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Abstract

different groups of exercisers.

and utility in use for work.

frequency and duration of regular exercise.

Background: The cost of time spent on exercise is an important factor in societal-perspective health economic
analyses of interventions aimed at promoting physical activity. However, there are no existing measuring methods for
estimating time costs. The aim of this article is to describe a way to measure the costs of time spent on physical activity.
We propose a model for measuring these time costs, and present the results of a pilot study applying this model to

Methods: We began this investigation by developing a model for measuring the time spent on exercise, based on the
most important theoretical frameworks for valuing time. In the model, the value of utility in anticipation (expected
health benefits) of performing exercise is expressed in terms of health-related quality of life. With this approach, the
cost of the time spent on exercise is defined as the value of utility in use of leisure activity forgone minus the value of
utility in use of exercise. Utility in use for exercise is valued in comparison with utility in use for leisure activity forgone

To put the model into practice, we developed a questionnaire with the aim of investigating the valuations made by
exercisers, and applied this questionnaire among more experienced and less experienced exercisers.

Results: Less experienced exercisers valued the time spent on exercise as being equal to 26% of net wages, while more
experienced exercisers valued this time at 7% of net wages (p < 0.001). The higher time costs seen among the less
experienced exercisers correlated to a less positive experience of exercise and a more positive experience of the lost
leisure activity. There was a significant inverse correlation between the costs of time spent on exercise, and the

Conclusion: The time spent on exercise is an important factor in interventions aimed at promoting physical activity,
and should be taken into consideration in cost-effectiveness analyses. The proposed model for measuring the costs of
the time spent on exercise seems to be a better method than the previously-used assumptions of time costs.

Background

Physical activity prevents a number of diseases [1,2], and
has an impact on health-related quality of life [3]. The
society have a number of inputs with aim to promote
physical; for example, physical education in schools is one
way to create a healthy and physically active way of life.
Furthermore, campaigns with the aim of promoting phys-
ical activity are common in society, and physical activity
is often used in health care as both treatment and preven-
tion.
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Cost-effectiveness evaluations can be performed from
different perspectives, but in general a societal perspec-
tive is recommended [4-6]. From this perspective, the
time spent on exercise is usually one of the greatest
inputs in any intervention to promote physical activity.
Guidelines for cost-effectiveness analysis seldom discuss
the costs of patients' leisure time, though they often
include the time spent on informal care and volunteer
time, which both have a number of similarities with
patients' leisure time. Different sets of guidelines do not
always agree on whether informal care should be
included in analyses, but volunteer time should always be
identified and included unless deemed to be minimal [4].
Hence, time costs of exercise should be considered, or at
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least discussed, in economic evaluations of interventions
aimed at promoting physical activity. A review of articles
concerning the cost-effectiveness of physical activity pro-
motion in health care identified 26 articles. Six of these
articles included the costs of exercise time; however, all
six simply made assumptions about the time costs, rather
than soliciting valuations from the participants [7]. Hatz-
iandreu [8] was a trend-setter in this field, using the
assumption that exercise time should be valued at full
wages for those who dislike exercise, at half wages for
those who are neutral, and at no cost for those who like
exercise.
The aim of this article is to describe a way of valuing the

time spent on physical activity. This aim is achieved by

- proposing a model for measuring the costs of the

time spent on exercise, and

- testing the model in different groups of exercisers.

Methods

Theoretical framework

Theoretical frameworks for valuing time have mostly
been developed for estimating the costs of travel time, but
should also be helpful for valuing exercise time.

Time is usually regarded as an economic resource
which is possessed by all individuals in the same fixed
quantity. Individuals may allocate their time to different
activities in different quantities in such a way that each
time allocation will have its own consequences for the
individual's budget and utility level. Individuals are
assumed to choose in such a way that their personal util-
ity will be maximized. Unlike other utility, such as money;,
time-dependent utility cannot be stored, and as such can
only be transferred between those activities which may be
interchanged at a particular moment.

Becker was an early pioneer of theories of valuing time.
He formulated a model based on incorporation of non-
working time where utility depends on the consumption
of basic commodities, which requires both market goods
and time [9]. These commodities are then combined in a
way which maximizes utility. The theory implies that a
reallocation of time implies a simultaneous reallocation
of goods and commodities (like household work); thus
these three decisions are all connected. Becker also
pointed out that time can be converted into goods by
using less time for consumption and more for work.

These theories were further developed by De Serpa in
the seventies [10]. De Serpa considered time to be a
resource, and hence a commodity. He also included
working time in his model, as well as budget and time
constraints. In his theory, the value of time as a resource
corresponds to the marginal rate of substitution between
time and income, and this rate indicates the monetary
value of having an additional unit of time (i.e. saving an
unit of time). According to De Serpa, in activities, such as
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leisure activities, where constraint does not come into
play (when an individual devotes more time than the
minimum required for the consumption of a good), the
dual variable will be zero and therefore the value of time
saving in the consumption of the activity will also be zero.
This indicates that the utility derived from the time used
in the consumption of this good is equal to the value of
time as a resource.

Several improvements in valuing time have been made
since the work done by De Serpa; in terms of valuing
exercise time, the work of Jara-Diaz is probably the most
important. He emphasized that the basic source of utility
is the time spent on different activities [11]. In this model,
it is assumed that goods are not only needed to perform
the different activities, but are also the main source of
expenses. The time assigned to each activity is related to
that assigned to other activities in two ways: through
direct dependence among time spent on different activi-
ties (i.e. the amount of time spent on an activity influ-
ences the amount of time spent on any other activity),
and through the shared use of goods. Hence, time is the
main utility source, and goods must be considered not
only as an end, but also as means to an end.

It is obvious that there is good theoretical support for
the assumption that the value of time is equal to the value
of the utility that an individual receives from an activity,
and that the difference in value between two activities can
be regarded as the difference in individual utility [5].

Utility can be divided into two parts; utility during the
performance of the activity (utility in use, or process util-
ity) and utility after the activity is performed (utility in
anticipation, or outcome utility) [12]. This is an impor-
tant distinction when it comes to time spent on exercise,
which is mostly motivated by both enjoyment (utility in
use) and better health (utility in anticipation).

In economic evaluations (cost-utility analysis), utility in
anticipation of exercise should be expressed in terms
such as quality-adjusted life years (QALY), as should the
possible losses of utility in anticipation for the activity
forgone in favor of exercise [13]. However, utility in use
cannot be captured using QALY measures, because
QALY are not particularly sensitive to enjoyment), and
the only possible solution is to monetarize it [13].

When using these theories for measuring the costs of
exercise time, the opportunity cost of exercise time and
the utility of the activity are important. Both opportunity
costs (the activity forgone when exercising) and the value
of exercise should be divided into utility in use and utility
in anticipation. The costs and benefits for an individual of
the time spent on exercise can be expressed as shown in
Figure 1.

In an economic evaluation of exercise, with health gains
expressed in QALY, the monetarized cost of time is only a
matter of utility in use. The following can be stated:
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Costs

Benefits

Utility in anticipation of activity
forgone, expressed in QALY

Utility in use of activity forgone,
expressed in monetary terms

Figure 1 Costs and benefits of time spent on exercise.

Utility in anticipation of exercise,
expressed in QALY

Utility in use of exercise, expressed
in monetary terms

The monetarized cost of time spent on exercise is the value of
utility in use of leisure activity forgone minus the value of
utility in use of exercise

The value of the leisure activity forgone is the opportu-
nity cost of time, and the wages received for work are
central to this valuation. In the context of opportunity
costs, marginal value is key to this line of thinking. The
marginal value of work is assumed to decrease; in princi-
ple, the first hour's work of the day is the most valuable,
and may be necessary for survival, while the last hour of
working is least valuable and may only increase the possi-
bility of extended consumption. Similarly, the marginal
value of lost leisure time can be assumed to increase with
working time, since if an individual sleeps for about 8
hours then the constraint is about 16 hours to share
between work and leisure. The first hour of lost leisure
time in a day may not cost an individual much; perhaps
only the lost value of extended television-watching. How-
ever, the loss of the last hour is more significant; this hour
will be very valuable, being potentially needed for activi-
ties such as eating or taking care of one's family. Figure 2
illustrates this pattern of decreasing marginal value of
work and increasing marginal costs of lost leisure time
when working time is expended.

The individual is assumed to work up to the point at
which the marginal value of work is equal to the marginal
cost of lost leisure time [14] (see the arrow in Figure 2). In
general, activities lost due to increased exercise are
assumed to be the least valuable leisure activities, and
hence their value is equal to the marginal value of work
and so can be represented by net wages [14].

Work is not only a matter of wages and utility in antici-
pation. In fact, many people enjoy their work, and so
work also has value of utility in use. The wages received
in return for work can be assumed to represent the differ-
ence between utility in use of lost leisure activity and util-
ity in use of work.

Measurement method

Our method of measuring costs for time spent on exer-
cise is thus based on the assumption that work (on the
margin) represents a loss of utility in use compared to
utility of use of the least valued leisure hour, and that this
difference is compensated by net wage. The method
requires two simplifying assumptions; that work does not
include any utility in anticipation, and that the leisure
activity forgone by taking exercise contains only utility in
use.

These two anchoring points -- utility in use of work at
the margin, and utility in use of the leisure activity for-
gone in favor of exercise -- can be used as a yardstick for
the measurement of the value of utility in use of exercise.
The gap between these two points is equivalent to net
wage.

'Utility in use' is a technical term, which will not be cor-
rectly understood by people in general. Thus, one crucial
issue was to find an easily understood term to cover util-
ity in use, and only utility in use. Two notions were con-
sidered. 'Enjoyment' may cover many aspects of utility in
use, but it does not include aspects such as pain reduc-
tion and well-being. 'Positive experience of time' may
cover enjoyment, but also includes other aspects of utility
in use. One important criterion was that the chosen term
must not contain any utility in anticipation. Positive expe-
rience of time was decided to best represent utility in use,
and was assumed to not contain any utility in anticipa-
tion.

The respondents were asked to evaluate and mark their
experiences of paid work, lost leisure activity, and exer-
cise on a graphical rating scale. See Figure 3. It was
stressed that the lost leisure activity had to be the least
valuable enjoyment activity, and that only the experiences
while the activity was in progress should be judged. The
options on the scale were assumed to be equidistant.
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The arrow indicates the point at which the marginal value of work and the marginal costs of leisure time are

Figure 2 Marginal value of work and marginal costs of lost leisure time.

The questionnaire used in the investigation consisted of
three main parts: 1) identification of the leisure activity
forgone, 2) rating of the experience of time spent on exer-
cise, work, and the leisure activity forgone, and 3) collec-
tion of data regarding exercise habits and other
background variables.

In measuring costs of the time spent on exercise, the
following interpretations were made:

1. When the experience of exercise was graded higher
than or at the same level as the leisure activity for-
gone, the value of utility in use of exercise was the
same as for the leisure activity forgone.

2. When the experience of exercise was graded lower
than the activity forgone, and graded lower than or at
the same level as work, the value of utility in use of
exercise was zero.

3. When the experience of exercise was graded in
between the experience of work and that of the leisure
activity forgone, the value of utility in use of exercise
was determined by its position on the scale relative to
the positions of work and leisure activity.

As an example, assume that, on a scale of 0-100, an
exerciser valued the experience of work at 30 and the
experience of the leisure activity forgone at 70. If this
individual then valued the experience of exercise at 30,
this would imply a claim of net wages as compensation
for reaching an utility level equivalent to 70, while a valu-
ation of 70 would imply no claim of net wages, and a valu-
ation of 50 would lie halfway between these points and
thus represent a claim of half net wages.

Material
The investigation was performed in two different groups:

purely
negative

mostly
negative

Figure 3 Experience of activity graphic rating scale.

neutral

purely
positive

mostly
positive
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- more experienced exercisers (inclusion criteria:
had exercised at least once a week for two years or
more, and aged between 20 and 65)
- less experienced exercisers (inclusion criteria:
had not exercised at least once a week for two
years or more, and aged between 20 and 65)
These groups were chosen on the hypothesis that their
time costs would differ, in order to indicate the costs of
time both at the beginning of an intervention and in the
long run. Invitations to participate were extended to the
first 82 individuals who were encountered at a exercise
centre, and the first 123 individuals who received exercise
on prescription in two county councils.
The characteristics of the participants are presented in
Table 1.

Statistical analysis

Differences between more and less experienced exercis-
ers in cost of time and ratings of the experience of leisure
time forgone, exercise, and work were analyzed using the
independent t-test.

Spearman's rank correlation was used to examine the
association between costs of time spent on exercise and
experience of leisure activity forgone, exercise, and work,
as well as frequency and duration of exercise.

Results

When asked which activities they would give up in order
to increase their exercise time, 6% of the group of more
experienced exercisers stated that they would forego
work, 45% that they would forego housework, and 49%
that they would forego enjoyable leisure activities. In the
group of less experienced exercisers, the corresponding
proportions were 7%, 25%, and 68% respectively.

The participants were also asked what kind of enjoy-
ment they would sacrifice for one extra hour's exercise a
week; 90% of the more experienced exercisers and 95% of
the less experienced exercisers stated that they would
give up watching TV, videos, and other such media.

Among more experienced exercisers, the measured
costs of the time spent on exercise came to 7% of net
wages; the corresponding figure among less experienced
exercisers was 26% of net wages (p < 0.001). Most of the
participants rated experience of exercise as high as or
higher than experience of the leisure activity forgone. See
Table 2.

When the two study groups were merged, the cost of
the time spent on exercise was correlated with a more

Table 1: Characteristics of the participants
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positive experience of lost leisure activity (r = 0.25, p <
0.001) and a less positive experience of exercise (r = -0.45,
p < 0.001). However, there was no significant correlation
with positive experience of work (r = 0.00, p = 0.96).
Hence, higher time costs can be explained by both a less
positive experience of exercise and a more positive expe-
rience of the lost leisure activity.

Furthermore, the cost of time was correlated with the
frequency (r = -0.18, p < 0.01) and duration of regular
exercise (r = -0.18, p < 0.01).

Discussion

Principal findings

A model for measuring the costs of the time spent on
exercise was proposed and tested in two groups of exer-
cisers. According to the model, the costs of the time spent
on exercise were significantly higher among less experi-
enced exercisers than more experienced exercisers; this
was due to a less positive experience of exercise and a
more positive experience of the lost leisure activity. To
our knowledge, this is the first attempt to measure the
costs of the time spent on exercise, and the model seems
to be an improvement over the arbitrary assumptions
used in earlier economic evaluations.

Work time (on the margin) was assumed to represent a
loss of utility in use compensated by net wages, and lei-
sure activity (on the margin) to represent no loss of utility
in use. The reality is less simple. Some of the participants
seemed to enjoy their work, and some of the participants
enjoyed their leisure activity (on the margin) less than
their work. Two situations dominated the valuation. In
the first, the experience of exercise was valued more
highly than the experience of both lost enjoyment activity
and work, and hence no net cost was accounted. In the
second, the experience of exercise was valued less highly
than the experience of both lost enjoyment activity and
work; in this case, exercise time was accounted as costs
equivalent to net wages. In the group of more experi-
enced exercisers, the experience of exercise was valued
more highly than the lost experience of enjoyment activ-
ity (87 vs. 70, p < 0.001), so these individuals in fact have
benefits in utility in use besides the utility in anticipation.

Strengths and weaknesses of the study

The model delivers the costs of time spent on exercise as
valued by the participants. The questionnaire is easy to
administer, and can be used to evaluate interventions in
large study groups.

n Agein years Proportion female Proportion in work
Experienced exercisers 164 50 87% 67%
Inexperienced 41 45 90% 68%

exercisers
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Table 2: The costs of time spent on exercise expressed in percentage of wages, rated experience of exercise in relation to
the leisure activity forgone and work, and ratings of the experience of the leisure activity foregone, work, and exercise on

a scale from 0 (purely negative) to 100 (purely positive)

More experienced Less experienced exercisers P-value
exercisers
Number 164 41
Cost of time (percentage of 7.2% 26.3% <0.001
wages)
Rated experience of exercise 91.4% 72.5%
the same as or higher than the
leisure activity forgone
(percentage of participants)
Rated experience of exercise 5.5% 22.5%
the same as or lower than
work (percentage of
participants)
Rated experience of exercise 3.1% 5.5%
between the leisure activity
forgoneand work (percentage
of participants)
Rating of the experience of 70.3 69.1 0.74
leisure activity foregone
Rating of the experience of 75.1 68.7 <0.05
work
Rating of the experience of 87.2 71.5 <0.001
exercise

A critical part of the model is the comparison with the
activity forgone. This activity needs to be the least valu-
able leisure time activity and motivated only by utility in
use; while the activity may include some utility in antici-
pation, this utility must not motivate the activity. Thus,
the utility in use of this activity represents the marginal
value of leisure time. The most common activity forgone
was watching television, videos, and other such media, an
activity selected by more than 90% of the participants.
While this activity might have some informational or
knowledge value, the degree of utility in anticipation may
be low and is rarely a motivator of the activity. Hence, the
utility in use of the activity forgone in the investigation
may represent the marginal value of leisure time.

The yardstick method with two anchoring points - util-
ity of use of work and leisure activity forgone in favor of
exercise - can only measure valuations between these two
points. In fact, utility in use for exercise can be lower than
that for work or higher than that for leisure activity for-
gone, but the method cannot measure how much lower
or higher. In these cases, we have made the conservative
assumption that the value is the same as for these two
points. For the participants in the pilot study, this may
have led to an underestimation of the value of exercise

time, and hence an overestimation of the costs of exercise
time.

In one way or another, our experience of something is
always influenced by utility in anticipation. When we
know that something is good for our health, we generally
enjoy the activity more. The utility in anticipation will
increase the utility in use, but the utility in anticipation
per se (i.e. the expected health gain) is not accounted for
in our model for valuation of time.

Strengths and weaknesses in relation to other studies

Hatziandreu was the first to discuss the costs of the time
spent on exercise, and her perspective has influenced
later studies. She assumed that time costs were equivalent
to net wages for those who disliked exercise, half net
wages for those who were neutral, and zero for those who
enjoyed exercise [8]. The costs of exercise time for the
less experienced exercisers in our pilot study were around
a quarter of net wages, which is generally somewhat
lower than the assumptions made in previous studies.
Our (small and non-representative) study indicates that
the long-term costs may be much lower than these
assumptions, and so valuations based on Hatziandreu's
assumption may require rethinking. In reality, people do
not always enjoy their lost leisure activity, and hence do
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not always need to enjoy exercise in order not to claim
any utility in anticipation for taking exercise. On the
other hand, people do not dislike their work, and hence
do not need to dislike exercise in order to claim utility in
anticipation for taking exercise at the level of net wages.
This means that the gap between claiming net wages and
not claiming any net wages seems to be closer than Hatz-
iandreu supposed.

Implications of the study

In cost-effectiveness analysis with a societal perspective,
it is important to consider the costs of the time spent on
exercise, particularly when methods of treating medical
problems with medicine or other therapies are compared
to methods based on patient time, such as promotion of
physical activity.

Unanswered questions and future research

This is the first attempt to measure the costs of the time
spent on exercise, and should of course not be seen as the
final solution. The next step is to use the model and ques-
tionnaire in an economic analysis of the promotion of
physical activity. Experience from this practical use may
open up the possibility of developing the method further.

Conclusions

We have used the most important theoretical frameworks
as a basis for developing a model and questionnaire for
valuing time spent on exercise. The costs of this time
were significantly higher among less experienced exercis-
ers than more experienced exercisers; this was due to a
less positive experience of exercise and a more positive
experience of the lost leisure activity. In both groups, the
time costs were lower than would be indicated by the
existing rules of thumb.

Economic evaluations are mostly recommended to
have a societal perspective and include all types of
resources. Hence, the cost of time spent on exercise is an
important factor in economic evaluations of interven-
tions aimed at promoting physical activity.

This is the first attempt to find a method for measuring
the time costs of exercise. Our method may produce bet-
ter knowledge of time costs than previously-used
assumptions which were not based on empirical data.
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