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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 randomised 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 analyses 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 (bottomup 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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7.1 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 characterised by vigour (i.e. vitality), dedication,
and absorption” (6). Work engagement has been 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 behaviours 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
occupational health interventions, but also in their (additional) costs per unit of
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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 maximise health or 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.

7.2 Methods
Study population and design
The present study was conducted alongside a 12-month randomised 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 sick leave 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 Centre (21).
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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
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 8 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.
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Work engagement was assessed using the “Utrecht Work Engagement Scale” (UWES).
The UWES includes 17 items concerning three aspects of work engagement; 1) vigour
(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
are scored on a 6-point scale ranging from “all of the time”(1) to “never”(6). The
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 ranged 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
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e-mail contacts were registered by the trainers. Labour 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).
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
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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 followup (Wown) was calculated. In the WHO-HPQ, presenteeism is conceptualised as
a measure of actual work performance in relation to “best performance”(10),
irrespective of 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).
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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 accelerated (BCA) bootstrap method (5000 replications). Unless
otherwise stated, data were analysed using Stata (V12, Stata Corp, College Station,
TX). Statistical significance was set at p<0.05.
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 for them). 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 followup was analysed 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

147

7

Chapter 7

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 costeffectiveness 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 monetised
outcome measures between the intervention and control group during followup (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).
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
labour 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
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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 (Wpres). 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 daily salaries of
participants including holiday allowances and premiums.
Fifth, due to the lack 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).
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Table 1. Price weights used for the valuation of resource use in the Mindfulness VIP study and resources
consumed during follow-up by intervention and control group participants (based on the completecases)
Units
[Units of measurement]
Intervention costs
Medical costs
Visits to a care provider
[No. of visits; mean (SD)]
General practitioner
Office consultation
Telephone consultation
House call
Allied health professionals
Psychologist
Social worker
Physical therapist
Remedial therapist
Other allied health
professionals

Price weight
Societal
Employer’s
perspective
perspective
€ 171.45 a

€ 464.94b

Resources consumed
Intervention group Control group
(n=91)
(n=84)
91
0
6.9 (9.9)

8.5 (13.8)

1.9 (2.2)
0.5 (1.0)
0.0 (0.2)
4.7 (11.7)
0.8 (3.6)
0.1 (0.6)
3.1 (9.4)
0.2 (1.4)
0.6 (1.6)

€ 28.96c
€ 14.48c
€ 44.47c

N.A.
N.A.
N.A.

€ 82.47c
€ 67.23c
€ 37.23c
€ 36.20c
Variablec,d

N.A.
N.A.
N.A.
N.A.
N.A.

1.6 (2.0)
0.3 (0.9)
0.0 (0.1)
3.3 (6.2)
0.4 (2.0)
0.3 (1.7)
1.6 (3.6)
0.2 (1.3)
0.9 (2.4)

€ 106.53c
€ 74.47c
Variablec,d

N.A.
N.A.
N.A.

1.0 (2.4)
0.2 (1.7)
0.8 (2.0)
0.7 (2.9)

1.1 (2.3)
0.1 (0.3)
0.9 (1.7)
0.3 (1.7)

Ward
Intensive care
Medications [No. of
participants using medication;
Number (%)]
Absenteeism costs
Sick leave [days; Mean (SD)]
Presenteeism costs
Presenteeism [Presenteeism
score; Mean (SD)]

€ 472.66c
€ 2257.82c
Variablee

N.A.
N.A.
N.A.

0.3 (2.4)
0.0 (0.0)
61.0 (67.0)

0.2 (0.7)
0.0 (0.0)
59.0 (70.0)

Variablef

Variablef

6.6 (15.9)

4.4 (9.4)

Variableg

Variableg

0.26 (0.08)*

0.23 (0.07)*

Sports costs [No. of
participants with sports costs;
Number (%)]

Variableh

N.A.

76 (83.5)

68 (81.0)

Medical specialists
Psychiatrist
Other medical specialists
Complementary medicine
Hospitalization
[No. of days; mean (SD)]
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Occupational health costs
Occupational health specialists
[No. of visits; Mean (SD)]
€ 35.00a
€ 60.00a

€ 89.00i
€ 121.00i

0.0 (0.0)
0.0 (0.2)

0.0 (0.1)
0.0 (0.2)

€ 683.00a
€ 23.00a
Variablea
€ 30.00k

€ 1025.00j
€ 55.00j
Variablej
€ 30.00k

0.0 (0.2)
0.0 (0.0)
0.0 (0.2)
2.7 (4.6)

0.0 (0.2)
0.0 (0.1)
0.0 (0.2)
2.8 (4.6)

Workplace massage
[No. of massages; Mean (SD)]

€ 19.31l

€ 4.31l

1.1 (4.1)

1.9 (6.4)

Turnover costs [No. of
employees leaving company]

€ 3523.80m

€ 3523.80m

5 (4)*

2 (2)*

Physician
Social Worker
Courses [No. of courses]
Career counseling
Pimp your resume
Other courses
In-company fitness
[No. of months; mean (SD)]

* Significant at p< 0.05
Abbreviations: No.: Number; SD: Standard Deviation
Note: 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 Gross annual salaries including holiday allowances and
premiums according to the friction cost approach and an elasticity of 0.8; g Gross annual salaries including
holiday allowances and premiums (corrected for absenteeism costs); h Self-reported expenses on sports
memberships and sports equipment; I Market prices to the “Health and Safety Executive”; j Market prices
to the career advice bureau; k Market prices to the in-company fitness provider (The total monthly costs
were € 45.00, of which € 30.00 were paid by the employer and € 15.00 by the participants. The latter is
included in the sports costs of participants); l Micro-costed, valued using tariffs and depleted sources (€
4.31 is paid by the employer, and €15.00 by the participants); m Micro-costed according to Smith and
Watkins (1978)

7.3 Results
Participants
A total of 257 participants were randomised 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
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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).
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 on 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).

152

Economic Evaluation

7

Figure 1. Flow diagram of participants in the Mindful VIP study
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2 (2.2)
19 (20.9)
70 (76.9)

3 (2.3)
27 (20.9)
99 (76.7)
32.6 (5.6)
4.1 (0.8)
67.2 (16.7)
4.1 (0.7)
16.6 (2.3)

Working hours per week [mean (SD)]

Work engagement (range: 0-6) [mean (SD)]
General Vitality (range: 0-100) [mean (SD)]
Job satisfaction (range: 1-5) [mean (SD)]
Work ability (range: 0-20) [mean (SD)]

7.8 (1.3)

Work performance: WHO-HPQ work performance score during 7.9 (1.3)
a 4-week period before baseline [mean (SD)]

8.0 (1.1)

3.4 (5.1)

4.3 (0.9)
67.9 (16.9)
4.2 (0.8)
16.9 (2.5)

32.6 (5.7)

1 (2.6)
8 (21.1)
29 (76.3)

26 (68.4)
44.1 (10.7)
27 (71.1)

Incomplete
(n=38)

Abbreviations: n: number, SD: standard deviation
1 Education level was classified according to the definition of Statistics Netherlands (http://www.cbs.nl)
2 Complete data were obtained from 109 intervention group participants and 103 control group participants

7.9 (28.0)

Sickness absence: number of sickness absence days during the 7.1 (25.7)
year prior to baseline [mean (SD)]2

4.0 (0.8)
66.9 (16.7)
4.1 (0.6)
16.5 (2.3)

32.6 (5.6)

56 (61.5)
46.8 (8.8)
78 (85.7)

82 (63.6)
46.0 (9.5)
105 (81.3)

Female [n (%)]
Age (years) [mean (SD)]
Marital status: married or significant other (n (%)]
Education level [n (%)]1
Low
Intermediate
High

Complete
(n=91)

All
(n=129)

Intervention group

Baseline characteristics

Table 2. Baseline characteristics of the study population

7.9 (1.1)

3.8 (9.5)

4.0 (0.9)
67.6 (18.7)
3.9 (0.8)
16.3 (2.6)

32.0 (5.6)

2 (1.6)
16 (12.5)
110 (85.9)

91 (71.1)
45.1 (9.6)
94 (72.9)

All
(n=128)

Control group

8.0 (1.1)

2.4 (5.0)

4.1 (0.8)
68.2 (18.6)
4.0 (0.6)
16.6 (2.4)

32.2 (5.0)

1 (1.2)
8 (9.5)
75 (89.3)

57 (67.9)
45.2 (8.9)
68 (91.9)

Complete
(n=84)

7.7 (1.2)

9.5 (18.9)

3.8 (1.0)
66.5 (19.2)
3.8 (0.8)
15.7 (2.8)

31.8 (6.7)

1 (2.3)
8 (18.2)
35 (79.5)

34 (77.3)
44.7 (10.9)
26 (59.1)

Incomplete
(n=44)
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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. None of
these between-group differences were statistically significant (Table 3).
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).
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
Medical costs
Sports costs
Occupational health costs
Absenteeism costs
Presenteeism costs
Intervention costs
Total
Absenteeism costs
Occupational health costs
Presenteeism costs
Intervention costs
Total

Intervention group
Control group
n=129; mean (SEM)
n=128; mean (SEM)
Societal perspective
588 (126)
495 (68)
449 (44)
491 (52)
113 (15)
137 (19)
2160 (423)
1413 (214)
17293 (957)
16424 (904)
171 (NA)
NA
20773 (1034)
18960 (963)
Employer’s perspective
2160 (423)
1413 (214)
113 (17)
155 (28)
17293 (957)
16424 (904)
464 (NA)
NA
20029 (1012)
17992 (950)

Mean cost difference
(95%CI)
94 (-116 – 472)
-42 (-180 – 86)
-24 (-75 – 23)
746 (-14 – 1885)
869 (-325 - 3930)
171 (NA)
1814 (-800 – 4588)
746 (-14 – 1885)
-42 (-118 – 15)
869 (-325 - 3930)
464 (NA)
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
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Figure 2. Costs-effectiveness plane for the difference in work engagement at 12-months
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Figure 3. Cost-effectiveness acceptability curve for the difference in work engagement at
12-months (societal perspective)
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The CEAC for work engagement presented in Figure 3 shows that the maximum
probability that the intervention is 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).
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.
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Table 4. Differences in pooled mean cost and effect (95% Confidence intervals), incremental costeffectiveness ratios, and the distribution of incremental cost-effect pairs around the quadrants of the
cost-effectiveness planes
Analysis

Main analysis - Imputed dataset
SA1

- Complete dataset

SA2

- Mean labor costs

SA3

- HCA, elasticity: 1.0

SA4

- PRODISQ

SA5

- Excluding presenteeism costs

SA6

- Including turnover costs

Main analysis - Imputed dataset

SA1

- Complete dataset

SA2

- Mean labor costs

SA3

- HCA, elasticity: 1.0

SA4

- PRODISQ

SA5

- Excluding presenteeism

SA6

- Including turnover costs

Sample size

Outcome
Societal perspective

Intervention Control
129
128 Work engagement (Range: 0-6)
129
128 General vitality (Range 0-100)
91
84 Work engagement (Range: 0-6)
91
84 General vitality (Range 0-100)
129
128 Work engagement (Range: 0-6)
129
128 General vitality (Range 0-100)
129
128 Work engagement (Range: 0-6)
129
128 General vitality (Range 0-100)
129
128 Work engagement (Range: 0-6)
129
128 General vitality (Range 0-100)
129
128 Work engagement (Range: 0-6)
129
128 General vitality (Range 0-100)
129
128 Work engagement (Range: 0-6)
129
128 General vitality (Range 0-100)
Employer’s perspective
Intervention Control
129
128 Work engagement (Range: 0-6)
129
128 Job satisfaction (Range: 1-5)
129
128 Work ability (Range 0-20)
91
84 Work engagement (Range: 0-6)
91
84 Job satisfaction (Range: 1-5)
91
84 Work ability (Range 0-20)
129
128 Work engagement (Range: 0-6)
129
128 Job satisfaction (Range: 1-5)
129
128 Work ability (Range 0-20)
129
128 Work engagement (Range: 0-6)
129
128 Job satisfaction (Range: 1-5)
129
128 Work ability (Range 0-20)
129
128 Work engagement (Range: 0-6)
129
128 Job satisfaction (Range: 1-5)
129
128 Work ability (Range 0-20)
129
128 Work engagement (Range: 0-6)
129
128 Job satisfaction (Range: 1-5)
129
128 Work ability (Range 0-20)
129
128 Work engagement (Range: 0-6)
129
128 Job satisfaction (Range: 1-5)
129
128 Work ability (Range 0-20)

Abbreviations: CI: Confidence Interval, C: Costs, E: Effects, ICER: Incremental Cost-Effectiveness Ratio,
CE-plane: Cost-Effectiveness plane, SA: Sensitivity Analysis, HCA: Human Capital Approach

158

Economic Evaluation

∆C (95% CI)

∆E (95% CI)

ICER

Distribution CE-plane (%)

€
1403 (-1198 – 4155)
1397 (-1201 – 4148)
2027 (-73 – 4070)
2049 (-12 – 4110)
607 (-113 – 2470)
596 (-951 – 2597)
1680 (-1206 – 4568)
1673 (-1027 – 4558)
368 (-1910 – 2539)
369 (-1906 – 2530)
618 (-128 – 1569)
619 (-127 – 1565)
1481 (-1120 – 4261)
1476 (-1122 – 4246)

points
-0.19 (-0.38 – -0.01)
-3.0 (-6.0 – 0.1)
-0.15 (-0.34 – 0.05)
-3.5 (-7.4 – 0.3)
-0.19 (-0.38 – -0.01)
-3.0 (-6.0 – 0.1)
-0.19 (-0.38 – -0.01)
-3.0 (-6.0 – 0.1)
-0.19 (-0.38 – -0.01)
-3.0 (-6.0 – 0.1)
-0.19 (-0.38 – -0.01)
-3.0 (-6.0 – 0.1)
-0.19 (-0.38 – -0.01)
-3.0 (-6.0 -0.1)

€/point
-7321
-470
-13513
-585
-3180
-200
-8769
-563
-1938
-123
-3211
-209
-7731
-496

NE1
1.5
2.3
6.9
3.5
1.0
1.2
1.6
2.5
1.6
1.9
1.6
2.9
1.6
2.4

SE2
0.3
0.8
0.0
0.2
0.5
0.5
0.3
0.6
0.3
1.2
0.1
0.2
0.3
0.7

SW3
14.9
14.5
2.2
2.5
25.4
17.9
11.5
11.2
14.9
34.1
6.5
6.3
13.6
13.2

NW4
83.3
82.5
89.3
93.7
73.1
80.4
86.6
85.7
83.3
62.8
91.7
90.6
84.5
83.7

€
1646 (-925 – 4323)
1641 (-924 – 4313)
1657 (-912 – 4331)
2315 (205 – 4220)
2318 (292 – 4238)
2357 (386 – 4345)
848 (-965 – 2599)
845 (-967 – 2592)
854 (-959 – 2597)
1923 (-730 – 4750)
1918 (-735 – 4739)
1933 (-721 – 4753)
611 (-1633 – 2707)
616 (-1623 – 2704)
616 (-1622 – 2706)
861 (216 – 1747)
862 (218 – 1755)
861 (217 – 1743)
1725 (-853 – 4413)
1720 (-854 – 4404)
1735 (-846 – 4412)

Points
-0.19 (-0.38 – -0.01)
-0.02 (-0.22 – 0.18)
-0.32 (-0.81 – 0.16)
-0.15 (-0.34 – 0.04)
-0.05 (-0.24 – 0.16)
-0.49 (-1.06 – 0.09)
-0.19 (-0.38 - -0.01)
-0.02 (-0.22 – 0.18)
-0.33 (-0.81 – 0.16)
-0.19 (-0.38 – -0.01)
-0.02 (-0.22 – 0.18)
-0.33 (-0.81 – 0.16)
-0.19 (-0.38 – -0.01)
-0.02 (-0.22 – 0.18)
-0.33 (-0.82 – 0.15)
-0.19 (-0.38 - -0.01)
-0.02 (-0.22 – 0.18)
-0.33 (-0.82 – 0.15)
-0.19 (-0.37 - -0.01)
-0.02 (-0.22 – 0.18)
-0.33 (-0.81 – 0.16)

€/point
-8593
-81295
-5081
-15433
-46360
-4810
-4455
-51124
-2645
-10043
-101552
-5930
-3174
-30952
-1851
-4478
-45055
-2581
-9003
-85297
-5318

NE1
1.6
36.5
7.1
6.8
30.5
4.9
1.5
34.3
6.3
1.6
38.0
7.4
1.3
28.2
5.4
1.8
41.3
8.0
1.7
37.0
7.3

SE2
0.2
4.7
1.5
0.0
0.3
0.0
0.4
8.2
1.4
0.2
3.6
1.1
0.5
13.1
2.6
0.0
0.4
0.0
0.2
4.2
1.3

SW3
10.7
6.3
9.2
1.1
0.9
1.1
16.8
9.1
14.6
8.1
4.8
7.1
26.6
13.8
24.3
0.7
0.3
0.7
9.6
5.7
8.3

NW4
87.5
52.6
82.3
92.0
68.4
94.0
81.2
48.4
76.7
89.9
53.6
84.4
71.6
44.9
67.7
97.4
58.0
91.3
88.5
53.1
83.1
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- Imputed dataset
- Complete dataset
- Mean labor costs
- HCA, elasticity: 1.0
- PRODISQ
- Excluding presenteeism
- Including turnover costs

Sample size
I
C
129
128
91
84
129
128
129
128
129
128
129
128
129
128

Costs
€
464
464
464
464
464
464
464

Benefits
Total (95% CI)
-1170 (-3760 – 1486)
-1857 (-3833 – 134)
-397 (-2165 – 1395)
-1404 (-4154 – 1324)
-144 (-2212 – 2111)
-396 (-1130 – 352)
-1249 (-3842 – 1414)

Financial return
NB1 (95% CI)
BCR2 (95% CI)
-1635 (-4268 – 973) -2.51 (-8.19 – 3.10)
-2321 (-4341 - -376) -4.00 (-8.35 – 0.19)
-861 (-2618 – 940) - 0.85 (-4.64 – 3.02)
-1869 (-4648 – 832) -3.02 (-9.01 – 2.79)
-609 (-2689 – 1636) -0.31 (-4.79 – 4.52)
-860 (-1660 - -166) -0.85 (-2.57 – 0.64)
-1712 (-4354 – 899) -2.69 (-8.38 – 2.94)

ROI (%)3 (95% CI)
-351 (-919 – 210)
-500 (-935 – -81)
-185 (-564 – 202)
-402 (-1001 – 179)
-131 (-597 – 352)
-185 (-357 - -36)
-369 (-938 – 194)

Abbreviations: CI: Confidence Interval, NB: Net Benefit, BCR: Benefit Cost Ratio, ROI: Return-On-Investment, I: Intervention, C: Control, SA: Sensitivity Analysis,
HCA: Human Capital Approach

Main analysis
SA1
SA2
SA3
SA4
SA5
SA6

Analysis

Table 5. Intervention costs, benefits, Net Benefits (NB), Benefit Cost Ratio (BCR), and Return-On-Investment (ROI) per participant (employer’s perspective)
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Sensitivity analyses
Results of SA2, SA3, and SA6 were similar to those of the main analysis, whereas the
outcomes of SA1, SA2, 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 difference between the intervention
and control group was considerably lower in SA4 (PRODISQ) compared to that 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.

7.4 Discussion
This study evaluated the cost-effectiveness and financial return of a mindfulnessbased 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
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(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-randomised 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.
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 costeffectiveness was very low for all outcome measures, irrespective of the willingnessto-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
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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 mindfulnessbased 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.
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

7

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 similar (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 was
measured 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 modifiedPRODISQ (data not shown). Both instruments likely produced different results
because they conceptualise presenteeism in a slightly different way (WHO-HPQ:
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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.
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 therefore 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 nonrandomised 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”
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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 may provide 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 correction for
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.
Some methodological limitations deserve attention. 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 minimise 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) these accrue to the government or health insurance companies.
Therefore, the results of the analyses performed from the employer’s perspective are
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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 nonnegligible 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.

7.5 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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