average €424 (95%CI: -1789 to 2923) (Table 5). The NB was on average 138 

(95%CI: -2073 to 2641), suggesting that the intervention resulted in a net saving to 

the employer of €138 per participant. The BCR (i.e. amount of money returned per 

Euro invested) and ROI (i.e. percentage of profit per Euro invested) were 1.48 (95%CI: 

-6.23 to 10.21) and 48% (95%CI: -723 to 921), respectively. However, their confidence 

intervals were rather wide and none of them was statistically significant. 

Sensitivity analyses

The results of SA2 and SA3 were similar to those of the main analysis, whereas 

the outcomes of SA1 (complete-case analysis), SA4 (PRODISQ), and SA5 (Excluding 

presenteeism) differed in some aspects from those of the main analysis (Table 4; 

Table 5). 
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In SA1, total societal and employer’s costs were lower in the intervention group than 

in the control group. All cost and effect differences were not statistically significant. 

CEACs differed from those of the main analysis (Figures not shown). Most notably, a 

0.88 probability of cost-effectiveness was found for body weight at a ceiling ratio of 

€0/kg, increasing to 0.94 at €1,000/kg. In accordance with the main analysis, financial 

return estimates were positive, but their confidence intervals were rather wide and 

not statistically significant. 

When using the PRODISQ (SA4), total societal and employer’s costs were lower in 

the intervention group than in the control group. All cost and effect differences were 

not statistically significant. CEACs differed from those of the main analysis (Figure 

not shown). Most notably, a 0.54 probability of cost-effectiveness was found for 

body weight at a ceiling ratio of €0/kg, increasing to 0.84 at €4,000/kg. In accordance 

with the main analysis, financial return estimates were positive, but their confidence 

intervals were rather wide and not statistically significant. 

When excluding presenteeism costs (SA5), total societal and employer’s costs 

were higher in the intervention group than in the control group. All cost and effect 

differences were not statistically significant. CEACs differed from those of the main 

analysis (Figures not shown). Most notably, a 0.22 probability of cost-effectiveness 

was found for MSD at a ceiling ratio of €0/person, increasing to 0.82 at €100,000/

person. In contrast to the main analysis, financial return estimates were negative, but 

statistically non-significant as well. 

diSCuSSiON

This study evaluated the cost-effectiveness and financial return of a worksite physical 

activity and nutrition program for construction workers. In comparison with usual 

practice, the intervention had no significant effect on all cost and effect measures. 

The probabilities of cost-effectiveness for body weight, waist circumference, 

and MSD increased with an increasing ceiling ratio to 0.84 (willingness-to-pay = 

€21,000/kg), 0.77 (willingness-to-pay = €18,000/cm), and 0.84 (willingness-to-pay 

= €42,000/person prevented from having MSD), respectively. The probabilities of 

cost-effectiveness for work-related vitality and job satisfaction were low at all ceiling 
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ratios (≤0.54). Also, per Euro invested in the program, €1.48 was returned to the 

employer, but the uncertainty surrounding this estimate was large. 

Effects and costs

Various reasons may explain the lack of significant effects at 12-month follow-up. 

First, as the intervention focused on both the prevention and treatment of excessive 

body weight and MSD, participation in the intervention was not restricted to high-

risk individuals (e.g. employees were not pre-selected on high body weight). As a 

consequence, many participants were relatively healthy at baseline, leaving less 

room for improvement. Second, a lower than expected number of participants 

fully participated in the program; e.g. 39% of participants eligible for counselling 

did not complete the PHC program and most of the VIP in Construction toolbox 

materials were used by fewer than 50% of participants (48). Third, it is possible that 

the intensity of the intervention was too low to improve the participants’ lifestyle 

behaviours in such a way that it translates in long-term health improvements. To 

illustrate, the intervention was previously found effective in reducing body weight at 

6-month follow-up (19), but this effect was not sustained at the long-term. To sustain 

this effect, more counselling contacts and/or booster sessions after the termination 

of the intervention may be needed. As for the lack of significant cost differences, it is 

known that cost data are right skewed and therefore require relatively large sample 

sizes to detect relevant differences. Nonetheless, as in most trial-based economic 

evaluations, the sample size was based on one of the primary outcomes (i.e. body 

weight) (18), which likely underpowered it to detect relevant cost differences.

It is noteworthy that the present findings with respect to body weight-related 

outcomes (i.e. the primary outcomes) contrast those of previous studies. Two 

systematic reviews found worksite physical activity and nutrition programs to 

significantly reduce body weight by -1.3kg and -1.2kg (14;49). In addition, Groeneveld 

et al. (2010) showed in an RCT that a similar intervention for construction workers 

resulted in a statistically significant body weight loss of -1.8kg at 12-month follow-

up (50). The difference in effect between both studies is likely explained by the fact 

that their intervention was more intensive than ours; i.e. three face-to-face and 

four telephone contacts versus a maximum of one face-to-face and three telephone 
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contacts. Furthermore, their intervention was aimed at construction workers with an 

elevated risk of cardiovascular disease, whereas the present intervention was aimed 

at construction workers in general. This supports our reasoning that a more intensive 

program, aimed at high-risk individuals, may have been needed to produce better 

effects. 

Societal perspective: Cost-effectiveness

The intervention’s cost-effectiveness in improving weight-related outcomes depends 

on the societal willingness-to-pay for these effects and the probability of cost-

effectiveness that society considers acceptable. Since both are unknown, however, 

strong conclusions cannot be made. Nonetheless, decision-makers themselves can 

use the present results to consider whether they perceive that the intervention 

provides “good value for money” at an acceptable probability of cost-effectiveness. 

The aforementioned study of Groeneveld et al. (2011) also evaluated the societal cost-

effectiveness of the worksite physical activity and nutrition program. They found an 

ICER of €145/kg body weight loss, a 0.60 probability of cost-effectiveness at a ceiling 

ratio of €250/kg, which increased to 0.95 at €2,000/kg (51). In contrast to the present 

study, however, presenteeism and occupational health costs were not included. If 

we would exclude both cost categories as well, an ICER of €1088/kg body weight 

loss would be found. Van Wier et al. (2013) evaluated the societal cost-effectiveness 

of an occupational health guideline aimed at preventing weight gain among Dutch 

employees. As the probabilities of cost-effectiveness were low for body weight and 

waist circumference (≤0.52), the intervention was not considered cost-effective (52). 

Most other studies that evaluated the cost-effectiveness of similar interventions in 

improving weight-related outcomes solely included intervention costs (53). 

Employer’s perspective: Cost-effectiveness

The intervention was not cost-effective in improving work-related vitality and job 

satisfaction (≤0.54 probabilities of cost-effectiveness). If employers are not willing 

to pay anything for preventing one person from having a MSD, there is a 0.55 

probability of the intervention being cost-effective. This probability increased with 

an increasing willingness-to-pay to 0.84 at a ceiling ratio of €42,000/person. Again, 
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however, strong conclusions about the intervention’s cost-effectiveness in terms of 

this outcome cannot be made, and employers themselves should consider whether 

the intervention provides “good value for money” at an acceptable probability of 

cost-effectiveness. 

To our knowledge, studies evaluating the employer’s cost-effectiveness of similar 

interventions in improving work-related vitality and MSD are lacking. One study, 

however, evaluated the employer’s cost-effectiveness in improving job satisfaction of 

a mindfulness-based worksite intervention aimed at improving work engagement and 

energy balance-related behaviours (54). Irrespective of the maximum willingness-

to-pay, the intervention had a low probability of cost-effectiveness (≤0.25) and was 

therefore not considered cost-effective in improving job satisfaction either. 

Employer’s perspective: Financial return

On average, €1.48 was returned to the employer per Euro invested in the program. 

However, as the uncertainty surrounding the financial return estimates was large and 

none of them was statistically significant, it cannot be concluded that the intervention 

was cost-beneficial to the employer. 

A systematic review found worksite physical activity and/or nutrition programs to 

result in positive financial returns in terms of absenteeism benefits according to 

non-randomized studies (BCR: 4.25), but negative financial returns according to 

RCTs (BCR: 0.51). If we would solely include absenteeism benefits, our results would 

be in line with those of the review (BCR: 0.41). The review also indicated that the 

current evidence on the financial return of such interventions is limited by the 

fact that few studies incorporate presenteeism benefits and none of them report 

on the uncertainty surrounding their results. The present findings underscore the 

importance of addressing these limitations. Namely, as financial return estimates 

were positive, but statistically non-significant, wrong conclusions would have been 

drawn if the level of uncertainty was not taken into account. Furthermore, the 

direction of the financial return estimates proved to be highly influenced by the in- 

or exclusion of presenteeism benefits; i.e. positive when included, but negative when 

excluded. 
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Robustness of the study results 

In accordance with the main analysis, cost and effect differences as well as financial 

return estimates were not statistically significant in all sensitivity analyses. Also, the 

overall conclusions would not change when using the results of any of the sensitivity 

analyses. Nonetheless, it is important to mention that the results of the complete-

case analysis (SA1) were much more favorable than those of the main analysis. 

Amongst others, relatively high probabilities of cost-effectiveness were found at 

ceiling ratios of €0; e.g. a 0.88 probability at a ceiling ratio of €0/kg body weight loss. 

However, as a post-hoc analysis indicated that participants with complete data had 

fewer sickness absence days during follow-up than those with incomplete data (i.e. 

6.7 versus 13.3 in the intervention group and 9.5 versus 10.9 in the control group), 

self-selection of participants seems to have biased these results, and the results of 

the main analysis were considered more valid. 

Strengths and limitations

An important strength of the present study is its pragmatic RCT design. The 

pragmatic aspect of the trial enabled us to evaluate the intervention’s resource 

implications under “real world” circumstances. This facilitates the generalizability 

of the results (i.e. external validity), whereas the internal validity is guaranteed by 

the randomization of participants (55;56). Another strength concerns the use of 

state-of-the-art statistical methods that are not or infrequently used in occupational 

health research. Amongst others, multiple imputation was used to deal with missing 

data, SUR analyses were performed to account for the possible correlation between 

costs and effects/benefits, and bootstrapping was used to estimate the uncertainty 

surrounding cost differences as well as cost-effectiveness and financial return 

estimates. Furthermore, both absenteeism and presenteeism costs were included, 

whereas most previous studies solely included absenteeism costs (45;53). This is of 

importance because efforts to improve health seem to have a more immediate effect 

on presenteeism than on absenteeism (57). 

Several limitations deserve attention as well. First, complete cost and effect data 

were only obtained from 40.5% and 62.4% of participants, respectively. To deal 

with this issue, missing values were imputed using multiple imputation. While 



Economic evaluation VIP in Construction

189

6

having complete data is always preferred, multiple imputation is increasingly being 

acknowledged as a more valid and precise way to deal with missing data than a 

complete-case analysis (56;58).Complete-case analyses reduce the power of a study 

and ignore available information of participants who only have missing data on a few 

measurement points. Also, complete-case analyses only produce reliable estimates 

when there are no systematic differences between the missing and observed values, 

which, according to a post-hoc analysis, was probably not the case (40;58). Second, 

many cost and effect data were gathered using self-report of participants, which may 

have causes “social desirability bias” and/or “recall bias”. Amongst others, we had to 

rely on self-reported values of healthcare utilization as health insurance claim data 

of participants are practically inaccessible in Dutch economic evaluations. Also, the 

period over which participants had to report their resource use was relatively long 

(i.e. 3 months). This might be a particular concern for presenteeism, as relatively 

short recall periods seem to be needed for this outcome (59). In future studies, 

mobile apps might provide a solution for this issue, as they can be used to collect 

data in a way that is relatively non-burdensome to participants. Third, the presence 

of MSD was assessed in terms of “self-reported pain or discomfort in one or more 

body regions”. As discomfort can be regarded as an early manifestation of MSD, 

participants classified as having MSD may not necessarily have serious functional 

limitations and/or low levels of health-related welfare. This should be kept in mind 

while interpreting the results. It is also important to bear in mind that economic 

evaluation results are not directly transferable between countries or jurisdictions 

due to differences in healthcare and/or social security systems (60;61). In the 

Netherlands, for example, healthcare costs are generally borne by the government 

and/or health insurance companies, whereas in countries with employer-provided 

healthcare (e.g. The United States) they accrue to the employer. Furthermore, for 

the employer’s perspective, the HCA was used for estimating absenteeism costs. This 

was done because Dutch employers are obliged to pay at least 70% of the salary 

of sick employees for a period of two years, and most of them top up the wage 

payments from 70% to 100% during the first year of sickness absence (62). Thus, 

although the initial productivity level of a Dutch company may be restored after the 

friction period, employers still bear the salary costs of a sick worker. Readers should 
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keep in mind that alternative valuation methods may be more appropriate in other 

countries or jurisdictions (61).

Conclusion

The intervention’s cost-effectiveness in improving weight-related outcomes and MSD 

depends on the societal and employer’s willingness to pay for these effects and the 

probability of cost-effectiveness that they consider acceptable. From the employer’s 

perspective, the intervention was not cost-effective in improving work-related 

vitality and job satisfaction. Also, due to a large degree of uncertainty, it cannot be 

concluded that the intervention is cost saving to the employer
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Appendix 1: Price weights used for valuing resource use and resources consumed by the 
intervention and control group participants during follow-up (based on the complete-cases)

Units [Units of measurement] Price weight resources consumed
Societal 
perspective

Employer’s 
perspective

Intervention 
group
(n=51)

Control 
group 
(n=48)

Intervention costs € 177.77 € 287.56

Medical costs
Visits to a care provider [No. of visits; mean (SD)]
 General practitioner
   Office consultation € 28.96c N.A. 1.3 (1.9) 1.6 (2.2)
   Telephone consultation € 14.48c N.A. 0.2 (0.5) 0.2 (0.8)
   House call € 44.47c N.A. 0.0 (0.3) 0.0 (0.2)
 Allied health professionals 
  Psychologist € 82.47c N.A. 0.8 (3.3) 0.2 (0.1)
  Dietician € 27.93c N.A. 0.0 (0.0) 0.0 (0.3)
  Physical therapist € 37.23c N.A. 0.7 (2.3) 3.8 (8.0)*
  Other allied health professionals Variablec,d N.A. 0.7 (3.7) 0.5 (1.9)
Medical specialists
  Psychiatrist € 106.53c N.A. 0.0 (0.0) 0.0 (0.0)
  Other medical specialists € 74.47c N.A. 0.8 (1.7) 0.8 (1.8)
Complementary medicine Variablec,d N.A. 0.2 (1.7) 0.4 (1.8)
Hospitalization [No. of days; mean (SD)]
 Ward € 472.66c N.A. 0.2 (0.2) 0.3 (0.8)
 Intensive care € 2257.82c N.A. 0.0 (0.0) 0.0 (0.0)
Medications [No. of participants using medica-
tion; Number (%)]

Variablee N.A. 30 (58.8) 25 (52.1)

Absenteeism costs
 Sickness absence [days; Mean (SD)] 198.20f 213.10g 6.7 (9.5) 9.4 (21.9)

Presenteeism costs
Presenteeism [days; Mean (SD)] 198.20f 213.10g 43.7 (14.5) 46.3 (19.7)

Sports costs [No. of participants with sports 
costs; Number (%)]

Variableh N.A. 36 (70.6) 23 (47.9)*

Occupational health costs
 In-company fitness [No. of months; mean (SD)] € 10.00i € 10.00i 0.9 (2.5) 0.4 (1.6)

* Significant at p<0.05
Abbreviations: n: Number, SD: Standard Deviation, N.A.: Not ApplicableNote: Costs are expressed in 2011 
Euros
Price weight sources: a Bottum-up micro-costed, valued using tariffs and depleted sources (See Appendix 
2); b Market prices, valued using invoices of contractors; c Dutch Manual of Costing; d Professional 
organizations; e Dutch Society of Pharmacy; f Average gross annual salary of Dutch construction workers 
including holiday allowances and premiums; g Average gross annual salary of blue collar workers of the 
participating construction company including holiday allowances and premiums; h Self-reported expenses 
on sports memberships and sports equipment; i  Height of the employer’s gym membership subsidy
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abSTraCT

objective: To evaluate the cost-effectiveness and financial return of a combined 
social and physical environmental intervention in office employees in comparison 
with usual practice, and of both intervention conditions separately. Moreover, the 
probabilities of the interventions being cost-effective in comparison with each other 
were explored.

methods: In a 2X2 factorial design, 412 employees were allocated at the department 
level to the combined intervention (n=92), social environmental intervention 
(n=118), physical environmental intervention (n=96), or control group (n=106). The 
social environmental intervention consisted of group motivational interviewing. 
The physical environmental intervention consisted of environmental modifications 
to the workplace. Control group participants received usual practice. Data on need 
for recovery (NFR), general vitality, and job satisfaction were collected at baseline, 
six, and 12 months. Salary and sickness absence data were collected from company 
records. Data on healthcare utilization and expenses on sports memberships, sports 
equipment and active commuting equipment were collected using 3-monthly 
questionnaires. Using linear multilevel analyses, cost-effectiveness analyses were 
conducted from the societal and employer’s perspective, and return-on-investment 
analyses from that of the employer. Uncertainty was assessed using bootstrapping 
techniques, and shown in cost-effectiveness planes and cost-effectiveness 
acceptability curves. 

results: At 12 months, combined intervention group participants significantly 
improved their NFR compared with the control group (-8.4; 95%CI -14.6 to -2.2). 
Their total employer’s costs, however, were significantly higher than those of the 
control group (3102; 95%CI 598 to 5969). All other between-group differences in 
costs and effects were not significant. For NFR, the combined intervention became 
the preferred option in comparison with the other interventions at willingness-to-
pay values of €170 (societal perspective) and €300 (employer’s perspective) per point 
improvement, after which its probability of cost-effectiveness gradually increased to 
0.85. For general vitality and job satisfaction, the probabilities that the interventions 
were cost-effective in comparison with each other were low at all ceiling ratios 
(≤0.55), as were their probabilities of financial return (≤0.41). 

Conclusion: Depending on the societal and employer’s willingness-to-pay and 
the probability of cost-effectiveness that they consider acceptable, the combined 
intervention may be considered cost-effective in improving NFR. Both separate 
interventions were not cost-effective in improving this outcome. Moreover, all 
interventions were neither cost-effective in improving general vitality (societal 
perspective) and job satisfaction (employer’s perspective), nor cost saving to the 
employer.
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iNTrOduCTiON

During the last decades, the pressure at work has increased substantially (1). 

Currently, 36% of Dutch workers “regularly have to work at a high work pace” and 

30% “regularly have to work under high time pressure” (2). As a consequence, many 

workers experience higher levels of work stress compared to a couple of decades ago 

(3). Work stress is defined as the psychological and physical state that results when 

individual resources are insufficient to cope with the demands and pressures of 

work (4). If stress persists, there may be changes in immunological, neuroendocrine, 

cardiovascular, and autonomic functioning, leading to mental and physical ill 

health (e.g. mental disorders, cardiovascular disease) and an associated increase in 

healthcare and productivity-related costs (4-6). 

Need for recovery (NFR) from work-related fatigue seems to be an important 

intermediate factor in the relation between short-term work stress and longer-term 

mental and physical ill health (7-10). Previous research indicates that the ability to 

recover from work may be enhanced by improving a worker’s level of physical activity 

and relaxation (11-14). Therefore, in the Be Active & Relax “Vitality In Practice” (VIP) 

study, a worksite health promotion program was developed aimed at reducing 

NFR among office employees by improving their physical activity and relaxation 

(15). The intervention was developed in close cooperation with stakeholders of the 

participating company and consisted of both a social and physical environmental 

component. Such a social ecological intervention approach was chosen because 

interventions targeted at both the individual and environmental determinants of 

behaviours are expected to be more effective in achieving health behaviour change 

than those that are solely targeted at individual determinants (15-17). 

Evaluations of the intervention’s effectiveness in terms of health- and work-related 

outcomes have been reported elsewhere (18;19). However, as resources for 

occupational health are scarce, employers are not just interested in the effectiveness 

of worksite health promotion programs, but also in their impact on the company’s 

bottom-line (20). This can be determined with a return-on-investment (ROI) analysis, 

in which the costs of an intervention are compared to its resulting financial benefits 

to the employer (21;22). Various program outcomes, however, are hard to monetize 
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(e.g. health outcomes, job satisfaction) and can therefore not be included in a ROI 

analysis. Therefore, cost-effectiveness analyses (CEAs), in which the incremental 

costs of an intervention are compared to its incremental effects, are also important 

(23).

The present study aimed to evaluate the cost-effectiveness and financial return of 

the combined social and physical environmental intervention in office employees 

in comparison with usual practice, as well as those of both intervention conditions 

separately. Additionally, the probabilities of the interventions being cost-effective in 

comparison with each other were explored. CEAs were performed from both the 

societal and employer’s perspective, and the ROI analysis from that of the employer. 

The combined intervention was hypothesized to produce the most favourable results.

mEThOdS

Study design and study population

This study was performed alongside a 12-month trial with a pragmatic 2X2 factorial 

design. Data collection took place in the Netherlands from September 2011 up until 

December 2012. Full details of the study design, development and content of the 

intervention, as well as the sample size calculation have been published elsewhere 

(15). The study design and informed consent procedure were approved by the 

Medical Ethics Committee of the VU University Medical Center, Amsterdam, the 

Netherlands.

In September 2011, all 1,182 office employees of 24 departments of a financial service 

provider were invited to participate in the study (i.e. they received an invitation letter, 

information on the study, informed consent form, and a baseline questionnaire). 

Those who were on sickness absence during the previous four weeks were not eligible 

to participate. A total of 412 employees (response: 35%) from 19 departments signed 

the informed consent form and completed the baseline questionnaire. Subsequently, 

their respective departments were either stratified to the “physical environmental 

intervention” or the “no physical environmental intervention” group. Within 

these strata, departments were subsequently randomized to either the “social 

environmental intervention” or the “no social environmental intervention” group by 
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means of tossing a coin. This resulted in four research groups: 1) combined social 

and physical environmental intervention group; 2) social environmental intervention 

group only; 3) physical environmental intervention group only; 4) control group 

(usual practice). Group allocation was performed at the department level, because 

the interventions under study acted on the group-level rather than on the individual-

level as well as to minimize contamination between study groups. As a result of the 

nature of the intervention, blinding of participants and intervention providers was 

not possible.

Social and physical environmental intervention conditions

Social environmental intervention condition

The social environmental intervention condition consisted of Group Motivational 

Interviewing (GMI). GMI was delivered by the team leaders of the departments after 

receiving a 2-day GMI-training course, which was provided by a GMI-professional. 

During the intervention period, team leaders also participated in two 90-minute 

GMI-coaching sessions. These sessions took place at the workplace and during 

work hours, and were provided by a GMI-professional as well. Within a period of six 

weeks (i.e. three weeks between sessions), team leaders provided three 90-minute 

GMI-sessions to their own team. Two months after the final session, a booster GMI-

session was provided. All GMI-sessions took place at the workplace and during work 

hours. GMI-sessions were supported by a GMI-session workbook and a web-based 

social media platform. 

Physical environmental intervention condition

As part of the physical environmental intervention condition, several so-called “VIP 

zones” were created at the workplace, including: 1) the VIP Coffee Corner Zone – 

the coffee corner was modified by adding a bar with bar chairs, a large plant, and 

a giant relaxing wall poster, 2) the VIP Open Office Zone – the office was modified 

by introducing exercise balls and curtains to divide desks in order to reduce 

background noise, 3) the VIP Meeting Zone – conference rooms were modified by 

placing a standing table and a giant relaxing wall poster, and 4) the VIP Hall Zone 

- table tennis tables were placed and lounge chairs were introduced in the hall for 
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informal meetings. Moreover, footsteps were placed on the floor of the entrance hall 

to promote stair walking. All environmental modifications were promoted through 

banners in the VIP Coffee Corner and digital flyers.

Effect measures

Primary and secondary outcomes were assessed at baseline, six, and 12 months. 

Primary outcome

The primary outcome was NFR. NFR was assessed using a subscale of the “Dutch 

Questionnaire on the Experience and Evaluation of Work”, which consists of 11 

dichotomous items (yes/no). The NFR Score ranges from 0-100, with lower scores 

indicating a better NFR (24).

Secondary outcomes

Secondary outcomes were general vitality and job satisfaction. General vitality was 

assessed using the RAND-36 Vitality Scale, which includes four items assessing 

a participant’s general vitality during the previous four weeks. Items were scored 

on a 6-point scale ranging from “all of the time”(1) to “none of the time”(6). The 

RAND-36 Vitality Score ranges from 0-100, with higher scores indicating a better 

general vitality (25). Job satisfaction was assessed using a 1-item question of the 

“Netherlands Working Conditions Survey”. Participants were asked to rate their 

overall job satisfaction on a 5-point scale ranging from “very dissatisfied”(1) to “very 

satisfied”(5) (26).

 

measurement and valuation of resource use

Intervention costs

For the societal perspective, a bottom-up micro-costing approach was used for 

estimating intervention costs, meaning that detailed data were collected regarding 

the quantity of resources consumed as well as their unit prices (27). Intervention costs 

included those related to the development, implementation, and operation of the 

intervention (conditions) (e.g. costs for recruiting participants, GMI-training courses, 

GMI-sessions, GMI-coaching sessions, GMI-website hosting and maintenance, 
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printed materials, VIP zones). Frequency and duration of GMI-training courses, 

GMI-sessions, and GMI-coaching sessions were registered by the team leaders and 

GMI-professionals. Labor costs of intervention providers were valued by multiplying 

their total time investments by their gross hourly salaries including overhead costs. 

VIP zone costs were based on invoices and were linearly depreciated over a period 

of 5 years with a scrap value of zero. Capital costs were valued using cost data 

collected from finance department staff. Printed material and website hosting costs 

were estimated using invoices. Development costs were estimated by dividing the 

total costs related to the development of the intervention by the expected number 

of program users during the first five years after implementing it broadly. For the 

employer’s perspective, intervention costs were valued using charges paid.

Healthcare costs

Healthcare utilization was assessed using 3-monthly questionnaires and included 

primary healthcare (e.g. general practitioner, allied health professionals, 

complementary medicine), secondary healthcare (e.g. medical specialist, 

hospitalization), and both prescribed and over-the-counter medications. Primary 

and secondary healthcare utilization were valued using Dutch standard costs (28). 

If unavailable, prices according to professional organizations were used. Medication 

use was valued using unit prices derived from the Dutch Royal Society of Pharmacy 

(29).

Absenteeism costs

Baseline (i.e. a one year period prior to baseline) and follow-up sickness absence 

data as well as gross annual salaries of participants were collected from company 

records. 

Costs associated with one sickness absence day were calculated per participant by 

dividing their gross annual salary (including overhead costs) by their total number 

of workable days per year (28). If the societal perspective was applied, absenteeism 

costs were estimated using the “Friction Cost Approach” (FCA), with a friction period 

of 23 weeks and an elasticity of 0.8 (30). For the employer’s perspective, absenteeism 

costs were estimated using the “Human Capital Approach” (HCA), in which costs are 

neither truncated to the friction period, nor is an elasticity factor applied. 
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Presenteeism costs

Presenteeism was assessed on a 3-monthly basis using an item of “The World 

Health Organization Health and Work Performance Questionnaire”(WHO-HPQ) 

(31;32). In the WHO-HPQ, presenteeism is conceptualized as a measure of actual 

work performance in relation to “best performance”, irrespective of the presence 

or absence of health complaints. Participants were asked to rate their overall work 

performance during the previous three months on an 11-point scale (range: “worst 

performance” (0) to “best performance” (10)). Subsequently, their average work 

performance during follow-up (Wown) was estimated and the participants’ level of 

presenteeism (PHPQ) was calculated using the following formula: 

PHPQ = (10 – Wown)/10

The total number of days lost due to presenteeism were calculated by multiplying 

the participants’ PHPQ by their number of days worked during follow-up; i.e. working 

days minus sickness absence days. These days were subsequently valued using the 

participants´ gross annual salaries (including overhead costs). 

Sports costs

Participants’ expenses on sports memberships and sports equipment were assessed 

using 3-monthly questionnaires. 

Active commuting equipment costs

Participant’s expenses on active commuting equipment (i.e. a bike) were assessed 

using 3-monthly questionnaires. 

All costs were converted to 2011 Euros using consumer price indices (33). Discounting 

of costs and effects was not necessary, because the follow-up of the trial was one 

year (23). An overview of the cost prices used for valuing resource use can be found 

in Table 1.
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Table 1: Price weights used for valuing resource use in the Be Active & Relax VIP study

resource use categories Price weight

Societal 
perspective

Employer’s 
perspective

Intervention costs
 Social and physical environmental intervention
 Social environmental intervention
 Physical environmental intervention

€ 427.96a

€ 392.28a

€ 71.65a

€ 465.92b

€ 430.25b

€ 71.46b

Medical costs
Visits to a care provider
 General practitioner
   Office consultation € 28.96c N.A.
   Telephone consultation € 14.48c N.A.
   House call € 44.47c N.A.
 Allied health professionals 
  Psychologist € 82.47c N.A.
  Dietician € 27.93c N.A.
  Physical therapist € 37.23c N.A.
  Other allied health professionals Variablec,d N.A.
Medical specialists
  Psychiatrist € 106.53c N.A.
  Other medical specialists € 74.47c N.A.
Complementary medicine Variablec,d N.A.
Hospitalization 
 Ward € 472.66c N.A.
 Intensive care € 2257.82c N.A.
Medications Variablee N.A.

Absenteeism costs
Sickness absence  Variablef Variablef

Presenteeism costs
Presenteeism Variablef Variablef

Sports costs Variableg N.A.

Active commuting equipment costs Variableh N.A.

Abbreviations: N.A.: Not Applicable
Note: Costs are expressed in 2011 Euros
Cost price sources: a Bottum-up micro-costed, valued using tariffs and depleted sources (See 
Appendix 1); b Market prices, valued using invoices; c Dutch Manual of Costing; d Professional 
organizations; e Dutch Society of Pharmacy; f Gross annual salaries of office employees including 
overhead costs; g Self-reported expenses on sports memberships and sports equipment; h Self-
reported expenses on active commuting equipment
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Potential confounders

At baseline, several potential confounders were assessed by questionnaire, including 

gender (female/male), age (years), having a partner (yes/no), Dutch nationality 

(yes/no), education level (low=elementary school or less, intermediate=secondary 

education, and high=college/university), working hours per week, general health 

(range: 1-5), job demands (range: 1-5), and supervisor support (range: 1-5). Of these, 

only age and education level were found to be a confounder for both costs and 

effects. That is, the interventions’ effects changed by more than 10% after adding 

these potential confounders to the crude models.

Statistical analyses

Analyses were performed according to the intention-to-treat principle. Baseline 

characteristics of intervention and control group participants as well as those of 

participants with complete and incomplete data were compared using descriptive 

statistics. Missing data were imputed using multiple imputation. The imputation 

model included age, gender, number of working days, baseline sickness absence, 

baseline work performance, baseline effect measure values, and available midpoint 

and follow-up cost and effect measure values (i.e. 6- and 12 months). Imputations 

were performed per study group. Using Predictive Mean Matching and Fully 

Conditional Specification, 15 complete data sets were created in IBM SPSS (v20, 

Chicago, IL) (Loss of Efficiency ≤5%) (34;35). All datasets were analysed separately 

as specified below, after which pooled estimates were calculated using Rubin’s rules 

(36). Except for the multiple imputation, analyses were performed using Stata (V12, 

Stata Corp, College Station, TX). Statistical significance was set at p<0.05. 

Cost-effectiveness analysis

CEAs with NFR and general vitality were conducted from the societal perspective, 

in which all costs and consequences related to the interventions were considered, 

regardless of where they occur. CEAs with NFR and job satisfaction were also 

conducted from the employer’s perspective, in which only costs and consequences 

relevant to Dutch employers were taken into account.



Economic evaluation Be Active & Relax VIP

209

7

Effectiveness at 12-month follow-up was analyzed using linear multilevel analyses, 

adjusted for baseline values and confounders (i.e. age, education level). Three levels 

were identified: employees (n=412), team leaders (n=49), and departments (n=19). 

Unadjusted cost differences between study groups were calculated for total as well as 

disaggregated costs. 95%CIs around these cost differences were estimated by means 

of bias-corrected (BC) intervals, with 5000 replications. Adjusted cost differences at 

12-month follow-up were estimated using linear multilevel analyses (37). These cost 

differences were corrected for baseline sickness absence, baseline work performance, 

age, and education level. The 95%CIs around the adjusted cost differences were 

estimated by means of BC intervals as well (5000 replications). To account for the 

clustering of data, bootstrap replications were stratified for team leaders (38). 

Incremental cost-effectiveness ratios (ICERs) were calculated by dividing the adjusted 

cost differences by those in effects. To graphically illustrate the uncertainty around 

the ICERs, bootstrapped incremental cost-effect pairs (CE-pairs) were plotted on cost-

effectiveness planes (CE-planes) (39). A summary measure of the joint uncertainty of 

costs and effects was presented using cost-effectiveness acceptability curves (CEACs), 

which show the probability that each of the interventions is more cost-effective than 

the others at different ceiling ratios (i.e. the maximum amount of money decision-

makers are willing to pay per unit of effect) (40). 

ROI analysis

The ROI analysis was performed from the employer’s perspective. Costs were 

defined as intervention costs. Benefits were defined as the difference in monetized 

outcome measures (i.e. absenteeism and presenteeism costs) between study groups 

during follow-up, with positive benefits indicating reduced spending. Using linear 

multilevel analyses, benefits were adjusted for baseline sickness absence, baseline 

work performance, age, and education level. Subsequently, three ROI-metrics 

were calculated; 1) Net Benefits (NB), 2) Benefit Cost Ratio (BCR), and 3) Return On 

Investment (ROI) (21;22). 

NB = Benefits – Costs

BCR = Benefits / Costs

ROI = ((Benefits – Costs)/Costs)*100
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The NB indicates the amount of money gained after costs are recovered (i.e. net-

loss or net-savings). The BCR indicates the amount of money returned per Euro 

invested. The ROI indicates the percentage of profit per Euro invested. To quantify 

precision, bootstrapped 95%CIs around the NB, BCR, and ROI were estimated using 

the percentile method, with 5000 replications. Again, bootstrap replications were 

stratified for team leaders (38). In addition, the probability of financial return was 

estimated by determining the proportion of bootstrapped financial return estimates 

was positive (i.e. NB>0, BCR>1, and ROI>0%) (21;22). 

Sensitivity analyses

To assess the robustness of the results, five univariate sensitivity analyses were 

performed. The first sensitivity analysis (SA1) was restricted to participants with 

complete cost and effect data at all measurement points (i.e. complete-case 

analysis). In the second sensitivity analysis (SA2), a slightly modified version of 

the “PROductivity and DISease Questionnaire” (PRODISQ) was used for estimating 

presenteeism costs, in which presenteeism was conceptualized as reduced work 

performance due to health complaints (41;42). In the third sensitivity analysis (SA3), 

absenteeism costs were valued using the HCA for the societal perspective and the 

FCA for the employer’s perspective. As overall consensus about the inclusion of 

presenteeism costs in economic evaluations does currently not exist, presenteeism 

costs were excluded in a fourth sensitivity analysis (SA4). Finally, a fifth sensitivity 

analysis (SA5) was performed, in which absenteeism and presenteeism were valued 

using age- and gender-specific Dutch price weights (28).

rESulTS

Participants

Of the participants, 92 were allocated to the combined social and physical 

intervention group, 118 to the social environmental intervention group, 96 to the 

physical environmental intervention group, and 106 to the control group (Figure 1). 

At baseline, some meaningful differences were found between study groups in age, 

education level, and sickness absence days (Table 2). A total of 83 participants (20%) 

were lost to follow-up (combined: n=29, social: n=20, physical: n=24, control: n=9). 
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217 
 

1182 employees invited   
24 departments                       

412 employees                        
19 departments                    

63 teams 

Non-response                                         
770 employees                                      
5 departments                        

(65%) 
 

Social and physical 
environmental 

intervention  
92 employees                      
3 departments                     

12 teams              

Physical 
environmental  

intervention  
96 employees                    
3 departments                   

13 teams                  

 

Social environmental 
intervention  

118 employees                   
7 departments                    

20 teams            
 

Control           
intervention  

106 employees                   
6 departments                      

18 teams             
 

65 employees (71%)  
 

82 employees (85%) 
 

105 employees (89%) 
 

97 employees (92%) 
 

63 employees (68%)     
Complete data: n=23                      

Effect data: n=45             
Cost data: n=27 

 

94 employees (80%) 
Complete data: n=41                      

Effect data: n=69          
Cost data: n=43 

Reasons loss to follow-up (63) 
 
Changed to different employer (24); 
Lack of motivation (8); Lack of time 
(4); Maternity leave (1); Sickness in 
family (1); Unknown (25) 
 

Reasons loss to follow-up (20) 
 
Changed to different employer (12); 
Lack of motivation (4); Lack of time 
(1); Lack of trust (privacy) (1); 
Maternity leave (1); Sickness in family 
(1) 

76 employees (79%) 
Complete data: n=34                      

Effect data: n=55             
Cost data: n=34 

 

96 employees (91%) 
Complete data: n=52                     

Effect data: n=73           
Cost data: n=54 

 
 

Physical environmental 
intervention   

 188 employees                                        
6 departments                    

25 teams 

No physical environmental 
intervention   

 224 employees                        
13 departments                               

38 teams 

Enrolment 

Baseline 
  

6 month  
follow-up  

12 month  
follow-up  

Imputed dataset          

92 employees 

(100%)   

Imputed dataset          

96 employees         

(100%)   

Imputed dataset          

118 employees              

(100%)   

Imputed dataset          

106 employees         

(100%)   

Multiple imputation 

Figure 1: Flow diagram of participants 
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Table 2: Baseline characteristics of participants
Social and physical environmental 

intervention group
Social environmental 

intervention group

Baseline characteristics all
(n=92)

Complete
(n=23)

Incomplete
(n=69)

all
(n=118)

Complete
(n=41)

Incomplete
(n=77)

male [n (%)] 51 (55.4) 17 (73.9) 34 (49.3) 73 (61.9) 25 (61.0) 48 (62.3)

age (years) [mean (SD)] 38.0 (10.5) 42.8 (9.8) 36.4 (10.3) 43.6 (10.3) 46.8 (9.2) 42.0 (10.5)

Having a partner [n (%)] 74 (80.4) 20 (87.0) 54 (78.3) 91 (77.1) 31 (75.6) 60 (77.9)

Dutch nationality [n (%)] 82 (89.1) 22 (95.7) 60 (87.0) 106 (89.9) 38 (92.7) 68 (88.3)

Education level [n (%)]

  Low 17 (18.5) 3 (13.0) 14 (20.3) 39 (33.1) 14 (34.1) 25 (32.5)

  Intermediate 19 (20.7) 4 (17.4) 15 (21.7) 23 (19.5) 8 (19.5) 15 (19.5)

  High 55 (59.8) 16 (69.6) 39 (56.5) 56 (47.5) 19 (46.3) 37 (48.1)

Working hours per week [mean (SD)]  35.1 (6.1) 36.0 (5.6) 34.7 (6.5) 36.9 (4.1) 37.1 (4.0) 36.9 (4.2)

general health (range: 1-5) [mean (SD)] 3.8 (0.9) 3.8 (0.8) 3.8 (0.9) 3.8 (0.7) 3.8 (0.8) 3.8 (0.7)

Job demands (range: 1-5) [mean (SD)] 2.6 (0.3) 2.6 (0.2) 2.6 (0.3) 2.7 (0.2) 2.7 (0.2) 2.7 (0.2)

Supervisor support (range: 1-5) [mean (SD)] 2.8 (0.5) 2.7 (0.8) 2.9 (0.4) 2.9 (0.5) 2.8 (0.4) 3.0 (0.5)

Need for recovery (range: 0-100) [mean (SD)] 33.3 (29.9) 21.4 (24.3) 37.2 (30.7) 31.8 (28.7) 25.7 (28.6) 35.1 (28.3)

general vitality (range: 0-6) [mean (SD)] 59.7 (18.0) 65.7 (13.5) 57.6 (18.9) 63.9 (18.3) 66.0 (19.4) 62.8 (17.8)

Job satisfaction (range: 1-5) [mean (SD)] 3.9 (0.7) 3.7 (0.6) 3.9 (0.7) 3.9 (0.8) 3.9 (0.7) 3.9 (0.8)

Sickness absence (days) [mean (SD)] 6.8 (18.5) 9.3 (31.5) 5.8 (9.3) 7.0 (14.2) 11.4 (18.7) 4.5 (10.2)

Work performance (range: 0-10) [mean (SD)] 7.5 (1.0) 7.6 (1.0) 7.5 (1.1) 7.6 (0.8) 7.5 (0.8) 7.7 (0.8)
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Table 2: Baseline characteristics of participants
Social and physical environmental 

intervention group
Social environmental 

intervention group

Baseline characteristics all
(n=92)

Complete
(n=23)

Incomplete
(n=69)

all
(n=118)

Complete
(n=41)

Incomplete
(n=77)

male [n (%)] 51 (55.4) 17 (73.9) 34 (49.3) 73 (61.9) 25 (61.0) 48 (62.3)

age (years) [mean (SD)] 38.0 (10.5) 42.8 (9.8) 36.4 (10.3) 43.6 (10.3) 46.8 (9.2) 42.0 (10.5)

Having a partner [n (%)] 74 (80.4) 20 (87.0) 54 (78.3) 91 (77.1) 31 (75.6) 60 (77.9)

Dutch nationality [n (%)] 82 (89.1) 22 (95.7) 60 (87.0) 106 (89.9) 38 (92.7) 68 (88.3)

Education level [n (%)]

  Low 17 (18.5) 3 (13.0) 14 (20.3) 39 (33.1) 14 (34.1) 25 (32.5)

  Intermediate 19 (20.7) 4 (17.4) 15 (21.7) 23 (19.5) 8 (19.5) 15 (19.5)

  High 55 (59.8) 16 (69.6) 39 (56.5) 56 (47.5) 19 (46.3) 37 (48.1)

Working hours per week [mean (SD)]  35.1 (6.1) 36.0 (5.6) 34.7 (6.5) 36.9 (4.1) 37.1 (4.0) 36.9 (4.2)

general health (range: 1-5) [mean (SD)] 3.8 (0.9) 3.8 (0.8) 3.8 (0.9) 3.8 (0.7) 3.8 (0.8) 3.8 (0.7)

Job demands (range: 1-5) [mean (SD)] 2.6 (0.3) 2.6 (0.2) 2.6 (0.3) 2.7 (0.2) 2.7 (0.2) 2.7 (0.2)

Supervisor support (range: 1-5) [mean (SD)] 2.8 (0.5) 2.7 (0.8) 2.9 (0.4) 2.9 (0.5) 2.8 (0.4) 3.0 (0.5)

Need for recovery (range: 0-100) [mean (SD)] 33.3 (29.9) 21.4 (24.3) 37.2 (30.7) 31.8 (28.7) 25.7 (28.6) 35.1 (28.3)

general vitality (range: 0-6) [mean (SD)] 59.7 (18.0) 65.7 (13.5) 57.6 (18.9) 63.9 (18.3) 66.0 (19.4) 62.8 (17.8)

Job satisfaction (range: 1-5) [mean (SD)] 3.9 (0.7) 3.7 (0.6) 3.9 (0.7) 3.9 (0.8) 3.9 (0.7) 3.9 (0.8)

Sickness absence (days) [mean (SD)] 6.8 (18.5) 9.3 (31.5) 5.8 (9.3) 7.0 (14.2) 11.4 (18.7) 4.5 (10.2)

Work performance (range: 0-10) [mean (SD)] 7.5 (1.0) 7.6 (1.0) 7.5 (1.1) 7.6 (0.8) 7.5 (0.8) 7.7 (0.8)

Physical environmental intervention group Control group

all
(n=96)

Complete
(n=34)

Incomplete
(n=62)

all
(n=106)

Complete
(n=52)

Incomplete
(n=54)

60 (62.5) 21 (61.8) 39 (62.9) 65 (61.3) 34 (65.4) 31 (57.4)

42.2 (10.5) 42.7 (10.4) 42.0 (10.7) 40.7 (9.2) 41.3 (9.1) 40.2 (9.3)

82 (85.4) 29 (85.3) 53 (85.5) 85 (80.2) 40 (76.9) 45 (83.3)

87 (90.6) 31 (91.2) 56 (90.3) 95 (89.6) 47 (90.4) 48 (88.9)

16 (16.7) 4 (11.9) 12 (19.4) 21 (19.8) 10 (19.2) 11 (20.4)

20 (20.8) 8 (23.5) 12 (19.4) 24 (22.6) 15 (28.8) 9 (16.7)

60 (62.5) 22 (64.7) 38 (61.3) 61 (57.5) 27 (51.9) 34 (63.0)

35.7 (5.6) 35.1 (5.9) 36.0 (5.4) 36.2 (5.3) 36.1 (6.0) 36.3 (4.6)

3.8 (0.7) 3.8 (0.7) 3.7 (0.7) 3.8 (0.7) 3.7 (0.7) 3.9 (0.6)

2.6 (0.3) 2.7 (0.3) 2.6 (0.3) 2.7 (0.3) 2.7 (0.2) 2.6 (0.3)

2.9 (0.4) 2.9 (31.4) 2.9 (0.4) 2.9 (0.5) 2.9 (0.4) 2.8 (0.6)

33.7 (31.3) 31.2 (31.4) 35.1 (31.5) 30.4 (27.7) 28.9 (27.6) 31.9 (27.9)

63.4 (17.1) 62.2 (19.5) 64.1 (15.9) 66.5 (18.7) 66.4 (19.9) 66.6 (17.6)

4.1 (0.6) 4.1 (0.7) 4.0 (0.5) 4.0 (0.7) 4.0 (0.8) 4.0 (0.6)

11.0 (29.2) 11.2 (39.7) 10.8 (20.7) 3.7 (6.5) 2.9 (4.7) 4.5 (7.9)

7.7 (0.8) 7.9 (0.8) 7.6 (0.8) 7.7 (0.9) 7.8 (1.1) 7.6 (0.8)

The main reasons for loss to follow-up were lack of motivation and changing jobs. 

After 12 months, complete data were obtained from 59% of participants on the 

effect measures (combined: 49%, social: 58%, physical: 57%, control: 69%) and from 

38% on the cost measures (combined: 29%, social: 36%, physical: 35%, control: 51%). 

Some meaningful differences were observed between participants with complete 

and incomplete data (Table 2). These characteristics were included in the imputation 

model. 

Effectiveness

During follow-up, NFR statistically significantly improved among participants of the 

combined intervention group compared to the control group (-8.4; 95%CI -14.6 to 

-2.2), whereas this was not the case for the social (0.1; 95%CI -8.8 to 9.0) and physical 
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environmental intervention group (-1.2; 95%CI -9.1 to 6.6). No statistically significant 

between-group differences were found for general vitality and job satisfaction. 

Use of the interventions

During the intervention period, two GMI-training courses for team leaders, 72 GMI-

sessions (combined: 24 sessions, social: n 48 sessions), and four GMI-coaching 

sessions were provided. Also, 19 VIP zones were created; i.e. six VIP Coffee Corner 

Zones, six VIP Open Office Zones, five VIP Meeting Zones, and two VIP Hall Zones. 

Costs

From the societal perspective, the costs of the combined, social environmental, 

and physical environmental intervention were €428, €392 and €72 per employee, 

respectively (Appendix 1). From the employer’s perspective, these costs were 

€466 (combined), €430 (social), and €72 (physical). Active commuting equipment 

costs were statistically significantly lower in all intervention groups as compared 

to the control group. Moreover, combined intervention group participants had 

statistically significantly lower sports costs than their control group counterparts. All 

other disaggregate cost differences were not statistically significant (Table 3). Total 

employer’s costs in the combined intervention group were statistically significantly 

higher than in the control group (3102; 95%CI 598 to 5969), but this was not the case 

for both the social and physical environmental intervention group. Societal costs in 

all intervention groups were higher than in the control group, but these differences 

were not statistically significant (Table 4). 
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Societal perspective: cost-effectiveness

For NFR, an ICER of -197 was found for the combined intervention group in comparison 

with the control group. This indicates that for every 1-point improvement in NFR, 

the intervention costs €197 in comparison with usual practice (Note that this ICER is 

negative, as lower scores indicate a better NFR). An ICER in the similar direction was 

found for the physical environmental intervention group (ICER: -382). In both cases, 

the majority of incremental CE-pairs were located in the northeast quadrant of the 

CE-plane (Table 4, Figure 2-1a), suggesting that both intervention conditions were 

more costly and more effective in improving NFR than usual practice. For the social 

environmental intervention group, an ICER of 1784 was found. This indicates that the 

intervention costs €1784 per point decline in NFR in comparison with usual practice 

(Table 4, Figure 2-1a). For general vitality, ICERs of 479, 26, and 84 were found for the 

combined, social, and physical environmental intervention group, respectively. In all 

cases, the majority of incremental CE-pairs were located in the northeast quadrant 

of the CE-plane (Table 4, Figure 2-1b). This suggests that all intervention conditions 

were more costly and more effective in improving general vitality than usual practice. 

A summary measure of the joint uncertainty of costs and effects is presented by the 

CEACs in Figure 2-2a and Figure 2-2b. These CEACs indicate that the probabilities 

of cost-effectiveness of both separate intervention conditions and usual practice 

were about 0.3 at societal willingness-to-pay values of €0/point improvement in NFR 

and general vitality, while that of the combined intervention was lower (i.e. 0.09). 

For NFR, the separate intervention conditions’ probabilities of cost-effectiveness as 

well as that of usual practice decreased with an increasing willingness-to-pay, while 

that of the combined intervention gradually increased to 0.85 at a ceiling ratio of 

€3900. For general vitality, on the other hand, the social environmental intervention 

condition’s probability of cost-effectiveness increased with an increasing willingness-

to-pay, whereas that of all other intervention conditions remained about the same.
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Employer’s perspective: cost-effectiveness

For NFR, an ICER of -370 was found for the combined intervention group, suggesting 

that the intervention was associated with an additional cost to the employer of €370 

per point improvement in NFR in comparison with usual practice. For the physical 

environmental intervention group, an ICER in the similar direction was found (ICER: 

-763). In both cases, the majority of incremental CE-pairs were located in the 

northeast quadrant of the CE-plane (Table 4, Figure 3-1a). For the social environmental 

intervention group, on the other hand, an ICER of 4256 was found. This indicates 

that the intervention costs €4256 to the employer in comparison with usual practice 

per point decline in NFR. For job satisfaction, ICERs of -49595, -2004, and -17846 

were found for the combined, social, and physical environmental intervention group, 

respectively (Table 4). All of these intervention conditions were more costly and less 

effective than usual practice (Table 4, Figure 3-1b).

The CEACs presented in Figure 3-2a and Figure 3-2b indicate that the probabilities 

of cost-effectiveness of all intervention conditions were lower than that of usual 

practice at employer’s willingness-to-pay values of €0/point improvement in NFR 

and job satisfaction. For NFR, the separate intervention conditions’ probabilities 

of cost-effectiveness as well as that of usual practice decreased with an increasing 

willingness-to-pay, while that of the combined intervention increased to 0.85 at 

a ceiling ratio of €6000. For job satisfaction, on the other hand, the probability of 

cost-effectiveness of all intervention conditions remained lower than that of usual 

practice, irrespective of the employer’s willingness-to-pay (Figure 3-2b).

Employer’s perspective: financial return

During follow-up, total employer’s benefits, NBs, BCRs, and ROIs were negative for all 

intervention conditions, indicating that the investments were larger than the benefits 

(Table 5). Moreover, the probabilities of financial return of all intervention conditions 

were low (combined: 0.05, social: 0.41, environmental: 0.30).
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Sensitivity analyses 

Results of SA3 were similar to those of the main analysis. The outcomes of SA1 

(complete-cases), SA2 (PRODISQ), SA4 (excluding presenteeism), and SA5 (age- 

and gender-specific price weights) differed in some aspects from the main analysis 

(Appendix 2, Appendix 3). Four differences stand out. First, in the main analysis, NFR 

statistically significantly decreased among combined intervention group participants 

in comparison with the control group, whereas the difference in NFR scores between 

both groups was not statistically significant among the complete-cases (SA1). 

Second, in the main analysis, total societal and employer’s costs were higher among 

participants to all intervention groups in comparison with the control group, whereas 

they were lower when using a sightly modified version of the PRODISQ (SA2). Third, 

the probability of financial return was low for all intervention conditions in the main 

analysis, whereas that of the combined intervention condition (0.90) and that of 

the physical environmental intervention condition (0.93) were relatively high when 

using the PRODISQ (SA2). Fourth, in the main analysis, total employer’s costs were 

statistically significantly higher among participants to the combined intervention 

in comparison with the control group, whereas this difference was not statistically 

significant when presenteeism costs were excluded (SA4). 

diSCuSSiON

This study aimed to evaluate the cost-effectiveness and financial return of a combined 

social and physical environmental intervention in office employees in comparison 

with usual practice, and of both intervention conditions separately. Additionally, the 

probabilities of the interventions being cost-effective in comparison with each other 

were explored. The combined intervention statistically significantly improved NFR 

in comparison with usual practice, whereas both separate intervention conditions 

did not. No statistically significant between-group differences were found for general 

vitality and job satisfaction. Employer’s costs were statistically significantly higher 

in the combined intervention group compared with the control group, whereas 

all other societal and employer’s cost differences were not statistically significant. 

Whether the combined intervention can be regarded as cost-effective in improving 
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NFR from both the societal and employer’s perspective depends on the respective 

decision-makers’ willingness-to-pay per point improvement as well as the probability 

of cost-effectiveness that they consider acceptable. However, as both are currently 

unknown, strong conclusions cannot be made. Nonetheless, societal and company 

decision-makers can use the present results to consider whether they perceive that 

the intervention provides “good value for money” at an acceptable probability of 

cost-effectiveness. Both separate intervention conditions, on the other hand, cannot 

be regarded as cost-effective in improving NFR, because their probabilities of cost-

effectiveness in comparison with the other study groups were low, regardless of 

the maximum willingness-to-pay. None of the intervention conditions seemed to 

be cost-effective in improving general vitality from the societal perspective, nor in 

improving job satisfaction from that of the employer. Moreover, the probability of 

financial return was low for all intervention conditions, indicating that none of them 

generated cost savings to the employer. 

Comparison with existing literature

Until now, few studies evaluated the effectiveness of comparable interventions in 

improving NFR, general vitality, and/or job satisfaction. Meijer et al. (2009), evaluated 

the effect of a so-called innovative office concept (e.g. open-office plan, flexible 

workplaces) on NFR among Dutch office employees. No significant improvements 

were found at 15 months follow-up (43). Their study, however, did not include a 

comparison group and the content of their intervention differed from the intervention 

conditions evaluated here. Using an RCT, Strijk et al. (2012) evaluated the effectiveness 

of a worksite vitality intervention aimed at improving physical activity, nutrition, and 

relaxation among older Dutch hospital employees versus usual practice. Even though 

the intervention statistically significantly improved NFR at 6-month follow-up, this 

effect was not sustained at the long-term (44;45). Moreover, the intervention did 

not improve general vitality at 6- and 12-month follow-up (46). Again, however, the 

content of the worksite vitality intervention (i.e. yoga and aerobic exercising, fruit, 

and individual counselling) differed from that of the present intervention conditions 

and the intervention was not specifically targeted at office employees. This study 

also evaluated the societal cost-effectiveness of the worksite vitality intervention 
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in improving NFR and general vitality. The intervention was not considered cost-

effective in improving both outcomes, because a substantial amount of money had 

to be paid by society to reach a reasonable probability of cost-effectiveness (45). 

To our knowledge, studies evaluating the employer’s cost-effectiveness of 

comparable interventions in improving NFR are lacking. One study, however, 

evaluated the employer’s cost-effectiveness in improving job satisfaction of a 

mindfulness-based worksite health promotion program in comparison with usual 

practice (41). Irrespective of the maximum willingness-to-pay, the intervention had 

a low probability of cost-effectiveness (i.e. ≤0.25) and was therefore not considered 

to be cost-effective either. 

A systematic review of the financial return of worksite physical activity and/or 

nutrition programs indicated that such programs may generate positive financial 

returns through reduced absenteeism costs according to non-randomized studies 

(BCR: 4.25), whereas they do not according to RCTs (BCR: 0.51) (47). When we solely 

included absenteeism costs in SA4, our results were in line with those of the review 

(BCR-combined: -2.2, BCR-social: 0.0, BCR-physical: 0.5). Moreover, a recent review 

of U.S. worksite health promotion studies published after 2000 found that only one 

of the seven studies showing cost savings utilized a randomized design. Based on 

these findings, the authors concluded that strong evidence of cost savings of worksite 

health promotion programs is currently lacking (48).

Explanation of findings

The finding that the combined intervention statistically significantly improved NFR 

in comparison with usual practice, whereas both separate intervention conditions 

did not, is in line with our hypothesis that the combined intervention would be most 

effective. Moreover, it is noteworthy that even though the combined intervention 

had a statistically significant positive effect on NFR, total employer’s costs were 

statistically significantly higher among combined intervention group participants 

compared to their control group counterparts. This is striking, as absenteeism costs 

accounted for more than half of the difference in total employer’s costs, while 

improvements in NFR were previously found to be related to lower absenteeism costs 

(49). Our finding might have resulted from the fact that worksite health promotion 
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programs, such as ours, may positively affect NFR at the short-term, while the related 

improvements in productivity occur at the long-term. However, further research is 

needed to confirm this. Furthermore, even though the intervention (conditions) were 

aimed at improving physical activity and active commuting, sports costs and active 

commuting equipment costs were lower in all intervention groups as compared with 

the control group. A possible explanation for this finding may be that control group 

participants were aware of the content and/or aims of the intervention conditions, 

and purchased sports memberships, sports equipment, and/or bicycles in an effort 

to compensate for the fact that they solely received usual practice.

Robustness of the results

Results of the sensitivity analyses differed in some aspects from those of the main 

analysis. Most notably, the combined intervention’s effect on NFR was statistically 

significant in the main analysis (for which data were imputed), whereas this 

was not the case when participants with missing data were eliminated from the 

analyses. This probably resulted from the large difference in baseline NFR scores 

between combined intervention group participants with complete (mean: 33.3) 

and incomplete data (mean: 21.4). This indicates that the complete-case analysis is 

likely to be biased by self-selection of participants. Moreover, when presenteeism 

costs were estimated using a slightly modified version of the PRODISQ, the results 

were much more favourable than those of the main analysis (for which the WHO-

HPQ was used). Both instruments likely produced different results, because they 

conceptualize presenteeism in a slightly different way (WHO-HPQ: reduced overall 

work performance, PRODISQ: reduced work performance due to health complaints). 

The WHO-HPQ was used in the main analysis, because worksite health promotion 

programs are not just hypothesized to indirectly affect presenteeism through 

individual health improvements, but also directly from program impact (50). 

Strengths and limitations

This study has several strengths. First, this study was the first to evaluate the cost-

effectiveness and financial return of a combined social and physical environmental 

intervention, as well as that of both intervention conditions separately. Second, 
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the use of randomization for allocating departments to the “social environmental 

intervention” and “no social environmental intervention” group reduced the 

possible influence of selection bias, while the study’s external validity was improved 

by its pragmatic design. Third, to minimize contamination between study groups, 

group allocation was performed at the department-level. Moreover, to account 

for the possible clustering of data resulting from this design, this study was one of 

the first to use linear multilevel analyses for assessing the intervention conditions’ 

cost-effectiveness and financial return. The latter is of great importance, as most 

economic evaluations alongside clustered studies ignore the possible clustering of 

data, whereas those that do seem to underestimate the statistical uncertainty and 

are likely to have inaccurate point estimates (51;52). 

The study also had some limitations. First of all, the generalizability of the present 

findings to other companies, work settings, and/or the general working population 

may be hampered by the fact that the study was performed among office workers 

within a single company. Another limitation concerns the relatively large amount 

of missing data: i.e. 41% of participants had some missing effect data and 62% had 

some missing cost data. Even though missing data are generally inevitable in trial-

based economic evaluations and multiple imputation techniques were used for filling 

in missing values, a 100% compete dataset would have produced more valid and 

reliable results. Therefore, the present results should be treated with caution and 

extensive efforts ought to be made in future studies to reduce the amount of missing 

data. Moreover, all effect measures and some resource use categories were assessed 

using retrospective questionnaires. This may have induced “recall bias”. Nonetheless, 

as it is seems highly unlikely that the extent of impairment in recall systematically 

differed between study groups, we do not expect that our use of such questionnaires 

severely biased our results (53).

Conclusion

Depending on the societal and employer’s willingness-to-pay and the probability of 

cost-effectiveness that they consider acceptable, the combined intervention may be 

considered cost-effective in improving NFR. Both separate interventions were not 

cost-effective in improving this outcome. Moreover, all interventions were neither 
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cost-effective in improving general vitality (societal perspective) and job satisfaction 

(employer’s perspective), nor cost saving to the employer.
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abSTraCT

Resources for occupational health are scarce. To allocate available resources as 

efficiently as possible, decision-makers need information on the relative economic 

merits of occupational health and safety (OHS) interventions. Economic evaluations 

can provide this information by comparing the costs and consequences of two or 

more alternative interventions. However, only a few of the studies that consider the 

effectiveness of OHS interventions take the extra step of considering whether they 

are efficient in terms of their resource implications. Moreover, the methodological 

quality of economic evaluations in the occupational health literature is generally 

poor. 

Effectiveness trials are commonly used as a vehicle for economic evaluations, since 

they provide a unique opportunity to reliably estimate the resource implications 

of a new intervention without substantially higher research expenses. The present 

paper aims to help occupational health researchers conduct high quality trial-based 

economic evaluations by discussing the theory and methodology that underlie 

them, and by providing recommendations for good practice regarding their design, 

analysis, and reporting. The present paper will also help consumers of this literature 

with understanding and critically appraising trial-based economic evaluations of OHS 

interventions. 
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iNTrOduCTiON 

Resources for occupational health are scarce (1;2). Therefore, decision-makers in this 

field increasingly call upon advisors and researchers to not only demonstrate that 

occupational health and safety (OHS) interventions are effective, but also efficient in 

terms of their resource implications. Economic evaluations provide information on 

the relative efficiency of two or more alternative interventions and are defined as 

“the comparative analysis of alternative courses of action in terms of both their costs 

and consequences” (1). The main aspects of any economic evaluation are to identify, 

measure, value, and compare the costs and consequences of alternatives (1).      

In the healthcare sector, economic evaluations are increasingly being conducted and 

play an important role in many countries when deciding whether (new) treatments 

should be covered by public funding (1). However, only a few of the studies that 

consider the effectiveness of OHS interventions take the extra step of considering 

whether they are efficient in terms of their resource implications (3). Moreover, 

the methodological quality of those that do is generally poor (4-7). Reasons for this 

may be the distinct challenges that confront researchers when trying to identify the 

resource implications of OHS interventions as well as a lack of recommendations on 

how to deal with these issues (3). Many economic evaluation text books and articles 

are designed for use in healthcare settings and may therefore be difficult to adapt to 

the occupational health context (4). 

Effectiveness trials are a commonly used vehicle for economic evaluations, as they 

provide a unique opportunity to reliably estimate the resource implications of a new 

intervention without substantially higher research expenses. Although some efforts 

have been undertaken to improve the quality of (trial-based) economic evaluations 

in occupational health (3;8;9), more needs to be done to accomplish this. Therefore, 

the present paper aims to help occupational health researchers conduct high quality 

trial-based economic evaluations by discussing the theory and methodology that 

underlie them, and by providing recommendations for good practice regarding their 

design, analysis, and reporting. 
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dESiGN Of aN ECONOmiC EvaluaTiON 

Kind of economic evaluations

Choosing the appropriate kind of economic evaluation for a particular occupational 

health decision context can be a challenge as a result of the relative complexity of the 

decision-making context that generally includes multiple stakeholders (e.g. workers, 

employers, insurance companies, public policy makers). Four kinds of economic 

evaluations are distinguished. There are similarities across the four kinds. The main 

difference is the metric used to measure the key outcome (health and/or safety, in 

the case of OHS interventions) (10). 

1) Cost-effectiveness analysis (CEA): Costs and some consequences (e.g. 

productivity, healthcare utilization implications) are measured in monetary 

units, whereas the key outcome is measured in natural units (1). 

2) Cost-benefit analysis (CBA): Both costs and consequences are measured in 

monetary units. In business administration, CBAs are sometimes describes 

as return-on-investment analyses. 

3) Cost-utility analysis (CUA): Costs and some consequences are measured 

in monetary terms, whereas the key outcome is measured in utility units. 

Utilities are often expressed in terms of Quality Adjusted Life Years (QALYs) 

(1).

4) Cost-minimisation analysis (CMA): Only costs are considered across 

alternatives, as it is assumed that the consequences are similar. CMAs 

are considered inappropriate if there is uncertainty regarding a possible 

difference in the magnitude of consequences (1).

Which kind of economic evaluation is most appropriate depends on the stakeholders 

involved and the question being asked. Generally, employers are most interested 

in CBAs that can provide insight into the impact of an intervention on a company’s 

bottom-line, whereas public policy makers may be more interested in CEAs and 

CUAs, particularly if monetary measures do not adequately capture important health 

outcomes (1;8;11). Therefore, it is recommended that researchers conduct various 

kinds of economic evaluations within the same study in order to inform all relevant 

stakeholders (3).
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When to undertake an economic evaluation

Economic evaluations are often conducted alongside (“piggybacked” onto) trials 

evaluating the effectiveness of OHS interventions. Various design aspects are 

therefore typically determined by the requirements of the effectiveness trial (e.g. 

alternatives, outcome measures). However, to ensure that all relevant economic 

data is collected in a valid, reliable, and efficient way, it is important to consider the 

requirements for the economic evaluation at the earliest possible stage (12-14). 

Debate exists as to whether an economic evaluation should be included in a trial 

before the effectiveness of a new intervention is established. However, not including 

an economic evaluation would risk losing the opportunity to simultaneously collect 

cost and effect data (14). Also, the absence of statistically significant consequence/

effect differences between the alternatives being compared does not necessarily 

imply that the new alternative is not cost-effective and/or cost-beneficial. Economic 

evaluations are about the joint distribution of costs and consequences, and could 

demonstrate clear cost-effectiveness/cost-benefit when neither cost nor consequence 

differences are individually significant (14). Also, cost savings might occur in the 

absence of health improvements and could thus be missed if an economic evaluation 

is not performed. 

trial design 

Pragmatic randomized controlled trials (RCTs) are generally acknowledged as the 

best vehicle for economic evaluations, because they enable the evaluation of the 

resource implications of OHS interventions under “real life” conditions. This setup 

increases the external validity of results, while the internal validity is guaranteed 

by the randomization of participants (4;14). Within the occupational health setting, 

however, participant-level randomization may not always be feasible (e.g. when 

interventions include organizational components). In such cases, randomization at 

the level of departments or locations might provide a more feasible approach (i.e. 

cluster-RCTs) (3). 

To ensure that the results of an economic evaluation are generalizable to occupational 

health practice, trial conditions should resemble daily practice as much as possible. 

For example, participants should be similar to those who will experience the 
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intervention if it is implemented broadly, monitoring should be done under routine 

circumstances, and interventions should be compared to usual practice.

Perspective

An essential aspect of an economic evaluation is its perspective. Perspective refers to 

the “point of view” taken to identify relevant costs and consequences for inclusion 

in the evaluation. The chosen perspective may be that of any relevant stakeholder 

or an aggregate of stakeholders such as a societal perspective. The perspective 

determines which costs and consequences are included. In the societal perspective, 

for example, all costs and consequences are considered irrespective of who pays or 

benefits, whereas only those borne by employers are included when the employer’s 

perspective is applied. Given this fact, the perspective is a critical element in an 

analysis and should therefore be stated explicitly (1). 

OHS interventions are typically initiated by company management; either to comply 

with the law, in an effort to save money (i.e. reduced sickness absence costs), or for 

moral reasons (11). Consequently, most economic evaluations of such interventions 

are performed from the employer’s perspective (4-7;15), but other perspectives 

may also be relevant; e.g. worker’s, insurer’s, and societal perspective. When the 

employer’s perspective is applied, key worker outcomes, such as the value of worker 

health, are often not included in the analysis, but simply the health-related expenses 

incurred by an employer (e.g. productivity implications). This is a critical oversight, 

as occupational health is essentially about worker health. A societal perspective is 

particularly useful to consider as the perspective in a study, as it provides insight into 

the net effect across all stakeholders. Hereby, it better ensures that the societal costs 

of an intervention are less than the benefits experienced by all stakeholders, rather 

than simply the company’s costs being less than its benefits (3). This information 

will ensure that there is a net societal benefit, rather than simply cost shifting from 

one stakeholder to another. In addition, the disaggregated information on costs and 

consequences from a societal perspective provides a good sense of their distribution 

across stakeholders. Such information can be the launch pad for bargaining between 

them (1). This may be of particular importance in countries with dual-payer (e.g. 

The Netherlands) and universal healthcare systems (e.g. The United Kingdom), since 
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employers generally bear most of the costs of OHS interventions, whereas in such 

jurisdictions the healthcare system and/or government reaps a large part of their 

benefits (i.e. reduced medical spending) (16). Therefore, it is recommendable to 

supplement findings from the employer’s perspective with those from other relevant 

perspectives, particularly the societal one. 

analytic time frame

Researchers also need to decide about the time frame over which costs and 

consequences are analysed. The analytic time frame ought to cover the entire period 

over which costs and consequences flow from the alternatives under consideration 

(12). This time frame generally extends beyond the follow-up needed to establish the 

effectiveness of a new intervention. To illustrate, the follow-up of an effectiveness 

trial may be terminated after the occurrence of the clinical event of interest (e.g. 

incidence of Repetitive Strain Injury (RSI)). If this follow-up would be used for the 

economic evaluation, all costs and consequences incurred during the course of 

the disorder or its recurrences would not be taken into account (e.g. RSI-related 

medication and/or operation costs), leading to an underestimation of the total costs 

and consequences. Although the optimal follow-up period is generally unknown, 

researchers and readers should at least feel confident that the most important costs 

and consequences are covered by the chosen analytic time frame. Additionally, future 

costs and consequences that occur after the measurement period can be estimated 

using information and data from various sources. This is particularly important to do 

if future costs and consequences are expected to be substantial (e.g. many of the 

(health) benefits of preventive interventions are thought to occur in the future).

Identification, measurement, and valuation of resource use

In economic evaluations, costs and some consequences are expressed in monetary 

units. For this purpose, relevant resource use categories should be identified, 

measured, and valued. As discussed earlier, relevant resource use categories for 

inclusion in an economic evaluation depend on its perspective. Other factors that 

might determine the relevance of a resource use category are, amongst others, 

the country or jurisdiction in which the study is undertaken and the nature of the 
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alternatives being compared. 

After relevant resource use categories are identified, researchers should determine 

how to cost them. Costing generally involves three steps; 1) the measurement of 

quantities of resources consumed (Q), 2) the assignment of unit prices (P), and 3) the 

valuation of resources consumed by multiplying their quantities by their respective 

unit prices (Q*P) (1). These estimates should be reported separately so that readers 

can judge the relevance of these measures to his or her setting (17). 

Measurement of quantities of resources consumed

Resource use data are ideally collected prospectively through a data collection 

process that is fully integrated into the effectiveness trial (1;13). Also, when collecting 

self-reported resource use data, researchers have to balance recall bias against 

completeness of information. Shorter recall periods reduce the risk of participants 

forgetting important information. However, collecting data with relatively short 

recall periods (e.g. a couple of weeks) over a longer period of time may be overly 

burdensome to participants and may thus increase the risk of missing data and drop-

outs. Therefore, it may be better to maximize completeness at the cost of some 

recall bias (14); e.g. by using 2- to 3-month recall periods in a trial with a long-term 

follow-up (≥12 months) (18). Also, care should be taken to collect resource use data 

continuously during follow-up and to avoid the need for extrapolation of resource 

use estimates between measurement periods.  

Assignment of unit prices                 

Unit prices used for valuing resource use ought to reflect opportunity costs; i.e. 

“the value of a resource in its most highly valued alternative use” (8). In a world of 

perfect markets, such costs are revealed by the market price of a good or service. 

However, if a competitive market does not exist for a good or service, market prices 

often are an inaccurate measure of its value. For example, if a premium is paid for a 

good or service due to restricted market entry, market prices may overestimate the 

opportunity costs at the societal level. When the societal perspective is applied, an 

adjustment should therefore be made to the market price; e.g. by using the price of a 

comparable good or service (8). For the employer’s perspective, the actual purchase 
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costs incurred by the employer may be more appropriate, as they better represent 

the sum of money that is not available to the employer for its best alternative 

use (12;19). Thus, appropriate unit prices may vary between perspectives, and 

researchers should ensure that they reflect the true resource implications to the 

decision-maker at hand (8). 

A brief description of the methods used for measuring and valuing the most frequently 

used resource use categories in economic evaluations of OHS interventions is 

provided below. The most frequently used resource use categories are; intervention, 

healthcare, productivity, and worker’s compensation costs (4-7;15). 

Intervention costs

Information on the market price of an intervention may be derived from vendors 

or company and/or research project records. Many trials, however, assess novel 

interventions that either have no predefined price weights associated with them or 

for which the use of market prices is inappropriate (e.g. when the societal perspective 

is applied) (12). In such cases, the actual intervention costs can be assessed using a 

bottom-up micro-costing approach, in which detailed data regarding the quantities 

of resources consumed as well as their unit prices are collected per intervention 

component separately. Such resources may include intervention staff hours, 

materials used, depreciation, overhead activities, square feet of office space, and 

traveling (1;3;12). Also, workers may be taken away from their regular production 

activities to participate in the intervention and this should be accounted for as well. 

Costs associated with the intervention’s evaluation should not be included unless it 

is a condition of implementation (8). 

Quantities of resources consumed can be measured using administrative databases, 

expert panels, surveys or interviews with intervention participants and/or providers, 

intervention operation logs, or observations (20). Unit prices may be collected from 

administrative databases, scientific literature, vendors, and/or costing manuals (e.g. 

(21)). 
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Healthcare costs

Ideally, all healthcare service use is measured to reduce the likelihood that 

(unexpected) shifts in healthcare utilization rates are missed. Although this approach 

will increase the validity of the results, it may not always be feasible. An alternative 

strategy is to limit data collection to those healthcare services that are related to 

the alternatives and/or condition under study (12). A description of the care path 

for the condition under study might provide researchers with a clear picture of what 

those healthcare services are. In all cases, care should be taken to include the most 

important cost drivers. 

Healthcare utilization can be measured through a variety of means, including 

retrospective questionnaires, prospective resource use diaries (i.e. cost diaries), and 

insurance or hospital databases. Databases, however, may not always contain all 

required data, and their validity and reliability may not be very high (10). Moreover, 

healthcare costs borne by participants (e.g. co-payments, over-the-counter 

medication) are typically not included in these databases. Therefore, researchers are 

often dependent on self-report data to measure these healthcare utilization items. To 

value healthcare utilization, unit prices may either be estimated using a micro-costing 

approach, or based on predefined price weights, prices according to professional 

organizations, or tariffs. Typically, several methods are used simultaneously (10;19). 

Productivity costs

For employers, an important benefit of OHS interventions are the resulting changes 

in productivity loss. Productivity loss can be defined as the company’s output loss 

corresponding to reduced labour input (i.e. time and efforts/skills of the workforce). 

According to this definition, to value productivity loss is to value the output loss 

(22). Unfortunately, however, objective measurement of the true impact of reduced 

labour input on a company’s output is often impossible to estimate. Therefore, 

researchers typically use proxies of productivity loss, which are often estimated using 

(self-reported) data on the participants’ level of absenteeism (i.e. sickness absence) 

and/or presenteeism (i.e. reduced performance while at work). The methodologies 

used for measuring and valuing absenteeism and presenteeism are a fiercely 

debated topic in the field of economic evaluations. Below, a brief description of the 
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most frequently used methods is provided. For more information about the main 

debates and developments regarding the identification, measurement, and valuation 

of productivity we refer to other publications; (22;23).

The two main methods for estimating absenteeism costs are the Human Capital 

Approach (HCA) and the Friction Cost Approach (FCA). For both methods, the number 

of sickness absence days has to be collected, for which administrative databases, self-

report (questionnaires), or reports by others can be used (9). For the FCA, it is also 

important to identify the number and duration of different absence periods. According 

to the HCA, absenteeism costs are equal to the amount of money participants would 

have earned had they not been injured or ill (4;21). Therefore, in the HCA, sickness 

absence days are typically valued using actual wage rates of participants (including 

employment overheads and benefits) and represent losses for the entire duration of 

absence (1;19;24). It is argued that the HCA overestimates the true societal cost of 

sickness absence, as the possible replacement of workers with long-term sickness 

absence is not taken into account (1;4). Therefore, the FCA was developed, in which 

production losses are assumed to be confined to the time-span companies need to 

replace a sick worker by a formerly unemployed person to restore the company’s 

initial production level (i.e. friction period) (23). In the FCA, absenteeism is typically 

valued using age-, gender- and/or education-specific price weights (25). The length of 

the friction period depends on the state (i.e. the unemployment rate) and efficiency 

of the labour market. As such, friction periods typically differ between countries and 

should be estimated per country separately (1). If there are important changes in 

the economic climate, it may be necessary to estimate the friction period anew. In 

the Netherlands, a friction period of 23 weeks is currently assumed (21). Thus, if a 

sickness absence period exceeds 23 weeks, absenteeism costs are truncated at the 

costs of 23 weeks. Furthermore, as a reduction of labour input is often assumed to 

cause a less than proportional reduction in productivity, Koopmanschap et al. (1995) 

also proposed the application of an elasticity factor of 0.8, which is often used in 

economic evaluations that apply the FCA. This elasticity factor implies that a 100% 

loss of labor input corresponds with an 80% reduction in productivity (25).

In the economic evaluation literature, the need to consider presenteeism as 

a component of the costs incurred from productivity loss is increasingly being 
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recognized (9). Presenteeism is typically estimated using participant self-report 

or report by others. For this purpose, various instruments have been developed, 

including both generic (26-29) and disease-specific questionnaires (30;31). Most of 

these questionnaires measure work performance in terms of points, percentages, or 

proportions (32). These responses can then be used to estimate the total number of 

working days lost due to presenteeism by using the equation:

P = (E – A) * p

 

where P is full working days lost due to presenteeism, E is total working days, A is 

sickness absence days, and p is the proportion of lost work performance estimated 

by the instrument used in the study (22). To value the number of lost working days 

due to presenteeism, actual wage rates of participants, or age-, gender-, and/or job-

specific price weights can be used. Researchers should be aware, however, that the 

estimated number of work days lost due to presenteeism may vary widely between 

instruments. This suggests a lack of comparability among instruments, but it is still 

unclear which instrument provides the best presenteeism estimate (22). Given its 

significance, however, ignoring presenteeism may lead to severe underestimations 

(22). Therefore, researchers are recommended to include this resource use category 

whenever possible. To assess the possible influence of the choice of instrument, 

sensitivity analyses can be performed (See below). 

Workers’ compensation costs

Workers’ compensation is an insurance program, offered in some countries (e.g. 

Canada, United States), through which workers may receive wage replacement and/

or medical benefits in the event of an occupational injury or disease. Funding usually 

comes from premiums paid by employers (8). To estimate workers’ compensation 

costs, total claim costs per participant can be obtained from company and/or 

workplace insurance records. It is generally inadequate, however, to use workers’ 

compensation costs as the sole cost category, as they do not reflect the full extent of 

work-related injuries and illnesses (4). Many compensable injuries and illnesses go 

unreported and others are not compensable (4). When supplementing healthcare 
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and/or productivity costs with workers’ compensation costs, double counting should 

be avoided. Also, insurance premium-related wage replacement benefits should be 

excluded for the societal perspective, as they constitute “transfer payments” from 

the employer via the insurer to the worker rather than depleted sources (1;4) 

Identification, measurement, and valuation of outcomes

As noted before, CEAs have the key outcome measured in natural units. The most 

appropriate outcome used for this purpose depends on the nature of the alternatives 

being compared, the condition under study, and/or the applied perspective. 

Sometimes, there may be some concern about whether the chosen outcome 

captures all relevant consequences. If this is a concern, it is advisable to conduct 

multiple CEAs using different outcomes (8). In CUAs, the key outcome is measured 

in utility units, generally known as QALYs. They capture both the duration of survival 

and health-related quality of life in a single measure (1;12;14). An advantage of QALYs 

is that they provide a general index score that allows decision-makers to compare 

the consequences of a range of interventions for different health issues (1;10). 

However, even though QALYs are the preferred outcome measure when healthcare 

interventions for patients are evaluated from the societal perspective (13;21;33), 

they have not yet been frequently used in economic evaluations of OHS interventions 

(4;6;7;34). This may be due to the fact that QALYs may not reflect what occupational 

health decision-makers feel is most important in terms of outcomes. In the case of 

a workplace safety programs, for example, outcomes such as worker safety may be 

more meaningful to decision-makers than a utility-weighted health measure (11). 

Moreover, occupational health decision-makers are generally unfamiliar with QALYs, 

and QALYs seem to lack sensitivity to mild conditions that are often the focus of 

OHS interventions (e.g. of worksite health promotion programs) (35). Therefore, 

more sensitive utility measures are warranted for economic evaluations of OHS 

interventions and/or utility measures that are more applicable to the occupational 

health setting; e.g. the recently conceptualized “Disease-Adjusted Working Years”, 

which aims to express the amount of working years lost due to poor working 

conditions and associated illness (36;37).
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aNalySiS Of aN ECONOmiC EvaluaTiON

Below, we discuss some important issues in the analysis of trial-based economic 

evaluations. To illustrate some of them, data is used from an economic evaluation 

that was previously performed alongside a 12-month pragmatic RCT, in which 

construction workers at risk for cardiovascular disease either received a lifestyle 

intervention or usual practice. A CEA in terms of kilogram body weight loss was 

performed from the societal perspective and a CBA from that of the employer. 

Resource use categories included intervention, healthcare, absenteeism, and sports 

costs and were expressed in 2008 Euros. More detailed information about this trial-

based economic evaluation can be found elsewhere; (38). 

Sample size 

Ideally, economic outcomes are used in the sample size calculation of a trial (13). 

However, although various techniques have been proposed to estimate the 

appropriate sample size for economic endpoints (39-42), sample size calculations are 

typically performed based on primary outcomes (10;13;14). This is due to the fact that 

cost data are right skewed and therefore require larger sample sizes to detect relevant 

differences than (health) outcome data. However, a large sample size may neither be 

feasible nor ethically acceptable (14;43). Also, a large number of parameters has to be 

specified to perform sample size calculations for economic endpoints (e.g. variance 

parameters of effectiveness measures, cost measures, incremental cost-effectiveness 

ratios), many of which are hard to predict a priori (39;41;42). Consequently, trial-

based economic evaluations are typically underpowered for economic outcomes 

(10). Low powered studies have imprecise and uncertain cost estimates and should 

be interpreted with caution (43). Moreover, if studies are likely to be underpowered, 

researchers are recommended to use estimation rather than hypothesis testing (i.e. 

by using confidence intervals rather than p-values) (47). 

adjusting for differential timing 

Interventions may have different time profiles of costs and consequences. Within 

occupational health, intervention costs are generally incurred immediately, while 
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consequences such as productivity costs might extend into the future (44). Two 

types of adjustments should be made to account for these differences in timing. 

The first concerns the adjustment of cost data for inflation; i.e. “the general upward 

price movement of goods and services” (12). Due to inflation, prices drawn from 

different years are generally not comparable (8). All prices should therefore be 

adjusted to the same reference year using consumer price indices and the applied 

reference year should be stated explicitly (17). The second adjustment concerns the 

adjustment of cost and outcome data for time preferences of individuals when they 

are collected over a period of more than one year (12). Even within a world with 

zero inflation, individuals have a preference for receiving benefits today rather than 

in the future (1). Therefore, costs and consequences incurred in different years have 

to be discounted at some rate to estimate their present value (44). The appropriate 

discount rate depends on the borrowing cost of money and other contextual factors. 

Guidelines for discount rates used in public sector projects are provided by some 

jurisdictions. For example, in the Netherlands, cost data should be discounted at 4% 

and health outcomes at 1.5%, while both should be discounted at 3.5% in the United 

Kingdom (21;33). 

Intention-to-treat and missing data

Guidelines for conducting trials prescribe that all participants should be included in 

the analyses, all retained in the group to which they were allocated (i.e. intention-

to-treat analysis) (45). However, true intention-to-treat analyses are often hampered 

by missing data, which are generally inevitable in trials. For economic evaluations, 

this problem is even more pronounced, because total costs are typically the sum 

of numerous cost components. As such, cost data will already be incomplete if one 

component is missing (13). Missing data itself may have no relation to observed and 

unobserved factors among participants (MCAR: Missing Completely At Random), 

may only have a relationship to observed factors (MAR: Missing At Random), or may 

also have a relationship to unobserved factors (MNAR: Missing Not At Random) (See 

Box 1 for a more detailed description) (46). Historically, complete-case analyses (i.e. 

eliminating cases with missing data) were used to deal with missing data and this 

is still an often used approach in trial-based economic evaluations (47). However, 
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complete-case analyses reduce the power of a study and lead to biased estimates 

if missing data are not MCAR (12;13). If the rate of missing data is smaller than 5%, 

complete-case analyses may be considered. If more than 5% of data are missing, 

researchers should use imputation techniques to fill in missing values. Nowadays, 

multiple imputation is generally recommended to impute missing data (13;14). 

When using multiple imputation, multivariate regression techniques are used to 

predict missing values on the basis of observed factors (12;14). To account for the 

uncertainty about the missing data, several different imputed datasets are created 

(46). As a rule of thumb, White et al. (2011) suggested that the number of datasets 

should at least be equal to the percentage of incomplete cases (48). The imputed 

datasets are subsequently analysed separately to obtain a set of parameter estimates, 

which can then be pooled using Rubin’s rules to obtain overall estimates, variances, 

and 95% confidence intervals (95%CIs) (46;48;49). Multiple imputation leads to 

unbiased estimates if missing data are MAR (12). Researchers should bear in mind, 

however, that cost and consequence estimates derived using multiple imputation are 

less reliable and precise than those based on a 100% complete dataset (14). Every 

endeavor should therefore be made to minimize the amount of missing data. 

Box 1: types of missing data (46)

1) Missing Completely At Random (MCAR): The “missingness” of data has no 
relationship to observed and unobserved factors among participants. For example, 
sickness absence data may be missing because of problems with the registration of 
this data due to a temporary computer problem. 

2) Missing At Random (MAR): The “missingness” of data has a relationship to 
observed factors among participants, but not to unobserved factors. For example, 
missing sickness absence durations may be longer than available sickness absence 
durations but only because older employees may be more likely to have missing 
sickness absence data. 

3) Missing Not At Random (MNAR): Even after the observed data are taken into 
account, systematic differences remain between the missing values and the 
observed values. This means that the “missingness” of data also has a relationship 
to unobserved factors. For example, in trials relying on self-reported sickness 
absence, participants with longer sickness absence durations may be more likely to 
forget to return their cost diaries because they are not feeling well.
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Incremental analysis of costs and consequences

After costs and consequences have been quantified, their mean differences between 

the intervention and control group(s) as well as the statistical significance of these 

differences need to be assessed (12).

As mentioned above, cost data are typically right skewed. This is caused by the fact 

that only a small proportion of participants incur high costs and costs are naturally 

bound by zero (See Figure 1) (1). 

Figure 1: Distribution of the societal costs per participant in a trail-based economic 
evaluation of a lifestyle intervention for construction workers at risk for cardiovascular 
disease compared to usual practice (38)

The skewed cost distribution complicates the analysis of cost data, as it violates 

the assumptions of standard statistical tests, such as independent t-tests and linear 

regression analyses. A standard approach to describe skewed data is to provide 

a summary measure of the distribution in the form of a median. However, this is 

inappropriate for cost data as decision-makers need to be able to estimate the total 
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cost of implementing a new intervention (total implementation costs = mean costs 

per participant * number of participants). As such, the arithmetic mean is generally 

viewed as the most informative measure to describe cost data (1;14;50). Various 

methods are currently used to compare cost data between study arms, including 

standard non-parametric tests (e.g. Mann-Whitney U), t-tests on log-transformed 

data, and non-parametric bootstrapping. Standard non-parametric tests compare 

the distribution of the data instead of means and are therefore inappropriate. 

Transformations to normalize the distribution are not straightforward and are 

often sensitive to departures from distributional assumptions (13). Moreover, back-

transformations are often complicated. Therefore, researchers increasingly favour 

the non-parametric bootstrap (13;50), which can be used to estimate 95%CIs around 

mean cost differences while avoiding distributional assumptions (Box 2) (51). 

Box 2: Non-parametric bootstrapping

With non-parametric bootstrapping, statistical analyses are based on repeatedly sampling 
with replacement from the observed data. In short, a sample of N participants is repeatedly 
drawn with replacement from both the intervention and control group separately, where N 
equals the number of participants per study arm. Every resample (i.e. bootstrap sample) is 
the equivalent of a repetition of the trial. Since resamples have been drawn with replacement 
(i.e. per sample, participants can be drawn more than once), these bootstrap samples differ 
from one another. Per bootstrap sample, the statistics of interest is calculated (e.g. the 
difference in arithmetic mean costs and effects, incremental-cost effectiveness ratios, cost-
benefit estimates). By doing so multiple times, a distribution for the statistics of interest 
is generated that provides an approximation of its population sampling distribution, which 
can then be used to estimate confidence intervals (12). At least 2000 bootstrap samples are 
recommended, and preferably more (52). Various methods have been proposed to estimate 
bootstrapped 95% confidence intervals, of which the bias corrected and accelerated method 
is currently the preferred one (51;53). Non-parametric bootstrapping is available in many 
software packages, including SPSS, SAS, STATA, and R.

Comparing incremental costs and consequences

The core of any economic evaluation is the analysis of the relation between the 

costs and consequences of alternatives. The preferred methods for conducting such 

analyses differ between the types of economic evaluations and are discussed below.
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Cost-effectiveness analysis and cost-utility analysis

In CEAs and CUAs, an incremental cost-effectiveness ratio (ICER) is calculated by 

dividing the mean difference in cost (∆ Cost) between study arms by that in effect (∆ 

Effect). The ICER indicates the additional costs of a new intervention in comparison 

with a control condition per unit of effect gained (1;12). 

            Costintervention  –  Costcontrol                                             ∆ Cost

               =                    =        ICER

         Effectintervention  –  Effectcontrol                                        ∆ Effect

To illustrate, a description of the calculation and interpretation of the example trial’s 

ICER is provided in Box 3.       

  
Box 3: Calculation and interpretation of the incremental cost-effectiveness ratio (ICEr) of a 
lifestyle intervention for construction workers at risk for cardiovascular disease compared 
to usual practice (38)

During follow-up, intervention group participants significantly decreased their body weight 
by 2.02 kilogram compared to the control group (∆ Effect). Mean societal costs per participant 
were non-significantly higher in the intervention group compared to the control group by 
€293 (∆ Cost). Using this information, the ICER can be calculated;

ICER: €293/2.02 = €145

This ICER indicates that society has to pay €145 per participant in the intervention group for 
each additional kilogram body weight loss compared to usual practice.

ICERs are generally hard to interpret. For example, negative ICERs might represent 

reduced costs and positive effects indicating a win-win situation or increased costs 

and negative effects indicating a lose-lose situation (14). Therefore, ICERs are often 

graphically illustrated on cost-effectiveness planes (CE-planes), in which incremental 

effects are plotted on the X-axis and incremental costs on the Y-axis (Figure 2) (54;55). 

If an ICER is located either in the South East Quadrant (SE-Q) or the North West 

Quadrant (NW-Q), the choice between alternatives is clear (assuming there is no 

uncertainty surrounding the ICER). In the SE-Q, the new intervention is more 

effective and less costly than the control condition and is therefore said to dominate 
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the control condition. In the NW-Q, the opposite is true and the new intervention is 

dominated by the control condition. If a new intervention is more effective and more 

costly (NE-Q: North East Quadrant) or less effective and less costly (SW-Q: South 

West Quadrant), the decision whether or not to adopt it depends on the so-called 

“willingness-to-pay” (λ). That is, the maximum amount of money decision-makers 

are willing to pay for an additional unit of effect (1). To illustrate, a hypothesized λ is 

depicted as the diagonal line in Figure 2 and divides the CE-plane into a cost-effective 

and a non-cost-effective halve. ICERs located to the right of this line are considered 

acceptable, whereas ICERs located to the left are considered inacceptable (14;54;55). 

The more decision-makers are willing to pay for an additional unit of effect, the 

steeper the slope of this line (14). 

New treatment
more costly

New treatment
less costly

New treatment
less effective

New treatment
more effective

North west 
quadrant

South west 
quadrant

South east
quadrant

North east
quadrant

Control condition
dominates

New intervention
is more effective
but more costly

New intervention
dominates

New intervention
is less costly but

less effective

Hypothesized
willingness-to-pay

()

Figure 2: Cost-effectiveness plane
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With participant-level data, it is natural to consider representing the uncertainty 

surrounding ICERs using 95%CIs. However, as a ratio measure, estimating 95%CIs 

around ICERs is not straightforward and, more importantly, 95%CIs around ICERs 

suffer from the same interpretation problem as ICERs (55). Therefore, alternative 

methods have been proposed to estimate the uncertainty surrounding ICERs. Current 

guidelines recommend using the bootstrap method described in Box 2. In this 

case, both incremental costs and effects are calculated per bootstrap sample. The 

uncertainty surrounding an ICER can then be graphically illustrated by plotting these 

bootstrapped incremental cost-effect pairs (CE-pairs) on a CE-plane. As indicated by 

the example trial’s CE-plane provided in Figure 3, CE-pairs commonly cover more 

than one quadrant. 

Figure 3: Cost-effectiveness plane for a lifestyle intervention for construction workers at risk 
for cardiovascular disease compared to usual practice (38)
Abbreviation: NW-Q: North West Quadrant, NE-Q: North East Quadrant, SW-Q: South West 
Quadrant, SE-Q: South East Quadrant, ICER: Incremental Cost-Effectiveness Ratio                         

Although CE-planes give a good impression of the uncertainty surrounding the ICER, 

they do not provide a summary measure of the joint uncertainty of costs and effects 

(56). Therefore, cost-effectiveness acceptability curves (CEACs) were introduced 
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that provide insight into the probability that a new intervention is cost-effective 

compared to the control condition. This probability can be estimated by determining 

what proportion of CE-pairs is located in the cost-effective half of the CE-plane (i.e. to 

the right of the previously mentioned line with the slope equal to λ)(Figure 2). Since 

it is generally unknown what decision-makers are willing to pay for an additional unit 

of effect, λ is varied between its natural bounds (range: 0 to ∞) and the probability 

that the new intervention is cost-effective compared to the control condition is 

estimated for a range of λs. These values can then be plotted on CEACs that show the 

probability of cost-effectiveness (Y-axis) for various λs (X-axis) (55-57). To illustrate, 

the CEAC of the example trial is provided in Figure 4. 

Figure 4: Cost-effectiveness acceptability curve for a lifestyle intervention for construction 
workers at risk for cardiovascular disease compared to usual practice (38)
Note: This cost-effectiveness acceptability curve corresponds with the cost-effectiveness 
plane in Figure 3 and indicates the probability of the intervention being cost-effectiveness for 
different values of willingness-to-pay per kilogram body weight loss. 
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This CEAC indicates that if decision-makers are not willing to pay anything to obtain an 

additional kilogram body weight loss (i.e. λ=0), there is a 0.33 probability that the new 

intervention is cost-effective compared to the control condition. If decision-makers 

are willing to pay €2000 (i.e. λ=2000), this probability is 0.95. When interpreting 

CEACs, two approaches can be used by decision-makers. If their willingness to 

pay is known, they have to judge whether the probability of cost-effectiveness at 

this ceiling ratio is acceptable. If their willingness to pay is unknown, they should 

consider whether the ceiling ratio at an acceptable probability of cost-effectiveness 

is acceptable to them. The latter might depend on the scale of the outcome measure 

and the prevalence of the condition under study.

Cost-benefit analysis

In health economics and business administration, various measures exist for 

comparing costs and benefits. Of them, the Net Benefits (NB), Benefit Cost Ratio 

(BCR), and Return-On-Investment (ROI) are the most frequently used measures in 

occupational health research and can be estimated using the following equations (6):

NB = Benefits – Costs

BCR = Benefits / Costs

ROI = (Benefits – Costs) / Costs [*100]

where Costs are defined as intervention costs and Benefits as the difference in 

monetized outcomes between the intervention and control group (e.g. difference 

in productivity costs). Benefits are estimated by subtracting the mean expenses 

incurred by the intervention group participants from those of the control group. 

Hereby, positive benefits indicate reduced spending. The NB indicates the amount of 

money gained after costs are recovered (i.e. net loss or net savings). The BCR indicates 

the amount of money returned per monetary unit invested. The ROI indicates 

the percentage of profit per monetary unit invested (58;59). Interventions can be 

regarded as cost saving if the following criteria are met: NB>0, BCR>1, and ROI>0%. 

To illustrate, a description of the calculation and interpretation of the example trial’s 

cost-benefit estimates is provided in Box 4.      



Chapter 8

262

Box 4: Calculation and interpretation of the cost-benefit estimates of a lifestyle intervention 
for construction workers at risk for cardiovascular disease in comparison to usual practice 
(38)
Mean intervention costs per participant were €605. During follow-up, average absenteeism 
costs per participant were €3302 in the intervention group and €3604 in the control group. 
Thus, the absenteeism benefits per participant were €302 (€3604 - €3302). Using this 
information, cost-benefit estimates can be calculated;

NB: €302 - €605 = €-303
BCR: €302 / €605 = 0.50
ROI: ((€302 / €605)/ €302)*100 = -50%

These cost-benefit estimates indicate that the intervention resulted in a net loss to the 
employer of €303. Also, per Euro invested, the employer gained €0.50 and suffered a loss of 
50%. Thus, the intervention cannot be regarded as cost-beneficial in terms of absenteeism 
costs.

Cost-benefit estimates, and BCRs and ROIs in particular, are typically presented 

without an indication of their uncertainty. If uncertainty is substantial and this is not 

taken into account, wrong conclusions could be drawn. Therefore, we recommend 

the use of the previously described bootstrap method (Box 2) to estimate the 

uncertainty surrounding cost-benefit estimates. In this case, the NB, BCR, and/or 

ROI are calculated per bootstrap sample (i.e. bootstrapped NBs, BCRs, and ROIs). 

Subsequently, 95%CIs can be estimated using the bias corrected and accelerated 

method (51;53). Even though BCRs and ROIs are ratio measures, estimating their 

95%CIs is straightforward as the denominator (i.e. intervention costs) is typically 

positive. Many occupational health decision-makers, however, may lack the necessary 

statistical background to interpret 95%CIs (11). A possible way to deal with this issue 

is to determine what proportion of bootstrapped NBs, BCRs, and/or ROIs indicate 

cost savings (i.e. “the probability of financial return”). Occupational health decision-

makers can subsequently use this information to consider whether the established 

probability of financial return is acceptable to them. 

When reporting CBA results, economists and policy makers prefer the NB, whereas 

the BCR and ROI are more familiar to business managers. As such, it is recommendable 

to report at least two of them (i.e. NB and BCR/ROI), so that the results can be easily 

interpreted by all stakeholders. Another advantage of this approach is that it makes 

the results easily comparable with those of other studies, because different metrics 
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are used in the literature to estimate whether OHS interventions generate cost 

savings (6).

Sensitivity analysis

Economic evaluations are often conducted in the context of incomplete information 

and uncertainty, which necessitates the use of proxy measures, and invariably, the 

need to make assumption about the methods and unit prices used for valuing resource 

use, the methods used for dealing with incomplete data, and the way in which 

adjustments are made for differential timing (4;8). Therefore, sensitivity analyses 

should be undertaken to assess how study results would change for different key 

assumptions and parameter values (i.e. the robustness of study results) (17;60). The 

ranges of values tested, and arguments for selecting these ranges, must be clearly 

described (10;17). Various kinds of sensitivity analyses exist. One-way sensitivity 

analyses assess the impact of changes to a single parameter at a time, while multiple 

parameters are varied simultaneously in multi-way sensitivity analyses (61). 

diSCuSSiON

Resources for occupational health are scarce. This makes it necessary for decision-

makers to have information on the relative efficiency of OHS interventions in order to 

allocate available resources to their best use. As such, economic evaluations of OHS 

interventions are becoming increasingly important, many of which are conducted 

alongside effectiveness trials. Trial-based economic evaluations provide a unique 

opportunity to reliably estimate the resource implications of OHS interventions 

at low incremental cost (10;14). However, it is critical that high quality trial-based 

economic evaluations are performed when this information is used to inform 

allocation decisions. 

Designing a high quality trial-based economic evaluation requires close collaboration 

between occupational health specialists, individuals executing the trial, and health 

economists (14). Careful considerations must be made regarding the perspective, the 

analytic time frame, the identification, measurement, and valuation of resource use 

and outcomes, as well as the methods used for calculating sample sizes, comparing 
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costs and consequences, and handling missing data and uncertainty. The latter is of 

particular importance, as few economic evaluations in occupational health report on 

the uncertainty surrounding their incremental cost-consequence estimates (4-7;15). 

Failing to estimate values under uncertainty makes it impossible to determine the 

certainty of results and could thus lead to inappropriate decision-making. To quantify 

precision, non-parametric bootstrapping can be used as a statistical technique for 

dealing with the right skewed nature of cost data (1;7). An overview of our core 

recommendations for trial-based economic evaluations in occupational health can 

be found in Appendix 1.

Trial-based economic evaluations may also have shortcomings, including limited 

sample sizes, limited comparators, and truncated time horizons (14). To deal with the 

latter, researchers might consider extrapolating economic evaluation results beyond 

the follow-up of a trial by using decision analytic modeling, in which expected 

costs and consequences between alternatives are compared by synthesizing 

information from multiple sources (e.g. scientific literature, study results) (1;13;14). 

For more detailed information about decision analytic modeling we refer to other 

publications; (14;62). Also, even though we recommend a pragmatic (cluster-)RCT 

design for economic evaluations, we are aware that randomization itself may not 

always be feasible and/or desired in the occupational health setting. In those cases, 

well executed non-randomized studies may provide valuable information, but it is 

critical that efforts be made to control for selection bias (e.g. by using propensity 

score matching) (63;64). 

When interpreting economic evaluations of OHS interventions, it is important to 

bear in mind that their results may not be directly applicable to other countries 

and jurisdictions due to differences in healthcare, social security systems, and other 

factors. Verbeek et al. (2010) demonstrated that economic evaluation results can 

be generalized from one country to another. However, to enable the necessary 

calculations, researchers need to provide an extensive description of the intervention, 

a detailed list of resource use as well as information of the healthcare system in the 

original study and the allocation of costs to various stakeholders (65).  
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By simultaneously providing recommendations for good practice in the economic 

evaluation of OHS interventions and discussing the methods and principles that 

underlie them, the present paper aimed to help researchers in conducting and 

reporting high quality trial-based economic evaluations. Such studies are expected to 

contribute to the development of a sound evidence base on the resource implications 

of OHS interventions (3;4), which is a necessary prerequisite for evidence-based 

practices occurring in occupational health (11). The present paper may also be 

helpful to consumers of this literature with understanding and critically appraising 

trial-based economic evaluations of OHS interventions, which might help improve 

the uptake of their results.
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Appendix 1: Core recommendations for trial-based economic evaluation in occupational 
health 

Design of an economic evaluation                                                                                                                                       
Types of economic evaluations
Perform various types of economic evaluations to inform all relevant stakeholders; e.g. 
cost-effectiveness analysis (CEA), cost-benefit analysis (CBA), cost-utility analysis (CUA).                                                                    
Timing                                                                                                                                                                                     
Consider economic evaluation requirements during an early phase of the design of a trial.                                         
Trial design                                                                                                                                                                                         
If possible, use randomization to allocate participants to study arms (i.e. (cluster-)RCTs).
Trial conditions should resemble daily practice as much as possible.                                                                                             
Perspective                                                                                                                                                                             
Apply various perspectives to inform all relevant stakeholders.                                                                                         
The applied perspective(s) should be explicitly stated.
Analytic time frame
Ideally, the analytic time frame covers the entire period over which costs and consequences 
flow from the alternatives under study.
Identification, measurement, and valuation of costs
Collect all resources that may influence the overall costs related to the applied perspective(s).
Appropriate unit prices may vary between perspectives. Researchers should therefore ensure 
that unit prices reflect the true resource implications to the decision-maker(s) at hand.
Report aggregate costs, disaggregate resource use, and applied unit prices separately.

analysis of an economic evaluation                                                                                                                                   
Sample size                                                                                                                                                                                
Ideally, economic outcomes are used in the sample-size calculation of a trial. If this is not 
possible, use estimation rather than hypothesis testing.
Adjusting for differential timing
Prices drawn from different years should be adjusted for inflation using consumer prices 
indices and the applied reference year should be explicitly stated.
Costs and consequences should be discounted using discount rates pertaining to the 
jurisdiction in which the economic evaluation is performed in order to adjust for time 
preferences of individuals.
Missing data
Use multiple imputation to impute missing values, particularly if ≥5% of data is missing.
Incremental analysis of costs and consequences
Incremental costs and consequences should be reported as differences in arithmetic means.
Use non-parametric bootstrapping to quantify precision of cost data.
Comparing incremental costs and consequences
The preferred method for comparing incremental costs and consequences depends on the kind 
of economic evaluation; i.e. incremental cost-effectiveness ratio (ICERs) for CEAs/CUAs, and 
Net Benefits, Benefit Cost Ratios, and/or Return On Investments for CBAs.
To quantify the uncertainty surrounding incremental cost-consequence estimates, use non-
parametric bootstrapping techniques.
Use cost-effectiveness planes to graphically illustrate the uncertainty surrounding ICERs and 
cost-effectiveness acceptability curves to provide a summary measure of the joint uncertainty 
of costs and effects/utilities. For cost-benefit estimates, use 95% confidence intervals and/or 
the probability of financial return.
Sensitivity analysis
Perform a sensitivity analysis to test the robustness of results.
The ranges of values tested, and arguments for selecting these ranges, should be described.
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abSTraCT

Background: Continued improvements in occupational health can only be ensured if 
decisions regarding the implementation and continuation of occupational health and 
safety interventions (OHS interventions) are based on the best available evidence. To 
ensure that this is the case, scientific evidence should meet the needs of decision-
makers. As a first step in bridging the gap between the economic evaluation literature 
and daily practice in occupational health, this study aimed to provide insight into 
the occupational health decision-making process and information needs of decision-
makers.

methods: An exploratory qualitative study was conducted with a purposeful sample 
of occupational health decision-makers in the Ontario healthcare sector. Eighteen 
in-depth interviews were conducted to explore the process by which occupational 
health decisions are made and the importance given to the financial implications of 
OHS interventions. Twenty-five structured telephone interviews were conducted to 
explore the sources of information used during the decision-making process, and 
decision-makers’ knowledge on economic evaluation methods. In-depth interview 
data were analyzed according to the constant comparative method. For the structured 
telephone interviews, summary statistics were prepared. 

results: The occupational health decision-making process generally consists of three 
stages: initiation stage, establishing the need for an intervention; pre-implementation 
stage, developing an intervention and its business case in order to receive senior 
management approval; and implementation and evaluation stage, implementing 
and evaluating an intervention. During this process, information on the financial 
implications of OHS interventions was found to be of great importance, especially 
the employer’s costs and benefits. However, scientific evidence was rarely consulted, 
sound ex-post program evaluations were hardly ever performed, and there seemed 
to be a need to advance the economic evaluation skill set of decision-makers. 

Conclusions: Financial information is particularly important at the front end of 
implementation decisions, and can be a key deciding factor of whether to go 
forward with a new OHS intervention. In addition, it appears that current practice 
in occupational health in the healthcare sector is not solidly grounded in evidence-
based decision-making and strategies should be developed to improve this.
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baCkGrOuNd

The extent to which organizations allocate their limited resources towards 

occupational health and safety interventions (OHS interventions), including both 

worksite health promotion and health and safety interventions, is driven by some 

combination of legal, financial, and moral factors (1,2). Among others, information 

on the costs and consequences of these interventions is therefore likely to be a 

valuable input into the decision of whether or not to implement or continue them. 

This is of particular importance in the healthcare sector, where OHS interventions 

focused on workers may be seen as redirecting resources away from higher priority 

ones more focused on patient care (3). Furthermore, rising healthcare expenditures, 

experienced by many developed countries, may pose another limitation to the 

resources available for OHS interventions in the healthcare sector (4,5).

To aid occupational health decision-makers, different types of economic evaluations 

are carried out. Cost benefit analyses (CBAs), also known as return-on-investment 

analyses, are conducted to provide insight into the net financial benefit or financial 

return by comparing incremental costs to incremental financial benefits of alternatives 

(6-9). Cost-effectiveness analyses (CEAs) are conducted to provide insight into the 

incremental costs of an intervention per additional unit of effect gained. In cost-

utility analyses (CUAs), the incremental costs of an intervention are compared to its 

attributable health improvements measured in utilities (e.g., ‘quality adjusted life 

years’) (6).

During the last two decades, a growing number of articles has been published about 

the financial implications of OHS interventions (10), but their use and impact on day-

to-day decision-making has not been adequately explored. However, as research 

indicates that results of economic evaluations of healthcare interventions for 

patients are rarely used among medical decision-makers (11-14), the use of economic 

evaluations among occupational health decision-makers is likely to be limited as well. 

Within the framework of evidence-based decision-making, it is essential that lessons 

learned from research are applied in practice. That is, continued improvements in 

occupational health can only be established if (implementation) decisions are based 

on the best available evidence. To ensure that this is the case, scientific evidence 
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should meet the information needs of decision-makers. Specifically, disparities should 

be minimized between the way in which evidence is developed and presented and 

the way in which it is understood and used in daily practice (15). In addition, because a 

lack of expertise in health economics (specifically economic evaluation) was found to 

be an important barrier to the use of economic evaluations among medical decision-

makers (11,13), it is of importance that occupational health decision-makers are 

equipped with an adequate skill set to interpret and use scientific evidence on the 

financial implications of OHS interventions.

Until now, studies have been undertaken to gain insight into evidence-based decision-

making and possible ways to improve it among occupational health professionals 

(e.g., physicians, nurses) (16-18) and individual workers (19), but not among 

occupational health decision-makers. Therefore, as a first step in bridging the gap 

between the economic evaluation literature on OHS interventions and daily practice, 

the present study aimed to explore four issues: the process by which occupational 

health decisions are made; the importance given to the financial implications of OHS 

interventions; the sources of information used during the decision-making process; 

and occupational health decision-makers’ knowledge about different economic 

evaluation methods. 

mEThOdS

In-depth interviews with occupational health decision-makers in the Ontario 

healthcare sector were conducted to explore the process by which occupational 

health decisions are made and the importance given to the financial implications of 

OHS interventions. Structured telephone interviews were conducted to explore the 

sources of information used during the decision-making process and occupational 

health decision-makers’ knowledge on economic evaluation designs. A qualitative 

approach was chosen, as little is currently known about these topics. Core categories 

of analytic foci have not yet been identified (20). 

The present study was undertaken in collaboration with partners from the following 

organizations: the Public Services Health and Safety Association, the Ontario Nurses’ 

Association, and the Ontario Hospital Association. At three meetings held over the 
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course of the study, partner representatives provided input and feedback on data 

collection activities.

ontario’s occupational health and safety and healthcare system

Canada is a federation of ten provinces and three territories. As such, labour 

legislation and healthcare are provincial and territory level jurisdictions. Therefore, 

the OHS system (including regulation and insurance) and the healthcare system vary 

somewhat between provinces/territories, though there are many common features 

(21). In Ontario, regulatory responsibilities for the inspection and enforcement 

aspects of OHS lie with the ‘Ministry of Labour’ (MOL). Workers’ compensation is 

administered by the ‘Workplace Safety and Insurance Board’ (WSIB), a monopoly, not-

for-profit insurance provider that covers approximately 70% of Ontario’s workforce. 

The WSIB is financed by payroll taxes levied on employers, with some variation among 

industries reflecting their different risk levels and accident experiences (i.e., industry 

specific rate groups). Within these rate groups, financial incentives are administered 

for organizations through experience ratings. Organizations with better-than-average 

safety records receive a rebate, whereas those with a worse safety records are levied 

a surcharge (22). The WSIB operates on a ‘no fault’ principle (i.e., compensation 

is paid no matter who is at fault) and generally covers healthcare costs and lost 

earnings associated with occupational injury and disease (21,22). Sickness absences 

that are not attributable to exposures at work are not compensable through workers’ 

compensation, though the universal, publicly-funded healthcare system provides 

medical services to all Ontario residents for needed care. Employers may provide 

wage replacement benefits for these types of sickness absences. However, because 

these programs are not obligatory, only some employers offer them (21). In the 

light of this study, it is also important to mention that workplaces with 20 or more 

employees are required by law to have a ‘Joint Health and Safety Committee’ (JHSC). 

A JHSC is made up of worker and employer representatives that work together to 

identify and resolve health and safety problems in their workplace (21). 

Ontario’s universal, publicly-funded healthcare system is funded through transfer 

payments from the federal government and general taxes at the provincial level. 

Most hospitals are not-for-profit organizations that bill the ‘Ministry of Health and 
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Long Term Care’ (MOHLTC) for a wide range of medically necessary services (21,23). 

Long-term care (LTC), on the other hand, is provided by not-for-profit as well as for-

profit facilities. 

recruitment and sampling

In order to focus our sampling efforts and to keep the scope of the study manageable, 

a subset of organizations from the Ontario healthcare sector was selected, namely 

hospitals and LTC facilities. Participants for the in-depth interviews and structured 

telephone interviews were selected by means of purposeful sampling. This sampling 

method enables researchers to use their own judgement in order to select individuals 

who could provide in-depth information relevant to the research questions. Project 

partners assisted in identifying such individuals. Additionally, participants were 

selected by means of snowballing: i.e., participants were asked whether they knew 

other people who they thought could provide relevant information about the 

occupational health decision-making process (20). Participants had to be employees 

of an Ontario-based hospital or LTC facility that were either responsible for the 

daily occupational health operations or senior staff members. To reduce the risk of 

biased responses, decision-makers who participated in the in-depth interviews were 

excluded from participation in the structured telephone interviews. All participants 

were informed about the study purpose, were reassured of confidentiality, and 

provided written informed consent. Study details were approved by the University of 

Toronto’s Office of Research Ethics.

In-depth interviews

In-depth interviews took place from June 2011 to August 2011 during an in-

person or telephone meeting arranged at a time and location convenient to the 

participants. Interviews lasted on average 47 minutes (range: 12 to 116 minutes) 

and were conducted by two or three researchers (ET, AS-H, LC). One researcher 

was responsible for asking questions, whereas the other(s) took field notes and 

probed areas requiring more explanation. An interview protocol was used including 

questions and prompts. First, short questions were asked regarding the employment 

and workplace characteristics of the interviewee (e.g., job description, years of 
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relevant work experience, facility size). Subsequently, open-ended questions were 

asked to explore the decision-making process and the importance given to the 

financial implications of OHS interventions. The first open-ended question was ‘How 

does your organization go about starting and implementing an OHS intervention?’ 

Possible follow-up questions or prompts were ‘Can you describe how you evaluate 

OHS interventions?’ ‘What type of information helps move a plan forward?’ ‘How 

do you prioritize between alternatives?’ ‘How does cost-benefit/cost-effectiveness 

fit into your decision-making process?’ Throughout the interview, participants 

were asked to illustrate their answers by giving examples of recent program 

implementation and/or continuation decisions, including those concerning both 

small versus large and mandated versus non-mandated OHS interventions. Among 

others, the participants’ examples concerned workplace violence, return to work, 

participatory ergonomics, and health education programs. Question prompts were 

slightly revised throughout the data collection process based on the researchers’ 

sense of what additional information would be useful and the participant’s position 

within the organization. The final topic list is provided in Additional file 1. Analytic 

field notes were written after each interview by one researcher (LC), including 

thoughts about the dynamics of the encounter and issues that may be relevant at the 

analytical stage (20). All interviews were recorded and transcribed verbatim. After 15 

interviews, the analytic field notes indicated that no new findings emerged (i.e., data 

saturation). To be sure that data saturation was indeed reached, three additional 

interviews were conducted. As no new findings emerged from these interviews as 

well, data collection was terminated after 18 interviews. 

Data analysis: in-depth interviews

Data were analyzed using the constant comparative method, in which each item is 

checked or compared with the rest of the data to inductively establish analytical 

categories (24,25). First, analytic field notes and transcripts were read to get a general 

understanding of the concepts under study and to get some insight into the dynamics 

of the interviews. Using Nvivo version 10 (QSR international, Burlington, USA), 

transcripts were subsequently open-coded by one researcher (JvD). That is, transcripts 

were read line by line and relevant passages were selected and coded, often by using 
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the participants’ own words. Interview codes included both ‘descriptive’ (i.e., within 

the immediate domain of the interview questions) and ‘analytic’ (i.e., emerging and 

overarching) themes (20). Throughout the coding process, conscious efforts were 

made to detect further examples of previously identified themes and, if applicable, 

to identify new ones (24-27). Subsequently, similar codes were grouped into so-called 

analytical categories, and the analytical categories’ properties were explored as well 

as the relationships between those categories (25). At various meetings held over the 

course of the data analysis process, identified codes, identified analytical categories, 

and interpretations of the data were checked and discussed with the interviewers 

(AS-H, ET, LC) to enhance the robustness of the findings. In all cases, consensus was 

reached through discussion. 

Structured telephone interviews

Structured telephone interviews were conducted by one researcher (AS-H) from 

November 2011 to February 2012 and lasted on average 27 minutes (range: 15 

to 60 minutes). First, short questions were asked regarding the employment and 

workplace characteristics of the interviewee (e.g., job description, facility size). 

Subsequently, participants were asked to what extent external sources of information 

were consulted when exploring whether a future intervention was worthwhile (i.e., 

always, sometimes, never), and if so, what types of sources. Also, a list of inputs/

costs and outcomes/consequences in economic evaluations of OHS interventions 

was provided to the participants, and they were asked to what extent these inputs/

costs and outcomes/consequences were considered during the decision-making 

process (i.e., always, sometimes, never). The list of inputs/costs and outcomes/

consequences was derived from a previous study of one of the authors (unpublished 

data). Subsequently, participants were asked whether they were familiar with CBA, 

CEA, and CUA, and, if so, whether they could define these economic evaluation 

designs, whether they previously received training in economic evaluation-related 

topics, and whether they wanted to acquire more knowledge in this field. An overview 

of the structured interview items pertaining to research questions is provided in 

Additional file 2. All telephone interviews were recorded. Data analysis: structured 

telephone interviews By listening to the audiotapes, descriptive statistics were 
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prepared by two researchers (AS-H, JvD). Inputs/costs and outcomes/consequences 

of economic evaluations were regarded as ‘commonly considered’ if they were 

‘always’ considered during the decision-making process by more than 50% of the 

participating healthcare facilities. Definitions of the various economic evaluation 

designs were scored as ‘correct’ if they included some variation of the following 

information: CBA, a comparison of costs and benefits, in which both are expressed 

in monetary terms; CEA, a comparison of costs and outcomes, in which costs are 

expressed in monetary terms and outcomes in natural units; and CUA, a comparison 

of costs and utilities, in which costs are expressed in monetary terms and utilities 

(e.g., health improvements) in terms of ‘quality adjusted life years,’ or possibly some 

variant, such as ‘disability adjusted life years’ (6). In all other cases, they were scored 

as ‘incorrect.’ 

rESulTS

In-depth interviews

Participants

Eighteen in-depth interviews were conducted with a total of 19 participants (i.e., 

one interview was conducted with two participants). Of them, 11 worked at a 

hospital and eight at a LTC facility. Twelve were female and seven male. Fifteen were 

responsible for the daily occupational health operations and four were senior staff 

members (Table 1).

The process by which occupational health decisions are made

In general, the process by which occupational health decisions are made can 

be subdivided into three stages: initiation stage, pre-implementation stage, and 

implementation and evaluation stage (Figure 1).
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Table 1: Characteristics of the study population

In-depth 
interviews

Structured telephone 
interviews

Participants [n.] 19 28
lTC [n. (%)] 8 (42) 1 (4)
Female [n. (%)] 7 (88) 1(100)
Job description [n. (%)]
   OHS operations 6 (75) 1 (100)
   Senior staff members 2 (25) 0 (0)
Years of relevant work experience [mean (SD)] 16.6 (7.8) N.A.

Hospitals [n. (%)] 11 (58) 27 (96)
Female [n. (%)] 5 (46) 21 (78)
Job description [n. (%)]
   OHS operations 9 (81) 26 (96)
   Senior staff members 2 (19) 1 (4)
Years of relevant work experience [mean (SD)] 7.6 (2.8) N.A.

Interviews [n.] 18 25
lTC [n. (%)] 7 (39) 1 (4)
Size [n. (%)]
  <250 employees 3 (43) 0 (0)
  250-999 employees 4 (57) 1 (100)
Type [n. (%)]
  Public (not for profit) 4 (57) 1 (100)
  Private (for profit) 3 (43) 0 (0)

Hospital [n. (%)] 11 (61) 24 (96)
Size [n. (%)]
  <250 employees 0 (0) 3 (13)
  250-999 employees 3 (27) 6 (25)
  1000-1999 employees 1 (9) 5 (21)
  2000-9999 employees 5 (46) 7 (29)
  >10000 employees 2 (18) 3 (13)
Type [n. (%)]
  Public (not-for-profit) 11 (100) 24 (100)
  Private (for-profit) 0 (0) 0 (0)

Abbreviations: n: number; OHS: Occupational Health and Safety; LTC: Long-Term Care facility; 
N.A.: Not Available
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Initiation stage

During the first stage of the decision-making process, the need for an intervention 

is mostly established by employees responsible for the daily occupational health 

operations and is generally triggered by one or more of the following factors:

- Legislation: Legislation is given top priority and the implementation of many 

interventions is driven by regulatory requirements. As one participant noted, 

‘First and foremost, obviously there’s the result of legislation … that we have to 

act upon.’ Legislation, however, only relates to health and safety interventions 

and not to worksite health promotion programs. 

- Potentially high cost issues: The need for an intervention may also be triggered 

by potentially high cost issues within the healthcare facility or sector. Internal 

statistics, such as incident report trends and sick leave data, are collected in all 

facilities through a variety of methods such as note taking and various software 

applications. In reviewing the acquired data, priority is given to finding ways 

to reduce costs through identifying high risk injury types or high exposure 

settings. As one participant noted, ‘We do collect incident injury data, 

employee injury data monthly.… We then put it into a quarterly graph and 

look at possible trends … a lot of initiatives are based on the incident trends.’ 

Some facilities benchmark these statistics against those of similar facilities to 

help put them into perspective. High cost issues within the facility are also 

identified by conducting on-site risk assessments and needs assessments 

among employees. External reports and scientific evidence are consulted by 

some facilities to identify high cost issues within the healthcare sector. 

- Specific incident or injury: After a specific incident or injury, interventions 

might be requested by the JHSC and/or senior management or ordered by 

the MOL. MOL orders are the result of so-called ‘significant incidents’ (i.e., 

an employee is critically injured or killed at the workplace) that organizations 

have to respond to after MOL inspection. As one participant noted, ‘…that 

[intervention] came about because of an order from the Ministry of Labour. 

We had a worker that … fractured her arm. It was a critical injury, so we got the 

order.’ 
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- Funding opportunities: Occasionally, the federal or provincial government 

provides funding opportunities for OHS interventions. Many facilities apply for 

such grants, as is indicated by the following quote: ‘The government provided 

funding and, of course, we jumped on it like everybody else.’ Facilities have 

to spend these grants on a specific type of intervention or the reduction of a 

specific adverse health or safety outcome (e.g., workplace violence). Another 

way in which facilities make use of funding opportunities is by participating in 

external research projects.

- Peer support program: In Ontario, healthcare facilities, as well as other types 

of organizations, may participate in peer-support programs called Safety Group 

Programs. This is a performance-based rebate program developed by the WSIB. 

Organizations can join a safety group consisting of their peers to learn more 

from each other’s occupational health experiences. In the program, they are 

obliged to identify and implement five selected OHS interventions each year. 

A discount on insurance premiums is given for participating in these groups. 

Additionally, as one might expect, the successful implementation of OHS 

interventions may have positive implications for their insurance premiums, 

given that premiums are experience rated (28).

- Accreditation: The need for an OHS intervention is sometimes identified 

during the hospital accreditation process. As one participant noted, ‘Initiatives 

come through quality improvement that we deal with through our annual 

accreditation processes.’ While not mandatory, almost all of Ontario’s 

hospitals and LTC facilities opt to go through regular accreditation reviews. 

The accreditation process is intended to ensure that healthcare facilities are 

meeting a common set of standards. Accreditation occurs on a three-year 

cycle and includes the measurement of various performance indicators (e.g., 

patient safety and quality of care, infection prevention and control, medication 

management, organizational culture) (29).

- Audits: OHS interventions are sometimes triggered by (upcoming) internal 

(e.g., by the JHSC) or external audits (e.g., by the MOL inspectorate). External 

audits may result in orders, which oblige a facility to address particular health 

hazards within a particular time period. With extreme health hazards, and 

repeated violations, a financial penalty may be imposed. 
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Pre-implementation stage

The second stage of the decision-making process, is generally characterized by the 

development of the intervention as well as its business case in order to receive 

approval for its implementation from senior management.

Based on the previously identified need(s), interventions are developed by employees 

responsible for the daily occupational health operations in consultation with various 

external (e.g., similar facilities, safety group, consultants) and internal (e.g., JHSC) 

sources of information. Sometimes, a small on-site pilot study is conducted to 

compare various program options, especially in the case of equipment purchasing 

decisions. Depending on its size, interventions are either developed by one person 

or a working group. In most cases, senior management approval is needed before an 

intervention may be implemented. To convince them of the importance of a specific 

intervention, a so-called ‘business case’ is developed. These business cases generally 

include one or more of the following items: a description of the program and its 

costs, and sometimes that of alternatives, a program implementation plan, and a 

rationale for the investment. Various types of rationales emerged from the data 

(note that these rationales are linked to the triggers of OHS interventions, except for 

the moral rationale):

- Mandated/ordered: The facility has to implement a certain intervention to 

comply with legislation, to deal with a specific incident (e.g., after a MOL 

order), or to meet accreditation standards. As one participant noted, ‘They 

[senior management] always want to know, well, do we have to do it?’.

- Added (financial) value: Implementation of the intervention may produce 

added value to the facility. In some cases this value is financial. For example, 

implementation may reduce the incidence of high cost issues (e.g., high cost 

accidents, sick leave), leading to a worker’s compensation insurance rebate, 

or reduction in replacement staff costs. Implementation may also improve a 

healthcare facility’s reputation which, in turn, may affect its staff recruitment 

and retention abilities as well as its ability to raise charitable funds.

- Moral: The intervention may be implemented for moral reasons. As one 

participant noted, ‘We actually go through the moral imperative about why it 

is not appropriate to injure people.’
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- Relationship to core business: Implementation of the intervention may 

improve the core business of the healthcare facility, namely patient care. 

Participants specifically indicated that they made the connection between 

OHS interventions and patient care, because their facility receives funds for 

the provision of patient care activities and not directly for occupational health. 

As part of the ‘added (financial) value’ rationale, an overview of the anticipated 

effects, benefits, and/or cost-benefit are often presented. Most participants 

indicated that ex-ante CBAs formed the basis of a business case, but these cases are 

very high level and stylized in nature. That is, they are not supported by rigorous 

internal statistics and/or scientific evidence. To illustrate, one participant described 

the content of a CBA as follows: 

‘Maybe the costs with the WSIB, the modified work etcetera … may have been 

$60,000 for the year versus the cost of equipping the unit, which would have 

been maybe $10,000 or $12,000. And so, obviously, we wanna do something 

like that.’

This finding is also supported by the following comment of a participant with work 

experience in both the private and public sector:

‘I know in the private sector when we were doing a cost-benefit analysis on the 

purchase of a piece of equipment, it was much more quantitative …. here, it 

seems to be a little more subjective and I don’t really understand why that is.’

Cost-comparison analyses of various program options are also performed to identify 

the least costly alternative, but these analyses are mainly conducted for mandated 

interventions.

After completion, business cases are taken forward to senior management for 

approval. In most cases, a final decision is made in consultation with the chief financial 

officer, especially in the case of expensive interventions. The specific strategies used 

by the senior management to make and prioritize occupational health decisions are 
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not transparent. Most operational personnel were unclear about the process, while 

others described it as subjective. However, the approval process for mandated/

ordered interventions and those that require minimal financial investments is less 

demanding (in terms of information and time required to make the business case) 

than that of non-mandated and more costly ventures and they are therefore more 

quickly approved. In LTC facilities, the approval process is not always as complex 

as described above. For example, when a need for an intervention is established, 

operational personnel may speak directly to the chief executive officer or director 

who has the ultimate responsibility for the organization. This is because LTC facilities 

are generally smaller than hospitals and have a flatter hierarchy.

Implementation and evaluation stage

During the third stage of the decision-making process, an OHS intervention is 

implemented and evaluated by performing a process evaluation and/or trend 

analysis. Process evaluations are generally aimed at exploring program execution, 

and employee satisfaction, compliance, attendance, and/or awareness. Process 

evaluation data is gathered through surveys, observations, and/or verbal feedback. 

Trend analyses are conducted to get an indication of the intervention’s effectiveness. 

Therefore, various intervention-related measures, such as accident frequency or 

sickness absence rates, are collected from company records. Analyses explore 

whether their frequency decreased after implementation. Some participants, 

however, doubted the validity of results; either the integrity of their data, or concerns 

that observed trends were caused by factors other than the intervention. The latter is 

evident from the following comment: 

‘So overall, we did see a reduction, but it’s hard to say whether or not that 

reduction was because the weather had gotten warmer or because it was 

just a coincidence. We’re not too sure yet.’

Most participants indicated that far from all interventions are subjected to such 

evaluations and that ex-post CBAs are generally not performed. Their most important 

explanation for this was that they lacked the resources (time, money, and ability) to 



Information needs of occupational health decision-makers

287

9

do so. As one participant noted, ‘The reason why we don’t do those evaluations on 

an ongoing basis is because it would cost money to do so.’ Other explanations were: 

lack of good data, and lack of economic evaluation skills. 

The importance given to the financial implications of OHS interventions

Almost all participants indicated that information on the financial implications of OHS 

interventions is of great importance during the decision-making process, especially 

their cost-benefit. This is due to the fact that investing in those kinds of interventions 

literally affects a healthcare facility’s ability to provide patient care, as they have a 

tight budget (even the for-profit LTC facilities) and all occupational health expenses 

appear to take away from the patient care budget. Another reason for its importance 

is that healthcare facilities are mostly publicly funded. As one participant noted, 

‘What makes this industry very different is the object. The politics, the perception 

that, because this is publicly funded…., the need not to waste is greater than on 

the other side.’ Information on the financial implications of mandated/ordered 

interventions seems less important. As one participant noted, ‘For our other health 

and safety programs, really, I would say that the only cost-benefit is that we don’t 

get fined.’

Structured telephone interviews

Participants

Twenty-five structured telephone interviews were conducted with a total of 28 

participants. Of them, 27 worked at a hospital and one at a LTC facility. Twenty-two 

interviews were conducted with one participant and three with two participants. 

Twenty-two were female and six male. Twenty-seven were responsible for the daily 

occupational health operations and one was a senior staff member (Table 1). 

The (sources of) information used during the occupation health decision-making 

process

Sources of information: To explore whether a future intervention is worthwhile, 

external sources of information were ‘always’ consulted during the decision-making 

process at 10 facilities (40%), ‘sometimes’ at 13 (52%), and ‘never’ at two (8%). Peer 



Chapter 9

288

healthcare facilities were the principal external source of information (n = 23; 92%) 

and were either contacted directly or via a Safety Group Program. At five facilities 

(20%), participants indicated that they searched for scientific evidence on programs 

similar to those under consideration for implementation. Other external sources of 

information were: employers’ associations (28%), the government (MOL/MOHLTC) 

(20%), the WSIB (20%), vendors (8%), law firms (4%), safety specialists (4%), and 

unions (4%). 

Inputs/costs and outcomes/consequences considered during the decision-making 

process: A broad range of inputs/costs was considered during the decision-making 

process, though hard cost items (e.g., cost of equipment purchases, equipment 

installation, employee training) were more commonly considered than softer cost 

items (e.g., cost of administration, planning, promotion, and evaluation). This was 

mainly due to the fact that the latter were often considered as part of the regular 

day-to-day responsibilities of the affected departments (Table 2). A broad range of 

outcomes/consequences was considered as well. The number of injuries, illnesses, 

and sickness absences were considered at all facilities. Other commonly considered 

outcomes/consequences were days lost due to injuries or illnesses, accommodating 

injured or ill workers, quality of care and patient safety, employer workers’ 

compensation insurance premiums, and meaningful return to work. In contrast, 

items such as impact on productivity (i.e., presenteeism), attraction and retention 

(i.e., turnover), worker replacement expenses, and labour relations climate were less 

commonly considered (Table 2).
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Table 2: Inputs/costs and outcomes/consequences considered during the decision-making 
process

Items How often are these items 
considered during the decision 
making process?

Inputs (Costs) always
[n. (%)]

Sometimes
[n. (%)]

Never
[n. (%)]

Health and safety staff time 11 (44) 10 (40) 4 (16)
Training the worker 15 (60) 10 (40) 0 (0)
Planning, promotion and evaluation 7 (28) 12 (48) 6 (24)
Equipment purchases 23 (92) 2 (8) 0 (0)
Administration 6 (24) 14 (60) 5(20)
Equipment installation 17 (68) 8 (32) 0 (0)
Ongoing equipment repair and maintenance 12 (48) 10 (40) 3 (12)
Professional / consultant fees 18 (72) 5 (20) 2 (8)
Ongoing supplies 14 (56) 10 (40) 1 (4)
outcomes (Consequences) always

[n. (%)]
Sometimes

[n. (%)]
Never

[n. (%)]
Number of injuries, illnesses, sickness absences 25 (100) 0 (0) 0 (0)
Days lost due to injuries, illnesses, and sickness absences 22 (88) 2 (8) 1 (4)
Quality of care and patient safety 16 (64) 7 (28) 2 (8)
Attraction and retention 7 (28) 16 (64) 2 (8)
Accommodating injured or ill workers1 14 (56) 10 (40) 1 (4)
Impact on productivity 12 (48) 12 (48) 1 (4) 
Worker replacement expenses 10 (40) 11 (44) 4 (16)
Employer workers’ compensation insurance premiums 15 (60) 7 (28) 3 (12)
Employer claims management expenses 11 (44) 9 (36) 5 (20)
Overtime payment 8 (32) 12 (48) 5 (20)
Meaningful return to work2 14 (58) 8 (33) 2 (8)
Labour relations climate2 12 (50) 11 (46) 1 (4)

Abbreviations: n.: number
1 Provision of accommodated work to injured workers to reduce the duration of work absence. 
2 One participant did not answer this question, as he/she was unsure
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occupational health decision-makers’ knowledge of different economic evaluation 

designs

Most participants (93%) were familiar with the concept of CBA and many (72%) 

were able to give a correct definition. For them, it meant comparing the costs of 

implementing an intervention with the financial consequences it was expected to 

bring:

‘It’s where you factor in all the costs of the intervention … Direct costs 

associated with whatever it is that you are trying to purchase … On the 

benefit side you would still put it into dollars, but it would be attributing 

things like reduced sick time and reduced injury costs. So both sides of the 

equation and then you would come out with … a positive or negative return 

on your investment.’

CBAs were undertaken at most facilities (92%), and formed the basis of a business 

case. These analyses were generally performed from the employer’s perspective and 

not from the worker’s or societal perspective. Most participants (71%) indicated that 

they were familiar with the concept of CEA, but few (11%) were able to give a correct 

definition. Most of them thought it to be synonymous with on-going monitoring and 

evaluation and not necessarily a comparison of costs with outcomes measured in 

natural units:

‘Cost-effectiveness is looking at how effective an initiative is in terms of … is 

the outcome what we anticipated it to be.’

‘Looking at the outcomes to determine whether what you anticipated to 

be the expected outcome, did you really reach those … But it’s a complete 

guess.’

Others thought it to be synonymous to CBA:

‘Is the investment of money and time worth the effort and that we will have 

a return on investment.’
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Most participants were not familiar with the concept of CUA; only one indicated 

that he had heard of it, but was not able give a correct definition. Some participants 

tried to guess the definition, but most of them thought it to be an evaluation of the 

utilization (uptake) of an intervention:

‘Well utility is utilization, so I guess.... if we spent 25,000 Dollars..... We want 

to know whether they [the new equipment] are actually being used.’

Few participants (36%) received training in an area related to economic evaluations, 

such as a business proposal course, certified accountant training for financial 

planning, and business case sessions on program evaluations. When asked whether 

they were interested in receiving training, 79% (n = 22) expressed interest, 18% (n = 

5) were not interested, and one (4%) was uncertain.

Of those not interested, lack of interest was expressed because they already 

considered themselves familiar with economic evaluation methods, were already 

adequately skilled at making informed decisions, or they considered their facility too 

small for such training to be of added value. Participants who expressed interest in 

receiving training felt that it would provide them with the skills required to make 

more informed implementation decisions and to undertake better evaluations 

themselves.

When asked what topic they wanted to learn more about, most of the participants 

(77%) indicated that they wanted to acquire more knowledge on CBA and/or writing 

a business case. Some also indicated that they wanted to acquire more knowledge 

about CEA and CUA after these terms were briefly explained to them (CEA: 36%, CUA: 

36%). 

diSCuSSiON

As a first step in bridging the gap between the economic evaluation literature and daily 

practice in health and safety, this study aimed to provide insight into the occupational 

health decision-making process and information needs of decision-makers in the 

Ontario healthcare sector. Results showed that this process can be subdivided into 
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three stages: initiation stage, during which the need for an intervention is established; 

pre-implementation stage, during which an intervention and its business case are 

developed in order to receive senior management approval; and implementation and 

evaluation stage, during which an intervention is implemented and evaluated. In line 

with previous research (1,2), organizations were found to invest in OHS interventions 

for legal, financial, and moral reasons, and information on their financial implications 

was found to be of great importance to the decision-making process. Results also 

indicated that occupational health decisions are currently not being made in an 

evidence-based manner. That is, scientific evidence on the (financial) implications 

of OHS interventions was found to be rarely consulted and sound ex-post program 

evaluations were hardly ever performed (30-32). Also, there seemed to be a need to 

advance the decision-makers’ economic evaluation skill set, as they were either not 

familiar with economic evaluation methods or had only a modest amount of training 

in this area. Therefore, strategies should be developed to overcome these issues.

Strengths and limitations

Important strengths of the present study are its explorative and qualitative design. 

This enabled us to be one of the first to provide detailed insight into the extent to 

which occupational health decisions are made in an evidence-based manner, as 

well as to identify the information needs of occupational health decision-makers. By 

simultaneously exploring both issues, we were able to provide some initial clues to 

occupational health researchers as to how they might better frame and disseminate 

their studies to ensure uptake in healthcare organizations as well as organizations in 

other sectors.

Several methodological limitations deserve attention as well. First, the present study 

was restricted to a single industry, in a single region of one country. This was done 

to keep the scope of the study manageable, but likely bears on the generalizability 

of its results. For example, one might expect that occupational health decisions are 

made differently in sectors where budgets for occupational health are less tight. 

Furthermore, occupational health decision-making processes likely vary between 

jurisdictions (e.g., countries with different OHS and/or healthcare systems), in 

particular regarding the triggers of OHS interventions. Therefore, future studies 
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should be conducted to explore the extent to which the present findings are 

generalizable beyond the healthcare sector and beyond Ontario, Canada. Second, due 

to the qualitative design of the present study, a limited number of interviews were 

conducted. However, as the healthcare facilities represented by the participants, in 

aggregate, employ a large number of Ontario healthcare workers, the extent to which 

this reduced the external validity of the present findings is probably small. Third, data 

were obtained through interviews, which may have caused ‘social desirability bias.’ 

For example, because participants were aware of the fact that they were interviewed 

by occupational health researchers, they may have overstated their use of scientific 

evidence as well as the quality of their decision-making process.

Improving evidence-based practice in occupational health

Sackett et al. (2000) identified two separate stages for evidence-based practice. 

The first stage concerns the generation of scientific evidence and relies heavily on 

the academic body of a profession. The second stage concerns the use of scientific 

evidence into daily practice (33,34). To improve the quality of the occupational health 

decision-making process, both stages should be addressed. 

When generating scientific evidence, occupational health researchers should 

ensure that their products are in line with the information needs of occupational 

health decision-makers, as it is unrealistic to expect decision-making processes to 

be redesigned around research priorities (15,35). The present study provided some 

initial clues as to what these information needs are. For example, process evaluation 

data and information on the interventions’ impact on corporate reputation and 

business results were found to be of interest to decision-makers. In addition, CBAs 

performed from the employer’s perspective formed the basis of business cases for 

occupational health. Within these analyses, hard cost items (e.g., equipment costs, 

employee training costs) were of particular importance and benefits were commonly 

expressed in terms of reduced injury-, illness-, sickness absence-, and/or workers’ 

compensation-related costs. In line with previous research (2), data on staff retention 

and productivity were considered relevant but not commonly used. The latter could 

probably be explained by the fact that these types of benefits are generally viewed 

as harder to identify and hard to monetize. Researchers, especially those conducting 
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clinical trials, should be encouraged to report on the employer’s cost-benefit of OHS 

interventions as well as their impact on corporate reputation and business results. 

This, however, does not negate the value of other types of economic evaluations. 

Various potential program benefits (e.g., job satisfaction, corporate reputation) and 

health outcomes are hard to monetize and may therefore not be included in a CBA. 

A possible way to deal with these so-called ‘intangible benefits’ is to conduct a CEA 

to estimate the incremental costs per ‘intangible benefit’ gained (8). In addition, 

the adoption of the societal perspective may provide insight into the distribution of 

costs and benefits between various stakeholders and thereby allows for bargaining 

between them (6). The latter is of particular importance in countries with universal 

healthcare coverage or dual-payer systems, because employers bear most of the 

costs of OHS interventions, while the government and/or healthcare system reaps a 

large part of its benefits (i.e., reduced medical spending) (1).

In daily practice, decisions have to be made within a limited time frame and many 

decision-makers lack the skills to determine what evidence is most reliable, and 

what evidence should be considered, under which circumstances (36). It is therefore 

advisable to provide busy decision-makers with critical summaries of published 

studies (37). Within the occupational health research field, systematic reviews 

are increasingly being conducted to critically appraise and summarize the current 

evidence on the (financial) implications of various OHS interventions. These systematic 

reviews, however, do not seem to be used in daily practice. This is probably due to 

the fact that many decision-makers lack the time and skill set required to read and 

understand these systematic reviews as well. Additionally, most of these reviews are 

published in scientific journals not well known or inaccessible to occupational health 

decision-makers. Therefore, it is important to transmit systematic review results to 

decision-makers in easy-to-use formats (35). This may be accomplished by publishing 

review fact-sheets in journals and newsletters more familiar to occupational health 

decision-makers and/or by distributing them through governmental institutes, 

employers’ associations, and workers’ compensation insurance boards. In addition, 

(more) best practice guidelines could be developed in which scientific evidence is 

summarized, and if unavailable, supplemented by expert opinions (36). To improve 

evidence-based practice, it is also important to educate decision-makers about 
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economic evaluation methods, as well as the need and importance of integrating 

scientific evidence into day-to-day occupational health decision-making processes. 

The former is of particular importance, as many decision-makers were not familiar 

with various economic evaluation designs, which may not only limit the use of such 

studies in daily practice, but may also lead to misinterpretations of their results. 

Occupational health decision-makers may be educated through a variety of formal 

and informal means, including the development of handbooks and workshops on 

economic evaluation methods and evidence-based practice, integrating these topics 

into management and/or occupational health training programs, and involving 

occupational health decision-makers in the process of commissioning studies (38,39). 

Participation in scientific studies is namely closely linked with the uptake of their 

results (37) and may simultaneously lead to an enhanced economic evaluation skill 

set. Another option would be for researchers to develop hands on program evaluation 

software applications, so that decision-makers can conduct their own ex-ante or ex-

post program evaluations in a relatively non-time consuming way. Additionally, more 

evidence is needed on the merits of evidence-based decision-making in occupational 

health, specifically, evidence that demonstrates that it improves organizations’ 

performance. More economic evaluations of OHS interventions are needed to build 

a solid evidence base in order to support evidence-based practices in occupational 

health (34).

Implications for future research

Researchers, especially those conducting clinical trials, are recommended to report 

on the cost-benefit of OHS interventions from the employer’s perspective as well as 

other perspectives. The impact of OHS interventions on operational outcomes and 

corporate reputation are two important pieces of information of occupational health 

decision-making. In the healthcare field, patient outcomes are particularly important. 

In addition, future research should focus on the extent to which the present findings 

are generalizable to other jurisdictions and on the effectiveness of possible strategies 

to improve evidence-based decision-making in occupational health.
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Conclusion

This exploratory qualitative study on the occupational health decision-making 

process in healthcare suggests that the process generally consists of three stages; 

initiation stage: establishing the need for an intervention; pre-implementation 

stage: developing an intervention and its business case; and implementation and 

evaluation stage, implementing and evaluating an intervention. Organizations invest 

in occupational health for legal, financial, and/or moral reasons. Financial information 

is particularly important at the front end of implementation decisions, and can be 

a key deciding factor of whether to go forward with a new OHS intervention. In 

addition, it appears that current practice in occupational health in the healthcare 

sector is not solidly grounded in evidence-based decision-making and strategies 

should be developed to improve this. 
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Additional file 1: Topic list of the in-depth interviews 

1) How does your organization go about starting and implementing an OHS 

intervention? You may think about something you recently did (small versus 

large & mandated versus non-mandated OHS interventions).

Prompts: What is the decision making process? From where do the resources 

come? 

2) Can you describe how you evaluate OHS interventions? 

Prompts: How well resourced are you to evaluate such initiatives? Who is 

responsible? What type of information helps move a plan forward? What 

information do people draw upon for evaluation? What kind of data and 

information are available to you for evaluation? What other resources such 

as funds and occupational health staff are available to you? How do you 

prioritize between alternatives? How are OHS interventions approved? Who 

is responsible?

What kinds of things do you do after program implementation to monitor, 

evaluate, and assess whether you reached your targets?

3) How does cost-benefit/cost-effectiveness fit into your decision making 

process? 

Prompts: How does your workplace know if an OHS intervention is 

(financially) worthwhile? What kind of costing/evaluation does your 

workplace do beforehand? Do you do a business case/cost-benefit analysis? 

What kinds of outcomes are considered? Where do you get data for this? 
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Additional file 2: Topic list of the structured telephone interviews 

Sources of information used during the occupational health decision making 

process

 Sources of information

1) Can you list the kinds of information your workplace gathers to know if a 

future OHS intervention will be worthwhile?

2) Do you get information on outcomes (results) for a future OHS intervention 

from external sources? (Always; Sometimes; Never)

a. If so, what types of sources?

Inputs/costs and outcomes/consequences considered during the decision making 

process

1) I’m going to list a few inputs (costs) of economic evaluations of OHS 

interventions. I’d like you to tell me if you use this information in an 

evaluation.
Inputs / Costs ranking total

1 Health and safety staff time always, sometimes, never
2 Training the worker always, sometimes, never
3 Planning, promotion and evaluation always, sometimes, never
4 Equipment purchases always, sometimes, never
5 Administration always, sometimes, never
6 Equipment installation always, sometimes, never
7 Ongoing equipment repair and maintenance always, sometimes, never
8 Professional / consultant fees always, sometimes, never
9 Ongoing supplies always, sometimes, never
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2) I’m going to list a few outcomes (consequences) of economic evaluations of 

OHS interventions. I’d like you to tell me if your organization considers them 

in an evaluation. 
outcomes / Consequences ranking total

1 Number of injuries, illnesses, sickness absences always, sometimes, never
2 Days lost due to injuries, illnesses and general sickness always, sometimes, never
3 Quality of care and patient safety always, sometimes, never
4 Attraction and retention always, sometimes, never
5 Accommodating injured or ill workers always, sometimes, never
6 Impact on productivity always, sometimes, never
7 Worker replacement expenses always, sometimes, never
8 Employer workers’ compensation insurance premiums always, sometimes, never
9 Employer claims management expenses always, sometimes, never
10 Overtime payments always, sometimes, never
11 Meaningful return to work always, sometimes, never
12 Labour relations climate always, sometimes, never

occupational health decision makers’ knowledge of different economic evaluation 

designs

I’m going to list a few economic evaluation terms you may or may not know. I just 

want you to tell me if you have heard of them and what the terms mean to you. Not 

everyone knows the meaning of the terms so just tell me what you think it is. 

1) Cost-benefit analysis 

a. What does it mean to you? 

b. Does your workplace perform them? (Always; Sometimes; Never)

2) Cost-effectiveness analysis

c. What does it mean to you? 

d. Does your workplace perform them? (Always; Sometimes; Never)

3) Cost-utility analysis

e. What does it mean to you? 

f. Does your workplace perform them? (Always; Sometimes; Never)

4) Have you or anyone at your workplace had any training course, education, 

or guidance in economic evaluation for OHS interventions? (Yes/No)

g. What type? 

h. Where did you get it?

i. How long was it? (hours, days, weeks)
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5) Is there anything in particular that you feel you want/need to learn more 

about to do evaluations of OHS interventions? (Yes/No)
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GENEral diSCuSSiON

The prevalence of modifiable health risks among the population is high, which imposes 

a large economic burden on society as a whole and on employers in particular. The 

workplace presents a useful setting to offer behavior change interventions that aim 

to prevent and/or reduce such risk factors. Amongst others, because a large number 

of people can be reached, including many who would otherwise be unlikely to 

engage in preventive health behaviors. Furthermore, Dutch employers themselves 

may financially benefit from implementing such interventions through reductions in 

productivity-related costs (1-5). 

In practice, numerous occupational health interventions exist, of which only a limited 

number can be provided with the resources available (6). Therefore, high quality 

evidence in the form of methodologically sound economic evaluations is needed to 

demonstrate their value. Nonetheless, this evidence is scarce, which is partly due to 

the fact that only a few of the studies that consider the effectiveness of worksite health 

promotion programs take the extra step of considering their resource implications, 

and the methodological quality of those that do is generally poor. Moreover, the 

uptake of those that have been performed in daily practice is likely to be limited. 

Therefore, the aim of this thesis was to contribute to the development of a sound 

evidence base on the resource implications of worksite health promotion programs 

as well as to improve the uptake of the results of such studies in daily practice. 

This was done by summarizing the current literature on the cost-effectiveness and 

financial return of worksite physical activity and/or nutrition programs (Chapter 2 

and 3), generating new evidence by performing economic evaluations of various 

newly developed worksite health promotion programs (Chapter 4, 5, 6, and 7), and 

developing and providing recommendations for good practice when conducting and 

disseminating economic evaluations in occupational health (Chapter 8 and 9). 

This general discussion is divided into five parts. First, the main findings of the 

systematic reviews, the applied studies, as well as a qualitative study into the 

information needs of occupational health decision-makers will be summarized and 

discussed. Second, various considerations will be discussed that warrant further 

exploration in relation to the methodology of economic evaluations in occupational 
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health. Third, the present findings will be compared to the literature. Fourth, 

recommendations for practice and research will be presented. The discussion will 

end with concluding remarks.

main findings

What is known about the cost-effectiveness and financial return of worksite physical 

activity and/or nutrition programs?

Chapter 2 and chapter 3 describe two systematic reviews that summarize and 

critically appraise the current evidence of the cost-effectiveness and financial return 

of worksite physical activity and/or nutrition programs, respectively. From the 

review results described in chapter 2, no firm conclusions can be drawn about the 

cost-effectiveness of such interventions. This was due to the fact that the included 

studies used a broad range of outcome measures and analytic perspectives, which 

hampered pooling of their results. Also, most interventions were more costly 

and more effective in improving various health outcomes (e.g. body weight and 

cholesterol level reduction), whereas set levels as to how much decision-makers are 

willing to pay for these improvements are currently lacking. The review in chapter 

3 found that average financial return estimates of worksite physical activity and/

or nutrition programs in terms of absenteeism benefits, medical benefits, or both, 

were positive in non-randomized studies, but negative in randomized controlled 

trials (RCTs). These results indicate that financial return estimates derived from non-

randomized studies should be interpreted with great caution. Economic evaluations 

alongside RCTs with a low risk of bias, on the other hand, indicate that worksite 

physical activity and/or nutrition programs may not pay for themselves in terms of 

absenteeism and/or medical benefits during the first years after implementation. 

However, as such programs are thought to be associated with additional types of 

benefits (e.g. presenteeism benefits), which have not been measured in most of the 

studies included in the review, conclusions about their overall profitability cannot be 

made. 
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Methodological quality of economic evaluations of worksite physical activity and/or 

nutrition programs

In both of the aforementioned systematic reviews (Chapter 2 and 3), the 

methodological quality of the included studies was assessed using a consensus-

based methodological quality checklist. Both assessments indicated that the 

methodological quality of the included studies was generally poor. Examples of 

quality criteria that were least fulfilled included those related to the description of 

the study population and alternatives under study, the identification, measurement, 

and valuation of resource use, as well as the performance of sensitivity analyses and 

discounting. Also, few studies reported on the uncertainty of their cost-effectiveness 

and/or financial return estimates. The latter is a critical oversight as failing to estimate 

values under uncertainty may lead to biased conclusions and could thus result in 

inappropriate decision-making.

Do the evaluated worksite health promotion programs provide good value? 

In chapter 4 through chapter 7, four economic evaluations of various newly 

developed worksite health promotion programs were presented. Three economic 

evaluations were conducted alongside RCTs (Chapter 4, 5, and 6), whereas the fourth 

used a 2X2 factorial design (Chapter 7). All interventions were compared to usual 

practice, both their cost-effectiveness and financial return were evaluated, analyses 

were performed from both the societal and employer’s perspective, and the follow-

up duration of all studies was 12 months. The main findings of the studies were:

•	 Vital@Work study: The worksite vitality intervention for older hospital 

workers evaluated in chapter 4 was neither cost-effective from the societal 

perspective in improving general vitality, work-related vitality, and need for 

recovery, nor did it result in financial savings for the employer. 

•	 The Mindful VIP study: The mindfulness-based worksite intervention 

for knowledge workers evaluated in chapter 5 was neither cost-effective 

from the societal perspective in improving work engagement and general 

vitality, nor from that of the employer in improving work engagement, job 

satisfaction, and work ability. Also, the intervention was not saving costs to 

the employer.
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•	 The VIP in Construction study: The worksite physical activity and nutrition 

program for construction workers evaluated in chapter 6 was not cost-

effective from the employer’s perspective in improving work-related vitality 

and job satisfaction. The intervention’s cost-effectiveness in improving 

weight-related outcomes (societal perspective) and musculoskeletal 

disorders (employer’s perspective) depends on the respective decision-

makers’ willingness-to-pay for these effects. Also, even though financial 

return estimates were positive, the intervention was not considered cost 

saving to the employer due to a high level of uncertainty.

•	 The Be Active & Relax VIP study: Whether the combined social and physical 

environmental intervention evaluated in chapter 7 can be regarded as 

cost-effective in improving need for recovery from both the societal and 

employer’s perspective depends on the respective decision-makers’ 

willingness-to-pay for these effects. The separate interventions were not 

cost-effective in improving this outcome. Moreover, none of the interventions 

was cost-effective in improving general vitality (societal perspective) and job 

satisfaction (employer’s perspective), nor did they result in financial savings 

for the employer. 

Information needs of occupational health decision-makers 

Chapter 9 presents the results of a qualitative study into the occupational health 

decision-making process and information needs of occupational health decision-

makers in the Ontario healthcare sector. The study indicated that the decision-making 

process can be generally subdivided into three stages: 1) initiation stage, during which 

the need for an intervention is established; 2) pre-implementation stage, during 

which an intervention and its business case are developed in order to receive senior 

management approval; and 3) implementation and evaluation stage, during which 

an intervention is implemented and evaluated. Organizations were found to invest in 

occupational health and safety interventions for legal, financial, and moral reasons. 

Financial information, especially the employer’s costs and benefits, was found to be 

particularly important at the front end of implementation decisions, and can be a 

key deciding factor of whether to go forward with a new intervention. Results also 
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indicated that occupational health decisions are currently not being made in an 

evidence-based manner and that there is a need to advance the decision-makers’ 

economic evaluation skill set. Further research is needed to explore whether these 

results are generalizable to the Dutch occupational health context. Nonetheless, it 

seems reasonable to assume that Dutch occupational health decision-makers are 

also particularly interested in the interventions’ costs and benefits to the employer 

and that implementation decisions are not being made in an evidence-based manner 

as well. 

methodological considerations

Many of the methodological strengths and limitations of the applied studies have 

been discussed in chapter 4 through chapter 7. In addition, recommendations for good 

practice when conducting economic evaluations in the field of occupational health 

research have been described in chapter 8. However, a selection of methodological 

considerations in relation to the study population, analytic perspective, study power, 

missing data, the identification, measurement, and valuation of resource use, time 

horizon, as well as the generalizability of our results warrant further exploration.

Study design 

Three studies were conducted alongside an RCT (Chapter 4, 5, and 6), while the 

Be Active & Relax VIP study used a 2X2 factorial design (Chapter 7). All studies 

used a pragmatic design, meaning that the interventions were evaluated under 

circumstances that resembled routine practice conditions as much as possible (7). 

The pragmatic design of the studies made it possible to evaluate the interventions’ 

(resource) implications under “real world” circumstances. This facilitates the 

generalizability of our results (i.e. external validity), whereas the randomization 

of participants improved the studies’ internal validity (i.e. the ability to draw true 

conclusions about causes and effects) (7). The importance of randomization, on 

the other hand, was underscored by the review presented in chapter 3, in which 

average financial return estimates were found to differ between studies with and 

without randomization. Nonetheless, many economic evaluations of worksite health 

promotion programs are currently performed alongside non-randomized studies 
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(See chapter 2 and 3), even though these are particularly prone to selection bias. 

Selection bias arises when allocation methods other than randomization are used, 

meaning that the intervention and control group are unlikely to be comparable (8). For 

example, due to the lack of randomization it is unclear whether program participants 

were healthier and/or more motivated to change their health behavior(s) to begin 

with than non-participants. The possible existence of such a priori differences 

makes it hard to attribute study results to the intervention and to rule out the 

possibility that they were caused by (baseline) differences between study arms (i.e. 

confounding caused by selection bias) (3;8). Some people question the applicability 

of RCT results to daily practice, because the same design aspects that contribute 

to their high internal validity (e.g. well-defined inclusion and exclusion criteria) may 

simultaneously hamper the generalizability of their results in an extended population 

and/or setting (7). However, although other research designs may add to the existing 

knowledge on worksite health promotion programs, RCTs should be viewed as the 

“gold standard” for evaluating their (resource) implications untainted by bias (8). 

In three studies (Chapter 4, 5, and 6), randomization was performed at the participant-

level, whereas group allocation was performed at the department-level in the Be 

Active & Relax VIP study (Chapter 7). The latter was done because the intervention 

under study operated on the group-level rather than on the individual-level as well as 

to avoid contamination between study groups (9). Methods for economic evaluations 

alongside RCTs are relatively well established (10;11), and these methods were 

used to evaluate the data of such studies. A fundamental issue in clustered studies, 

however, is that costs and consequences within a cluster may be more similar to 

each other than costs and consequences from a different cluster. As a consequence, 

methods that ignore clustering in economic evaluations generally underestimate 

the statistical uncertainty and are likely to have inaccurate point estimates (9;12). 

Based on recent research findings on the optimal strategy to account for clustering 

in economic evaluations (12;13) we therefore used multilevel analyses to assess the 

cost-effectiveness and financial return of the Be Active & Relax VIP interventions.
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Study population

All interventions were aimed at primary prevention. That is, they were directed 

at all employees of the participating companies, who on average were generally 

healthy, instead of high-risk individuals (3). This approach attempts to shift the whole 

distribution of exposure in a particular population in a favorable direction by controlling 

the determinants of a disease and by lowering the mean level of risks. A drawback 

of primary prevention is that it offers only small benefits to individuals at the short-

term, because their absolute risk for a disease is generally low (14). Consequently, it 

is relatively hard to motivate them to change their unhealthy behavior(s), and thus 

to achieve sustained health improvements (14;15). This may partially explain the lack 

of, or relatively small, effects of the interventions. To produce better effects, a high-

risk strategy may be needed, in which prevention efforts are solely aimed at high-risk 

individuals (e.g. overweight and/or obese construction workers in the case of the VIP 

in Construction intervention (Chapter 6)). Such an approach likely offers a more cost-

effective use of limited resources, because it is generally more efficient to concentrate 

limited time and money where the need, and therefore also the benefits, are likely to 

be greatest (14). High-risk strategies, however, do not deal with the root of a problem 

and it is questionable whether employers are willing to discriminate between their 

employees by providing different worksite health promotion programs to different 

groups of high-risk individuals. Therefore, a combination of various prevention 

strategies may ultimately be needed to achieve a meaningful degree of prevention 

in the workplace (16). 

In three of the applied studies (Chapter 4, 5, and 7), participants had relatively good 

baseline values of the primary outcomes, which further reduced the interventions’ 

ability to accomplish sustained health improvements (i.e. ceiling effect) (Table 1). 

Selective enrolment of healthy individuals is not uncommon in health promotion 

programs/studies and is explained by the fact that people with healthy lifestyle 

behaviors are also the ones who are generally most motivated to pursue and 

maintain health (17;18). In the VIP in Construction study (Chapter 5), on the other 

hand, a relatively large number of obese construction workers was included (Table 

1). This might have resulted from the fact that occupational physicians, who played 

an import role in the recruitment process, may have been particularly inclined to 
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motivate obese construction workers for study participation. The selective inclusion 

of either healthy or unhealthy employees likely bears on the generalizability of our 

findings, and should thus be taken into account when making inferences about the 

interventions’ resource implications in a broader working population/setting. 

Table 1: Participants’ baseline values of the primary outcomes in relation to their respective 

norm scores

Study Primary outcome  Baseline scores 
participants

Norm 
scores

VIP in Construction 
Study

Body weight 
  Normal Weight (BMI ≤ 25 kg m-2)
  Overweight (BMI ≥ 25 kg m-2 and 
    BMI < 30 kg m-2)   
  Obesity (BMI ≥ 30 kg m-2)

30.1% 
47.4%
22.4%

34.3%1

48.8%
16.9%

Vital@Work Study Work-related vitality (Range: 0-6) 
[Mean (SD)]

4.88 (0.85) 4.012

Mindful VIP study Work engagement (Range: 0-6) 
[Mean (SD)]

4.10 (0.89) 3.823

Be Active & Relax 
VIP study

Need for recovery (Range: 0-100, with 
lower scores indicating a lower need for 
recovery) [Mean (SD)]

33.2 (29.3) 38.14

Abbreviations: BMI: Body Mass Index, SD: Standard Deviation, n: number
1Percentage of normal weight, overweight, and obese Dutch construction workers (100)
2 Average work-related vitality score among the general Dutch working population (101)
3 Average work engagement score among the general Dutch working population (101)
4 Average need for recovery score among the general Dutch working population (102)

Analytic perspective

All studies applied a so-called two-perspective approach, in which analyses were 

performed from both the societal and employer’s perspective (19;20). In the societal 

perspective, all costs and consequences are taken into account irrespective of who 

pays or benefits, whereas only those borne by, or accruing to, employers are included 

when the employer’s perspective is applied. The main advantage of the employer’s 

perspective is that its results are directly interpretable for those who we are trying to 

aid with our economic evaluations, namely occupational health decision-makers. A 

disadvantage of this perspective is that it does not provide an indication of whether 

the “local rationality” of the company is in line with societal optimality (i.e. maximizing 



General discussion

315

10

the welfare of society as a whole with the resources available) (19). To deal with this 

issue, analyses were also performed from the societal perspective, which provides 

insight into the interventions’ net societal effects. Even though occupational health 

decision-makers themselves may view societal perspective results as externalities, 

having them ignorant of these results may lead to non-optimal resource allocation 

decisions at the aggregate level (19;21). Another advantage of the societal perspective 

is that its disaggregate information on costs and consequences gives a good sense 

of their distribution across stakeholders, which could provide a starting point for 

bargaining between them (11). Moreover, the application of the societal perspective 

improves the transferability of our results to countries with different (occupational) 

health and welfare systems. For example, U.S. employers who typically bear most 

of the healthcare costs of their employees, can extract this information from the 

disaggregate information on costs and consequences from the societal perspective. 

Even though it was not the case in the applied studies, it is important to mention 

that economic evaluations from the societal and employer’s perspective may provide 

conflicting results. For example, worksite health promotion programs whose benefits 

fall entirely on employees in the form of improved health, but do not have a positive 

impact on productivity and/or occupational health costs, may be justified in social 

terms, but may not be in any company’s financial interest to implement (22). In case of 

such a scenario, other stakeholders (e.g. “the Dutch Ministry of Health, Welfare, and 

Sports”) may wish to consider giving incentives to companies to ensure that a socially 

preferred program goes ahead (11;22). If the opposite is true (i.e. a new intervention 

is cost-effective from the employer’s perspective, but not from the societal one), it 

is of utmost importance that occupational health decision-makers are made aware 

of the fact that an intervention which benefits their goals is unattractive to other 

stakeholders and society as a whole in order to discourage them from implementing 

such an intervention (19).

Study power

All sample sizes were based on detecting relevant differences in health and/or work-

related outcomes, and not to detect relevant cost differences. However, as only a 

small proportion of participants incur high costs and costs are naturally bound 
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by zero, cost data have the tendency to follow a rightly skewed distribution. As a 

consequence, economic evaluations generally require much larger sample sizes than 

their corresponding effect analyses in order to achieve sufficient power to detect 

relevant cost differences (23;24). Thus, all of the applied studies are likely to be 

underpowered. This is a common problem in trial-based economic evaluations and 

is often due to various factors. First, many economic evaluations are “piggybacked” 

onto effectiveness trials, and power calculations are therefore typically performed 

before the economic evaluation requirements are considered (23). Second, a large 

number of parameters has to be specified in order to perform sample size calculations 

for economic endpoints, many of which are hard to forecast a priori (25). Third, and 

most importantly, if studies would be sufficiently powered to detect relevant cost 

differences, they typically become infeasible with extremely large sample sizes and 

very high research expenses (20;26). 

If studies are likely to be underpowered, it is recommended to use estimation 

and/or decision uncertainty rather than hypothesis testing (11;23). Therefore, 

economists typically focus on estimating cost and effect differences and assessing the 

probability of an intervention being cost-effective (i.e. “How confident are we that 

an intervention is cost-effective?”), rather than testing a particular hypothesis (e.g. 

“Are the cost-effectiveness outcomes statistically significant?”) (26;27). In line with 

this recommendation, confidence intervals around cost and effect differences as well 

as financial return estimates were presented, and the interventions’ probabilities 

of cost-effectiveness were explored at different ceiling ratios (i.e. the maximum 

amount of money decision-makers are willing to pay for an additional unit of effect) 

(11). Although confidence intervals around financial return estimates are relatively 

straightforward to interpret for researchers, many occupational health decision-

makers lack the required economic and/or statistical background (See chapter 9). 

Therefore, the concept of the “probability of financial return” was introduced in 

chapter 8. This probability provides an indication of the likelihood that, given the 

data, a new intervention is cost saving. Occupation health decision-makers can 

subsequently use this information to consider whether the established probability of 

financial return is acceptable to them.
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Missing data

All studies had some missing data, ranging from 12% to 41% on the effect measures 

and from 29% to 62% on the cost measures. Missing data are often inevitable in 

trials due to participant drop-out and/or non-response (11;28). In economic 

evaluations, the problem of missing data is even more pronounced, because cost 

data are generally the sum of numerous components and relatively short recall 

periods (and thus more measurement points) are needed to reliably estimate them 

(26;29). When data are missing, the key challenge is to maximize usage of available 

data while minimizing the bias introduced by the elements that are missing (28). 

Simply eliminating participants who have missing data (i.e. complete-case analysis) is 

inefficient, as it ignores available data of incomplete cases and produces a reduced-

sized dataset of complete-cases, and thus a loss of power (11;28). On top of that, 

complete-case analyses may be biased when systematic differences exist between 

the missing and observed values (28;30). In all studies, multiple imputation was 

therefore used to fill in missing values. Multiple imputation is currently preferred 

over so-called naive methods (e.g. last-observation carried forward), because it 

accounts for the uncertainty associated with filling in the missing values (30;31). 

Within a study, results derived using multiple imputation may differ from those of 

a complete-case analysis. To a greater or lesser extent, this was also the case in 

the applied studies. For example, excluding participants with incomplete data in 

the Vital@Work study (Chapter 4) resulted in positive financial return estimates, 

whereas the reverse was the case when multiple imputation was applied. On the 

basis of the aforementioned reasons, we always considered the results derived from 

the multiple imputed datasets to be more reliable than those of the complete-case 

analysis. Nonetheless, it is important to bear in mind that multiple imputation is 

based on the assumption that data are missing at random (MAR; missing data has 

a relation to observed factors and not to unobserved factors), an assumption that 

may not necessarily hold true but cannot be tested. Therefore, having a complete 

dataset is always preferred and every endeavor should be made in future studies 

to reduce the amount of missing data. Amongst others, this may be accomplished 

by minimizing the length of the questionnaires, using incentives, systematically 

contacting participants when their responses are missing, unclear, and/or incorrect, 
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and using modern data collection technologies, such as online questionnaires and 

mobile apps, to reduce the burden of the data collection process. When doing so, it 

is advisable to use a so-called mixed approach, since a strategy that may limit non-

response among one type of participant, may not be effective for another (32).

Identification of resource use

As has been explained earlier, relevant resource use categories for inclusion in an 

economic evaluation depend on its analytic perspective. Other factors that might 

determine their relevance are, amongst others, the country or jurisdiction in which 

the study is undertaken, the nature of the alternatives being compared, and the 

relative order of magnitude of the resource use categories (11). From the societal 

perspective, resource use from the healthcare, alternative care, and occupational 

health sector, as well as that of employees, and changes in paid productivity were 

included. The latter were expressed in terms of changes in lost production due to 

sickness absence (i.e. absenteeism) as well as reduced performance while at work 

(i.e. presenteeism). The inclusion of presenteeism costs in economic evaluations 

is a much debated topic, particularly because a sound methodological framework 

for their assessment is currently lacking (21;29;33). After some consideration, we 

decided to include this resource use category in all studies, because presenteeism 

seems to account for the largest component of paid productivity changes and efforts 

to improve health were found to have a more immediate effect on presenteeism than 

on absenteeism (29;33-35). Resource use of family members and changes in unpaid 

productivity, on the other hand, were not included, as our economic evaluation results 

were expected to be unaffected by them (11). When the employer’s perspective 

was applied, analyses were restricted to resource use from the occupational health 

sector and changes in paid productivity. 

Measurement of resource use 

Resource use data can be collected through a variety of means, including the use 

of insurance records, company databases, questionnaires, and prospective cost 

diaries. Of them, more objective measurement strategies are favoured over those 

that rely on participant self-report, because they minimize the possible influence of 
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recall bias (i.e. bias due to inaccurate and/or incomplete recollections of events) (37). 

Unfortunately, however, objective measurements were not always feasible and/or 

preferred in the applied studies. 

Questionnaires were used in all studies to assess healthcare utilization, because 

collecting health insurance claim data of participants was practically infeasible and 

would not have provided all required information. To illustrate, Dutch employees can 

buy insurance packages from over 30 different insurance companies, most insurance 

companies offer various levels of supplementary insurance packages, and people can 

buy basic and supplementary insurance packages from different insurance companies 

(36). Even if all insurance companies would have been willing to provide data, which 

is highly unlikely, healthcare claim data would not have been comparable between 

employees, because the treatments covered (and claimed) differ between them. 

Furthermore, health insurance records often lack detailed resource use information 

and information on the healthcare services borne by employees themselves (e.g. co-

payments, over-the-counter medication) are typically not included (37). 

As it was not feasible to objectively measure on-the-job productivity, presenteeism 

data were collected using questionnaires as well. For this purpose, the “World Health 

Organization – Health and Work Performance Questionnaire” (WHP-HPQ) was used, 

which has shown good concordance with archival performance data (38;39). It should 

be noted, however, that numerous instruments exist for assessing presenteeism and 

that their estimates may vary widely. This suggests a lack of comparability among 

instruments, but it is still unclear which instrument provides the best estimates (29). 

We opted for the WHO-HPQ, because it is the most frequently used instrument in 

economic evaluations of similar interventions, and thus increases the comparability 

of our results (See chapter 3). 

Questionnaires were also used for assessing sickness absence in the Vital@Work 

study (Chapter 4), whereas sickness absence data were extracted from company 

records in all other studies (Chapter 5, 6, and 7). Research indicates that absenteeism 

estimates may differ extensively between both methods, and that the accuracy of 

self-reported sickness absence estimates strongly decreases with an increasing 

recall period (40;41). Given the available evidence on the optimal recall period for 

absenteeism, Zang et al. (2011) recommended the application of a 3-month recall 
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period in order to balance loss in precision and the increase in research costs and 

participant burden (29). As this recall period was used in the Vital@Work study 

as well, we do not expect that its results are severely distorted by recall bias. 

Nonetheless, as most employers systematically track employee sickness absence and 

sickness absence data are relatively easy to collect when conducting studies at the 

workplace, future economic evaluations of worksite health promotion programs are 

recommended to use company records whenever possible. 

As indicated above, questionnaires may be prone to recall bias. However, as it seems 

highly unlikely that the extent of impairment in recall systematically differed between 

study groups, we do not expect that our reliance on them severely biased our results 

(42). When having to rely on participant self-report, the possible influence of recall 

bias may be reduced by reducing a questionnaire’s recall period (e.g. 3 months for 

absenteeism and healthcare utilization data (29;43) and 2 weeks for presenteeism 

data (29)) or by using a more accurate data collection method, such as a prospective 

cost diary. Provided that participants truly complete such diaries in a prospective 

way, they are thought to result in a minimum recall error and therefore in a better 

and more complete reporting of resource use (37). 

Valuation of resource use 

One of the most important challenges when valuing resource use is the identification 

of the “best” price weight for translating units of resource use into monetary values. 

Such price weights should be based on the true opportunity cost of a good or service 

(i.e. the amount of money that is not available for its best alternative use), and 

should be reflective of the analytic perspective (11;22). Our ideas about the “best” 

price weights, as well as the most appropriate methods for valuing resource use, 

have slightly evolved over the course of this thesis and will be discussed below. 

In the Vital@Work study (Chapter 4), intervention costs were estimated using a 

so-called bottom-up micro-costing approach for both the societal and employer’s 

perspective. This means that we estimated the cost of the Vital@Work intervention by 

collecting detailed data regarding the resources consumed as well as their unit prices 

(11). In doing so, we aimed to best reflect the true cost of the intervention, meaning 

that profit margins and transfer payments were excluded as much as possible. In 
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the subsequent studies, however, we deviated from this approach in that bottom-up 

micro-costing was solely used for the societal perspective, whereas market prices 

were used when the employer’s perspective was applied. This was done because we 

are of the opinion that market prices better reflect an intervention’s true value at the 

company level (i.e. the amount of money that is not available to the company for its 

best alternative use). 

Healthcare utilization, which was only included when the societal perspective was 

applied, was valued using standard price weights whenever possible. Such standard 

price weights are preferred over market prices, because market prices are an 

inaccurate reflection of its societal opportunity cost if a perfect market does not exist 

for a healthcare service. For example, if a healthcare provider has a local monopoly, 

its charges are often an overestimation of their true (societal) value because 

monopolists have the power to set their own price (11;36). Healthcare provider fees 

may not be an accurate reflection of the time and relative skill level that is needed for 

different procedures. Moreover, drug prices are often set in negotiations between the 

government and pharmaceutical companies, where the pharmaceutical company’s 

commitment to research and the provision of employment might be taken into 

account, as well as the costs of discovery, production, and distribution of the drug in 

question (11). 

In all studies, sports costs were based on the participants’ self-reported expenses 

on sports membership fees and sports equipment. We considered this gross-costing 

approach to be appropriate, because the impact of changes in sports costs on the 

resulting cost-effectiveness and/or financial return estimates was expected to be low 

(11). 

Occupational health costs were only considered in the VIP in Construction (Chapter 

6) and Mindful VIP study (Chapter 5). In the VIP in Construction study, they solely 

included employer-provided gym membership subsidies, and were valued using data 

derived from financial department staff. In the Mindful VIP study, on the other hand, 

occupation health costs consisted of a broad range of occupational health services 

and in-company health promotion activities of the participating companies. In line 

with our methods for estimating intervention costs, micro-costed price weights 

were used for the societal perspective, whereas marked prices were used when the 

employer’s perspective was applied.
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In three studies, changes in productivity were valued using gross salaries of 

participants (Chapter 4, 5, and 7). In the VIP in Construction study (Chapter 6), on the 

other hand, we had to use the average salary of construction workers, because the 

participating construction company did not provide permission to collect participant 

salary data. Even though the use of age- and gender-specific price weights may have 

improved the generalizability of our results (44), we decided to rely on participant 

salary data instead in order to account for the fact that the magnitude of production 

losses is likely to be greater among employees with higher incomes. 

Another important issue when valuing changes in productivity is the method used 

for estimating absenteeism costs. In the first two economic evaluations (Chapter 

4 and 5), the “Friction Cost Approach” (FCA) was used for both the societal and 

employer’s perspective. The FCA is recommended by the “Dutch Manual of Costing” 

and assumes that production losses are confined to the time-span companies need 

to replace a sick worker by a formerly unemployed person to restore the company’s 

initial production level (i.e. friction period, which is estimated to be 23 weeks in the 

Netherlands) (21;44;45). In the subsequent studies (Chapter 6 and 7), we deviated 

from this approach in that the FCA was only used for the societal perspective, 

whereas the “Human Capital Cost approach” (HCA) was used when the employer’s 

perspective was applied. This was done because Dutch employers are obliged to pay 

at least 70% of the salary of sick employees for a period of two years, and most of 

them top up the wage payments from 70% to 100% during the first year of sickness 

absence (46). Thus, although the initial production level of a Dutch company may be 

restored after the friction period, employers still bear the additional cost of having to 

pay the salary of the sick worker. 

It should be noted that it is unclear how accurate our productivity-related cost 

estimates are. First, we may have underestimated the actual productivity-related 

costs, because the applied methods do not account for the negative effect of 

absenteeism and presenteeism on co-workers in team-dependent production. The 

productive output of a full team may namely be jeopardized by one member’s 

reduced labour input, and this may be especially relevant when substitutes are less 

productive and/or unavailable (i.e. “The multiplier effect”). Until now, some attempts 

have been made in the U.S. to construct “job-dependent multipliers” that account 
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for the (average) effect on co-worker absenteeism and presenteeism in specific 

job types (21;47). However, future studies are needed to establish the validity of 

these multipliers and to investigate their transferability across countries and/or 

jurisdictions (21). Conversely, we may have overestimated the actual productivity-

related costs, because productivity losses may partly be compensated during normal 

working hours (41;48). For example, work that is normally performed by the sick 

employee in question may be completed by colleagues or made up by the sick 

employee itself after return to work (20). Currently, it is unknown what the best 

method is for correcting for such possible compensations of productivity losses. As 

such, compensation adjustments are typically uncommon in economic evaluations. 

Even though we may have already included some form of correction for such 

compensations by factoring in the 0.8 elasticity factor when using the FCA, whether 

this elasticity factor indeed represents compensation during normal working hours 

is currently unknown. Therefore, as various studies indicate that over half of the lost 

work is compensated during normal working hours, further research in this area is 

warranted (41;48;49).

Time horizon 

All studies applied a follow-up of one year. As many of the (health) benefits of 

preventive interventions, such as ours, are thought to occur in the future, this 

follow-up is probably insufficient to capture all costs and consequences flowing 

from the interventions under study (11). Decision analytic modeling may be used 

to bridge the gap between what has been observed in the applied studies and what 

would be expected to happen over a longer time horizon (11). The validity of such 

modeling studies, however, strongly relies on the quality of the information used for 

constructing the model (11;22). Amongst others, there is a risk of overstating the 

benefits, especially if there is the possibility of decreased intervention effectiveness 

over time (22). Evidence indicates that the latter is often the case in health promotion 

studies (50), and this phenomenon was also observed in some of the applied studies. 

Therefore, when trying to extrapolate the present findings, various scenarios for the 

sustainability of the effects should be used. One should bear in mind, however, that 

it is highly unlikely that the longer-term cost-effectiveness and/or financial return of 
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the evaluated interventions would be much more favorable than those observed in 

the applied studies, because most of them did not result in statistically significant 

(health) improvements at one-year follow-up. Furthermore, it is questionable 

whether employers would wish to implement interventions that only generate 

financial savings after an extensive number of years. Employees typically switch 

employers a couple of times during their working life, and many of the benefits are 

therefore likely to accrue to future employers and/or the public (i.e. “The free rider 

problem”) (51;52).

Generalizability of results 

Some factors influencing the generalizability of our findings have been mentioned 

earlier, including the pragmatic design of the applied studies as well as the selective 

enrollment of healthy and unhealthy individuals. Furthermore, most studies were 

performed within a single company and the worksite health promotion programs 

themselves were specifically tailored to the needs of stakeholders involved. As 

a consequence, it is unknown to what extent the results may be generalized to 

other companies, work settings or the general working population. Nonetheless, 

we at least assume that they are generalizable to other companies with similar 

employee populations, with similar health issues. Also, the companies’ participation 

in the current health promotion trials may be reflective of their degree of problem 

recognition, and thus their current workplace culture, available policies for improving 

employee health, the health status, sickness absence, and work performance of their 

employees, as well as their motivation to improve the current situation. As such, the 

participating companies may represent an optimal setting and any of our effect, cost-

effectiveness, and/or financial return estimates could thus be an overestimation (20). 

The generalizability of our findings to other countries may be limited by differences 

in (occupational) healthcare and social security systems (53). In the Netherlands, for 

example, most healthcare costs are borne by health insurance companies and the 

government, whereas in countries with employer-provided health insurance (e.g. the 

United States (U.S.)) they typically accrue to the employer. As such, our employer’s 

perspective findings are mainly of interest to countries with similar healthcare 

systems. Another factor that should be noted is that healthcare expenditure levels 
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may differ extensively between countries. For example, per capita spending on 

healthcare in the U.S. is double that of most European countries, leaving more room 

for improvements in healthcare costs (54). The generalizability of our productivity-

related cost estimates, on the other hand, may be hampered by the fact that income 

rates, friction periods, and sickness absence behaviors may differ between countries 

as well. For example, it is reasonable to expect that Dutch employees are more 

inclined to report sick than, for example, U.S. employees, because Dutch employees 

generally get paid during sickness absence, while many U.S. employees are not 

(22;46). Other factors that may contribute to different resource use patterns include 

differences in the organization of (occupational) healthcare as well as the incidence 

of the health risk factors in question (20;55). 

The easiest way to transfer economic evaluation results from one country to another 

would be to recalculate the monetary value of resource use for the target country 

where the results are to be applied and then recalculate the cost-effectiveness and/

or financial return estimates of interest (53). This approach, however, is probably too 

simple, as additional adjustments are likely to be needed to account for differences 

in healthcare utilization patterns and sickness absence behaviors (56). Therefore, 

Manca and Willan (2006) proposed an algorithm based on the availability of data 

for choosing the appropriate analytic strategy for adapting economic evaluation 

results from one country to another. If the country of interest has participated in 

a multinational clinical trial in which data on costs and consequences have been 

collected, the preferred strategy would be to analyze the individual patient data of the 

trial. Such studies, however, have neither been performed in the present thesis nor 

in the field of worksite health promotion research. Therefore, a modeling approach 

would be required according to Manca and Willan (2006), in which as much cost and 

consequence data as possible are used from the jurisdiction of interest (56;57). 

Comparison with the literature 

During the last 15 years, Pelletier published a series of reviews of the clinical and 

cost-effectiveness of comprehensive worksite health promotion and disease 

management programs (58-64). The most recent review in this series reported fairly 

consistent positive effects on employee health and costs, as well as improvements 
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in the number and quality of studies (59). However, effect sizes were generally small 

and only seven of the 27 most recently performed studies used an RCT design. 

Based on these results, he concluded that there was “guarded cautious optimism” 

about the clinical and/or cost-effectiveness of comprehensive health promotion and 

disease management programs, a conclusion that is not necessarily supported by the 

findings of the review presented in chapter 2. 

Up until now, various reviews have been conducted on the financial return of 

worksite health promotion programs in general. For example, a 1999 review of early 

worksite health promotion studies, mostly conducted in the 1980s and early 1990s, 

found financial return estimates in terms of healthcare benefits, productivity-related 

benefits, or both, to range from $1.4 to $3.1 per Dollar invested in the program 

(65). In 2001, Aldana performed a comprehensive review of the financial return of 

worksite health promotion programs. Seven of the included studies reported both 

costs and healthcare benefits, with an average financial return of $3.5 per Dollar 

spent. Only three of the included studies reported financial return estimates in terms 

of absenteeism benefits, which ranged from $2.5 to $10.1 (66). In a more recent 

review, Baicker et al. (2010) found that healthcare and absenteeism costs fell by $3.3 

and $2.7 per Dollar invested in the program, respectively (67). Moreover, based on 

a review of 62 worksite health promotion studies conducted during the last three 

decades, Chapman (2012) reported that participants to worksite health promotion 

programs had 25.1% lower absenteeism costs and 24.5% lower healthcare costs 

than non-participants. Twenty-five of the included studies reported financial return 

estimates in terms of various types of benefits, with an average of $5.6 per Dollar 

spent (68). All of these reviews included a broad range of worksite health promotion 

programs (e.g. smoking cessation, stress reduction, physical activity, and/or nutrition 

programs) and most of them were evaluated using non-randomized studies, of which 

many even lacked a comparison group. Moreover, even though all review authors 

reported that the quality of the included studies was less than optimal, none of them 

assessed their methodological quality using a consensus-based checklist, nor did 

they explore the possible difference in results between non-randomized studies and 

RCTs. The latter, however, was explored in a recent review of U.S. worksite health 

promotion studies published after 2000 (69). The authors found that only one of the 
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seven studies showing cost savings utilized an RCT. In line with the review presented 

in chapter 3, they concluded that strong evidence of cost savings is currently lacking 

due to the general use of weak evaluation designs, and thus the possible distortion 

of results by selection bias. 

Implications for practice 

In order to prevent spending already scarce resources on ineffective and/or inefficient 

strategies, worksite health promotion program implementation and continuation 

decisions should be made in an evidence-based manner. That is, methodologically 

sound scientific evidence on their (financial) implications should be consulted 

before program implementation and sound ex-post program evaluations ought to be 

performed to inform continuation decisions. 

Even though multiple reviews showed favorable, albeit small, effects of worksite 

health promotion programs on various health-related outcomes (70-75), the present 

thesis indicated that (strong) evidence of their cost-effectiveness and financial 

return is currently lacking. The latter is in contrast to the findings of most of the 

aforementioned reviews (65-68), which generally concluded that wider adoption of 

worksite health promotion programs could prove beneficial for company budgets. 

These reviews, however, mainly included non-randomized studies with a high risk 

of bias, while the review presented in chapter 3 found financial return estimates to 

systematically differ between studies with and without randomization (i.e. positive in 

non-randomized studies and negative in RCTs). Moreover, none of the interventions 

evaluated in the present thesis were found to generate cost savings to the employer. 

Therefore, widespread implementation of existing worksite health promotion 

programs in an effort to generate cost savings is not recommended. It should be 

noted, however, that some of the evaluated interventions (Chapter 6 and 7) may be 

considered cost-effective if decision-makers are willing to invest a certain amount of 

money to improve employee health (52). Whether the latter is the case, however, is 

currently unknown.

Our recommendation is in contrast to the current widespread advertisement and 

implementation of worksite health promotion programs. Many program vendors 

advertise them by implying that they are an evidence-based strategy for reducing 
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healthcare and/or productivity-related costs. Advertisement statements such as 

“With careful planning, efficient and effective wellness programs offered to employees 

and their families can shrink both the waistline and the bottom line” are common 

(76), but not supported by methodologically sound evidence (i.e. high quality 

(cluster-)RCT-based economic evaluations). Nonetheless, a recent industry survey 

indicated that about 50 percent of Dutch employers invest in preventive strategies 

at the workplace, including stress management and lifestyle interventions (77). 

Although some of these employers may implement such programs purely to improve 

employee health, controlling costs seems to be their most important motivation (See 

also Chapter 9) (52;78). Moreover, more than half (52%) of the U.S. employers that 

offered worksite health promotion programs in 2012 were found to believe that they 

were effective in reducing the company’s health care costs (79). As such, the present 

findings indicate that an innovative and dynamic industry appears to have outpaced 

the underlying evidence (69;80). 

Next to the fact that worksite health promotion programs are generally thought 

to result in financial savings, they are also expected to result in various intangible 

corporate benefits that cannot be considered in a return on investment analysis. 

Examples of such intangible corporate benefits are improved job satisfaction, 

employee morale, and in-role performance (i.e. behavior required by formal 

job descriptions) (81;82). Moreover, worksite health promotion programs are 

hypothesized to strengthen a company’s ability to attract new talent in a competitive 

market place, because healthy lifestyle benefits may entice younger employees. 

Among existing employees, on the other hand, worksite health promotion programs 

are thought to improve overall perceptions of the company, engender a greater sense 

of commitment and trust, and thus improve employee retention (83). However, the 

hypothesis regarding the positive effect of worksite health promotion programs 

on job satisfaction is not supported by the findings presented in chapter 5 through 

chapter 7, and strong evidence of their favorable impact on other types of intangible 

corporate benefits is currently lacking. 
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Implications for research

Future research efforts in the field of worksite health promotion should be directed 

towards two important gaps in knowledge. First, the relatively small effects and 

lack of evidence of cost savings associated with existing worksite health promotion 

programs, does not negate the value of improving employee health. Therefore, more 

research is needed to explore what attributes of worksite health promotion programs 

are most important and how such interventions should be optimally designed (67). 

Second, researchers should help ensure that worksite health promotion program 

implementation and/or continuation decisions are made in an evidence-based 

manner, because a lack thereof may result in inappropriate decision-making and thus 

a waste of scarce resources. 

Future directions of worksite health promotion programs

The absence of, or relatively small, effects of the evaluated interventions as well 

as their lack of cost savings is in line with the findings of other high-quality studies 

on primary prevention strategies in the workplace (84-88). This raises the question 

of whether primary prevention programs are indeed the “optimal” strategy for 

improving employee health and costs. The adoption of a high-risk approach may be 

more likely to be cost-effective and/or cost saving, as it is generally more efficient to 

concentrate limited resources where the need, and therefore also the benefits, are 

likely to be greatest (14). As such, future worksite health promotion programs are 

recommended to shift their focus from primary prevention for all employees towards 

prevention programs that are aimed at high-risk individuals (89). A possible way to 

do this is by offering more comprehensive worksite health promotion programs, in 

which all employees are screened for various health risks, after which only those 

with high-risks are referred to the necessary prevention and/or treatment programs. 

Amongst others, such comprehensive worksite health promotion programs may be 

aimed at tobacco cessation, physical activity promotion, stress management, weight 

management, and nutritional guidance (83). In addition, most of the evaluated 

interventions were mainly targeted at individual determinants of behavior (e.g. 

through health education and communication) (see chapter 4, 5, and 6), whereas 

interventions targeted at both individual and environmental determinants are 
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expected to be more effective in achieving (health) behavior change (90;91). 

Therefore, future worksite health promotion programs are recommended to include 

both individual and environmental modifications. Examples of environmental 

modifications are healthy canteen food and physical activity promoting adaptations 

to the workplace, such as standing conference tables and the introduction of 

exercise balls. Moreover, a necessary prerequisite for any successful worksite health 

promotion program is a high level of participation, because “nothing happens until 

[people] participate” (3). Research indicates that participation levels are often far 

from optimal in worksite health promotion programs (92), and this was also the case 

in the applied studies. Possible means to improve program participation include the 

use of incentives, the provision of a variety of program modalities (e.g. coaching, 

health information), the use of multi-component programs, as well the integration 

of health promotion into the company’s culture (3;70;92). Furthermore, as many 

worksite health promotion programs are associated with decreased effectiveness 

over time, future interventions are recommended to include follow-up contacts and/

or booster sessions after their completion in order to better maintain their initial 

results. The cost-effectiveness and/or financial return of such “optimally” designed 

interventions should subsequently be established by performing (cluster-)RCT-based 

economic evaluations. 

Improving evidence-based practice in the worksite health promotion field

Two important factors currently hinder worksite health promotion program 

implementation and/or continuation decisions from being made in an evidence-based 

manner, namely the poor methodological quality of most economic evaluations of 

worksite health promotion programs (Chapter 2 and 3) and the lack of uptake of their 

results (Chapter 9). To prevent inappropriate decision-making, researchers should 

ensure that both issues are addressed.

Improving the methodological quality of economic evaluations of worksite health 

promotion programs

Recommendations for improving the quality of economic evaluations of worksite 

health promotion programs have been extensively provided and discussed in chapter 
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8 as well as in the methodological considerations section of this chapter. Our most 

important recommendations include:

•	 Future economic evaluations should be conducted alongside (cluster-)RCTs 

to minimize the possible influence of selection bias.

•	 Future economic evaluations should be performed from both the employer’s 

and societal perspective. This approach ensures that the results are directly 

interpretable for occupational health decision-makers and provides an 

indication of whether the “local rationality” of the company is in line with 

societal optimality. 

•	 Future economic evaluations should assess the uncertainty surrounding 

their cost-consequence estimates, as failing to evaluate values under 

uncertainty may lead to biased conclusions and may thus result in 

inappropriate decision-making.

•	 Ideally, future economic evaluations base their sample sizes on economic 

endpoints. If this is not possible, researchers should use estimation and/

or decision uncertainty rather than hypothesis testing (i.e. providing 

confidence intervals and assessing the probability of cost-effectiveness and/

or financial return).

•	 Future economic evaluations should use multiple imputation for handling 

missing data, as study results may be biased when systematic differences 

exist between missing and observed values.

•	 Future economic evaluations should use price weights for valuing resource 

use that represent their true opportunity cost to the decision-maker at 

hand.

Moreover, methodological issues that warrant further inquiry include the methods 

for economic evaluations of clustered data, the measurement and valuation 

of changes in on-the-job productivity, the conceptualization of multipliers and 

compensation mechanisms in the valuation of changes in paid productivity, as well as 

the transferability of economic evaluation results across countries and jurisdictions. 

Improving the uptake of economic evaluation results 

In order to improve the uptake of economic evaluation results, researchers should 

ensure that their products are in line with the information needs of occupational 
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health decision-makers (93;94). The qualitative study included in chapter 9 provided 

some initial clues as to what these information needs are at the company level. 

Namely, return-on-investment analyses performed from the employer’s perspective 

were found to form the basis of business cases for worksite health promotion 

programs. Within these analyses, hard cost items (e.g. equipment costs, employee 

training costs) were of particular importance and reduced sickness absence-related 

costs were viewed as one of the most important benefits. Furthermore, decisions 

typically have to be made within a limited time frame and many decision-makers 

lack the skill set required to determine what economic evaluation results are most 

reliable, and what information should be considered, under which circumstances 

(95). Therefore, it is advisable to provide them with easy-to-use critical summaries of 

published studies (96). In the Netherlands, such critical summaries may be distributed 

through (applied) research institutes and/or employers’ associations, or published 

in easily accessible journals, newsletters, or websites. Improving the economic 

evaluation skill set of occupational health decision-makers may be accomplished by 

educating them through a variety of means, including the development of handbooks 

and workshops on economic evaluation methods, integrating these topics into 

management, occupational health, and/or worksite health promotion training 

programs, and involving occupational health decision-makers in the process of 

commissioning studies (95;97;98). Participation in scientific studies is namely closely 

linked to the uptake of their results and may simultaneously lead to an improved 

economic evaluation skill set (96).

To further advance the development of a solid evidence base on the resource 

implications of worksite health promotion programs and to facilitate the uptake of 

their results, it is recommendable to develop a set of consensus-based guidelines for 

good practice when conducting and reporting economic evaluations of interventions 

in the workplace. In order to be successful, such guidelines must be based on sound 

economic principles and meet the needs of all stakeholders (99). As such, they are 

ideally developed through a close cooperation between economists, occupational 

health researchers, workplace parties, policy-makers, and all other possibly relevant 

stakeholders.
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Concluding remarks

The present thesis indicated that (strong) evidence of the cost-effectiveness and/

or financial return of worksite health promotion programs is currently lacking. 

Therefore, widespread implementation of such interventions in an effort to generate 

cost savings is not recommended, while some of them may be considered cost-

effective if decision-makers are willing to invest a certain amount of money to improve 

employee health. Whether the latter is the case, however, is currently unknown. 

The lack of evidence of cost savings associated with existing worksite health promotion 

programs, does not negate the value of improving employee health. Therefore, more 

research is needed to explore what attributes of worksite health promotion programs 

are most important and how such interventions should be optimally designed. 

Amongst others, existing worksite health promotion programs may be improved 

by using a so-called high-risk approach, including environmental modifications, 

incorporating strategies to improve program participation, and including follow-up 

contacts and booster sessions after their completion in order to better maintain 

their initial effects. The cost-effectiveness and/or financial return of such “optimally” 

designed interventions should subsequently be established by performing (cluster-)

RCT-based economic evaluations. Furthermore, the methodological quality of 

economic evaluations of worksite health promotion programs is generally poor, as is 

the uptake of their results in daily practice. To prevent inappropriate decision-making, 

researchers should ensure that both issues are addressed and recommendations 

have been provided in this thesis as to how this may be established.
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Summary

Background

The prevalence of modifiable health risks, such as an insufficient level of physical 

activity, unhealthy dietary habits, and a low level of relaxation, among the population 

is high. This imposes a large economic burden on society as a whole and on employers 

in particular. The workplace presents a useful setting for offering behavior change 

interventions aimed at preventing and/or reducing the prevalence of such risk 

factors (i.e. worksite health promotion programs). In practice, however, numerous 

kinds of worksite health promotion programs exist, of which only a restricted number 

can be provided with the available resources. Therefore, high quality evidence is 

needed to demonstrate their value. This evidence can be provided by performing 

methodologically sound economic evaluations of worksite health promotion 

programs, in which both the costs and consequences of alternatives are compared. 

Unfortunately, however, such studies are scarce. This is due to the fact that only 

a few of the studies that consider the effectiveness of worksite health promotion 

programs take the extra step of considering their resource implications. On top of 

that, the methodological quality of those that have been performed is generally 

poor, as is the uptake of their results in daily practice (Chapter 1). Therefore, this 

thesis aimed to contribute to the development of a sound evidence base on the 

resource implications of worksite health promotion programs as well as to improve 

uptake of this evidence in daily practice. This was done by summarizing the current 

literature on the cost-effectiveness and financial return of worksite physical activity 

and/or nutrition programs, generating new evidence by performing economic 

evaluations of various newly developed worksite health promotion programs, as well 

as developing and providing recommendations for good practice when conducting 

and disseminating economic evaluations in occupational health. 

Part 1: Systematic reviews

Chapter 2 described a systematic review on the cost-effectiveness of worksite 

physical activity and/or nutrition programs. A literature search was performed in 

EMBASE, MEDLINE, SportDiscus, PsycInfo, NIOSHTIC-2, NHSEED, HTA, and Econlit 
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for studies published up to January 14th, 2011. Additionally, articles were searched 

by reviewing references, searching authors’ databases, and contacting authors of 

included studies. Ten studies were found to be eligible for inclusion, of which four 

evaluated worksite nutrition programs (seven programs) and six worksite physical 

activity and nutrition programs (eleven programs). A risk of bias assessment 

indicated that the methodological quality of the included studies was generally poor. 

From various perspectives, all worksite nutrition as well as worksite physical activity 

and nutrition programs (N=6) were more costly and more effective in reducing body 

weight compared to usual care. When only intervention costs were considered, most 

worksite nutrition (N=4/5) and worksite physical activity and nutrition programs 

(N=5/6) were more costly and more effective in reducing cholesterol level and 

cardiovascular disease risks. Currently, however, there are no set levels as to how 

much various kinds of decision-makers are willing to pay per unit of improvement 

in these outcomes. One of the included studies also evaluated the cost-utility of two 

different delivery modes of a worksite physical activity and nutrition program (i.e. 

telephone-based and internet-based), and provided mixed results. That is, when 

comparing its results with various pre-established thresholds regarding the amount 

of money decision-makers are willing to pay per QALY gained, the internet-based 

intervention could be regarded as cost-effective ($1,698/QALY gained), whereas 

the phone-based intervention ($311,523/QALY gained) could not. Thus, based on 

the current literature, strong conclusions about the cost-effectiveness of worksite 

physical activity and/or nutrition programs could not be made and there seemed to 

be an urgent need to improve the methodological quality of such studies. 

Chapter 3 described a systematic review on the financial return of worksite 

physical activity and/or nutrition programs. In order to identify relevant studies, a 

literature search was performed in eight electronic databases (EMBASE, MEDLINE, 

SportDiscus, PsycInfo, NIOSHTIC-2, NHSEED, HTA, and Econlit), references of relevant 

review articles as well as authors’ own databases were searched, and authors of 

included studies were contacted. Eventually, 18 studies were included in the review, 

of which four were performed alongside a randomized controlled trial (RCT), 13 

alongside a non-randomized study (NRS), and one was a modeling study. For all 

included studies, three metrics were (re-)calculated, including the Net Benefits, 
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Benefit Cost Ratio (BCR), and Return On Investment (ROI). These metrics were 

averaged and a subgroup analysis was performed to compare them between study 

designs (i.e. RCT versus NRS). Additionally, a risk of bias assessment was performed 

to assess the methodological quality of the studies. The results showed that average 

financial return estimates in terms of absenteeism benefits (NRS: ROI 325%, BCR 

4.25; RCT: ROI -49%, BCR 0.51), medical benefits (NRS: ROI 95%, BCR 1.95; RCT: ROI 

-112%, BCR -0.12), or both (NRS: ROI 387%, BCR 4.87; RCT: ROI -92%, BCR 0.08) were 

positive in NRSs, but negative in RCTs. Moreover, the methodological quality of the 

included studies was generally poor, and even poorer in NRSs than in RCTs. These 

results indicate that financial return estimates of NRSs are likely to be distorted by 

selection bias (i.e. study results are caused by (baseline) differences between study 

arms, rather than by the intervention itself). Financial return estimates derived from 

NRSs should therefore be interpreted with great caution. RCTs with a lower risk of 

bias, on the other hand, indicated that worksite physical activity and/or nutrition 

programs may not pay for themselves in terms of reduced absenteeism costs, medical 

costs, or both. However, since worksite physical activity and/or nutrition programs 

are thought to be associated with additional types of benefits (e.g. reduced on-the-

job productivity costs, also known as presenteeism benefits), conclusions about their 

overall profitability could not be made. Therefore, it is advisable to perform more 

RCT-based ROI analyses that include a consensus-based set of financial benefits.

Part 2: applied studies

In order to generate new evidence, four economic evaluations were performed. All of 

them evaluated a newly developed worksite health promotion program in comparison 

with the existing health promotion activities of the participating companies (i.e. 

usual care / usual practice). In all studies, missing values were multiply imputed and 

uncertainty was assessed using bootstrapping techniques.

Chapter 4 presented the economic evaluation results of the Vital@Work 

intervention, a worksite health promotion program aimed at improving physical 

activity, nutrition, and relaxation, as a potentially effective tool to keep older workers 

vital and healthy, and thereby contributing to prolonged employability. The objective 

was to perform a cost-effectiveness analysis (CEA) in terms of general vitality, work-
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related vitality, and need for recovery (NFR) from the societal perspective and a ROI 

analysis from that of the employer. Within this study, a total of 730 older hospital 

workers (≥ 45 years) were randomized to an intervention (n = 367) or control group 

(n = 363). Effect data were collected at baseline, 6-, and 12-month follow-up. Cost 

data were collected on a 3-monthly basis using questionnaires. The cost of the 

Vital@Work intervention was found to be €149 per participant. After 12 months, no 

statistically significant between-group differences were found for all other cost and 

effect measures. A joint comparison of costs and effects revealed that a substantial 

amount of money had to be paid by society to reach a reasonable probability of 

cost-effectiveness for all outcomes (e.g. ± €3,500 per 1-point improvement in 

general vitality (range: 0-100) for a 0.9 probability). Moreover, per Euro invested in 

the program, the employer was found to lose €2.21. Based on these results, it was 

concluded that the Vital@Work intervention was neither cost-effective from the 

societal perspective, nor cost-saving from that of the employer. Thus, the economic 

evaluation provided no evidence to support its implementation.

Chapter 5 described the economic evaluation of the Mindful VIP intervention, 

a mindfulness-based worksite intervention aimed at improving work engagement 

among knowledge workers. This economic evaluation aimed to evaluate the 

intervention’s cost-effectiveness in comparison with usual practice from both 

the societal and employer’s perspective. Moreover, a ROI analysis was performed 

to explore the intervention’s impact on the company’s bottom line. A total of 257 

employees of two Dutch governmental research institutes were randomized to the 

intervention (n = 129) or control group (n = 128). Data on work engagement, general 

vitality, job satisfaction, and work ability were collected at baseline, six, and 12 

months. Salary and absence data were collected from company records. Data on all 

other cost measures were collected using 3- or 6-monthly questionnaires. The cost of 

the Mindful VIP intervention was found to be €171 per participant from the societal 

perspective (estimated using bottom-up micro-costing) and €464 from that of the 

employer (based on market prices). After 12 months, a statistically significant but not 

clinically relevant adverse effect on work engagement was found (-0.19; 95%CI -0.38 

to -0.01; i.e. a decrease of 0.19 on a scale from 0 to 6). There were no statistically 

significant differences between study groups in job satisfaction (-0.02; 95%CI -0.22 
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to 0.17), general vitality (-3.0; 95%CI -6.1 to 0.1), work ability (-0.34; 95%CI -0.84 to 

0.17), and total costs (societal: 1,814; 95%CI -800 to 4,588, employer: 2,038; 95%CI 

-548 to 4,752). Moreover, the intervention’s maximum probability of cost-effective 

was low for all outcomes (≤ 0.25) and the intervention did not result in a positive 

financial return to the employer. Based on these results, the Mindful VIP intervention 

could neither be considered cost-effective from both the societal and employer’s 

perspective, nor cost-saving from that of the employer. Thus, this study provided no 

evidence to support its implementation. 

Chapter 6 presented the economic evaluation results of the VIP in Construction 

intervention, a worksite health promotion program aimed at improving physical 

activity and nutrition among construction workers. The study aimed to explore the 

intervention’s cost-effectiveness in comparison with usual practice from the societal 

and employer’s perspective, as well as its financial return to the employer. Within this 

study, 314 construction workers were randomized to the intervention (n = 162) or 

control group (n = 152). Data on body weight, waist circumference, musculoskeletal 

disorders (MSD), work-related vitality, and job satisfaction were collected at baseline, 

six, and 12 months. Sickness absence data were collected from company records. 

Data on all other cost measures were collected using 3-monthly questionnaires. 

From the societal perspective, the cost of the VIP in Construction intervention was 

found to be €178 per construction worker (bottom-up micro-costed). From the 

employer’s perspective, these costs were €287 (market prices). At 12-month follow-

up, no statistically significant cost and effect differences were found between groups. 

Results also indicated that the intervention’s probabilities of cost-effectiveness for 

body weight, waist circumference, and MSD gradually increased with an increasing 

willingness-to-pay to 0.84 (willingness-to-pay = €21,000/kg), 0.77 (willingness-to-pay 

= €18,000/cm), and 0.84 (willingness-to-pay = €42,000/person prevented from having 

a MSD), respectively. The intervention’s maximum probabilities of cost-effectiveness 

for work-related vitality and job satisfaction were low at all ceiling ratios (≤ 0.54) 

and financial return estimates were positive, but their confidence intervals were 

rather wide and none of them was statistically significant. Based on these results 

it was concluded that the intervention’s cost-effectiveness in improving weight-

related outcomes and MSD depends on the societal and employer’s willingness to 
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pay for these effects as well as the probability of cost-effectiveness that they consider 

acceptable. From the employer´s perspective, the intervention was not cost-effective 

in improving work-related vitality and job satisfaction. Also, due to a high level of 

uncertainty, it could not be concluded that the intervention was cost-beneficial to 

the employer.

Chapter 7 described the economic evaluation of the Be Active & Relax 

intervention. The objective was to evaluate the cost-effectiveness and financial 

return of a combined social and physical environmental intervention in office 

employees in comparison with usual practice, and of both intervention conditions 

separately. Moreover, the probabilities of the intervention conditions being cost-

effective in comparison with each other were explored. This study used a 2X2 

factorial design, in which 412 employees were allocated at the department level 

to the combined intervention (n = 92), social environmental intervention (n = 118), 

physical environmental intervention (n = 96), or control group (n = 106). Data on NFR, 

general vitality, and job satisfaction were collected at baseline, 6-, and 12-month 

follow-up. Salary and sickness absence data were collected from company records. 

Data on all other cost measures were collected using 3-monthly questionnaires. 

Using linear multilevel analyses, CEAs were performed from the societal (NFR 

and general vitality) and employer’s perspective (NFR and job satisfaction), and 

ROI analyses from that of the employer. After 12 months, combined intervention 

group participants statistically significantly improved their NFR compared with the 

control group (-8.4; 95%CI -14.6 to -2.2). Their total employer’s costs, however, were 

statistically significantly higher than those of the control group (3,102; 95%CI 598 to 

5,969). All other between-group differences in costs and effects were not statistically 

significant. For NFR, the combined intervention became the preferred option at 

willingness-to-pay values of €170 (societal perspective) and €300 (employer’s 

perspective) per point improvement, after which its probability of cost-effectiveness 

gradually increased to 0.85. For general vitality and job satisfaction, the maximum 

probabilities of the interventions being cost-effective in comparison with each other 

were low at all ceiling ratios (≤ 0.55), as were their probabilities of financial return  

(≤ 0.41). Depending on the societal and employer’s willingness to pay and the 

probability of cost-effectiveness that they consider acceptable, the combined 
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intervention may be considered cost-effective in improving NFR. However, 

both separate interventions were not cost-effective in improving this outcome. 

Furthermore, all interventions were neither cost-effective in improving general 

vitality (societal perspective) and job satisfaction (employer’s perspective), nor cost-

saving to the employer.

Part 3: Improving evidence-based practice

As previous research indicates that the methodological quality of economic evaluations 

in occupational health is generally poor, chapter 8 aimed to help occupational health 

researchers conduct high quality trial-based economic evaluations. This was done 

by discussing the theory and methodology that underlie them and by providing 

recommendations for good practice regarding their design, analysis, and reporting. 

Amongst others, it was recommended to consider the economic evaluation 

requirements at the earliest stage possible and to perform such evaluations alongside 

studies with a randomized design. Within these studies, careful considerations must 

be made regarding the perspective, the analytic time frame, the identification, 

measurement, and valuation of resource use and outcomes, as well as the methods 

used for calculating sample sizes, comparing costs and consequences, and handling 

missing data and uncertainty. The latter is of particular importance, as few economic 

evaluations in occupational health report on the uncertainty surrounding their 

incremental cost-consequence estimates, whereas failing to estimate values under 

uncertainty makes it impossible to determine the certainty of results and could thus 

lead to inappropriate decision-making. 

As a first step in bridging the gap between the economic evaluation literature and 

daily practice in occupational health, chapter 9 aimed to explore four issues; 1) the 

process by which occupational health decisions are made, 2) the importance given 

to the financial implications of occupational health and safety (OHS) interventions, 

3) the sources of information used during the decision-making process, and 4) 

the occupational health decision-makers’ knowledge about different economic 

evaluation methods. This was done by performing 18 in-depth and 25 structured 

interviews with occupational health decision-makers in the healthcare sector of 

Ontario, Canada. The analyses showed that the occupational health decision-making 
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process could generally be subdivided into three stages: 1) initiation stage, during 

which the need for an intervention is established, 2) pre-implementation stage, during 

which and intervention as well as its business case are developed in order to achieve 

senior management approval, and 3) implementation and evaluation stage, during 

which an intervention is implemented and evaluated. In line with previous research, 

organizations were found to invest in OHS interventions for legal, financial, and moral 

reasons. Moreover, information on the financial implications of such interventions 

was found to be of great importance to the decision-making process, particularly 

the employer’s costs and benefits. Results also indicated that occupational health 

decisions are currently not being made in an evidence-based manner. That is, scientific 

evidence on the (financial) implications of OHS interventions was found to be rarely 

consulted and sound ex-post program evaluations were hardly ever performed. 

Furthermore, there seemed to be a need to advance the decision-makers’ economic 

evaluation skill set. Possible strategies to overcome these issues may include the 

generation of scientific evidence that is in line with the needs of occupational health 

decision-makers (e.g. ROI analyses performed from the employer’s perspective), 

providing busy decision-makers with critical summaries of published studies, 

transmitting (economic evaluation) results in easy-to-use formats, and educating 

occupational health decision-makers in economic evaluation methods.

Discussion

In chapter 10, the main findings were discussed and interpreted, and recommendations 

for research and practice were presented. In conclusion, the present thesis 

indicated that (strong) evidence of the cost-effectiveness and/or financial return 

of worksite health promotion programs is currently lacking. Therefore, widespread 

implementation of such interventions in an effort to generate cost savings is not 

recommended, while some of them may be considered cost-effective if decision-

makers are willing to invest a certain amount of money to improve employee health. 

Whether the latter is the case is currently unknown. The lack of evidence of cost 

savings associated with existing worksite health promotion programs, however, 

does not negate the value of improving employee health. Therefore, future research 

should explore what attributes of worksite health promotion programs are most 
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important and how such interventions should be optimally designed. The cost-

effectiveness and/or financial return of such “optimally” designed interventions 

should subsequently be established by performing (cluster-)RCT-based economic 

evaluations. Furthermore, the methodological quality of economic evaluations of 

worksite health promotion programs was found to be generally poor, as was the 

uptake of their results in daily practice. To prevent inappropriate decision-making, 

(occupational health) researchers as well as other relevant stakeholders should 

ensure that both issues are addressed.



Samenvatting

352



Samenvatting

353

SamENvaTTiNG

achtergrond

Veel mensen hebben ongezonde leefgewoonten. Zo beweegt en ontspant men 

tegenwoordig gemiddeld gezien te weinig en hebben veel mensen een ongezond 

voedingspatroon. Dergelijke ongezonde gewoonten hebben negatieve economische 

gevolgen voor zowel de samenleving als werkgevers. De werksetting biedt een 

goede omgeving voor interventies die mensen ondersteunen bij het maken van 

gezonde keuzes, zogenaamde leefstijlprogramma’s op de werkplek. In de praktijk 

bestaan er echter veel verschillende typen leefstijlprogramma’s, die niet allemaal 

geïmplementeerd kunnen worden met de beschikbare middelen. Daarom is 

wetenschappelijk bewijs nodig dat inzicht geeft in de financiële gevolgen van 

dergelijke interventies. Dit bewijs kan geleverd worden met behulp van hoge kwaliteit 

economische evaluaties, welke zowel de kosten als de (gezondheids-)effecten van 

verschillende interventieopties met elkaar vergelijken. Op dit moment zijn zulke 

studies echter schaars. Daarnaast worden de resultaten van eerder uitgevoerde 

economische evaluaties in de dagelijke (bedrijfsgezondheidszorg) praktijk nauwelijks 

gebruikt (Hoofdstuk 1). Dit proefschrift had daarom tot doel de huidige literatuur 

met betrekking tot de kosteneffectiviteit en de financiële opbrengsten van beweeg- 

en/of voedingsinterventies op de werkplek samen te vatten, nieuw bewijs te 

genereren door economische evaluaties uit te voeren van vier recent ontwikkelde 

leefstijlinterventies voor diverse groepen werknemers, en aanbevelingen te 

genereren voor het verrichten en verspreiden van economische evaluaties binnen de 

bedrijfsgezondheidszorg.

Deel 1: Systematische literatuuronderzoeken

Hoofdstuk 2 beschrijft een systematisch literatuuronderzoek naar de 

kosteneffectiviteit van beweeg- en/of voedingsinterventies op de werkplek. Om 

relevante studies te vinden, zijn acht bronnen van wetenschappelijke literatuur 

doorzocht (EMBASE, MEDLINE, SportDiscus, PsycInfo, NIOSHTIC-2, NHSEED, HTA, 

en Econlit). Tevens zijn referentielijsten van relevante literatuuronderzoeken 

nagekeken, hebben wij onze eigen literatuur databases doorzocht, en zijn auteurs 
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van geïncludeerde studies aangeschreven om eventuele nog niet gepubliceerde 

artikelen te vinden. Uiteindelijk zijn 10 relevante studies geïdentificeerd, waarvan 

vier een voedingsinterventie evalueerden (zeven interventies) en zes een beweeg- 

en voedingsinterventie (elf interventies). De methodologische kwaliteit van deze 

studies bleek over het algemeen slecht te zijn. Vanuit diverse perspectieven bleken 

alle beweeg- en voedingsinterventies (N=6) duurder en effectiever te zijn ten 

opzichte van gebruikelijke zorg in het verminderen van lichaamsgewicht. Daarnaast 

bleken zowel de meeste voedingsinterventies (N=4/5) als de meeste beweeg- en 

voedingsinterventies (N=5/6) duurder en effectiever te zijn in het verminderen van 

cholesterol level en het aantal cardiovasculaire risicofactoren van de deelnemers. 

Voor deze uitkomsten is het echter onbekend hoeveel diverse beslissers bereid 

zijn te betalen per extra eenheid in effect. Een van de geïncludeerde studies had 

ook de kostenutiliteit van twee typen beweeg- en voedingsinterventies onderzocht 

(een telefoonprogramma en een internetprogramma). De resultaten van beide 

interventies liepen sterk uiteen. Als wij hun investering die gedaan moet worden om 

één voor kwaliteit van leven gecorrigeerd levensjaar te winnen (QALY) vergelijken 

met enkele in de literatuur gebruikte drempelwaarden, kan het internetprogramma 

als kosteneffectief worden beschouwd ($1.698 / gewonnen QALY), maar het 

telefoonprogramma niet ($311.523 / gewonnen QALY). Op basis van deze resultaten 

hebben wij geen eenduidige conclusie kunnen trekken over de kosteneffectiviteit 

van beweeg- en/of voedingsinterventies op de werkplek. Daarnaast is het van groot 

belang dat de methodologische kwaliteit van dergelijke studies verbeterd wordt, 

vooral het in kaart brengen van de onzekerheid rondom de uitkomsten. 

Hoofdstuk 3 beschrijft een systematisch literatuuronderzoek naar de financiële 

opbrengsten van beweeg- en/of voedingsinterventies op de werkplek. Om relevante 

studies te vinden zijn wederom acht bronnen van wetenschappelijke literatuur 

doorzocht (EMBASE, MEDLINE, SportDiscus, PsycInfo, NIOSHTIC-2, NHSEED, 

HTA, en Econlit). Daarnaast hebben wij zowel referentielijsten van relevante 

literatuuronderzoeken als onze eigen literatuur databases nagekeken en zijn auteurs 

van geïncludeerde studies aangeschreven om eventuele nog niet gepubliceerde 

artikelen te vinden. Uiteindelijk werden 18 relevante studies geïdentificeerd, 

waaronder 13 niet-gerandomiseerde studies (NRSs), vier gerandomiseerde studies 
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(RCTs) en één modelleringstudie. Twee onderzoekers hebben onafhankelijk van 

elkaar de methodologische kwaliteit van deze studies beoordeeld. Voor alle studies 

werden de gemiddelde Netto Baten (NB), Baten Kosten Ratio (BKR), en Return On 

Investment (ROI) (her-)berekend. Ook is een subgroepanalyse uitgevoerd om deze 

uitkomsten te vergelijken tussen verschillende typen studie designs (RCT versus 

NRS). De resultaten van het onderzoek lieten zien dat de gemiddelde ROI uitkomsten 

in termen van verzuimbaten [(NRS, ROI:325%; BKR:4,25)(RCT, ROI:-49%; BKR:0,51)], 

medische baten [(NRS, ROI:95%; BKR:1,95)(RCT, ROI:-112%; BKR:-0,12)], en zowel 

medische als verzuimbaten [(NRS, ROI:387%; BKR:4,87)(RCT, ROI:-92%; BKR:0,08)] 

positief waren in NRSs, maar negatief in RCTs. Ook was de methodologische kwaliteit 

van de studies over het algemeen slecht en zelfs slechter in NRSs dan in RCTs. 

Concluderend kan gesteld worden dat de resultaten van NRSs mogelijk vertekend 

zijn door selectiebias; i.e. een vertekening van de onderzoeksresultaten als gevolg 

van het feit dat onderzoeksgroepen (bij aanvang) niet gelijk aan elkaar waren. Aan de 

andere kant laten RCTs zien dat beweeg- en/of voedingsinterventies op de werkplek 

mogelijk geen winst opleveren als gevolg van verminderde medische, verzuim- en 

zowel medische als verzuimkosten. Op basis van de huidige literatuur kunnen echter 

geen conclusies getrokken worden over hun algehele winstgevendheid, omdat 

dergelijke interventies ook met andere typen baten geassocieerd zijn (bijvoorbeeld 

baten als gevolg van een verbeterde productiviteit op het werk).

Deel 2: toegepaste studies

Om nieuw bewijs te genereren zijn in dit proefschrift vier economische evaluaties 

verricht. In deze economische evaluaties zijn zowel de kosteneffectiviteit als de 

financiële opbrengsten van enkele recent ontwikkelde leefstijlprogramma’s op 

de werkplek onderzocht in vergelijk met het gebruikelijke aanbod. In alle studies 

zijn missende waarden multipel geïmputeerd en is de onzekerheid rondom de 

kostenuitkomsten in kaart gebracht met behulp van zogenaamde bootstrapping 

technieken. 

Hoofdstuk 4 beschrijft de economische evaluatie van de Vital@Work interventie, 

een leefstijlprogramma voor oudere werknemers dat erop gericht is om de 

vitaliteit van deze groep werknemers te bevorderen. In deze studie is zowel een 
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kosteneffectiviteitsanalyse (KEA) verricht vanuit maatschappelijk perspectief als 

een “return on investment” analyse (ROI analyse) vanuit het perspectief van de 

werkgever. De onderzoeksgroep bestond uit 730 oudere werknemers (≥ 45 jaar) die 

werkzaam waren bij twee Nederlandse academische ziekenhuizen. Na de nulmeting 

werden alle werknemers op basis van kans verdeeld over een interventie- (n = 

367) en een controlegroep (n = 363). Ten behoeve van de KEA werden tijdens de 

nulmeting en na zes en 9 maanden diverse uitkomsten gemeten (algemene vitaliteit, 

werkgerelateerde vitaliteit en herstelbehoefte). Daarnaast is kostendata verzameld 

met behulp van 3-maandelijkse vragenlijsten. Uit de analyses bleek dat de Vital@

Work interventie €149 per werknemer kostte. Er werden geen statistisch significante 

kosten- en effectverschillen gevonden tussen de interventie- en controlegroep. 

Ook bleken maatschappelijke beslissers bereid te moeten zijn om een relatief hoog 

bedrag te betalen per extra eenheid effect om een hoge kans op kosteneffectiviteit 

te bewerkstelligen (e.g. ± €3.500 per punt verbetering in algemene vitaliteit voor een 

kans van 0,90). Tevens bleek de interventie per geïnvesteerde Euro voor de werkgever 

tot een verlies van €2,21 te leiden. Op basis van deze resultaten is geconcludeerd dat 

de Vital@Work interventie niet kosteneffectief is vanuit maatschappelijk perspectief 

en dat invoering ervan geen financiële winst oplevert voor de werkgever. Op basis van 

deze resultaten werd grootschalige implementatie van de Vital@Work interventie 

dan ook afgeraden. 

De resultaten van de economische evaluatie van de Mindful VIP interventie zijn 

gepresenteerd in hoofdstuk 5. Deze interventie had tot doel de bevlogenheid van 

medewerkers te bevorderen en omvatte een mindfulness training, e-coaching, en het 

aanbieden van werkfruit en lunchwandelroutes. Het doel van deze studie was om de 

kosteneffectiviteit van de interventie te bepalen vanuit zowel het maatschappelijke 

als het bedrijfsperspectief. Daarnaast zijn de eventuele financiële opbrengsten van 

de interventie voor de werkgever in kaart gebracht. Bij aanvang van de studie deden 

257 werknemers mee, welke op basis van kans over een interventie- (n = 129) en 

een controlegroep (n = 128) zijn verdeeld. Voor de KEA, zijn tijdens de nulmeting 

en na zes en 9 maanden diverse uitkomsten gemeten (bevlogenheid, algemene 

vitaliteit, werktevredenheid en werkvermogen). Informatie over het verzuim en het 

salaris van de werknemers werd verzameld vanuit de bedrijfsregistratie. Informatie 
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over alle overige kosten werd verzameld met behulp van 3- of 6-maandelijkse 

vragenlijsten. De interventie bleek vanuit het maatschappelijke perspectief €171 per 

werknemer te kosten (gebaseerd op een bottum-up kostprijsbepaling) en vanuit het 

bedrijfsperspectief €464 (gebaseerd op facturen). Na 12 maanden werd een klein 

statistisch significant negatief effect gevonden op bevlogenheid (-0,19; 95%CI -0,38 

tot -0,01, dat wil zeggen een daling van 0,19 op een schaal van 0 tot 6). Er werden 

geen statistisch significante verschillen gevonden tussen de onderzoeksgroepen in 

werktevredenheid (-0,02; 95%CI -0,22 tot 0,17), algemene vitaliteit (-3,0; 95%CI -6,1 

tot 0,1), werkvermogen (-0,34; 95%CI -0,84 tot 0,17), en totale kosten (maatschappelijk 

perspectief: 1.814; 95%CI -800 tot 4.588, bedrijfsperspectief: 2.038; 95%CI -548 tot 

4.752). Ook was de maximale kans op kosteneffectiviteit voor alle uitkomsten laag (≤ 

0,25) en leverde de interventie geen financiële winst op voor de werkgever. Op basis 

van deze resultaten werd grootschalige invoering van de Mindful VIP interventie dan 

ook afgeraden. 

Hoofdstuk 6 beschrijft de economische evaluatie van de VIP in Construction 

interventie, een beweeg- en voedingsinterventie voor bouwvakkers. Het doel van 

deze studie was om de kosteneffectiviteit van deze interventie te bepalen vanuit 

zowel het maatschappelijke als het bedrijfsperspectief. Daarnaast is een ROI analyse 

uitgevoerd om de eventuele financiële opbrengsten voor de werkgever in kaart te 

brengen. Aan de start van de studie deden 314 bouwvakkers mee, welke op basis van 

kans zijn verdeeld over een interventiegroep (n = 162) en een controlegroep (n = 152). 

Voor de KEA, zijn tijdens de nulmeting en na zes en 9 maanden diverse effectmaten 

gemeten (lichaamsgewicht, middelomtrek, klachten aan het bewegingsapparaat, 

werkgerelateerde vitaliteit en werktevredenheid). Verzuimdata werd verzameld 

vanuit de bedrijfsregistratie. Alle overige kostendata werd verzameld met behulp 

van 3-maandelijkse vragenlijsten. Vanuit het maatschappelijke perspectief bleek 

de interventie €178 per bouwvakker te kosten (bottom-up kostprijsbepaling) 

en vanuit het bedrijfsperspectief €287 (facturen). Na 12 maanden werden geen 

statistisch significante verschillen gevonden in alle kosten en effectmaten. Voor de 

uitkomsten lichaamsgewicht, middelomtrek en klachten aan het bewegingsapparaat 

bleek de kans op kosteneffectiviteit geleidelijk toe te nemen met een toenemende 

betalingsbereidheid tot respectievelijk 0,84 (betalingsbereidheid: €12.000/kilogram), 
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0,77 (betalingsbereidheid: €18.000/kilogram) en 0,84 (betalingsbereidheid: €42.000/

per persoon minder met klachten aan het bewegingsapparaat). Voor werkgerelateerde 

vitaliteit en werktevredenheid was de maximale kans op kosteneffectiviteit echter laag 

(≤ 0,54). Ook bleek de interventie gemiddeld genomen per geïnvesteerde Euro, €1,48 

op te leveren voor de werkgever. De onzekerheid rondom deze schatting was echter 

erg groot. Op basis van deze resultaten is geconcludeerd dat de kosteneffectiviteit 

van de VIP in Construction interventie voor lichaamsgewicht, middelomtrek, en 

klachten aan het bewegingsapparaat afhangt van zowel de betalingsbereidheid van 

beslissers als de kans op kosteneffectiviteit die zij acceptabel achten. De interventie 

was echter niet kosteneffectief voor werkgerelateerde vitaliteit en werktevredenheid 

en deze leek ook geen financiële winst op te leveren voor de werkgever. 

De resultaten van de economische evaluatie van de Be Active & Relax interventie 

zijn gepresenteerd in hoofdstuk 7. De Be Active & Relax interventie was een 

gecombineerd programma gericht op het verbeteren van zowel de sociale als de 

fysieke omgeving van werknemers. In deze studie zijn de kosteneffectiviteit en de 

eventuele financiële opbrengsten van dit gecombineerde programma onderzocht, 

en dat van beide losse onderdelen (een sociaal omgevingsprogramma en een 

fysiek omgevingsprogramma). Daarnaast is de kans dat de diverse interventieopties 

kosteneffectief waren ten opzichte van elkaar onderzocht. Deze studie gebruikte 

een zogenaamd 2X2 factorieel design, waarin 412 medewerkers van een 

verzekeringsbedrijf op afdelingsniveau zijn verdeeld over een gecombineerde 

omgevingsgroep (n = 92), een sociale omgevingsgroep (n = 118), een fysieke 

omgevingsgroep (n = 96) en een controlegroep (n = 106). Voor de KEA, zijn tijdens de 

nulmeting en na zes en 9 maanden diverse effectmaten gemeten (herstelbehoefte, 

algemene vitaliteit en werktevredenheid). Verzuim- en salarisgegevens van de 

deelnemers werden verzameld vanuit de bedrijfsregistratie. Alle overige kostendata 

zijn verzameld met behulp van 3-maandelijkse vragenlijsten. Gebruikmakend van 

lineaire multilevel analyses zijn KEAs verricht vanuit zowel het maatschappelijke 

(herstelbehoefte en algemene vitaliteit) als het bedrijfsperspectief (herstelbehoefte 

en werktevredenheid), en een ROI analyse vanuit het perspectief van de werkgever. 

In de gecombineerde groep werd na 12 maanden een significante verbetering in 

herstelbehoefte gevonden ten opzichte van de controlegroep (-8,4; 95%CI -14,6 tot 
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-2,2). De totale werkgeverskosten waren binnen deze groep echter wel statistisch 

significant hoger dan in de controlegroep (3,102; 95%CI 598 tot 5,969). Voor alle 

overige kosten en effectmaten werden geen statistisch significante verschillen 

gevonden. Voor herstelbehoefte, bleek het gecombineerde programma de 

voorkeursoptie te worden bij een betalingsbereidheid van €170 (maatschappelijk 

perspectief) en €300 (bedrijfsperspectief) per punt verbetering, waarna de kans 

op kosteneffectiviteit geleidelijk toenam met een toenemende betalingsbereidheid 

tot 0,85. Voor algemene vitaliteit en werktevredenheid was de maximale kans op 

kosteneffectiviteit voor alle interventieopties relatief laag (≤ 0,55). Dit was tevens het 

geval voor hun maximale kans op financiële opbrengsten (≤ 0,41). Geconcludeerd werd 

dat de kosteneffectiviteit van het gecombineerde programma voor herstelbehoefte 

afhangt van de betalingsbereidheid van beslissers en de kans op kosteneffectiviteit 

die zij acceptabel achten. De losse programma’s kunnen daarentegen niet als 

kosteneffectief worden geschouwd in termen van deze uitkomst. Tevens bleek geen 

van de programma’s kosteneffectief te zijn voor algemene vitaliteit (maatschappelijk 

perspectief) en werktevredenheid (bedrijfsperspectief) en leverde geen enkel 

programma financiële winst op voor de werkgever.

Deel 3: verbeteren van “Evidence-based practice”

Omdat de methodologische kwaliteit van economische evaluaties binnen de 

bedrijfsgezondheidszorg doorgaans slecht is, zijn in hoofdstuk 8 aanbevelingen gedaan 

met betrekking tot het opzetten, analyseren en rapporteren van dergelijke studies. 

Aanbevolen werd om de randvoorwaarden van een economische evaluatie in een 

zo vroeg mogelijk stadium mee te nemen in de opzet van een trial en om dergelijke 

studies uit te voeren met behulp van een gerandomiseerd design. Daarnaast moeten 

doordachte keuzes gemaakt worden met betrekking tot het perspectief van de studie, 

de duur van de dataverzameling, het identificeren, meten en waarderen van kosten 

en effecten, de gebruikte methodes voor het berekenen van het benodigde aantal 

deelnemers en het omgaan met missende waarden een onzekerheid. Met name het 

laatste is van belang, omdat het niet in kaart brengen van de onzekerheid rondom 

economische evaluatie resultaten kan leiden tot verkeerde investeringsbeslissingen.
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Om het gebruik van economische evaluaties binnen de bedrijfsgezondheidszorg 

te verbeteren zijn in hoofdstuk 9 vier verschillende zaken onderzocht; 1) het 

besluitvormingsproces rondom het invoeren van interventies op de werkplek, 2) 

het belang van informatie over de financiële gevolgen van dergelijke interventies, 

3) de informatiebronnen die gebruikt worden tijdens het besluitvormingsproces, en 

4) de economische kennis van de beslissers. Bovenstaande zaken zijn onderzocht 

met behulp van 18 diepte en 25 gestructureerde interviews met beslissers die 

werkzaam waren in de gezondheidszorgsector van Ontario, Canada. Uit de analyses 

bleek dat het besluitvormingsproces over het algemeen onderverdeeld kan 

worden in 3 stadia: 1) initiatie stadium, tijdens welke de vraag naar een bepaalde 

interventie werd vastgesteld, 2) pre-implementatie stadium, tijdens welke de 

interventie en de bijbehorende “business case” werden ontwikkeld om toestemming 

voor implementatie te krijgen van het senior management, 3) implementatie en 

evaluatie stadium, tijdens welke de interventie ingevoerd en geëvalueerd werd. In 

overeenstemming met voorgaand onderzoek, bleek uit de analyses dat interventies 

op de werkplek over het algemeen ingevoerd worden vanuit wettelijke, morele 

en financiële overwegingen. Informatie over de financiële gevolgen van dergelijke 

interventies bleek een grote invloed te hebben op het besluitvormingsproces, met 

name informatie over hun kosten en baten voor de werkgever. De resultaten lieten 

tevens zien dat keuzes met betrekking tot het al dan niet invoeren van interventies op 

de werkplek bijna nooit gebaseerd zijn op wetenschappelijk bewijs en dat hun (kosten)

effectiviteit en financiële opbrengsten na afloop nauwelijks worden geëvalueerd. 

Ook bleken beslissers weinig economische kennis te hebben. Bovenstaande 

tekortkomingen kunnen mogelijk aangepakt worden door wetenschappelijk 

bewijs te genereren dat in overeenstemming is met de informatiebehoeften van 

relevante beslissers (ROI analyses vanuit het bedrijfsperspectief), samenvattingen te 

maken van wetenschappelijke bewijs en beslissers te onderwijzen in economische 

evaluatietechnieken.
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Discussie

In hoofdstuk 10 zijn de belangrijkste bevingen en de methodologisch sterke en 

zwakke punten van dit proefschrift besproken. Daarnaast zijn aanbevelingen 

gedaan voor zowel de praktijk als verder onderzoek. Op basis van dit proefschrift 

kan geconcludeerd worden dat (sterk) bewijs voor het kosteneffectief zijn van 

leefstijlprogramma’s op de werkplek momenteel ontbreekt. Deels komt dit doordat 

het voor veel uitkomstenmaten onbekend is hoeveel beslissers bereid zijn te betalen 

per extra eenheid effect. Daarnaast lijkt het erop dat leefstijlinterventies op de 

werkplek in hun huidige vorm geen winst opleveren voor de werkgever. Het afwezig 

zijn van dergelijk bewijs betekend echter niet dat gezondheidsbevordering op de 

werkplek onbelangrijk is. Het is daarom raadzaam om verder onderzoek te doen naar 

wat de meest effectieve onderdelen van leefstijlinterventies op de werkplek zijn en 

hoe dergelijke programma’s zo optimaal mogelijk ontworpen kunnen worden. De 

kosteneffectiviteit en financiële opbrengsten van dergelijke “optimale” interventies 

moeten vervolgens onderzocht worden met behulp van gerandomiseerde 

studies. Daarnaast bleek zowel de methodologische kwaliteit als het gebruik van 

economische evaluaties binnen de bedrijfsgezondheidszorg slecht te zijn. Om het 

maken van verkeerde investeringsbeslissingen te voorkomen is het van belang dat 

onderzoekers, mogelijk in samenwerking met andere belanghebbenden, beide 

problemen aanpakken.  
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daNkwOOrd

Het einde is in zicht! Nu mijn proefschrift bijna klaar is en ik me, met gezonde spanning, 

kan gaan voorbereiden op mijn verdediging ben ik toe aan het schrijven van mijn 

dankwoord. Met heel veel plezier denk ik terug aan de afgelopen 4 jaar, waarin veel 

mensen mij op welke manier dan ook geholpen hebben met het afronden van dit 

proefschrift. Voordat ik iemand vergeet wil ik op deze plek daarom alvast iedereen 

heel erg bedanken!!

marieke, maurits, allard en Paulien, bedankt voor het vertrouwen dat jullie in mij 

hebben gehad en alle wetenschappelijke kennis die ik, grotendeels door jullie, in de 

afgelopen jaren heb opgedaan. marieke, in het begin moest ik misschien nog een 

beetje wennen aan de kritische blik die je doorgaans op mijn artikelen wierp, maar in 

de loop van mijn promotietraject ben ik je daardoor juist enorm gaan waarderen. Je 

oog voor detail hebben mijn artikelen namelijk een stuk beter gemaakt! Daarnaast 

heb ik je ervaren als een erg leuke, meegaande en gezellige copromotor, met als 

hoogtepunt denk ik toch wel ons bezoek aan, “Wat ontzettend leuk dat we hier 

zijn”, Sinaia en York! maurits, eerlijkheid gebiedt te zeggen dat ik zonder jou als 

stagebegeleider mogelijk iets anders was gaan doen dan promoveren! Van het feit 

dat ik mede door jou ben gaan solliciteren op een onderzoeksfunctie heb ik nooit 

spijt gehad (wel als ik het niet had gedaan denk ik)! Heel erg bedankt voor daarvoor!! 

Tijdens mijn promotieonderzoek heb ik je ervaren als een hele fijne promotor, 

waarbij ik altijd even kon binnenlopen met een vraag en met wie ik altijd kon 

sparren over de richting van onze artikelen. Ik ben daarom ook heel blij dat we onze 

samenwerking in mijn huidige functie kunnen voortzetten!! allard, ik heb het altijd 

erg leuk gevonden om jou als promotor te hebben. Misschien wel vooral doordat 

we het over de inhoud en/of de richting van de studies bij aanvang niet altijd eens 

waren. Hierdoor daagde je me uit om kritisch over mijn eigen ideeën en keuzes na te 

denken en deze altijd te onderbouwen met goede argumenten. Na leuke en leerzame 

discussies zijn we er vervolgens gelukkig altijd uitgekomen. Daarnaast heb ik erg veel 

respect voor het feit dat jij bijna altijd als eerste mijn stukken had gelezen, inclusief 

zorgvuldig commentaar. Dit ondanks je vele promovendi! Paulien, zonder jou had dit 
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proefschrift er waarschijnlijk heel anders uitgezien. Tijdens mijn promotietraject heb 

je er namelijk constant voor gezorgd dat ik het perspectief van de werkgever niet uit 

het oog verloor. Dank daarvoor! Daarnaast waardeer ik het erg dat je, ondanks je 

drukke agenda, bij zoveel mogelijk overleggen aanwezig was!

Leden van de leescommissie, prof.dr. A Burdorf, prof.dr. W.B.F. Brouwer, prof.dr. 

S.M.A.A. Evers, prof.dr. C.T.J. Hulshof en prof.dr.ir. A.J. Schuit, hartelijk dank voor 

de tijd en energie die jullie hebben gestoken in het lezen en beoordelen van mijn 

proefschrift. Ik kijk uit naar jullie vragen tijdens mijn verdediging. 

Graag wil ik ook alle andere co-auteurs van mijn artikelen bedanken; Willem, Karin, 

Jorien, Jantien, Laura, Evert, Ingrid, Cécile, Judith, Emile, Laurie, en anna. Bedankt 

voor het vertrouwen in mijn analyses van de door jullie ontwikkelde interventies 

en jullie feedback op de artikelen. In het bijzonder wil ik hier Karin en Judith nog 

even iets uitgebreider noemen. Karin, ik denk dat voor iedere promovendus zijn of 

haar eerste artikel de grootste uitdaging is. Je hebt mij hier enorm mee geholpen en 

me af en toe echt door de, soms iets wat saaie, onderdelen van de systematische 

reviews heen gesleept. Ik heb het ontzettend leuk en leerzaam gevonden om met 

jou samen te werken! Judith, wat ben ik blij dat je met vier van mijn artikelen hebt 

meegeschreven en meegedacht. Met name de ontwikkeling van de STATA Do Files 

en het schrijven van het methodologische artikel heb ik super leuk en leerzaam 

gevonden. Hiermee heb je mijn proefschrift echt naar een hoger niveau weten te 

tillen! Daarnaast vind ik je een hele fijne collega en ben ik blij dat we in de toekomst 

nog veel vaker economische evaluaties kunnen schrijven en onderwijs kunnen 

geven. Emile, thanks a lot for giving me the opportunity to visit you at “Institute for 

Work and Health” and for being able to analyze your qualitative data. I absolutely 

loved my stays in Toronto as well as working with you on both the qualitative study 

and the economic evaluation methods paper. anna, thanks for all your help during 

the transcription process of the interviews as well as all your other work on the 

qualitative study. Laurie, thanks a lot for helping me out during the qualitative data 

analysis process. Without your help, I probably wouldn’t have been able to pull it off!
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Promoveren doe je nooit alleen en dit geldt zeker als je deel uitmaakt van een groter 

(VIP) project. Laura, Jantien, en Jennifer, heel erg bedankt voor de fijne samenwerking 

aan de economische evaluaties en het feit dat ik altijd bij jullie binnen kon lopen met 

vragen! Daarnaast wil ik Ernst, als projectleider van het VIP project, heel hartelijk 

bedanken voor al zijn steun, interesse en begeleiding. Je hebt op een hele prettige 

manier de voortgang van de diverse projecten nauwlettend in de gaten gehouden!! 

Ook wil ik graag alle deelnemers en overige (onderzoeks-)medewerkers van de (VIP) 

projecten bedanken! Zonder jullie inzet had ik namelijk niks te analyseren gehad! 

Speciale dank ben ik hier ook verschuldigd aan mia en Claudia. Als er twee mensen 

zijn die mij hebben geleerd hoe ik een wetenschappelijk artikel moet schrijven dan 

zijn jullie het wel! Ik vind het heel bijzonder dat jullie zoveel tijd hebben weten vrij 

te maken om met jullie stagiaires achter de computer te zitten om te kijken hoe we 

ons stuk steeds een beetje beter konden maken! mireille, Ivon, Hans B, en Hans van 

o, heel erg bedankt voor jullie begeleiding en fijne samenwerking tijdens mijn eerste 

werkzaamheden als onderzoeker. 

Tijdens mijn promotietraject heb ik op veel verschillende plekken gezeten, wat als 

voordeel heeft gehad dat ik veel leuke collega’s heb leren kennen. Qaisar, thanks 

for being such a nice roomy during the start of my PhD! Ook wil ik alle overige ‘(ex-)

bewoners’ van T6 bedanken voor de gezellige tijd die ik daar heb gehad! teddy, Susan, 

Esther, maartje, wilma, Irma, Liesbeth en marije, bedankt voor alle gezelligheid op 

T5 en ik ben blij dat ik dat ik nog steeds bij (een deel van) jullie mag zitten ! Naast 

mijn werkplek bij Gezondheidswetenschappen zat ik ook bij Sociale Geneeskunde. 

Wat een feest van herkenning, allemaal promovendi die onderzoek deden binnen 

de bedrijfsgezondszorg. Beste (ex-)H/g0-ers, bedankt voor alle gezelligheid, morele 

steun en gezellige etentjes! Dan wil ik nog een paar (oud)collega’s in het bijzonder 

noemen. France, ik heb het altijd erg leuk en gezellig gevonden om met jou vanaf 

het eerste jaar van mijn promotietraject enkele gezondheidseconomie vakken te 

geven! Gelukkig kunnen we dit in de toekomst blijven doen. raymond, bedankt voor 

het vertrouwen dat je in me had toen je me aannam voor mij huidige functie! Op 

het moment dat ik dit dankwoord schrijf zie ik hoe Niki Terpstra Parijs-Roubaix wint. 
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Hopelijk zorgt dit ervoor dat ik dit jaar wel een keer boven je eindig in de EMGO+ 

Tourpoule. Karen oH, wat was je een gezellige kamergenoot en wat was het leuk om 

je te mogen helpen met je economische evaluatie! Karen B, vanaf mijn eerste dag bij 

EMGO+ zat ik bij jou op de kamer!! Ik heb echt enorm leuke jaren gehad met jou als 

kamergenoot en daarnaast heb ik erg genoten van al onze etentjes en stapavondjes. 

Hopelijk gaan we dit in de toekomst veel vaker doen! Caroline, wat ben ik blij dat 

je naast collega ook zo’n goede vriendin bent! Jij hebt altijd een luisterend oor!! 

Ook vond ik onze vakantie naar Londen helemaal top, iets wat zeker voor herhaling 

vatbaar is!!! Jennifer, wat hebben wij een geweldige roadtrip gehad na ons congres 

in Los Angeles. Wat was ik trots toen je ons in het aarde donker over een bergpas 

naar Yosemite National Park hebt gereden!!! Daarnaast spijt het mij nog steeds dat 

ik dacht dat ik wel een leuke wandelroute door San Francisco wist zonder op de 

kaart te kijken, een route die uiteindelijk toch bijna 20 kilometer bleek te zijn ! 

Jorientjuh, wat fijn dat ik voor mijn eerste economische evaluatie jouw interventie 

mocht evalueren! Ik heb de samenwerking met jou als super prettig ervaren en ben 

daarom blij dat we dat nu nog steeds doen in diverse stageprojecten. Daarnaast ben 

ik heel blij met jou als vriendinnetje! Hopelijk gaan we snel weer eten, parkhangen, 

sporten en/of racefietsen!

marieke en Pam, lieve paranimfen! Wat fijn dat jullie 13 juni naast mij staan. Pammie, 

vanaf de eerste dag van de introductieweek van Bewegingswetenschappen zijn wij 

vriendinnen. Tijdens onze studie trokken we zelfs zoveel met elkaar op dat docenten 

hun berichten aan mij via jou doorgaven! Ik ben hierdoor altijd met heel veel plezier 

naar de VU gegaan. Daarnaast kan ik nog steeds nagenieten van onze vakantie in 

Malta, alle feestjes en natuurlijk Thunderdome 2007 en 2012! Hopelijk gaan we dit 

in de toekomst nog vaak doen en natuurlijk veel pizza’s eten ! marieke, lief zusje! 

Wat ben ik ontzettend trots op alles wat je hebt bereikt in je leven!!! Ik weet zeker 

dat je voor je huidige studie ook met vlag en wimpel zult slagen! Daarnaast ben jij 

degene die me vaak rustig krijgt als ik een beetje “stressed out” ben en hopelijk lukt 

dit je vrijdag de 13e ook ! 
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Er is natuurlijk ook een leven naast je promotie. anna, Hannah, Kirsten, anne, 

Selma, Cindy, yvonne b, yvonne r, Ilja, Carlijn, ivo, vincent, en rens wat is het fijn 

om op te groeien met zo’n groep vrienden om je heen. Wat kijk ik met veel plezier 

terug op onze atletiekwedstijden, swalmenkampen, overige vakanties, feestjes, 

etentjes, kerstdiners, verjaardagen en bowlingwedstrijden, waarvan sommige 

ook voor de nodige afleiding van mijn proefschrift hebben gezorgd ! Carlijn en 

Cindy, poepiescheetjes, bedankt voor het feit dat jullie er altijd voor me zijn en 

jullie onafgebroken interesse in mijn proefschrift! Ik zie nu al uit naar de volgende 

film en frituuravond!!! Linda, Caroline, minke, Jolle en Susan, bedankt voor de 

broodnodige gezellige afleiding van mijn/onze proefschrift(en)! Gelukkig zit ons 

volgende weekendje alweer planning! linnie en Caatjuh, wat waren jullie geweldige 

huisgenoten! Door jullie heb ik een top studententijd gehad en ik ben blij dat we 

elkaar nog steeds vaak zien!! Bedankt voor alles lieffies! Jolle, als er iemand een top 

vriendin is ben jij het wel! Jij staat altijd voor mij klaar en hebt altijd een luisterend oor, 

al jaren!! Bedankt voor alles!! alex, twee jaar hebben we bij elkaar in huis gewoond! 

Dat je via woningnet zo’n leuk vriendinnetje kunt vinden had ik nooit gedacht! Met 

name onze vakantie naar Marokko heb ik als hilarisch ervaren ! Kom je snel weer 

Indisch bij mij eten? marielle en Floor wat fijn dat we na Bewegingswetenschappen 

altijd contact hebben gehouden! Floor, wat was het super om je op te mogen zoeken 

in Bosten en marielle wat was het leuk in Bretagne. We spreken elkaar misschien iets 

minder door onze drukke agenda’s, maar via WhatsApp houden we elkaar gelukkig 

op de hoogte! Krista, anouk en marleen, misschien wel mijn oudste vriendinnetjes 

, bedankt voor alle leuke weekendjes die we hebben gehad! 

Lieve papa en mama, ik had me geen betere en lievere ouders kunnen wensen! 

Bedankt voor het vertrouwen dat jullie altijd in mij hebben gehad en voor alle 

bemoedigende woorden als er even iets tegen zat! Daarnaast wil ik jullie heel erg 

bedanken voor het feit dat jullie mij hebben bijgebracht dat het niet uitmaakt wat 

je doet, als het je maar gelukkig maakt en je er maar alles uithaalt wat erin zit. Dat 

laatste heb ik met dit proefschrift ook geprobeerd!
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dimi, wat ben ik blij dat ik je ”gevonden” heb! Bedankt voor al je vertrouwen, liefde 

en steun, met name tijdens de laatste loodjes van dit proefschrift. En als ik het even 

niet zie zitten (bijvoorbeeld met het ontwerpen van de cover ), ben ik blij dat jij 

altijd een oplossing hebt! Lieffie, je maakt me heel erg gelukkig!
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