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ABSTRACT
Background: This thesis applies value assessment frameworks to non-specific low back pain
(LBP) in a working population to evaluate health outcomes and to estimate productivity
costs. LBP is a common diagnosis in primary health care. It is characterized by recurrent pain
episodes and is a major factor in the increasing sickness absence among workers. LBP
contributes substantially to the burden of disease and to the economic burden in terms of
productivity loss to employer and society at large. Interventions are thus needed to prevent
recurring LBP and its associated burden. Such interventions need to be properly evaluated
from a variety of perspectives, including that of the worker, the employer and society at large,
in order to help us better understand how to support worker-health policies and a sustainable
working life.

Aims: In the first part of this thesis, the frameworks used aim to investigate the costeffectiveness of and preferences for secondary prevention interventions for LBP. The second
part of the thesis focuses on the production loss measure validity test and on deriving wage
multipliers to estimate productivity costs. The thesis investigates productivity costs associated
with sickness absence, sickness presenteeism and work environment-related problems from
the employer’s perspective.

Methods: In Study 1, a cost-effectiveness analysis was conducted among working adults (n
=159) to compare the effect and costs of yoga for the prevention of LBP with strength
exercises and evidence-based advice. This analysis was conducted from two perspectives,
namely that of the employer and that of society at large. The outcome quality adjusted-life
years (QALYs) were examined in a 12-month follow-up randomized controlled trial. In
Study 2, a discrete choice experiment was conducted among working adults with LBP (n
=112). This experiment used the conditional logit model to examine the influence of exercise
attributes and individual characteristics on preferences for exercise to prevent LBP. In Study
3, using the Pearson Correlation and the Bland and Altman’s test of agreement, the
convergent validity of the Swedish health-related and work environment-related production
loss measures (HRPL and WRPL respectively) were tested against the Health and Work
Performance Questionnaire (HPQ) among working adults (n = 88). The HPQ is an
extensively psychometrically tested and widely-used instrument. The Intraclass Correlation
Coefficient (ICC) and Bland and Altman’s tests of repeatability were used as tests of stability
(n = 44). In Study 4, wage multipliers for managers (n = 758) were derived using an ordinal

probit model to predict the costs of productivity loss from sickness absence, sickness
presenteeism and work environment-related problems.

Results: The cost-effectiveness analysis in Study 1 demonstrates that yoga is less costly and
improves quality of life (QALY) compared with strength exercises and evidence-based
advice. For an additional QALY worth EUR 11,500 for society, yoga yielded a positive
incremental net benefit of EUR 1,542 and EUR 2,860 compared with strength exercise and
evidence-based advice respectively. Yoga could also be cost-effective, compared with
evidence-based advice, if an employer considers that the improvements in QALY justify the
additional cost of the intervention (EUR 150 per worker with LBP). These results only hold
for those who adhered to the recommendations of exercising twice a week. The discrete
choice experiment in Study 2 demonstrates that the most preferred exercise option was
medium to high-intensity cardiovascular training performed in a group with trainer
supervision at least once to twice per week. The most preferred types of incentive were
exercise during work hours and wellness allowances (Friskvårdbidrag). The individual
characteristic that most consistently influenced preferences for exercise was age. The
convergent validity test of the production loss measures conducted in Study 3 showed
moderately strong correlations (i.e. r = 0.46 for the HRPL and r = 0.31 for WRPL), as
expected. The ICC for HRPL assessments was 0.90 and 0.91 for WRPL between the different
testing occasions. This suggests that the test–retest reliability was good. Study 4 demonstrates
that sickness absence, sickness presenteeism and work environment problems significantly
impact team workers’ productivity when job characteristics (i.e. teamwork, ease of
substitution of workers and time sensitivity of output) are taken into account. To determine
the economic implications for the employer in terms of the cost, it was estimated that the
median wage multipliers from the sampled occupations in the study were 1.92 for sickness
absence, 1.65 for health-related presenteeism due to acute illness, 1.58 for health-related
presenteeism due to chronic illness, and 1.70 for work environment problems.

Conclusions: Studies 1– 4 gave rise to the following conclusions: a) Yoga may be considered
a cost-effective early intervention for the prevention of LBP, but further investigations are
warranted. b) Where preferences for exercise to prevent LBP are concerned, the most
important factors were the age and exercise attributes such as type of exercise, frequency,
level of supervision and incentives. This implies that providers and employers could improve
participation in exercise for working adults with non-specific LBP by focusing on the
exercise characteristics which are most attractive. c) The validity test of the HRPL and

WRPL suggests that the measures have convergent validity and good stability. This finding
may have implications for advancing methods of assessing production loss as an outcome,
which represents a major cost for employers. d) After job characteristics had been taken into
account, the economic impact of sickness absence, sickness presenteeism and work
environment-related problems on team productivity exceeded the cost of wages in a number
of occupations. This implies that there could be productivity gains for employers if the cost of
health and work environment-related productivity losses can be reduced.

Keywords: Low back pain, yoga, exercise, cost-effectiveness analysis, discrete choice
experiment, preferences, work performance, productivity loss, production loss, RCT,
intervention, secondary prevention, occupational safety and health, validity, reliability,
sickness absence, sickness presenteeism, work environment, wage multipliers.
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1 INTRODUCTION
In this thesis, value assessment frameworks were applied to non-specific low back pain
(LBP) in a working population to evaluate health outcomes and to estimate productivity
costs. Interventions to prevent LBP need to be properly evaluated from a variety of
perspectives, including that of the worker, the employer and society at large, in order to help
us better understand how to support worker health policies and a sustainable working life.
The interest in sustainable working life in this thesis focuses on the economic perspective of
work and health where individual workers are seen as a resource and preventive activities in
the workplace can be provided to improve worker health (Ahonen 2015).

Non-specific Low Back Pain (LBP) is a common musculoskeletal disorder among workers.
LBP is often recurrent and at times persistent (Axen and Leboeuf-Yde 2013). According to
European data sources, up to 25% of workers reported back pain in 2005 (EU-OSHA 2010).
LBP can represent a considerable burden to workers in terms of disability which impacts their
productivity and can cause sickness absence (EU-OSHA 2010). Research has shown that the
burden of LBP among workers is mainly caused by work-related factors (EU-OSHA 2010,
Punnett et al. 2005). It is an economic burden for employers and society at large because it
reduces productivity (Murray et al. 2012).

The prevalence of LBP among workers and its considerable impact on working life make it
important to take action to prevent recurring, disabling back pain. In other words, secondary
prevention measures that aims to reduce the more serious consequences of LBP are needed
(Balague et al. 2012).

The first part of this thesis evaluates exercise interventions that are designed to prevent LBP
among working adults. In order to evaluate the cost of and preferences for exercise, this thesis
use the preference-based measure EuroQol-5D (EQ-5D) and self-reported preference
measures for exercise interventions to prevent LBP (Chapman et al. 2011).

Global comparative studies have found that the most significant costs of LBP are indirect
ones such as productivity losses due to sickness absence and sickness presenteeism (i.e. going
to work when ill) (Bevan et al. 2009, Wieser et al. 2011, Lambeek et al. 2011). Lamers et al.
(2005) found an association between low quality of life and reduced productivity and
sickness absence in persons with LBP. The cost of productivity losses due to sickness
9

absence and reduced productivity while at work can be an incentive for decision-makers
(particularly employers) to adopt preventive actions to address their workers’ health
problems. However, because of the challenge of measuring productivity loss, cost
calculations are rare in cost-effectiveness analyses (Lensberg et al. 2013).

The second part of this thesis evaluates the psychometrics of a production loss instrument
intended to measure reduced work performance while at work (sickness presenteeism). It
further estimates the extra costs associated with productivity loss (due to sickness absence,
sickness presenteeism and work environment problems) that employers may have to bear
over and above wage costs.

An overview of the research questions and the overall research framework are presented in
Figure 1. The CEA framework was used to evaluate costs and effectiveness of interventions
(Doshi and Willke 2017). Exercise preferences were investigated by means of a multi-criteria
approach (Marsh et al. 2016).

10

Figure 1. Overview of the value assessment frameworks and the research questions
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2 BACKGROUND
Before looking at just why it is essential to properly evaluate interventions for LBP in terms
of the costs and preferences, the thesis will start with a more general discussion about LBP as
a major health problem. This is followed by a presentation of the general methodologies of
the kinds of economic evaluation that can be used to evaluate interventions. The main
question of how to estimate productivity costs for economic evaluations of health
interventions is also discussed.

2.1

Prevalence, risk and burden of LBP

LBP is a common diagnosis in primary health care; it affects 60% to 80% of the general
population at some point in their lifetime (Hoy et al. 2014). LBP is commonly classified as
acute if it lasts less than six weeks, subacute up to three months, and chronic when it lasts
more than three months (Leboeuf-Yde et al. 2013). However, recent research has shown that
it is common to experience a chain of episodes during the lifetime. In other words, LBP is a
recurrent and persistent condition (Axen and Leboeuf-Yde 2013). Only in about 10% of cases
is it possible to establish a specific cause for LBP, and thus the majority of people have “nonspecific” LBP (Savigny P et al. 2009). In this thesis, LBP is the non-specific type unless
stated otherwise.

The risk of developing LBP can increase with exposure to certain work-related factors
(Sundelin et al. 2015). Work-related physical factors such as bending, twisting and prolonged
sitting are associated with LBP (Sterud and Tynes 2013). Psychosocial factors at work such
as low social support, a high perceived work load, time pressure, low job control, perceived
stress and high psychological job demands also increase the risk of LBP (Sundelin et al.
2015). Individual biological (age and gender) as well as psychosocial factors (eg. coping and
social support) have also been shown to be risk factors for LBP (Jones et al. 2005, Hansson
and Jensen 2004).

LBP is a known cause of sickness absence, work disability and high healthcare utilization in
the Swedish workforce (Hansson and Jensen 2004, Ekman et al. 2005). A study that
compared sick leave patterns in different musculoskeletal disorders (MSDs) in Sweden found
that LBP was associated with short-term sick leave as well as contributing to a significant
12

share of recurrent sick leave (Hubertsson et al. 2014). Visits to health practitioners, out-ofpocket costs, and self-prescribed medications were shown to be higher for individuals with
LBP than for the general population (Joud, Petersson and Englund 2012).

Society is affected by the direct healthcare costs of working adults with LBP and by the
indirect cost of their reduced work capacity (Woolf and Pfleger 2003). According to the
Swedish Social Insurance Agency (SSIA), LBP costs amounted to just above 7% of the total
health insurance costs paid in sickness benefits (Lidwall 2011). The indirect costs of LBP,
caused by productivity loss due to sickness absence and reduced work performance, have
been shown to be substantially higher than the direct cost of LBP (Persson et al. 2015, Ekman
et al. 2005). The higher costs and utilization of health care suggest that effective preventive
interventions for LBP could have a significant cost-saving potential.

2.2

Economic evaluation

Health economic evaluation is a comparative analysis of at least two alternative interventions
that compete for scarce resources (Drummond et al. 2005). It is not possible to determine
whether an intervention should be discontinued or continued without comparing its costs and
consequences with those of another intervention. The aim of an economic evaluation of
health interventions is therefore to provide information about whether the additional
resources required for improving health are justified (Drummond et al. 2005). Thus, an
economic evaluation complements the regulation of health interventions by agencies such as
the National Board of Health and Welfare and the Swedish Agency for Health Technology
Assessment and Assessment of Social Services (SBU) which check the safety and efficacy of
interventions in order to prevent harm in society.

2.2.1 Identification of costs

The cost of resource use is a core aspect of the economic evaluation of health interventions.
The cost components measured are categorized as direct, indirect and intangible costs
(Drummond et al. 2005). The direct costs are related to resources used, such as healthcare,
medication and out-of-pocket expenses. Indirect costs, commonly referred to as productivity
losses, are costs related to sickness absence and reduced work performance while at work
13

(Drummond et al. 2005). Some studies indicate that including productivity costs in economic
evaluations provides valuable information for decision-makers (Jonsson 2009). Intangible
costs include reduced quality of life and function that result from an illness (Lubeck 2003).
Intangible costs are seldom included in economic evaluations of healthcare interventions
(Tarricone 2006).
In order to calculate the cost associated with resource use in economic evaluations, a ‘topdown’ or a ‘bottom-up’ costing approach can be used (Drummond et al. 2005). The ‘bottomup’ costing approach is preferred because it collects individual-level micro costs and more
precise data from registers or diaries. The ‘top-down’ costing approach uses aggregated cost
data which may not be precise. The first step in calculating cost is to determine which cost
items should be included. This, in turn, depends on the perspective of the analysis. The
second step is to measure the quantities of the resources used. The third step is to estimate
cost using prices or the opportunity cost. Opportunity cost is the cost of the other alternative
resource not used. Listed market prices are commonly used instead of the opportunity cost
because of distortions in the market such as taxes and subsidies. Lastly, the quantities of
resource used are multiplied by the price within the timeframe to obtain the direct cost
associated with the illness.

2.2.2

Types of economic evaluation

Besides the cost component, it is the benefits (also referred to as outcome, consequences or
health effects) of the intervention that determine which method should be used in economic
evaluations. The available methods are cost-minimization analysis (CMA), cost-benefit
analysis (CBA), cost-effectiveness analysis (CEA), and cost-utility analysis (CUA). Figure 2
gives a summarized description of the different types of economic evaluation (Drummond et
al. 2005).
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Figure 2. Types of economic evaluation
Types of economic
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Monetary units
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None
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Cost-benefits analysis
(CBA)
Cost-effectiveness

outcomes
Monetary units

analysis (CEA)

One or multiple
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outcomes combined in

life years saved etc.

one measure
Cost-utility analysis

Monetary units

(CUA)

One or multiple

eg. QALYs, DALYs or

outcomes combined in

other preference-based

one measure

measures

All the methods include monetary unit as costs in the analysis, but the unit by which the
benefits are measured can differ. A CMA compares only the cost of interventions because the
method assumes that intervention benefits are equal. The CBA compares both the cost and
the benefits of interventions in monetary terms. The CEA uses natural units as an outcome for
example prevented cases and years of life saved. The possibility of comparing outcomes
across diseases is eroded in the CEA because outcomes may not be commensurate. The
preferred type of economic evaluation that allows comparison of outcomes across different
interventions is the CUA (Drummond et al. 2005). The CUA is a special class of costeffectiveness analysis in which the benefits are expressed in terms of Quality-Adjusted Life
Years (QALYs).

2.2.3 Health-related quality of life (HRQL)
The core domains of health-related quality of life (HRQL) encompass the physical, social and
emotional aspects of an individual in relation to his or her prior and current state of health
(Santana and Feeny 2008). For the purpose of evaluating interventions there are a large
number of HRQL assessment tools with a wide-ranging coverage of health dimensions.
Disease-specific assessment tools cover dimensions that are relevant for a particular disease
while the generic tools (health profiles and preference-based measures) are multidimensional,
covering a number of domains such as pain and physical, social and emotional function.
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There are two types of preference-based measure, namely the direct and the multi-attribute
preference instruments. The direct preference-based measures assess preferences for health
outcomes using various methods, including the visual analogue scale (VAS), the standard
gamble (SG) and the time trade-off (TTO) (Drummond et al. 2005). The VAS measures
preferences for ordinal ranking of state of health, with worst being ‘0’ on a scale and perfect
health being ‘100’. SG measures cardinal preferences for health outcomes by offering
individuals two alternatives and asking them to make a choice or to ‟gamble’’. Preference is
measured on an interval scale on which perfect health for t years equals 1 and dead equals 0
(Drummond et al. 2005). The first alternatives consist of a desirable outcome, for example
perfect health, for t years followed by death, with probability p, and a less desirable outcome,
such as immediate death, with a probability of 1 - p. The probability p is varied until the
individual is indifferent between the two alternatives, so that the preference score for state i is
p, i.e., ui = p. The TTO also measures cardinal preferences for state of health, whereby
individuals are offered two alternatives: health state i for time t followed by dead and perfect
health for time x < t followed by dead. Here, time x is varied until the individual is indifferent
between a short period of perfect health and a longer period of impaired health, such that the
preference score for state i is hi = x/t (Drummond et al. 2005). The advantage of the direct
preference-based approach is that it captures how the individual values positive intervention
effects in relation to the negative side effects on their HRQL. However, a comparison of the
methods has shown that SG yields higher HRQL values than the TTO, which in turn yields
higher HRQL values than the VAS (Morimoto and Fukui 2002).

The most common of the multi-attribute preference instruments are the EuroQol EQ-5D
(Kind et al. 2005, EuroQol group 1990), the six-dimensional health state short form (SF-6D)
(Brazier, Roberts and Deverill 2002), the Health Utility Index (HUI2 and HUI3) (Feeny et al.
2002, Torrance et al. 1996) and the 15D (Sintonen 2001). These instruments use a multiattribute health status classification system and a scoring system to value health status. For
example, the EQ-5D-3L has five attributes (mobility, self-care, usual activities, pain or
discomfort, and anxiety or depression) described with three levels per attribute which
generate 243 possible states of health. Devlin and Krabbe (2013) added two additional levels
to the three levels in the EQ-5D-3L, thereby making it EQ-5D-5L.

Beside the selection of a preference assessment method, there is also the issue of discrepancy
between state of health evaluations of individuals experiencing the health state and of the
general public. The discussion about whether preference values should come from individuals
16

who are actually experiencing the state of health in question (experience-based values), or
from individuals to whom the states of health are described (population or hypothetical
values) has not yet been resolved (Aronsson et al. 2015). Those in favour of the use of
experience-based values contend that hypothetical values from healthy individuals may fall
short of the values that individuals experiencing the health state give (Burstrom et al. 2014).
Empirical tests have shown that experience-based HRQL values tend to be higher than
hypothetical values (Aronsson et al. 2015, Mann, Brazier and Tsuchiya 2009). Others argue
that for publicly-funded healthcare, population-based values are more relevant than
experience-based ones. In Sweden, the Dental and Pharmaceutical Benefits Agency (TLV)
prefers experience-based values to hypothetical values for the same reason given by
proponents of experience-based values (TLV 2003).

2.2.4 Quality-adjusted life year (QALY)

QALY is used in economic evaluations as a single generic measure primarily to correct an
individual’s life expectancy based on the levels of HRQL (Drummond and McGuire 2007,
Drummond et al. 2005). Thus QALY takes both the quality and the quantity of life
experienced over time into consideration. To calculate QALYs, an individual’s life years are
multiplied by the quality of life or preference values for the same years. The values derived
are commonly referred to as QALY weights. QALY weights are values that describe states of
health. The value for full health (or best imaginable state of health) is anchored at ‘1’, while
that for the state ‘dead’ is anchored at ‘0’. One year in perfect health thus equals 1 QALY,
while one year in the state ‘dead’ equals 0 QALYs. Values for all other health states between
‘1’ and ‘0’ are determined on the basis of their position relative to full health and death.
States of health ‘worse than dead’ are assigned values below zero. The use of QALYs as the
unit of effectiveness ensures a standardized way of comparing the incremental cost per
QALY gained for different health interventions in a so-called reference case analysis. A
reference case analysis must include all relevant costs (regardless of who pays them), thus
giving a societal perspective.

To decide which the more cost-effective intervention in a CEA is, the differences in cost and
the differences in effect between the interventions under comparison are divided. The
outcome, based on this comparison of costs and effects, is simplified by calculating the
Incremental Cost-Effectiveness (Utility) Ratio (ICER or ICUR), which takes the form:
17

(𝐶𝑜𝑠𝑡2 - 𝐶𝑜𝑠𝑡1)/ (𝑄𝐴𝐿𝑌2 - 𝑄𝐴𝐿𝑌1) = Δ𝐶𝑜𝑠𝑡/Δ𝑄𝐴𝐿𝑌 = ICER or ICUR

The ICER can be interpreted as cost per gained QALY of intervention 2 compared to
intervention 1. If the result of a CEA is cost-effective, the ICER means that the extra
intervention costs are acceptable per unit of health outcome compared to other interventions
or to some threshold value, which is assumed to be how much decision makers are willing to
pay for the additional unit of effect. In order to determine if the effect of the intervention
justifies the extra cost, the ICER is compared with societal willingness-to-pay between GBP
50,000 – 100,000 (Ryen and Svensson 2014). This value varies from country to country.
Alternatively, the form of the ICER or ICUR can be rearranged to fit a net-benefit framework
in order to make decisions based on the incremental net benefit in monetary terms
(Drummond et al. 2005, Stinnett and Mullahy 1998).

2.3

Discrete Choice Experiments (DCEs)

DCEs are another approach to economic evaluation to provide measures of benefit valuation
of alternative health interventions and for health-policy decision-making (TockhornHeidenreich, Ryan and Hernández 2017). One of the useful pieces of information that DCEs
can provide to economic evaluations for decision-making purposes is what and how
important certain characteristics (attributes) are for individuals. DCEs can also be used to
predict adherence rates and the acceptability of interventions (Louviere and Lancsar 2009).

DCEs are based on the assumption that health interventions can be described by their
attributes and that how individuals value an intervention depends on these attributes (Gerard,
Ryan and Amaya-Amaya 2008, Tockhorn-Heidenreich et al. 2017). This assumption draws
on standard economic theory of value and consumer behaviour which assumes that
individuals are rational decision makers and maximize their preferences subject to constraints
(Gerard et al. 2008). Further assumptions are that there are a set of finite and mutually
exclusive alternatives to choose from; that choice behaviour is inherently random (random
utility model); and that individuals are capable of discriminating between alternatives
(Manski 1977, McFadden 1986).
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In health care, the techniques used to examine how individuals’ value benefits are either
revealed preference (RP) or stated preference (SP) (Gerard et al. 2008). The RP is an indirect
means of exploring individual values of health benefits usually by observation. The SP
technique involves asking individuals to state their preferences by presenting them with two
or more competing options (choice sets or alternatives) that vary along several attributes
(Ryan and Gerard 2003). Preferences are measured according to patterns of choosing or
responding when presented with two or more alternatives and often require choices to be
made (Martin et al. 2006). The key steps involved in conducting a DCE can be summarized
as follows: conceptualizing the choice process; deciding on the appropriate levels for the
attributes; constructing an experimental design (Reed Johnson et al. 2013); designing
questionnaires and pilot testing choice questions (Bridges et al. 2011, Bech, Kjaer and
Lauridsen 2011); sampling and sample size (de Bekker-Grob et al. 2015); data collection,
coding of data (Bech and Gyrd-Hansen 2005); econometric analysis (Hauber et al. 2016); and
interpretation of DCE results as depicted in Figure 3. Further details of these steps can be
found elsewhere (Amaya-Amaya, Gerard and Ryan 2008, Bridges et al. 2011).

Figure 3. Key steps in conducting a DCE

Figure 3 was reproduced with permission from Abiiro et al. (2014).
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2.4

Productivity losses

Productivity losses are costs resulting from reduced work performance and replacement costs
due to illness and disability in working adults (Krol, Brouwer and Rutten 2013). Studies of
worker health interventions describe productivity loss as a work-related outcome that arises
from two main causes (i.e. sickness absence or sickness presenteeism), measured and valued
as costs to the employer (Uegaki et al. 2011).

The total number of work hours lost because of health problems is referred to as sickness
absence (Hensing 2009). Sickness absence data is used as a measure of health among
working individuals.

Sickness presenteeism is the phenomenon of being at work when ill (Johns 2010). Sickness
presenteeism can also be defined as the decrease in on-the-job performance due to health
problems (Schultz, Chen and Edington 2009). Sickness presenteeism can occur before and/or
after the health problem have required a period of absence to cause reduced work
performance. It is therefore important to take sickness presenteeism into account when
evaluating interventions aimed at reducing sickness absence, because presenteeism mostly
precedes future sickness absence. It can, however, in itself also cause reduced work capacity
(Bergstrom et al. 2009, Cancelliere et al. 2011). Unfortunately, reduced productivity due to
sickness presenteeism is often not included in economic evaluations, even though it can be an
important cost for employers (Kigozi et al. 2017).

Sickness absence and sickness presenteeism are not the only causes of productivity loss.
Earlier research has shown that work environment problems have a greater impact on
productivity than does sickness presenteeism, even though they are not as prevalent (Karlsson
et al. 2013).

2.5

Psychometric evaluations

In order to able to use a health outcome measurement instrument in research or clinical
practice, its measurement properties such as reliability, validity and responsiveness, should be
assessed adequately (Cohen, Swerdlik and Philips 2013, Mokkink et al. 2010).
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The most commonly reported measurement properties in psychometric evaluations are
reliability and validity (Cohen et al. 2013). A reliability test can be performed to assess how
an instrument consistently measures a construct across individuals or to assess the stability in
the responses of the same individuals. For instance, the consistency of repeated measures
using the same device can be assessed with the Pearson correlation coefficient. This is often
called test-retest reliability (Cohen et al. 2013, Bruton, Conway and Holgate 2000). The most
commonly used index of test-retest reliability, the intra-class correlation (ICC), is the ratio of
variance of measurements of a given target to the variance of all targets. This index reflects
both the degree of consistency and stability in the responses of the same individuals.

The validity of a measure refers to the extent to which it measures what it is designed to
measure (Cohen et al. 2013). There are different forms of validity and a range of validity tests
that can be performed. The basic validation methods, which include content, face and
factorial validation, provide an understanding of what is measured based on reason and
evidence. Convergent validity tests whether constructs that should theoretically be related are
in fact related, using two different measures (Koeske 1994). The concept of construct validity
incorporates all other types of validity mentioned above (Cohen et al. 2013).

2.6

Valuing productivity costs

Productivity costs in economic evaluation can be estimated using the Human Capital (HC)
approach or the Friction Cost method (FC) (Krol and Brouwer 2014). By the HC approach,
productivity costs are estimated using the gross earnings of individuals independent of when
the reduction (due to sickness absence or presenteeism) occurred (Krol and Brouwer 2014,
Johannesson 1996). With the FC method, productivity costs are estimated on the basis of the
time and resources used to find a replacement for the period the worker is absent
(Koopmanschap et al. 1995, Krol and Brouwer 2014). The HC approach has an individual
perspective while the FC method takes the employer perspective (van den Hout 2010). The
HC approach is grounded in economic theory incorporating a broader view of lost
productivity, particularly lost production in paid employment, lost non-work time and even
sometimes the time of informal care-givers (Lensberg et al. 2013).

Notwithstanding the fact that the two methods produce different results (van den Hout 2010),
it has been shown that productivity costs derived from the HC approach could significantly
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determine the cost-effectiveness of interventions. Thus, if it is accounted for in the economic
evaluation of interventions it could provide additional information of benefit to decisionmakers which might lead to different resource-allocation decisions (Krol et al. 2016).
Despite the many arguments in favour of including productivity costs in economic evaluation
of health interventions (Krol et al. 2016, Jonsson 2009), methods to value productivity costs
are not without their difficulties. The minimum gross wage, which indirectly measures the
value of marginal productivity (Lensberg et al. 2013), is used to calculate the costs related to
production loss using the HC approach. However, the substantial differences at companylevel due to factors such as company characteristics, regulations and contracts could influence
wage and productivity differentials for workers with different characteristics and work
dynamics (Fox 2009, Card, Lemieux and Riddell 2004, Koeniger, Leonardi and Nunziata
2007).
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3 LITERATURE REVIEW OF PREVIOUS RESEARCH
This section presents short summaries of the current state of knowledge concerning the areas
studied in this thesis. The summaries are based on the most recent systematic reviews. Where
no reviews exist, original papers are used.

3.1

Effect and cost-effectiveness of yoga exercise for LBP

LBP affects many domains of the health of workers, such as self-efficacy, disability and pain.
This impacts profoundly on their quality of life (Montazeri and Mousavi 2010). Accordingly,
quality of life should be considered a clinically relevant back pain outcome in clinical trials
when investigating LBP (Montazeri and Mousavi 2010, Rasmussen-Barr et al. 2012).

Many interventions for the prevention of LBP exist, but their effect are not long-lasting due
to the high recurrence rate of LBP (Steffens et al. 2016). An overview of the effectiveness of
prevention strategies for non-specific LBP concluded that exercise intervention could reduce
the number of recurrent episodes of LBP (Steffens et al. 2016). Other interventions such as
education were effective when combined with exercise to prevent LBP. Recent evidence
continues to support the effectiveness of exercise interventions for the prevention of LBP
(Chou et al. 2017, Steffens et al. 2016).

Yoga, a complementary and alternative (CAM) exercise strategy, has been used as secondary
prevention measure for LBP. In a recent meta-analysis it was concluded that yoga can be
recommended for chronic LBP (Cramer et al. 2013). Furthermore, research findings have
shown that yoga provides moderate improvements for back-related function compared to
other types of exercise or a do-nothing approach (Wieland et al. 2017). Previous studies (as
shown in the reviews) have examined the effects of yoga for treating chronic LBP, but there
is a lack of clear evidence whether it is possible to prevent LBP with yoga exercise.

Few studies have looked at improving work-related outcomes such as sickness absenteeism,
sickness presenteeism and work performance using yoga. One recent study showed that yoga,
compared with strength training or evidence-based advice, achieved no difference in effect on
sickness absenteeism and sickness presenteeism (Bramberg et al. 2017). Little research has
been carried out into the effectiveness of yoga for the quality of life of individuals with LBP
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and its cost-effectiveness (Chuang et al. 2012, Tekur et al. 2010). The cost-effectiveness of
yoga for LBP with regard to quality of life should be investigated (Andronis et al. 2017).

3.2

Preferences for exercise interventions for LBP

Exercise interventions have been shown to be effective for prevention of recurrent LBP
(Steffens et al. 2016). This notwithstanding, it may be challenging for individuals with LBP
to adhere to the interventions which have been recommended to them to improve their state
of health. Certain attributes of exercise interventions, such as type of exercise, exercise
intensity and trainer-supervised exercise, were found to improve adherence to exercise for
LBP (Jordan et al. 2010). Previous reviews of exercise interventions have also shown that
supervised exercise that includes aerobic capacity, strengthening, endurance and coordination
is effective in improving pain and reducing sickness absence in individuals with LBP (Tveito,
Hysing and Eriksen 2004, Hayden et al. 2005). However, the findings are inconsistent with
regard to whether exercise should be supervised or not, whether it should take the form of
individually-designed sessions or group sessions, and what the optimal exercise intensity
should be (Henchoz and Kai-Lik So 2008).

Financial incentives for exercise have also been shown to be effective in improving
participation rates (Giles et al. 2014). There is however little evidence regarding the relative
importance of incentives provided by the employer (as a paying vehicle) to motivate exercise
among working adults with LBP.

Apart from the attributes of exercise interventions, individual characteristics (such as lifestyle
and attitudes) have been found to be associated with acceptance and compliance rates for
physical activity recommendations (Scheers, Philippaerts and Lefevre 2013). Further, it has
been shown that determinants of involvement in physical activity include factors such as
social support, stages of change, general physical health and prior adherence to physical
activity (Wendel-Vos et al. 2007, Koeneman et al. 2011).

The similarity of the effects of exercise interventions with varying characteristics may also
suggest that it is warranted to take individual preference into consideration in health policy
decision-making (Tveito et al. 2004, Hayden et al. 2005). Research into individuals’
preferences for exercise as secondary prevention for LBP is scarce. It is therefore imperative
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to examine the preferences of individuals with LBP to support adherence to exercise
recommendations. This could enhance evidence-based practice and adherence to
recommendations, and hence health outcomes (George and Robinson 2010, Preference
Collaborative Review 2008).

3.3

Psychometric properties of instruments used to measure productivity loss

Objective measures of workers’ productivity are often not available. To obtain such data one
has to rely on subjective productivity measures, largely in the form of questionnaires (Krol
and Brouwer 2014). Productivity loss instruments must therefore be reliable and valid.

There are many available instruments for measuring productivity loss due to sickness absence
and sickness presenteeism. Each instrument has its own comparative advantages with respect
to the aspects of productivity changes it measures, the recall period used, the strength of its
psychometric properties, and whether it has the potential for estimating costs related to lost
productivity for paid or unpaid work (Tang 2015). The methodological quality and extent of
psychometric testing of productivity loss instruments have been criticised. In some tests, the
choice of comparator instruments used for validity testing was not meaningful and the
expected level of correlation between an instrument and its comparator(s) was not specified
(Tang 2015, Mokkink et al. 2010). Furthermore, few longitudinal tests of validity and testretest reliability have been performed on these instruments (Tang 2015).

According to Tang (2015), psychometrically-sound instruments for estimating costs related to
productivity loss include the Health and Work Performance Questionnaire (HPQ), the Health
and Labor Questionnaire, the Health-Related Productivity Questionnaire Diary, the
Productivity and Disease Questionnaire, the Valuation of Lost Productivity (VOLP), the
Work Productivity and Activity Impairment Questionnaire (WPAI) and the Work
Productivity Short Inventory. There is a lack of production loss instruments in Swedish.
Recently, a question from the WPAI was translated and initially tested in Swedish (Karlsson
et al. 2013).

Productivity loss instruments capture reduced production resulting from health problems.
However, in addition to health problems, reduced worker productivity may be caused by
work-related factors such as the work environment (Brooks et al. 2010). There is a shortage
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of this type of measure. In order to fill this gap, an instrument that takes production loss due
to work-related factors into account was developed in Swedish by modifying a question from
the WPAI (Karlsson et al. 2013).

3.4

The wage multiplier approach

The shortcomings of using wages as an alternative to worker’s marginal productivity have
prompted the suggestion that new ways of valuing productivity costs are needed. The wage
multiplier approach assumes that a period of sickness absence or presenteeism will invariably
affect a worker’s productivity and that the economic impact could be greater than the
worker’s wage. Thus, using the minimum gross wage to estimate productivity loss tends to
underestimate it (Pauly et al. 2008, Pauly et al. 2002). Particularly in a teamwork setting,
wage multipliers have been seen to reflect the real productivity cost to employers (Pauly et al.
2008, Zhang et al. 2015). Authors have argued that at company level, such as when an
individual is instrumental in the tasks to be completed by a team or when outputs have been
inordinately time-sensitive, or when it is difficult to find a replacement for a worker,
productivity losses are usually greater than the minimum wage loss to the employer (Pauly et
al. 2008, Zhang et al. 2015). Thus, the general model of Pauly et al. (2008) examines the
magnitude and incidence of costs associated with sickness absence or presenteeism under
different assumptions about the company’s characteristics. In the event that compensation
(i.e. recovering work loss after returning) occurs, using wages to estimate productivity costs
becomes even more problematic. The influence of the compensatory work done by the
returnee worker, by other colleagues or a temporary worker has been shown to be relevant for
productivity costs (Knies et al. 2013). Insofar as these important company level
characteristics are influential determinants of the value of productivity costs, it is the
employer’s perspective that might reflect the true value of productivity problems.

As in the case of sickness absence and presenteeism, one might hypothesize that productivity
costs due to work environment-related problems may be higher than the wages. Wage
multipliers that take into consideration the effect of problems related to the work environment
on the total cost of lost productivity are needed. Previous wage multiplier estimates have
estimated their productivity cost on the basis of responses from managers who may only have
responded from a study-specific context (i.e. against a background of a particular economic
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system, including specific labour market and insurance regulations). Thus, country-specific
wage multipliers which are applicable to the particular setting in question are needed.
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4 AIMS
The overall purpose of this thesis is to contribute new knowledge which can help decisionmaking that support a sustainable working life. The targeted participants in the studies were
thus employers or employees of working age. The frameworks used in the first part of this
thesis aimed to investigate the cost-effectiveness of and preferences for secondary prevention
interventions for LBP. The second part of the thesis focuses on the production loss measure
validity test and on deriving wage multipliers to estimate productivity costs. The productivity
costs associated with sickness absence, sickness presenteeism and work environment-related
problems were investigated from the point of view of the employer.

The specific aims of the studies included in this thesis were as follows:
Study 1: To evaluate the cost-effectiveness of yoga as an early intervention for LBP
compared with strength exercises and evidence-based advice.
Study 2: To examine specific attributes of exercise and their influence on individual
preferences for exercise among working adults with LBP. The relative importance of these
attributes for choice of exercise was also investigated.
Study 3: To examine the convergent validity and test-retest reliability of the Health-Related
Production Loss (HRPL) and the Work Environment-Related Production Loss (WRPL)
measures against the Health and Work Performance Questionnaire (HPQ).
Study 4: To derive wage multipliers to estimate the costs associated with productivity loss
due to sickness absence, sickness presenteeism and work environment-related problems from
a managerial perspective.

4.1

Outline of the thesis

This thesis is based on research articles published in, or submitted to, scientific peer-reviewed
journals. Section 5 presents an overview of the methods considered in this thesis. It also
presents the study design and sample, outcomes and statistical analyses used. Section 6
highlights the most important findings of the studies. Section 7 brings together the results and
offers an extended discussion of the results and the implications of the findings.
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5 METHODS
5.1

Study design and sample size

Study 1 was a randomized controlled trial (RCT) investigating kundalini yoga compared with
strength exercise and evidence-based advice. The RCT was registered in the Clinical Trials
protocol (NCT01653782). A block randomization design was used with the random
allocation sequence computer-generated by a statistician. For each participant an opaque
envelope was opened, in consecutive order, by an external research assistant not involved in
the inclusion process. The allocation was concealed to all staff involved in the inclusion
process. The participants did not know the detailed content of the different interventions. The
yoga instructor and physiotherapist were not blinded. The research group assessing the
study’s outcome was blinded during the data collection and data analysis.

All participants received a minimal intervention comprising self-care advice and were
encouraged to do home practice by performing the instructions given to them at least twice a
week. Participants in the control group received only the minimal intervention. Those in the
active intervention groups received kundalini yoga or strength exercises for six weeks. The
60-minute yoga classes were given by an experienced yoga instructor twice a week. The
strength exercise used as an active comparator was an individually-tailored, supervised
strength-training session (five times) led by an experienced physiotherapist. An extensive
description of the content of the intervention given to participants can be found in Bramberg
et al. (2017).

Subjects were recruited via the Occupational Health Services (OHS) in Stockholm County (n
= 8) and by advertisements in the local media (n = 302). Participant recruitment and followup were conducted from April 2010 to June 2012. Those who responded to the invitation
were screened using the Örebro Musculoskeletal Pain Screening Questionnaire (OMPSQ)
(Linton and Halldén 1998) and were physically examined if they scored 90 points or more,
i.e. if they fulfilled the requirements for the psychosocial risk profile. A cut-off score of ≥ 90
points was used because it has been shown that the risk of long-term sick leave due to back
pain increases above this point (Linton and Boersma 2003). Further inclusion criteria were
non-specific LBP with or without neck pain; 18‒60 years of age; not on sick leave or on sick
leave of less than eight weeks’ duration; sufficient understanding of Swedish. The exclusion
criteria were spinal pathology (e.g. tumours or spinal fractures); continuous ongoing sick29

listing ≥ 8 weeks; comorbidities that could affect the ability to fully participate in the study
(e.g. physical disability, severe mental illness); existing weekly yoga practice or strength
training; and pregnancy. The calculated sample size was 40 participants per group to detect
an effect of 25 % in changes in the primary endpoint sickness absence with 80 % power.

Study 2 used a DCE design to examine individual preferences for exercise as a secondary
prevention for LBP. Study participants were patients consulting for LBP. They were recruited
consecutively through a network of OHS providers and primary care clinics including
physiotherapists, chiropractors and naprapaths who treat LBP. The recruitment took place in
Sweden from March 2015 to March 2016. The inclusion criteria were: having LBP as the
primary pain site; age range 18–65; currently not on sick leave for more than 14 days. The
exclusion criteria were: back pain of specific origin or disease; prior spine surgery; severe
comorbidities (e.g. physical disability, severe mental illness) that could affect the ability to
perform exercises; insufficiency in Swedish.

The clinicians recruiting subjects for the study were given verbal and written instructions
about what to tell subjects and how to determine inclusion or exclusion. A checklist was
provided to be filled in by clinicians at inclusion. This was later sent to the research team.
Based on Orme (2006), suggestions for estimating sample size in DCEs given by n x t x a/c ≥
500 were used. Where n = number of expected respondents to be estimated, t = number of
choice tasks were given as 10, a = number of alternatives per task was given as two, and c =
maximum number of levels was given as four. In this thesis, n ≥ (500 x 4/ (2 x 10)) = 100.
The sample size (n) in Study 2 was estimated to ≥ 100.

Study 3 is a cross-sectional study to test the convergent validity and test-retest reliability of
the Health-related production loss (HRPL) and work environment-related production loss
(WRPL) measures. Recruitment of subjects was conducted by sending information letters that
described the study to a convenience sample who were part of a network of researchers and
practitioners located in Stockholm County. To be included in the study, participants had to be
working, not on sick leave and be in the age range 18–65. Those who fulfilled the inclusion
criteria and consented to participate by responding to the e-mail represented the total sample
in this study. In total, 161 individuals were invited, of whom n = 88 individuals agreed to
participate. Data collection started in May 2014 and was completed in June 2014. Data were
collected on two occasions to conduct the test-retest analysis. The interval between the test
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and retest assessment was one day (24 hours) to ensure that respondents were using the same
time frame stated in the questions (7 days).

Study 4 was a cross-sectional study which estimated the effect and economic impact of
sickness absenteeism, sickness presenteeism and work environment problems on reduced
productivity. The following two inclusion criteria were applied: 1) manager in a medium to
large company; 2) manager with operational responsibility for five to 50 employees. Medium
and large companies were chosen so that as many workers with homogeneous job
characteristics in teamwork supervised by the managers could be included. It was decided
that a team should consist of at least five employees, while more than 50 employees were too
many for a manager to properly assess their workers’ productivity.

To obtain a range of job categories in the sample, at least 30 occupations with approximately
15 respondents in each job category were required to estimate the economic impact of
reduced productivity caused by sickness absenteeism, sickness presenteeism and work
environment problems. This sample estimate was based on suggestions from previous studies
with similar study objectives and outcomes (Pauly et al. 2008).

The first group of managers (n = 24) working in a Swedish government agency was
approached in 2014. Twenty of 24 (83 %) agreed to participate in the study. A second group
of managers were contacted in the spring of 2015 using an experienced market research
company (TNS Sifo). The recruitment of participants began by initially inviting a sample of
(n = 3753) managers randomly selected from a large representative survey panel of Swedish
managers. From this sample, 1,721 managers agreed to participate in the study. Of these, n =
738 managers fulfilled the inclusion criteria. In total, the study sample consisted of n = 758
managers.

5.2

Measures

Study 1
Data was collected using web-based, validated questionnaires and SMS text messages. To
conduct the cost-effectiveness analysis, health-related quality of life (HRQL) was measured
with the Swedish version of the EQ-5D-3L (EuroQol group 1990) at baseline and at each
follow-up (6 weeks, 6 months and 12 months). The EQ-5D-3L measures five dimensions of
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the individual’s state of health: mobility, self-care, usual activities, pain/discomfort and
anxiety/depression (EuroQol group 1990, Kind et al. 2005). The participants’ adherence to
the recommendations was self-reported by SMS text messages sent out once a week for six
weeks, and then once a month until the 12th month. The text message questions were: ‘‘How
many times have you exercised in the past week? Answer with a number between 0 and 7’’
or ‘‘How many times have you exercised in the past four weeks? Answer with a number
between 0 and 31”. Data for age, sex, marital status, education level, body mass index and
pain were also collected at baseline.

The estimated direct costs of intervention were based on the number and type of activities
in each intervention group, the amount of resources used and the duration of use of
resources. The intervention costs were incurred regardless of the number of classes
participants attended after allocation to an intervention group. All costs of resources were
collected retrospectively (Appendix 1). The total cost of resources used in the trial reflects
2011/2012 prices, since the follow-up period occurred within this interval. The indirect cost
of productivity losses was measured by sickness absence. It was measured by one selfreport SMS-distributed question (Vos, Verhagen and Koes 2009). The question was ‘How
many days in the past four weeks have you been absent from work because of illness?
Answer with a number between 0 and 31’.

Study 2
Data was collected by web-based questionnaires administered once to each subject. The
questionnaire consisted of two parts. The first contained questions about age, sex, educational
level, annual income, number of children at home and job demands at work. The general
health questionnaire was used to assess health status (Goldberg and Williams 1988). The
stages of change with regard to exercising, readiness to exercise and attitudes towards
physical exercise were also assessed (Marcus et al. 1992). Neck and back pain were assessed
using parts of a questionnaire for classifying pain status (Von Korff, Dworkin and Le Resche
1990). Bothersome pain was assessed by the question ‘‘How many days during the past week
has your LBP been bothersome, i.e. affected your daily activities or routines?’’ (Deyo et al.
1998). The responses were from 0 to 7.

The second part of the questionnaire was the choice task. The attributes and levels used to
design the choice experiment were formulated after performing a literature search and a series
of group discussions with physiotherapists, chiropractors and research experts on exercise. In
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the choice task, each individual was shown 10 pairs of exercise options (Appendix 2) and
asked to choose the option they preferred for each pair. The choice tasks were created by
using the conjoint survey design tool with a random and statistically efficient fractional
orthogonal design, based on the usual design principles and practice in DCEs (Reed Johnson
et al. 2013, Hainmueller, Hopkins and Yamamoto 2013).

Study 3
The health-related production loss (HRPL) starts with the question: ‘‘Over the past seven
days, have you experienced any health-related problems while at work? Health problems
refer to any physical or emotional problems or symptoms.’’ Response options are either ‘yes’
or ‘no’. It is followed by the question (Karlsson et al. 2013): ‘‘During the past seven days,
how much did your health problems affect your performance while you were working? Think
about days when you were limited in the amount or kind of work you could do, days when
you accomplished less than you would like, or days when you could not do your work as
carefully as usual. If health problems affected your performance only a little, choose a low
number. Choose a high number if health problems affected your performance a great deal.’’
Response options ranged from 0 to 10, where 0 = ‘‘Health problems had no effect on my
performance’’ and 10 = ‘‘Health problems completely prevented me from working.’’

To measure work environment problems and work environment-related production loss
(WRPL), questions centred on whether an individual had experienced work environmentrelated problems (‘yes’ or ‘no’) and how these problems had affected their performance on a
0 – 10 scale, where 0 = ‘‘Work environment problems had no effect on my work’’ and 10 =
‘‘Work environment problems completely prevented me from working.’’ Work environmentrelated productivity loss is defined as any physical, psychological or social problems arising
in the work environment that might impair work performance.

In the retest assessment, questions were rearranged in a different listed order to minimize
recall of previous responses.
The HPQ work performance was chosen as a ‘‘golden standard’’ for the validity analysis. It
is one of the most widely used productivity loss measures (Kessler et al. 2003). Individuals
rate their overall performance on the days they worked in the previous seven days in their
specific occupation and indicate their performance in relation to peers in a similar occupation.
Response options ranged from 0 representing ‘worst possible performance’ and 10
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representing ‘best possible performance’. Appendix 3 shows the questions used in Study 3 to
measure production loss and work performance.

Study 4
A web-based questionnaire was used to assess job characteristics, productivity loss and the
cost of productivity loss from the perspective of the manager.

To estimate the wage multipliers, managers were asked to assess the extent to which work
performance was affected by job characteristics such as time sensitivity of output, teamwork,
and ease of substitution in the event of sickness absence, sickness presenteeism and work
environment-related problems. The response options were 1 to 5 on a Likert scale, where ‘1’
indicated that the employees work independently, work can easily be postponed, and it is
easy to find a substitute worker of equal quality for an individual who is absent, present but
sick or encountering work environment problems. A ‘5’ indicated that the employee works in
a team, output is highly time sensitive or that it is difficult to substitute the worker.

Managers also assessed the extent to which a short, unexpected sickness absence (three days)
affected the productivity of team workers. The impact of episodes of sickness presenteeism or
work environment-related problems on team productivity was also assessed. Response
options were on a 5-point Likert scale, where ‘1’ indicated that the company was not affected
at all while a ‘5’ indicated a total shutdown.
Productivity loss, i.e. reduction of the affected worker’s performance in the event of acute or
chronic illness or work environment-related problems compared to another worker with no
such problems, was assessed by the managers. The response options for the productivity loss
question scored from 0 to 10, where ‘0’ indicated that the worker’s performance was
completely reduced while a ‘10’ indicated that the worker was not affected at all. The
employer’s costs per day in excess of the worker’s wage for sickness absence, sickness
presenteeism due to acute or chronic illness and work environment-related problems were
also reported, either in monetary terms or as a percentage of the hourly wage.

All the questions except for the productivity loss and work environment-related questions
were used in the Pauly et al. (2008) study. The questionnaire was translated into Swedish by
two bilingual experts using the translation guidelines of Beaton et al. (2000). Experts familiar
with the terminology of the subject covered by the questions suggested alternative wording
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where necessary. The questions were pre-tested and some modifications were proposed. The
final version of the questions in Swedish translated back to English can be found in Appendix
4.

5.3

Statistical analyses

All analyses were performed using SPSS version 22 or STATA software version 12
(StataCorp 2011, IBM Corp 2013).

Study1
Incremental Cost-Effectiveness Ratio (ICER): An ICER was estimated from the ratio of costs
and effects in the CEA framework that compared kundalini yoga to strength exercise and
evidence-based advice interventions. The HRQL values were weighted with the time tradeoff method to generate quality-adjusted life year (QALY) values anchored between 0 and 1,
where 1 is a year lived in full health and 0 (zero) represents death. The Danish tariff was used
since there were no time trade-off estimates for the Swedish population at the time (WittrupJensen et al. 2009). The area under curve method was used for calculating QALYs for the
entire trial period (Richardson and Manca 2004). A generalized linear model was used to
analyze between-group comparisons of differences in QALY scores adjusted for baseline
values since the groups may differ at baseline (Manca, Hawkins and Sculpher 2005). The net
health benefit method was applied to determine the cost-effectiveness (Drummond et al.
2005).

Estimation of direct and indirect costs: The direct costs of resources were estimated according
to the amount and duration of resources used. Productivity costs due to sickness absence were
calculated using the human capital approach. Minimum earnings per day (supplied by
Statistics Sweden) were assumed to be SEK 1,145 (EUR 132). This method is frequently
used and is the one recommended by the Swedish pricing and reimbursement agency (TLV
2003). Discounting was not necessary as costs and consequences occurred within a year of
recruiting participants.

Sensitivity analysis: To determine the effect of uncertainty in certain assumed parameters on
the study findings, a one-way sensitivity analysis was performed by multiplying the mean
daily wage used for calculating the cost of sickness absence by the median multiplier 1.28
from Pauly et al. (2008) to estimate the total absenteeism cost.
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Intention-to-treat analysis was conducted including all individuals who were randomized. An
interaction effect on the outcome HRQL was found between the number of days participants
exercised per week and the intervention arm. An analysis was therefore performed to
determine the lowest interaction point (Aiken and West 1991). The analysis showed that the
number of times an individual exercised could be dichotomized into < 2 times per week (as
non-adherers) and ≥ 2 times per week (as adherers), based on the lowest detected interaction
point in the analysis. A generalized linear model was used to evaluate differences between
intervention groups, controlling for age, baseline HRQL values and mean number of training
days.

Study 2
The data about choices were analyzed using a conditional logit model based on the random
utility model (Hauber et al. 2016). The random utility model assumes that each respondent
will choose the alternative that provides the highest utility for all alternatives for each choice
task (de Bekker-Grob, Ryan and Gerard 2012, Watson, Becker and de Bekker-Grob 2017).
Assuming k exercise attributes and r individual characteristics, the conditional logit equation
can be specified as:

U = α + ß1X1 + ß2X2 + … + ßkXk + ɤ1Z1 + ɤ2Z2 + … + ɤrZr + ε
Where α is the alternative specific constant (ASC) that captures the average effect on utility
of all factors that are not included in the model, i.e. the value of U when all X and all Z equals
zero. X are attributes included in the DCE, β are the parameters (or coefficients) to account
for the marginal utility of that attribute, Z are individual characteristics (age, sex, education,
physical activity, etc.) and their corresponding coefficients and ε is the unobservable
component arising from heterogeneity in tastes and any measurement errors or functional
specification. All the attributes levels and background information about study participants
were dummy-coded. Thus each p-value was a measure of the statistical significance of the
difference between the estimated preference weight and the reference category (Bech and
Gyrd-Hansen 2005).

The value that describes the relative importance of each attribute was given in percentages
and reveals how respondents valued a specific exercise attribute in relation to the other
studied attributes. The relative importance of the attributes was indicated by the difference
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between the highest and lowest attribute level parameters, divided by the total of the
differences across all attributes.

Study 3
Using the Pearson Correlation and the Bland and Altman’s test of agreement, the convergent
validity of the production loss measures (HRPL and WRPL) were tested against the Health
and Work Performance Questionnaire (HPQ) in working adults. Moderate to strong
correlations were expected between the production loss measures and the HPQ work
performance using data from the first assessment.

If the correlation coefficient was r < 0.1, it was interpreted as no correlation. A correlation
coefficient of between 0.1 and 0.3 was interpreted as a weak correlation. A correlation
coefficient of 0.3 – 0.5 was interpreted as moderate and one of ≥ 0.5 as strong (Cohen et al.
2013). Bland and Altman’s plot (difference plot) was used to examine the agreement between
the different measures of production loss and the HPQ work performance (Bland and Altman
1999).

Sub-group analysis: Sub-samples were drawn from the data for comparative analysis of
associations between production loss and work performance. The sample was divided into
four sub-groups based on employees’ experience of health-related problems, work
environment problems, a combination of health- and work environment-related problems and
no problems at all at work. Due to the small sample in the sub-groups, a non-parametric
bootstrap analysis was performed using 1,000 replications to obtain confidence intervals for
the correlation coefficients (Efron 1981).

The test-retest reliability was determined using the Intraclass Correlation Coefficient (ICC).
This is a standard method used to test the extent to which an instrument’s scores (e.g.
productivity loss values) remain the same when it is measured on different occasions for the
same individuals. An averaged ICC coefficient < 0.50 was considered poor reliability; an ICC
between 0.51 and 0.75 was seen as moderate, while coefficients > 0.75 were seen as a good
test-retest reliability (Roach 2006, Terwee et al. 2007). The difference between the pair of the
production loss values for the same subject was also tested using the Bland and Altman’s test
of repeatability (Bland and Altman 1999).

37

Study 4
The analysis was performed in accordance with Pauly et al. (2008), based on the assumption
of there being a competitive market with perfect substitutability for all types of workers and
different marginal productivity for each team of workers. Capital is held constant across
companies in the production function that combines capital (K) and labour (L) to produce
output Q. Further, it is assumed that if the available labour (L) is greater or equal to the labour
requirement (L’), such that L > L’, then output Q > 0 (Pauly et al. 2008). Thus, if we suppose
that different jobs have different labour requirements, then wages (W) in jobs with L’ = 1 will
be equal to the marginal product value of labour added by that single individual in the job W
(1).

Ordinal probit regression: The analysis was conducted in several steps. Firstly, an ordinal
probit regression was used to predict the effect of job characteristics on team productivity.
The job characteristics TW (teamwork), S (ease of substitution of workers) and TS (time
sensitivity of output) were used as independent variables. The manager’s estimation of the
impact of sickness absence, sickness presenteeism and work environment-related problems
on team productivity was used as the dependent variable in the equation:

π = α + β1,jTW + β2,jS + β3,jTS + ε, j = 1, 2

where α is the intercept, π is the latent variable and ε is the error term. For both the ordinal
dependent and independent variables, there were few responses at the tails on a 1 – 5 Likert
scales. Thus the responses were categorized as follows: responses ‘1’ and ‘2’ were grouped
into ‘1’, response ‘3’ stayed the same, but relabeled as ‘2’ and responses ‘4’ and ‘5’ were
grouped into ‘3’.
Secondly, the coefficients, β, were used to derive the mean predicted latent value π for each
job category in the survey. In the final step, the predicted value of the latent variable is linked
to the assessment of the cost, over and above wages, for sickness absence, sickness
presenteeism and work environment problems (Y) respectively. Here, monetary costs in
excess of the paid wage were transformed into percentages using the median salary data from
Statistics Sweden. The large standard deviation in reported costs for sickness absence,
sickness presenteeism and work environment problems were adjusted by rescaling the latent
variable π. To do this, we firstly set Y equal to X if Y < X where X is the percentage
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reduction in the affected worker’s performance due to sickness absence, sickness
presenteeism or work environment problems compared to another worker without any such
problems. Secondly, the 90th percentile value of the difference (X-Y) was added to Y, which
gives a rescaled Y as the wage multiplier. Thus the multipliers are based on adjusted values
of Y so that the cost to the employer of the lost inputs of the affected worker is at least equal
to their wage for the period in question. The wage multiplier was thus given as, m(W) = 1 + c,
where c represents the additional costs for the employer, over and above the worker’s wage,
(W) for health or work environment-related problems. The wage multiplier m(W) would be
equal to one if the employer does not have any extra costs for health or work environmentrelated problems in the workforce. Extra costs may be incurred if the employer has to deal
with one or a combination of the following situations: a) other team members are not able to
perform their work as expected; b) overtime has to be paid to a colleague to compensate for
the increased workload; and c) delays in sales causing losses. In such cases, the wage
multiplier will exceed one.

5.4

Ethical considerations

All the data used in this thesis were collected from human subjects. This thesis contains a
discussion about certain decisions which were made to protect the rights of study participants.
Before the start of the study, ethics applications were submitted to the regional ethics review
board in Stockholm for approval. Permission, with the following reference numbers, was
granted to perform the studies: Study 1: 2010/108-31/3, Study 2: 201472004-31/4, Study 3:
2014/225-32 and Study 4: 2013/1957-31/5).
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6 RESULTS
6.1

Health-related quality of life among working adults with LBP

A total of 310 individuals were screened using the OMPSQ. Of these, 138 were excluded
because they scored less than 90 points on the OMPSQ. The remaining 172 individuals were
assessed for eligibility. Thirteen were excluded at the enrollment stage for spinal pathology or
because they declined to participate. The 159 individuals who qualified for inclusion were
randomized to one of the three intervention arms, resulting in 52 in the yoga group, 52 in the
exercise group and 55 in the evidence-based advice group. Of the 159 participants who were
allocated to the three groups, 119 (74.8%) responded to the questionnaires on all three
occasions (yoga, n = 46; strength exercise, n= 36; evidence-based advice, n = 37). Women
were 71 % of the participants. The mean age at baseline was 45.7 (SD 10.3). The mean pain
intensity was 55.0 (SD 18.2).

As described in the statistics section, an interaction effect on the outcome HRQL was found
between the number of days participants exercised per week and the intervention arms.
Consequently, the analysis of HRQL took this interaction into consideration. Table 1
presents the analyses performed separately for non-adherers (i.e. exercised < 2 days per
week) and adherers (i.e. exercised ≥ 2 days per week) on self-reported HRQL scores in the
intervention arms. The results of the generalized linear model show that kundalini yoga had
a significant (p = 0.031) higher effect on HRQL than evidence-based advice when
participants trained twice a week or more. There was no significant difference (p = 0.574)
in the effect of yoga on HRQL compared with exercise.

Table 1. Average HRQL scores (SD) for non-adherers and adherers in intervention groups
Period

Yoga
(n = 52)
< 2 times

Strength exercise
(n = 52)
< 2 times
≥ 2times

Evidence-based advice
(n = 55)
< 2 times
≥ 2times

≥ 2times

0.72 (0.20)

0.71 (0.20)

0.76 (0.14)

0.74 (0.17)

0.70 (0.20)

0.73 (0.22)

6 weeks

0.64 (0.31)

0.80 (0.11)

0.81 (0.08)

0.78 (0.16)

0.74 (0.11)

0.70 (0.22)

6 months

0.77 (0.17)

0.77 (0.15)

0.81 (0.08)

0.76 (0.21)

0.72 (0.21)

0.70 (0.28)

12 months

0.73 (0.21)

0.79 (0.14)

0.75 (0.16)

0.79 (0.13)

0.73 (0.15)

0.75 (0.23)

Training
days/week
Baseline

HRQL- Health Related Quality of Life; SD- Standard deviation.
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6.2

Cost-effectiveness of yoga for LBP

The average estimated direct cost of resources used (i.e. cost of initial examination, health
personnel, materials etc.) was EUR 255 in the yoga group, EUR 461 in the strength
exercise group and EUR 106 in the evidence-based advice group. The total direct cost (cost
of initial examination, health personnel, materials etc.) represented the employer cost
calculated according to market prices in the occupational health service. The indirect costs
(i.e. productivity costs due to sickness absence) were on average EUR 1,627 in the yoga
group, EUR 2,941in the exercise group and EUR 3,900 in the evidence-based advice group
(Table 2). The opportunity costs of time for exercises were not included as a cost in the
analysis because exercise sessions took place after work hours.
Table 2. Cost of resource use in intervention groups (EUR)
Yoga
(n = 52)

Cost per intervention
Strength Exercise
Evidence
(n = 52)
-based advice (n = 55)

Cost items
Direct cost
Physician assessment
Physician advice
Yoga trainer
Physiotherapists
Material/equipment
Total direct cost1
Mean direct cost

3,588
9,568
120
13,276
255

3,588
19,061
1,316
23,965
461

3,795
1,898
127
5,819
106

Indirect cost
Productivity cost
Mean productivity cost
Total societal cost2
Mean societal cost

84,591
1,627
97,867
1,882

152,907
2,941
176,872
3,401

214,529
3,900
220,348
4,006

Sickness absence (days) after 1-year follow-up
Training days/week
< 2 times
24 (19)
31 (30)
22 (43)
≥ 2times
9 (15)
18 (50)
52 (108)
1. Total direct cost was employer cost.
2. Mean societal cost was used in economic evaluation from the societal perspective.

The results indicate that yoga costs EUR 150 more per individual than evidence-based
advice from the employer perspective. However, yoga proved to be less costly per
individual (EUR 206) compared with strength exercise (Table 3). From the societal
perspective, yoga cost EUR 1519 and EUR 2124 less per individual compared with strength
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exercise and evidence-based advice respectively. The incremental effect of yoga
demonstrated no significant improvement in HRQL compared with strength exercise or
evidence-based advice.

Table 3. ICER of yoga compared to strength exercise and evidence-based advice on HRQL
Perspectives

Comparison

Incremental
cost

Employer
perspective

Incremental HRQL
(Mean, 95% CI)

ICER
(cost per HRQL)
4,984

Yoga vs.
150
0.036
Evidence(-0.033; 0.11)
based advice
Yoga vs.
-206
0.023
Cost-effective
Strength
(-0.05; 0.073)
exercise
Societal
Yoga vs.
-2,124
0.036
Cost-effective
perspective
Evidence(-0.033; 0.11)
based advice
Yoga vs.
-1,519
0.023
Cost-effective
Strength
(-0.05; 0.073)
exercise
Costs are presented in Euros. HRQL is Health related quality of life; and CI is confidence interval.
ICERs that are indicated cost-effective yielded negative incremental cost per individual.
In the published paper Aboagye et al. 2015, the HRQL was mistakenly labelled QALY. For QALY
calculation see complementary analysis below.

6.2.1 Complementary CEA analysis
Health-related quality of life weights were used in the QALY calculations using the area
under curve approach. An analysis correcting for the entire period over which the
intervention affects the individual’s quality of life was carried out to assess the
improvement in quality-adjusted life expectancy obtained through the intervention.
Generalized estimation equation was used to evaluate differences between intervention
groups, controlling for baseline HRQL values. Missing data were imputed in the follow-up
using the previous values on HRQL carried forward for subjects with baseline values.

For the employer, yoga intervention yields an incremental cost-effectiveness ratio of EUR
2,343 per QALY compared with evidence-based advice. Without imputation, the
incremental effect of yoga demonstrated a significant improvement in QALY compared
with evidence-based advice but no significant difference in QALY compared with strength
exercise. Yoga intervention was less costly for society than strength exercise and evidencebased advice. The incremental effect of yoga compared with strength exercise showed no
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significant difference in QALY with or without imputations. The results suggest that yoga
intervention is likely to be cost-effective for the employer and for society compared with
evidence-based advice.

Table 3.1. ICER of yoga compared with exercise and evidence-based advice on QALYs
Employer
Societal
perspective
perspective
Without imputation
Yoga vs. Evidence-based advice
Incremental cost
150
Incremental QALY
ICER (cost per
QALY)

-2,124

150

-2,124

0.064
(0.002; 0.12)

0.064
(0.002; 0.12)

0.035
(-0.017; 0.088)

0.035
(-0.017; 0.088)

2343

Cost-effective

4285

-

-1,519

-206

-1,519

0.002
(-0.04; 0.043)

0.006
(-0.039; 0.05)

0.006
(-0.039; 0.05)

Yoga vs. Strength exercise
Incremental cost
-206
Incremental QALY

Employer
Societal
perspective
perspective
With imputation

0.002
(-0.04; 0.043)

ICER (cost per
QALY)
Costs are presented in Euros. QALY is quality-adjusted life years; and CI is confidence interval.
ICERs that are indicated cost-effective yielded negative incremental cost per individual.

Using the incremental net benefit (INB) framework assuming a willingness to pay for a
QALY worth EUR 11,500, yoga yielded a positive INB of EUR 1,542 and EUR 2,860
compared with strength exercise and evidence-based advice respectively. A one-way
sensitivity analysis performed by multiplying the mean daily wage for the cost of sickness
absence by the median multiplier 1.28 showed that yoga yielded a positive INB of EUR
1,909 and EUR 3,495 per QALY compared with strength exercise and evidence-based
advice respectively.

6.3

Preferences for exercise among working adults with LBP

A total of 173 individuals were invited to participate in the survey. Six individuals were
excluded for not fulfilling the inclusion criteria and nine declined participation. Another 45
of 158 subjects did not respond to the survey, which gives a response rate of 72 % (113
participants). One participant was excluded from the analysis for not completing the choice
task. As a result, 112 participants were included in the analysis. Each participant provided
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responses to ten completed choices, resulting in 2,240 observations (i.e. 112 participants x
10 choices x 2 options for each choice).

In Study 2, by examining exercise preferences using the multi-criteria approach, it was
shown that, all else being equal, workers’ preferred exercise option was cardiovascular
training, a group exercise with trainer supervision, exercise of high intensity and frequency
of exercise twice per week. Proximity (defined as travel time) was not important for choice
of exercise option (Table 4). At least one of each of the levels of the attributes contributed
significantly to the choice of exercise, with the exception of travel time. Thus proximity
(defined as travel time) was not important for choice of exercise type. The most popular
type of incentive was the opportunity to exercise during working hours, which was
preferred marginally to the wellness allowance incentive. A discount coupon for sporting
goods was the least preferred type of incentive.

Table 4. Relative preference weight and the importance of the attributes for choice (n =112)
Attribute levels
Coefficients
p-value
95% CI
Cardiovascular training
Mindfulness-based training
Strength training

1.10
0.18

<0.001
0.262

0.75 ; 1.46
-0.13 ; 0.49

Set to 0

Individual with supervision
Individual without supervision

0.45
0.92

0.136
0.093

-0.14 ; 1.05
-0.15 ; 1.99

Group with supervision

1.29

<0.001

0.75 ; 1.83

0.525
<0.001

-0.61 ; 1.19
0.75 ; 2.27

<0.001
<0.001

0.42 ; 1.14
1.27 ; 2.06

0.407
0.254

-0.47 ; 1.15
-0.38 ; 1.44

Group without supervision
Low intensity
High intensity
Medium intensity
Once a week (Frequency)
2 times/ week (Frequency)
3 times/ week

Set to 0
0.29
1.51
Set to 0
0.78
1.66
Set to 0

Proximity (10 minutes)
Proximity (20 mintues)

0.34
0.53

Proximity (30 mintues)

Set to 0

None (Incentives)
Wellness subsidies

1.95
2.71

<0.001
<0.001

1.07 ; 2.82
1.74 ; 3.69

Exercise at work

2.78

<0.001

1.87 ; 3.68

Discount coupon for sports goods

Set to 0

Dependent variable: Choice of exercise option A or B; Set to 0 (Zero) = Reference category
(different levels were used as the reference category for easy interpretation of coefficients)
Number of observations = 2240; Log likelihood = -1213.75
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The relative importance of the attributes, demonstrated by the within attribute differences,
showed that some of the differences were greater than others. The relative importance of
‘exercise intensity’ was on average 25 %; ‘type of exercise’ 19 %; ‘frequency’ 18 %;
‘exercise and supervision levels’ 17 %; and ‘incentive’ 17 %. The relative importance of
‘proximity to place of exercise’ was on average 4 %. Thus intensity of the exercise was the
most important attribute, followed by type of exercise, frequency, level of supervision and
incentive, in that order. Proximity (defined as travel time) was the least important attribute.

Individual characteristics also influenced preferences for exercise (Appendix 2). Exercise
preferences varied between age groups with regard to the level of trainer supervision
required, exercise intensity, travel time and financial incentive attributes. Active workers
were more likely to prefer a higher frequency of exercise than their non-active counterparts.
Working adults with LBP who had more than one child were more likely to prefer
exercising close to home than their counterparts with no children. The results revealed no
significant difference in variation in preferences by other participant characteristics such as
sex, educational attainment, income, job demands or bothersome pain.

6.4

Convergent validity of the HRPL and WRPL measures against the HPQ work
performance

The response rate in the first assessment of the 161 invited individuals was 55% (n = 88). The
second assessment was sent out to n = 88 participants. The response rate in the second
assessment was 67 % (n = 59). Of these, 50 % (n = 44) were able to complete the second
assessment within one day after the first assessment and were included in the test-retest
analysis.

In Study 3, the Pearson correlation (r) showed a moderate (r = 0.35) association between
HRPL and the HPQ work performance and a weak association (r = 0.19) between WRPL and
the HPQ work performance using only data from the first assessment of production loss
(Table 5). For the sub-groups with health and/or work environment problems at work, the
strength of association between the HRPL and WRPL and the HPQ work performance was
moderately strong, as expected, with an r = 0.46 for those only reporting health problems and
r = 0.31 for those only reporting work environment problems. All Pearson correlation tests
between the HRPL and WRPL and the HPQ work performance were significant (P < 0.05).
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Table 5. Association between the HRPL and WRPL and the HPQ work performance
Sample (n)

Pearson’s
r

Bootstrapped
(95% CI)

Production loss (total sample)
HRPL

85

0.35***

0.12 ; 0.53

WRPL

87

0.19**

0.01 ; 0.44

Only health-related problems

19

0.46**

0.05 ; 0.78

Only work environment problems

13

0.31**

0.01 ; 0.83

Health- and work environment-related problems

23

0.44**

0.09 ; 0.74

Not experienced any problems

31

0.11**

0.003 ; 0.41

Production loss (Sub-groups)

HRPL: Health-related production loss; WRPL: Work environment-related production loss: and
HPQ: Health and Work Performance Questionnaire
***
≤ 0.01; ** ≤ 0.05

The Bland and Altman’s plot (difference plot) and a test of difference demonstrated that there
was an agreement between the HRPL and WRPL production loss measures and the HPQ
work performance (Figure 4). The test of difference showed a small non-significance
between the HRPL and HPQ work performance of 0.34 (95 % CI: - 0.28 to 0.97), and a
negligible non-significant difference between the WRPL and HPQ work performance of 0.03 (95 % CI: - 0.66 to 0.59). The results therefore suggest that there is convergence validity
in the instruments. The scatter plots show that at higher averages of HRPL and the HPQ work
performance (the same for WRPL and the HPQ work performance), the difference between
the two measurements narrows. In other words, as the means increase, the differences
between the HRPL and WRPL and work performance decrease over the range of
measurement.
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Figure 4. Bland-Altman plots for the HRPL and WRPL and HPQ work performance
measures

HRPL: Health-related production loss; WRPL: Work environment-related production loss: and HPQ:
Health and Work Performance Questionnaire

6.5

Test-retest reliability of HRPL and WRPL measures

The results revealed an ICC of 0.90; (95 % CI: 0.74 to 0.98) for the HRPL measure and
0.91for the WRPL measure (95 % CI: 0.79 to 0.98), which suggest stability in the measures.
The Bland and Altman test of repeatability of the HRPL and WRPL measures showed that
there was no statistically significant difference between the first and second assessment for
the HRPL measure (0.23 (95% CI: -0.04 to 0.52)), and a negligible, not statistically
significant difference for the WRPL measure ( -0.04 (95% CI: -0.50 to 0.41)). These results
support of the reliability of HRPL and WRPL measure.

6.6

The impact on teamwork productivity of health and work environment-related
problems

The final sample included in Study 4 was of 758 managers from the first and second
recruitments with 83 % and 46 % response rates respectively.
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Table 6. Distribution of occupations in sample (n = 758)
Type of occupations

n

%

Engineers

46

6.07

Information technology (IT)

46

6.07

Carpenters, masons, construction workers, roofers

45

5.94

Doctors, registered nurses, pharmacists, dentists

44

5.80

Nurse’s assistants and auxiliary nurses

44

5.80

Teachers (primary/ secondary level)

38

5.01

Insurance brokers, salesmen, purchasers and supply managers

34

4.49

Business administrators (private)

25

3.30

Media, communication, public relations, advertisers

23

3.03

Shop assistants and cashiers

22

2.90

Administrators (public service)

22

2.90

Workers in heavy industry and manufacturing

20

2.64

Analysts and investigators

18

2.37

Transport workers, couriers

18

2.37

Janitors/ real estate maintenance workers

17

2.24

Service and maintenance (machinery) workers

15

1.98

Chefs, maître d'hôtel, waiters

14

1.85

Crop producers, livestock breeders, fishermen

14

1.85

Professors and researchers (tertiary level)

13

1.72

Priests, deacons and pastors

13

1.72

Concrete casters, welders and tinsmiths

12

1.58

Social services workers

12

1.58

Military staff

10

1.32

Child care workers

10

1.32

Other**

65

8.58

Groups, n<10

118

16

Total
** Non-categorisable observations.

758

100

The results indicate that sickness absence, sickness presenteeism and work environment
problems have significant impacts on teamwork productivity when different levels of job
characteristics have been taken into consideration (Table 7). Especially for jobs characterized
by a ‘‘high degree of teamwork’’ or ‘‘difficulty in finding substitutes’’, the likely effects of
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sickness absence, sickness presenteeism and work environment problems on teamwork
productivity, even in the short-term, was high, all else being equal.

The values in Table 7 show the impact of health- and work environment-related problems on
productivity considering job characteristics compared to the reference category (i.e. low time
sensitivity, low degree of teamwork, and easy to substitute worker). The findings for the
impact of health-related problems showed that if, for instance, team productivity is highly
affected by sickness absence, the probability of the effect increases by 8.8 % and 13.9 % if it
is either moderately difficult or very difficult to replace the worker relative to the reference
category ‘’easy to substitute worker’’. If sickness absence mildly affects team productivity,
the probability of the effect decreases by 9 % and 14 % if it is either moderately difficult or
very difficult to replace the worker relative to this baseline job situation. This implies that a
short-term sickness absence generally has little impact on teamwork productivity in this case.
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Table 7. Predicting productivity loss due to sickness absence, sickness presenteeism and work environment problems by job characteristics
(n=758).

0.371

0.389

0.425

Time sensitivity
2 Moderate
-0.179
0.047
0.132
-0.073
0.030
0.043
-0.083
-0.022
0.105
3 High
-0.246
0.042
0.204
-0.090
0.035
0.054
-0.090
-0.026
0.115
Team work
2 Moderate
0.032
-0.001
-0.030
-0.035
0.015
0.020
0.004
0.001
-0.006
3 High
-0.101
-0.022
0.123
-0.152
0.048
0.104
-0.088
-0.053
0.141
Replace worker
2 Moderate
-0.099
0.012
0.088
-0.088
0.034
0.054
-0.061
-0.021
0.082
3 Difficult
-0.145
0.007
0.139
-0.096
0.036
0.060
-0.080
-0.032
0.112
Baseline probability is the reference case, i.e. low time-sensitive output, low degree of teamwork, and easy to replace a worker.
Bold: significance at 5% significance level.
SP = Sickness presenteeism

High effect

Moderate
effect

Low effect

0.186

Work environment problems
High effect

0.179

Moderate
effect

0.450

Low effect

0.311

High effect

0.418

Low effect

0.27

High effect

Baseline probability

Moderate
effect

Low effect

Sickness absence

Moderate
effect

Sickness presenteeism (SP)
SP (acute illness)
SP (chronic illness)

0.12

0.232

0.756

0.003
0.004

0.044
0.054

-0.047
-0.058

-0.010
-0.012

-0.092
-0.123

0.102
0.134

-0.022
-0.027

-0.192
-0.301

0.214
0.327
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6.7

Wage multipliers for sickness absence, sickness presenteeism and work environment
problems

The wage multipliers (i.e. the 90th percentile of (X-Y)) in Table 8) are the cost in excess of
the worker’s wage by occupation. The results indicate that the costs to the employer of a short
episode of sickness absence, sickness presenteeism or work environment problems exceed the
worker’s wage in most occupations. The median wage multiplier identified from this sample
was 1.92 for sickness absence, 1.65 for sickness presenteeism (acute illness), 1.58 sickness
presenteeism (chronic illness) and 1.70 for work environment problems. The result showed
that absenteeism was costliest per employee, followed by work environment problems,
sickness presenteeism due to acute illness and sickness presenteeism due to chronic illness.
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Table 8. Wage multipliers by type of occupation, total observations (n = 758)

Engineers
Information technology (IT)
Carpenters, masons, construction workers, roofers
Doctors, nurses, pharmacists, dentists
Nurse’s assistants and auxiliary nurses
Teachers (primary/ secondary level)
Insurance brokers, salesmen, purchasers & supply managers
Business administrators (private)
Media, communication, public relations, advertisers
Shop assistants and cashiers
Administrators (public)
Workers in heavy industry and manufacturing
Analysts and investigators
Transport workers, couriers
Janitors/ real estate maintenance workers
Service and maintenance (machinery) workers
Chefs, maître d'hôtel, waiters
Crop producers, livestock breeders, fishermen
Professors & researchers (tertiary level)
Priests, deacons & pastors
Concrete casters, welders, & tinsmiths
Social services workers
Military staff
Child care workers
Other**
Groups with n < 10
Mean
Median

n
46
46
45
44
44
38
34
25
23
22
22
20
18
18
17
15
14
14
13
13
12
12
10
10
65
118
758
758

Sickness
absence
1.63
1.46
1.20
1.33
0.99
1.26
1.15
1.36
1.40
1.26
1.04
0.96
1.32
1.80
1.01
1.69
0.88
1.21
1.09
1.29
0.89
1.30
1.90
1.37
1.29
1.28
1.29

Y rescaled Y ≥ X
SP
SP
(acute
(chronic
illness)
illness)
1.44
1.08
1.28
1.17
0.92
0.93
1.15
1.18
1.03
1.07
1.09
1.10
0.82
0.89
1.09
1.00
1.31
1.22
0.99
0.92
0.96
1.05
1.07
1.06
1.23
1.05
1.39
1.12
0.89
0.96
1.22
1.05
1.02
1.18
0.93
0.83
0.93
1.17
1.31
1.14
0.85
0.84
0.98
1.06
1.67
1.35
1.25
1.12
1.17
1.10
1.12
1.09

1.07
1.07

Work
environment
problems
1.44
1.24
1.10
1.20
0.92
1.12
1.04
1.19
0.94
0.95
1.42
1.19
1.21
1.10
1.16
1.44
1.07
1.06
1.09
1.00
0.99
1.14
1.06
0.87
1.26
1.13
1.10

Y rescaled w/90th percentile of (X-Y)
SP
SP
Work
Sickness
(acute
(chronic environment
absence
illness)
illness)
problems
2.44
2.13
1.58
2.11
2.17
1.87
1.68
1.86
1.79
1.50
1.35
1.70
1.98
1.66
1.70
1.79
1.61
1.54
1.59
1.45
1.87
1.64
1.61
1.74
1.90
1.65
1.34
1.64
2.07
1.67
1.47
1.88
2.13
1.83
1.73
1.46
1.89
1.58
1.33
1.51
1.66
1.52
1.51
2.14
1.54
1.55
1.57
1.78
1.98
1.77
1.52
1.77
2.81
2.06
1.60
1.74
1.60
1.43
1.38
1.77
2.54
1.92
1.53
2.17
1.40
1.43
1.66
1.66
1.85
1.54
1.23
1.67
1.67
1.47
1.72
1.65
1.93
1.84
1.59
1.43
1.50
1.39
1.24
1.54
1.98
1.64
1.59
1.64
2.90
2.27
1.84
1.64
2.11
1.76
1.57
1.32
1.92
1.75
1.62
1.88
1.97
1.92

1.70
1.65

1.54
1.58

1.72
1.70

**Non-categorised observations; Y rescaled w/90th percentile of (X-Y) is wage multipliers. Y is costs per day to the company in excess of the worker’s wage due to
sickness absence, sickness presenteeism (acute or chronic) and work environment-related problems. X is percentage reduction in the affected worker’s performance.
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7 DISCUSSION
The considerable impact that LBP can have on working life has given rise to the need for
effective interventions aimed at preventing the recurrence of disabling back pain and
productivity costs. In order to illustrate the benefits of different types of intervention by
comparing their value, it is important to assess LBP interventions from a number of
perspectives. In the first part of this thesis, value assessment frameworks were used to
investigate the cost-effectiveness and preference values for exercise as a secondary
prevention intervention for LBP among working adults. Reduced productivity cost could also
demonstrate the benefits of interventions and affect employer decisions about health
intervention options to invest in. However, productivity costs are often ignored because of the
challenges in obtaining reliable productivity cost estimates. The second part of this thesis
focused on production loss measure validity test and deriving wage multipliers to estimate
employers’ productivity costs associated with sickness absence, sickness presenteeism and
work environment-related problems. The results from studies 1 to 4 could be of importance
for healthcare providers, employers and health policy makers.

7.1

Comparing findings with previous research

7.1.1 Cost-effectiveness of yoga intervention for LBP

Using the CEA framework, our findings indicate that yoga improved the quality of life of
individuals with LBP more than evidence-based advice and to a similar degree to strength
exercise among those who exercised at least twice a week. For the employer, the CEA
showed that yoga improves quality of life and costs less per individual than strength exercise
but more per individual than evidence-based advice. Yoga was also more likely to be costeffective than evidence-based advice for the employer and for society because of the positive
INB in relation to society’s willingness-to-pay for yoga. Sensitivity analysis suggests that
yoga is more cost-effective compared with strength exercise or evidence-based advice. The
variable that influenced the cost-effectiveness of yoga most substantially was the difference
in cost of productivity loss due to sickness absence.

In line with the current evidence, this finding suggests that kundalini yoga, compared with
exercise interventions, is associated with moderate improvements in the quality of life of
individuals with LBP (Wieland et al. 2017, Chou et al. 2017). Our results further support the
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conclusion made by Andronis et al. (2017), that that group exercise in the form of yoga may
be a cost-effective intervention for LBP, although further investigation is warranted.

Compared to previous studies, the incremental cost estimate per QALY gained from the yoga
intervention was considerably lower than for strength exercise and evidence-based advice
(Chuang et al. 2012). This might be attributed to the substantial differences in participant
characteristics and study design (in terms of cost measured, resource type used and valuation
techniques).

7.1.2 Preferences for exercise among working adults with LBP

Our findings show that the most preferred exercise for working adults with LBP was
cardiovascular training of high intensity, performed in a group with trainer supervision once
to twice a week. The most preferred financial incentive was the opportunity to exercise
during working hours. The relative importance values indicate that the intensity of exercise
was the most important attribute, followed by type of exercise, exercise frequency, level of
trainer supervision and incentive. Travel time to the exercise location was subordinate to all
other attributes when choosing a form of exercise. The relative importance values imply that
a change from one level of exercise attribute to another (e.g. from individual with supervision
training to group with supervision training, or from cardiovascular training to mindfulnessbased training) could considerably influence exercise preferences. Individual characteristics
such as age and number of children at home also influenced exercise preferences. Individual
characteristics (sex, educational attainment, income, job demands, physical activity level and
bothersome pain) did not significantly influence preferences for exercise among working
adults with LBP.

Previous research on sedentary adults found that the most preferred physical activity involved
minimal travel time and one weekly activity session which is in part similar to the findings in
this study (Farooqui et al. 2014). Here, however, older working adults with LBP preferred a
longer travel time. This is probably explained by differing levels of time sensitivity between
the older and the younger adults, most of whom had children at home. One important
difference between our study and that of Farooqui et al. (2014) is that travel time was used as
an incentive and not as an attribute. This makes comparison difficult. Using the employer as
paying vehicle for incentives is a novel contribution made by the present study. Previous
studies to test individual preferences or aiming to improve worker participation in exercise,
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have commonly included all types of incentive except ones which involve payment on the
part of the employer (Giles et al. 2014). Previous research that has looked into the role of
incentives in motivating physical exercise, suggests that the use of rewards could encourage
healthy behaviours. The findings of this thesis support this (Finkelstein et al. 2008, Giles et
al. 2014). Our results show that the offer of vouchers for sports goods should not be
recommended as an incentive.

7.1.3 Validity and test-retest reliability of an at-work production loss measure

The association between the HRPL and WRPL against work performance assessed with the
HPQ was moderately strong, which implies that the production loss measures are valid. The
test-retest reliability suggests stability in both measures, which implies that these measures
can be used to obtain reliable production loss estimates.

Previous research has shown that the construct validity and responsiveness of the HRPL
tested against health-related outcomes was moderately strongly correlated with the health
outcomes (Lohela Karlsson et al. 2015). The results of our study strengthen the validity of the
production loss measures.

Previous studies have found that there is substantial variability in methods of measuring
production loss, but the associations between different production loss instruments have been
shown to be moderate, which is consistent with the findings of this thesis (Braakman-Jansen
et al. 2012, Zhang et al. 2010, Beaton et al. 2010).

The Bland-Altman plots suggest that although there might be agreement between the
production loss measures and the HPQ work performance, the agreement gets higher as the
average production loss increases. This lack of agreement over the entire range of the scale
suggests that there may be important conceptual differences between the measures with
regard to work performance or the manner in which productivity loss is defined and
measured. Further research may be necessary, using new methods, to investigate the
definition of reduction in work performance in order to properly determine the comparability
of instruments.
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7.1.4 The cost of productivity loss to the employer

This is one of the few studies to support the assertion that productivity loss is most likely to
be underestimated when valued according to team worker wages. One of the contentious
issues of the CEA framework is how to value productivity costs in economic evaluations. Our
findings are further evidence that productivity loss due to sickness absence, sickness
presenteeism and work environment-related problems exceeds workers’ wages in teamwork
productivity when job characteristics have been taken into account (Krol et al. 2012, Pauly et
al. 2008, Zhang et al. 2017). Short-term sickness absence considerably impacts team
productivity in terms of costs per employee compared with work environment-related
problems and sickness presenteeism (either due to acute or chronic illness). This result
corroborates findings in the literature which suggest that the multiplier approach could be
used to adjust wages to reflect the true cost of productivity loss from sickness absence and
sickness presenteeism (Zhang et al. 2017, Pauly et al. 2008). Our results also highlight the
importance of including sickness presenteeism and the cost of work environment-related
problems in economic evaluations from a company’s perspective. It is worth noting that when
the wage multipliers are compared, the magnitude of the multipliers was high in this thesis
compared to that of previous studies (Pauly et al. 2008). One explanation might be
differences in social insurance systems and work contracts in the study setting which could
influence wage and productivity differentials.

7.2

General strengths and limitations

A number of methodological strengths and limitations may have important implications for
how we interpret the results of this thesis.

Study 1
One of the main strengths of the outcome (Study 1) is that it is a randomized control trial. A
limitation of the cost-effectiveness analysis is the number of participants lost to follow-up,
primarily in the control group, or the number of participants with missing data points. This
could introduce bias and loss of power (Dumville, Torgerson and Hewitt 2006). To
compensate for drop-outs and non-respondents, imputation from baseline values was
performed.

To calculate the sample size for an economic evaluation based on a randomized clinical trial,
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a clinically relevant difference in the primary effect measure also becomes the basis for the
economic evaluation (Briggs 2000, Korthals-de Bos et al. 2004). However, in this thesis,
power calculation was based on work ability and not health-related quality of life. This makes
it difficult to estimate whether the sample size in the economic evaluation may be a concern
since the outcome in the CEA is a ratio.

This thesis uses hypothetical value sets based on the Danish general population to calculate
QALYs. Preference values can be obtained in different ways, either by questioning those
experiencing the health problem or from hypothetical values from individuals who have not
necessarily experienced the health problem (Burstrom et al. 2014). However, the use of
experience-based value sets to calculate QALYs has been recommended (Burstrom et al.
2014, Aronsson et al. 2015). Some studies also argue that generic instruments such as the
EQ-5D questionnaire are not as sensitive to changes in health-related quality of life as
disease-specific instruments (Whynes et al. 2013). This may explain the small effects
detected in the target group in this thesis. Further, as the preferences for health states may
differ from country to country, the Danish value sets may not be relevant for the present study
population.

A strength of the present study is that it had access to written records about the resources used
in the interventions. The indirect costs of health-related productivity in the economic
evaluation from the employer’s perspective may be large because of the approach that was
used to estimate it. The uncertainty around the cost estimates including the ICER is lacking
and this has implications for how we interpret the results of the economic evaluation and for
decisions about how resources should be optimally allocated (Uegaki et al. 2011).

Study 2
The DCE design can provide an immediate understanding of the results in terms of policy
implementation. One of the key strengths of a DCE is the ability to include attributes that
currently exist as well as those that could potentially influence the choice of interest, in this
case, employer incentives for exercise. Of particular concern in the DCE study was the fact
that the sample size was too small to conduct a stratified sub-group analysis. This
notwithstanding, the results were quite stable across the investigated stratified sub-groups.
Although the sample used in the thesis was selected in line with the survey objective and the
inclusion criteria, differences between the study sample and the target population that were
not captured by the background variables may limit the generalizability of the results. The
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‘‘forced-choice’’ question format may be a limitation, but it was chosen to find out how
respondents “trade-off” the different attributes of the options presented (Street and Burgess
2007, Reed Johnson et al. 2013).

In experiments about choice, a validity test can also be conducted to determine whether
respondents choose the correct alternative in a dominated task (i.e. where one choice is
clearly favourable at all the attribute levels). The design technique in this study randomly
allocated the levels to create choice pairs of exercise options in which one option could not
per se be inferior to the other. A rational validity test that included a dominant option could
not be achieved because of the nature of the category attribute levels and scenarios created. In
this thesis, an opt-out option was not included because choosing not to be active would be
against the best evidence.

Study 3
One issue of concern about using a self-report measure of productivity is the tendency of
employees not to report accurately about the impact of their health status on on-the-job
performance (Severens et al. 2000, Johns 2010). The non-existence of objective productivity
data in general adds to a common problem with research into productivity loss. Specifically,
there is no “gold standard” for measuring and valuing sickness presenteeism.

In the validation study, we were not able to collect a sample representing the Swedish
working population or a sample big enough to perform sub-group analysis on factors such as
age and sex.

Our study is one of the few test-retest reliability studies of a production loss questionnaire.
Two other instruments which have been assessed are the WPAI and the VOLP (Zhang et al.
2011, Bushnell et al. 2006). Production loss is a variable outcome which depends on one’s
state of health and changes in the work environment. In previous studies the time between the
first and the second assessment for test-retest reliability has been one and two weeks
respectively. To properly assess the stability of an instrument, it is essential to measure under
similar conditions. Our study therefore used a one-day interval restrictively (excluding those
who responded after 24 hours) to ensure that the responses were all within the same week.
This may have introduced the risk of the respondent remembering the response from the day
before. By re-arranging the questions (in the second assessment) we tried to reduce that risk.
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Study 4
This study looks at the impact of an unexpected, short-term absence (three days) of a worker
in a teamwork production process. Thus, no conclusions can be drawn about the impact of
long-term sickness absence. Apart from the concept and face validity tests after the
questionnaire was translated into Swedish, additional testing has not yet been conducted. In
the study by Pauly et al. (2008), telephone interviews were used to help managers interpret
the questions. This did not take place in our study, thus introducing the risk of concepts being
misinterpreted.

7.3

Implications for health policy/ actions

The results of this study suggest that yoga may be a cost-effective strategy for secondary
prevention among working individuals with LBP, provided that patients comply with the
intervention recommendations of exercising twice a week. From a decision-making
standpoint, the finding indicate that health gains from yoga are marginally beneficial than
those from strength exercise and evidence-based advice from the societal perspective. If one
looks at the positive net health benefits in terms of value for the investment in interventions,
then yoga exercise is clearly the optimal choice.

Despite the evidence about the positive outcomes for health of taking individual preferences
into consideration in interventions (Preference Collaborative Review 2008), there are also
concerns that the many individual preferences could stand in the way of appropriate
treatment. The relative preference information that the DCE provides is possibly easy to
understand and potentially helpful for policy implementation. If we assume that exercise
design and financial incentives influence adherence to exercise, and that adherence in turn
influences health outcomes, it is clearly advisable for these specific exercise attributes to be
taken into consideration by providers/ employers when recommending/ providing exercise for
working adults with LBP. This would enhance individual satisfaction and adherence to LBP
exercise interventions. Above all, to improve participation in physical activity, the incentives
included should be properly examined since their opportunity cost to the individual could
matter as much as other independent exercise attributes.

Our findings suggest that the effect of health-related and work environment-related problems
on co-workers’ productivity (i.e. the multiplier effect) is significant. Our study proposes that
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calculating productivity cost using wage multipliers might give signals for employers about
the extent of their cost and also to promote the inclusion of productivity costs in economic
evaluations of worker health interventions whenever it is appropriate. Furthermore, the
impact of sickness absence, sickness presenteeism and work environment problems on work
performance could pose a significant cost to employers. The economic impact of productivity
changes in paid labour due to sickness absence, sickness presenteeism and work environment
problems implies that reducing the costs of health and work environment-related productivity
loss could yield productivity gains for employers. This, in turn, would incentivize employers
to invest in preventive occupational safety and health measures.

7.4

Suggestions for future research

The present study indicates that yoga intervention has only a small and slightly greater
positive effect on health-related quality of life compared with other interventions. Previous
research has shown that a range of different types of exercise have similar effect. However,
even when we compared exercise interventions with evidence-based advice, only a small
effect was found. This may be due to limitations in the study design, such as small sample
size, insensitive measures of the outcome of interest or the natural course of LBP. Further
studies with larger sample sizes and sensitive outcome measures are called for. Only a few
studies have been conducted into the cost-effectiveness of exercise interventions, including
yoga for LBP. The inconsistent findings about the cost-effectiveness of exercise programmes
may indicate that further research is needed.

Future research should use the multi-criteria approach to examine the incentives for
employers to implement and promote worker health. Since incentives have been found to
encourage individuals to engage in exercise, the affordability of incentive use and their ability
to encourage sustained physical activity among working adults should be examined in model
programmes. Further, in order to improve adherence to exercise among people with LBP,
future research into preferences should use extra questions to ask participants to indicate their
level of certainty about actually doing what they say they will do (stated preference). This
will clarify the extent of the bias caused by, for example, forced choice of exercise options,
and will provide more information about the relevance and influence of certain attributes. It
would also be interesting to include in LBP randomized trials preferred interventions to
evaluate intervention effects.
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The psychometric evaluation of self-reported productivity loss values presents some
challenges. There is a lack of ‘‘gold standard’’ measures that accurately estimate real-life
productivity. There is therefore a need to evaluate productivity loss instruments towards
objective measures (criterion validity studies) to predict productivity loss while at work.

In paid work, sickness absence, sickness presenteeism and work environment problems have
a considerable impact on productivity. There are many challenges involved in measuring and
valuing productivity cost. Some of the major problems are the wide range of different
methodologies for valuing cost (e.g. the HC and FC methods); the wide range of measuring
instruments; and the difficulty of identifying the amount of loss. Decision-makers do not
normally include productivity losses in economic evaluations of interventions because of
concerns about the validity of productivity cost estimates. More work is required to reach a
consensus about how to improve approaches and methodologies in valuing productivity costs.

Productivity costs are often ignored in economic evaluations because of the challenges in
obtaining reliable productivity cost estimates. This is contentious because it makes it difficult
for employers to make investment decisions about interventions to improve worker’s health
based on productivity reductions. The inclusion of productivity costs in economic analyses
significantly demonstrates the relative cost-benefits of interventions, which in turn might lead
to different decisions about resource allocation. The direct cost savings of a workplace
intervention could even disappear as a consequence of indirect costs associated with
increased sickness absence and presenteeism. While it may be that effective interventions
could yield savings in the short-term, their effects on indirect costs are less clear. Thus, a
clear understanding of productivity costs as well as the changes in benefit is needed to make
rational decisions when paying for interventions to improve worker’s health.
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8 CONCLUSION
Based on the findings in this thesis, the following conclusions were reached.
a) Kundalini yoga can be considered a cost-effective early intervention for the prevention of
LBP, but further investigation is warranted.
b) When examining preferences for exercise to prevent LBP, the characteristics that mattered
most were the individuals’ age and exercise attributes such as type of exercise, frequency,
level of supervision and incentives. This implies that providers and employers could improve
participation in exercise for working adults with non-specific LBP by focusing on the
exercise components which are most attractive.
c) The validity test of the HRPL & WRPL suggests that the measures have convergent
validity and good stability. This finding may have implications for improving methods of
assessing production loss as an outcome, which represents an important cost for employers.
d) In a range of occupations, the economic impact of sickness absence, sickness presenteeism
and work environment related problems on team productivity exceeds the cost of wages,
when job characteristics have been taken into account. This implies that reducing the cost of
health and work environment related productivity loss would yield productivity gains for
employers. The proposed wage multipliers can be used to calculate the cost of health and
work environment-related productivity loss, which represents an important cost for
employers.
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APPENDIX 1: COSTS OF RESOURCE USE AND PRODUCTIVITY LOSS (STUDY 1)
Items

Unit cost\ charges (SEK)

Sources

Allocation

Yoga intervention

1600

Based on the trial

Cost per individual

Strength exercise intervention

600

Based on the trial

Participation fee

Specialist

1050

Reference cost (County Council 2012)

30 min per visit

Physician assessment

1575

Reference cost (County Council 2012)

15 min visit

Physiotherapist

520

Reference cost (County Council 2012)

per hour visit

Physiotherapy re-visit

320

Reference cost (County Council 2012)

3.25 hour visit

Physician assessment

200

Reference cost (Vårdguiden 2013)

15 min visit

Fee-for-service (specialist)

350

Reference cost (Vårdguiden 2013)

30 min per visit

Fee-for-service (physiotherapist)

100

Reference cost (Vårdguiden 2013)

per visit

Physiotherapy re-visit

100

Reference cost (Vårdguiden 2013)

3.25 hour visit

Direct healthcare cost

Primary care (Patientavgifter)

Occupational health service
Physician assessment

600

30 min per visit

Physiotherapist

750

4.25 hour consultation

Evidence-based advice (Physician)

300

50% physician cost at OHS

15 min visit

Back book

20

Based on the trial

per unit price

Exercise ball

200

Based on the trial

per unit price

Days off work

1143/ day

Material cost/ productivity lost

Statistics Sweden 2012/2013

median monthly wage
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APPENDIX 2: CHOICE TASK & SUB-GROUP ANALYSIS (STUDY 2)
Frågor om val av träningsform
Ryggsbesvär är ett mycket vanligt problem för många människor. Träning har vetenskapligt
visat sig vara effektivt för att förebygga återkommande ryggsbesvär, därför är det viktigt att
ta reda på vilken typ av träning som människor föredrar.
Nedan ser du en uppställning över vilka träningsprogram som används i enkäten. Läs noga
igenom tabellen innan du besvarar frågorna på nästa sida. Du kommer därefter att få ett
antal olika träningsbeskrivningar där du skall välja vilket alternativ som passar dig. Du kan
gå tillbaka och titta på dessa förklaringar av träningsprogram när du vill.

Träningsprogrammen beskrivs genom följande egenskaper
Egenskaper
Vad som ingår i egenskaperna
Typ av träning
Styrketräning
Konditionsträning
Mindfulness-baserad träning

Beskrivning av egenskaper
Den form av träning som ska genomföras.
Exempel på typ av träning; löpning, styrka,
yoga, dans och liknande.

Träningsutformning

Individuellt med instruktör
Individuellt utan instruktör
Grupp med ledare
Grupp utan ledare

Beslut att träna ensam eller i grupp, samt en
träning som är handledd eller inte.

Intensitet

Låg
Medel
Hög

Graden av ansträngning som krävs för att
utföra träningen eller den fysiska
aktiviteten.

Frekvens

En gång i veckan
Två gånger i veckan
Tre gånger i veckan

Hur många gånger träningen kan utföras
per vecka.

Närheten till
träningsplats

10 minuter
20 minuter
30 minuter

Närhet till platsen (t ex. gym, simhall,
lokaler) där du kan utföra träningen
regelbundet.

Incitament till träning

Ingen ersättning
Rabattkupong till sportaffär
Friskvårdsbidrag
Träning på arbetstid (1h per vecka)

Beskriver vilken ersättning du skulle
föredra från arbetsgivare som
uppmuntran/stöd till din träning.
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Nedan följer tio olika alternativ av träningsprogram. Läs noga igenom dessa och svara
sedan på de efterföljande frågorna. För varje val kryssar du endast det alternativ du
föredrar, antingen alternativ A eller alternativ B.
Kombinationerna av egenskaper i valen nedanför kan tyckas ovanliga och kan vara svåra att
svara på, men välj ändå ett alternativ för varje fråga, A eller B. Det finns inget rätt eller fel
svar, utan det är dina personliga åsikter som är viktiga.
Val 1
Alternativ A

Alternativ B

Typ av träning

Styrketräning

Styrketräning

Träningsutformning

Individuellt utan instruktör

Individuellt utan instruktör

Intensitet

Medel

Medel

Frekvens

Två gånger i veckan

En gång i veckan

Närheten till träningsplats

10 minuter

10 minuter

Incitament till träning

Träning på arbetstid

Träning på arbetstid

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)

Val 2
Alternativ A

Alternativ B

Typ av träning

Mindfulness-baserad träning

Styrketräning

Träningsutformning

Grupp utan ledare

Individuellt med instruktör

Intensitet

Låg

Hög

Frekvens

En gång i veckan

Två gånger i veckan

Närheten till träningsplats

10 minuter

30 minuter

Incitament till träning

Träning på arbetstid

Friskvårdsbidrag

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)
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Val 3
Alternativ A

Alternativ B

Typ av träning

Konditionsträning

Styrketräning

Träningsutformning

Grupp utan ledare

Individuellt utan instruktör

Intensitet

Låg

Medel

Frekvens

En gång i veckan

Två gånger i veckan

Närheten till träningsplats

10 minuter

20 minuter

Incitament till träning

Ingen ersättning

Friskvårdsbidrag

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)

Val 4
Alternativ A

Alternativ B

Typ av träning

Mindfulness-baserad träning

Konditionsträning

Träningsutformning

Grupp med ledare

Individuellt utan instruktör

Intensitet

Medel

Hög

Frekvens

Två gånger i veckan

Två gånger i veckan

Närheten till träningsplats

30 minuter

20 minuter

Incitament till träning

Ingen ersättning

Rabattkupong till sportaffär

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)
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Val 5
Alternativ A

Alternativ B

Typ av träning

Konditionsträning

Styrketräning

Träningsutformning

Individuellt utan instruktör

Grupp med ledare

Intensitet

Medel

Låg

Frekvens

En gång i veckan

Tre gånger i veckan

Närheten till träningsplats

20 minuter

20 minuter

Incitament till träning

Träning på arbetstid

Friskvårdsbidrag

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)

Val 6
Alternativ A

Alternativ B

Typ av träning

Mindfulness-baserad träning

Mindfulness-baserad träning

Träningsutformning

Individuellt utan instruktör

Grupp med ledare

Intensitet

Hög

Låg

Frekvens

Två gånger i veckan

En gång i veckan

Närheten till träningsplats

10 minuter

20 minuter

Incitament till träning

Rabattkupong till sportaffär

Friskvårdsbidrag

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)
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Val 7
Alternativ A

Alternativ B

Typ av träning

Styrketräning

Konditionsträning

Träningsutformning

Grupp med ledare

Grupp med ledare

Intensitet

Låg

Hög

Frekvens

En gång i veckan

En gång i veckan

Närheten till träningsplats

20 minuter

30 minuter

Incitament till träning

Friskvårdsbidrag

Rabattkupong till sportaffär

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)

Val 8
Alternativ A

Alternativ B

Typ av träning

Mindfulness-baserad träning

Konditionsträning

Träningsutformning

Individuellt med instruktör

Individuellt utan instruktör

Intensitet

Låg

Medel

Frekvens

Tre gånger i veckan

En gång i veckan

Närheten till träningsplats

20 minuter

10 minuter

Incitament till träning

Friskvårdsbidrag

Träning på arbetstid

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)
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Val 9
Alternativ A

Alternativ B

Typ av träning

Mindfulness-baserad träning

Styrketräning

Träningsutformning

Grupp utan ledare

Individuellt med instruktör

Intensitet

Hög

Hög

Frekvens

En gång i veckan

Två gånger i veckan

Närheten till träningsplats

10 minuter

30 minuter

Incitament till träning

Ingen ersättning

Ingen ersättning

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)

Val 10
Alternativ A

Alternativ B

Typ av träning

Konditionsträning

Konditionsträning

Träningsutformning

Individuellt med instruktör

Grupp med ledare

Intensitet

Låg

Hög

Frekvens

Två gånger i veckan

Tre gånger i veckan

Närheten till träningsplats

10 minuter

30 minuter

Incitament till träning

Friskvårdsbidrag

Rabattkupong till sportaffär

Vilket träningsprogram skulle du
föredra?

[ ]

[ ]

(Kryssa endast i en ruta)
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Avslutande frågor
28. I frågorna ovan fick du välja mellan olika träningsalternativ. Finns det några andra faktorer eller
egenskaper, förutom de som du fått ta ställning till, som du anser vara viktiga för att välja att träna?
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………
29. Om du har några ytterligare kommentarer till svarsalternativen eller enkäten så kan du gärna
skriva dem här.
…………………………………………………………………………………………………………
…………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
…………………………………………………………………………………………………………
………………………………
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Sub-group analysis: Exercise preferences influenced by individual characteristics, age group
Attribute levels
Coefficient
Coefficient
Difference
[Age ≤ 44]
[Age > 44]
[Coefficients]
n = 58
n = 54
Cardiovascular training
1.49
0.79
0.71
Mindfulness-based training
0.19
0.16
0.032
Strength training
Set to 0
Set to 0
Individual with supervision
-0.08
0.88
-0.96
Individual without supervision
2.79
-0.82
3.62
Group with supervision
1.59
1.09
0.50
Group without supervision
Set to 0
Set to 0
Low intensity
1.87
-1.13
3.00
High intensity
2.89
0.32
2.58
Medium intensity
Set to 0
Set to 0
Once a week (Frequency)
0.67
.97
-0.30
2 times/ week (Frequency)
1.62
1.86
-0.24
3 times/ week
Set to 0
Set to 0
Proximity (10 minutes)
-0.92
1.57
-2.49
Proximity (20 mintues)
-0.99
1.96
-2.95
Proximity (30 mintues)
Set to 0
Set to 0
None (Incentives)
3.17
0.95
2.22
Wellness subsidies
4.05
1.67
2.38
Exercise at work
4.08
1.75
2.33
Discount coupon for sports goods
Set to 0
Set to 0
-

p-value

95% CI

0.055
0.922

-0.02 ; 1.44
-0.61 ; 0.67

0.126
<0.001
0.364

-2.19 ; 0.27
1.42 ; 5.81
-0.59 ; 1.59

<0.001
<0.001

1.16 ; 4.84
1.02 ; 4.15

0.412
0.559

-1.03 ; 0.42
-1.05 ; 0.57

0.003
<0.001

-4.14 ; 0.83
-4.81 ; 1.09

0.015
0.020
0.014

0.43 ; 4.02
0.37 ; 4.39
0.47 ; 4.19

Number of observation (Age ≤ 44) = 1160; Number of observation (Age > 44) = 1080; Set to 0 (Zero) = Reference category
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Sub-group analysis: Exercise preferences influenced by individual characteristics, physical activity level
Attribute levels

Coefficient
Coefficient
Difference
p-value
[95% Conf. Interval]
[Inactive]
[Active]
[Coefficients]
n = 37
n = 74
Cardiovascular training
1.03
1.13
-0.09
0.815
-0.87; 0.68
Mindfulness-based training
0.09
0.19
-0.11
0.745
-0.80; 0.57
Strength training
Set to 0
Set to 0
Individual with supervision
1.38
0.12
1.25
0.062
-0.06; 2.57
Individual without supervision
0.67
0.91
-0.24
0.845
-2.60; 2.13
Group with supervision
1.68
1.15
0.53
0.372
-0.63; 1.68
Group without supervision
Set to 0
Set to 0
Low intensity
0.28
0.23
0.05
0.958
-1.93; 2.03
High intensity
1.11
1.66
-0.55
0.512
-2.20; 1.09
Medium intensity
Set to 0
Set to 0
Once a week (Frequency)
1.54
0.51
1.03
0.20; 1.86
0.015
2 times/ week (Frequency)
2.54
1.39
1.15
0.25; 2.06
0.012
3 times/ week
Set to 0
Set to 0
Proximity (10 minutes)
0.97
0.26
0.71
0.441
-1.10; 2.53
Proximity (20 mintues)
1.45
0.32
1.13
0.269
-0.87; 3.13
Proximity (30 mintues)
Set to 0
Set to 0
None (Incentives)
1.79
1.97
-0.18
0.853
-2.09; 1.73
Wellness subsidies
2.15
2.90
-0.75
0.484
-2.86; 1.35
Exercise at work
2.73
2.76
-0.03
0.973
-1.99; 1.92
Discount coupon for sports goods
Set to 0
Set to 0
Number of observations (inactive) = 740; Number of observations (active) = 1480; Set to 0 (Zero) = Reference category
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Sub-group analysis: Exercise preferences influenced by individual characteristics, number of children at home
Attribute levels

Cardiovascular training
Mindfulness-based training
Strength training
Individual with supervision
Individual without supervision
Group with supervision
Group without supervision
Low intensity
High intensity
Medium intensity
Once a week (Frequency)
2 times/ week (Frequency)
3 times/ week
Proximity (10 minutes)
Proximity (20 mintues)
Proximity (30 mintues)
None (Incentives)
Wellness subsidies
Exercise at work
Discount coupon for sports goods

Coefficient
[Children = 0]
n = 48
0.84
0.12
Set to 0
0.73
-0.73
1.19
Set to 0
-1.12
0.59
Set to 0
0.88
1.94
Set to 0
1.36
1.84
Set to 0
1.05
2.13
2.14
Set to 0

Coefficient
[Children ≥ 1]
n = 58
1.49
0.27
Set to 0
0.03
2.37
1.49
Set to 0
1.37
2.56
Set to 0
0.76
1.58
Set to 0
-0.46
-0.55
Set to 0
2.97
3.74
3.73
Set to 0

Difference
[Coefficients]

p-value

[95% Conf. Interval]

-0.65
-0.15

0.091
0.658

-1.40; 0.10
-0.81; 0.51

0.70
-3.10
-0.31

0.279
0.007
0.599

-0.57; 1.97
-5.37; -0.84
-1.44; 0.83

-2.49
-1.97

0.009
0.016

-4.39; -0.59
-3.58; -0.36

0.12
0.36

0.755
0.393

-0.63; 0.87
-0.47; 1.19

1.83
2.39

0.035
0.014

0.13; 3.53
0.48; 4.31

-1.91
-1.61
-1.59

0.042
0.126
0.103

-3.76; -0.07
-3.68; 0.45
-3.51; 0.32

Number of observations = 960 for those with no child; Number of obs = 1160 for those with more than one child; Set to 0 (Zero) = Reference category
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APPENDIX 3: Enkät för att undersöka hur ohälsa och arbetsmiljöproblem
påverkar anställdas prestation (STUDY 3)
Sida 1.
Bakgrundsfrågor samt frågor om dina arbetstider:
1. Kön
Man
Kvinna
2. Ålder:____
3. Arbetar vanligtvis?
Dag (mellan kl 06-18)
Kväll (mellan kl 18-22)
Natt (mellan kl 22-06)
Skift
Efter turlista (tjänstgöringsschema)
Annan arbetstid
4. Hur många timmar arbetar du i genomsnitt per vecka? (räkna ej in övertid)
Ange i hela timmar (tim/vecka):_______

Sida 2.
Frågor om sjukfrånvaro och prestation
5. Hur många arbetsdagar under de senaste sju dagarna har du sammanlagt varit borta från
arbetet på grund av sjukskrivning (sjukanmälan)?
Ange i antal hela arbetsdagar:_____
(Exempelvis om du arbetar 50 % och varit sjukskriven 2 dagar så blir det omräknat 1 hel
arbetsdag).
6. På en skala från 0 till 10, där 0 är den sämsta möjliga arbetsprestation hos någon med din
typ av jobb och 10 motsvarar prestationen hos en högpresterande individ, hur skulle du skatta
den sedvanliga prestationen hos majoriteten av de som arbetar i liknande jobb som ditt?
0
Sämsta
möjliga
prestation

1

2

3

4

5

6

7

8

9

10
Bästa
möjliga
prestation
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7. Om du använder samma 0 till 10 skala, hur skulle du skatta din prestation överlag under de
dagar du arbetade de senaste sju dagarna?
0
Sämsta
möjliga
prestation

1

2

3

4

5

6

7

8

9

10
Bästa
möjliga
prestation

Sida 3.
Frågor om hur ohälsa och arbetsmiljöproblem påverkar din prestation
8. Har du under de senaste sju dagarna upplevt hälsoproblem men ändå valt att gå till arbetet?
Med hälsoproblem avses alla eventuella fysiska eller känslomässiga problem eller symptom.
Ja
Nej
9. Under de senaste sju dagarna, i vilken utsträckning påverkade dina hälsoproblem din
prestation medan du arbetade?
0
Hälsoproblemen
hade ingen
påverkan på mitt
arbete

1

2

3

4

5

6

7

8

9

10
Hälsoproblemen
hindrade mig
fullständigt från
att arbeta

10. Har du under de senaste sju dagarna upplevt problem i din arbetsmiljö? Med
arbetsmiljöproblem avses alla eventuella fysiska, psykologiska eller sociala problem som kan
uppstå i arbetsmiljön.
Ja
Nej
11. Under de senaste sju dagarna, i vilken utsträckning påverkade arbetsmiljörelaterade
problem din prestation medan du arbetade?
0
1
Arbetsmiljöproblemen
hade ingen påverkan
på mitt arbete

2

3

4

5

6

7

8

9

10
Arbetsmiljöproblemen
hindrade mig
fullständigt från att
arbeta
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APPENDIX 4: QUESTIONS ON COST OF PRODUCTIVITY LOSS FOR
MANAGERS (STUDY 4)
Q1. Characteristics of the jobs
(1) Ease of substitution for absence: ‘If a worker is absent for the entire day because of
illness, how easy is it to find a co-worker or outside temp worker to pick up the most
important responsibilities of the sick worker?’ Please use a scale 1-5 where ‘1’ represents
‘very easy to replace worker with similar quality’ and ‘5’ is ‘impossible to replace worker
with similar quality’.
(2) Ease of substitution for presenteeism: ‘How easy is it for a co-worker or an outside temp
worker to pick up the most important responsibilities of the worker who is at work but sick?’
Please use a scale 1-5 where ‘1’ is ‘very easy to replace worker with similar quality’ and ‘5’
is ‘impossible to replace worker with similar quality’
(3) Ease of substitution for work environment problems: ‘If instead a worker were to
experience a work environment problem for the entire day, how easy is it for a co-worker or
outside temp worker to pick up the most important responsibilities of the sick worker?’
Please use a scale 1-5 where ‘1’ represents ‘very easy to replace worker with similar quality’
and ‘5’ is ‘impossible to replace worker with similar quality’.
(4) Time sensitivity: ‘How time sensitive is this worker’s output?’ Please use a scale 1-5
where ‘1’ refers to work that can be ‘easily postponed’ and ‘5’ refers to situations where the
work ‘cannot be postponed without severe consequences’.
(5) Teamwork: ‘How important is this worker to the function of his/her team?’ Please use a
scale 1-5 where ‘1’ means ‘the team can work independently of each other and function as
usual when a worker is absent, is present but sick or is experiencing work environment
problems’ and ‘5’ refers to situations where ‘the team cannot function when the worker is
absent, is present for work but sick or is experiencing work environment problems’.
Q2. Managers’ estimates of the impact of an episode of presenteeism or a workenvironment problem on the affected worker’s input
(6) ‘Compared to a worker who is perfectly healthy, what, on average, would be the reduction
in the affected worker’s daily work performance if he/she were to have a temporary acute [or
chronic] condition or experience a work environment problem?’ Please use a scale of 0 to 10,
where ‘0’ indicates that the worker’s ‘performance would be completely reduced’ while a
‘10’ indicates that the worker would ‘not be affected at all’.
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Q3. Managers’ estimates of the impact of an absence, episode of presenteeism or work
environment problem on output
(7) Impact of a 3-day absence: ‘Consider a situation in which a [type of worker] becomes
unexpectedly ill and misses 3 days of work. What impact would this 3-day absence have on
the output or work of the absent worker’s team [or the other people the manager supervises if
the absent worker does not work in a team]?’ Please use a scale of 1 to 5, where ‘1’ is ‘no
effect at all’ and ‘5’ is ‘total shutdown’.
(8) Impact of an episode of presenteeism (separate questions for acute and chronic health
conditions): ‘What impact would the presence of this sick worker have on the output or work
of the sick worker’s team [or the other people the manager supervises if the worker does not
work in a team]?’ Please use a scale of 1 to 5, where ‘1’ is ‘no effect at all’ and ‘5’ is ‘total
shutdown’.
(9) Impact of a work environment problem: ‘Consider a situation in which a [type of worker]
unexpectedly experiences a work environment problem. What impact would the existence of
this work environment problem have on the output or work of the sick worker’s team [or the
other people the manager supervises if the worker does not work in a team]?’ Please use a
scale of 1 to 5, where ‘1’ is ‘no effect at all’ and ‘5’ is ‘total shutdown’.

Q4. Scaling questions
(10) Absences: ‘Overall, how much do you think an absence by this worker costs the
company, in terms of additional costs the company incurs or sales lost due to the absence? Do
not include any payments made to the absent worker. Earlier you said that these workers are
paid about SEK___ per day. Please try to estimate, as best you can, how much an absence of
this type of worker costs the company in terms of their daily wage.’ [The answer can be given
as a percentage of the worker’s daily wage or a specific amount.]
(11) Presenteeism (separate questions for acute and chronic health conditions): ‘Earlier you
said that these workers are paid about SEK___ per day. Overall, how much do you think it
costs the company in terms of additional costs the company incurs or sales lost due to a
temporary acute condition [or a chronic condition] for one day, compared to when the person
is not sick? Costs include the value of the lost productivity, covering for the affected worker,
any negative impact the illness has on the productivity of other workers you supervise, any
sales lost due to reduced productivity, and any expenses to accommodate the worker’s
condition.’ [The answer can be given as a percentage of the worker’s daily wage or a specific
amount.]
(12) Work environment problem: ‘Earlier you said that these workers are paid about SEK___
per day. Overall, how much do you think it costs the company in terms of additional costs the
company incurs or sales lost due to work environment problems for one day, compared to
when the person is not facing such problems? Costs include the value of the lost productivity,
covering for the affected worker, any negative impact the problem may have on the
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productivity of other workers you supervise, any sales lost due to reduced productivity, and
any expenses to accommodate the worker’s condition.’ [The answer can be given as a
percentage of the worker’s daily wage or a specific amount.]
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