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Abstract
Menopause is a period that may predispose one to a decrease in muscle strength, cardiore-

spiratory fitness, and quality of life. A study was carried out to evaluate the cost-effective-

ness of physical activity among women displaying symptoms of menopause. The cost-

effectiveness analysis was based on data from a six-month randomised controlled trial (n =

151). The women in the intervention group engaged in an unsupervised session of at least

50 minutes of physical activity four times a week. The control group continued their physical

activity as before. An incremental cost-effectiveness ratio (ICER) was calculated in terms of

maximal oxygen consumption, lean muscle mass, and quality-adjusted life years (QALYs)

gained. A bootstrap technique was utilised to estimate uncertainty around the point estimate

for ICER associated with the intervention. The mean total cost in the intervention group was

€1,307 (SEM: €311) and in the control group was €1,253 (SEM: €279, p = 0.10) per person.

The mean intervention cost was €208 per person. After six months of the behaviour-change

intervention, the ICER was €63 for a 1 ml/kg/min improvement in cardiorespiratory fitness,

the additional cost per one-gram increase in lean muscle mass was €126, and the cost per

QALY gained was €46. According to the findings, physical activity among menopausal

women was cost-effective for cardiorespiratory fitness, for lean muscle mass, and for

QALYs gained, since the intervention was more effective than the actions within the control

group and the additional effects of physical activity were gained at a very low price. From

the societal perspective, the intervention used may promote ability to work and thereby

save on further costs associated with early retirement or disability pension if the physical-

activity level remains at least the same as during the intervention.

Introduction
Menopause, the time in a woman’s life that leads to the end of fertility [1], occurs internation-
ally at, on average, age 45 to 52 [2]. During menopause, the decreasing amount of various hor-
mones and steroids, such as oestrogen and progesterone, may cause depression and anxiety but
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also vasomotor symptoms, including hot flushes [1, 3]. In addition, hormonal reduction speeds
up ageing while also increasing the risk of chronic diseases such as osteoporosis and cardiovas-
cular disease, on account of elevated triglycerides, LDL cholesterol, and total cholesterol [1, 3].
Menopause is also a period that may predispose one to a decrease in health-related quality of
life (HRQoL) and muscle strength while increasing body mass index (BMI) [1, 3].

According to global physical-activity recommendations, adults should engage in, at mini-
mum, 150 minutes of at least moderate-intensity physical activity a week, with the suggested
approach being sessions of 10 minutes duration or more, at least three times per week [4].
Though a physically active lifestyle has been shown to have an important role in health, 26% of
women at menopausal age (45 to 64 years) did not meet the physical-activity recommendation
for cardiorespiratory fitness in Finland, on average [5]. Internationally the prevalence of physi-
cal inactivity was even greater, since in Americas and the eastern Mediterranean region around
45% of women of menopausal age (45 to 59 years), and in Europe overall 37%, did not meet
the physical-activity recommendation [6].

Physical activity of at least moderate intensity has been shown to prevent cardiovascular dis-
ease among menopausal women because of improved blood lipids and may also decrease body
fat, thereby reducing a risk factor for diabetes [7]. Moreover, physical activity may reduce men-
opause symptoms such as hot flushes and thereby improve quality of life [8, 9]. Even though
menopause is a phenomenon that concerns all women to some extent, no cost-effectiveness
studies related to physical activity and menopausal women without hormone therapy had been
done prior to the work described here. The topic is important from a societal perspective
because regular physical activity of at least moderate intensity may help women of menopausal
age to maintain their capacity for work, via improved cardiorespiratory fitness and muscle
strength, both of which gradually decrease after age 40–50 [10]. It is of societal relevance that
decreased capacity for work may leave one prone to early retirement and to disability pension.
In addition, physical activity may help to keep health-care costs under control by preventing
symptoms and disorders related to menopause.

We have earlier published the main results from our randomised trial (RCT) among meno-
pausal women. The aim of that RCT was to estimate whether aerobic training had an effect on
frequency of hot flushes or quality of life [9]. Results of the study showed that HRQoL was
improved among the intervention group with respect to physical functioning (p = 0.049) and
physical role limitation (p = 0.017). Cardiorespiratory fitness improved in the intervention
group from 31.7 to 32.6 ml/kg/min and decreased in the control group from 31.5 to 31.4 ml/
kg/min (p = 0.008), and lean muscle mass rose significantly in the intervention group relative
to controls (0.57 kg in contrast to 0.15 kg, p = 0.046) [8]. The aim of the study reported upon
here was to assess the cost-effectiveness of at least moderate-intensity physical activity for
cardiorespiratory fitness, for lean muscle mass, and per quality-adjusted life year (QALY)
gained among menopausal women.

Material and Methods

Study design and participants
The cost-effectiveness analysis was based on a randomised controlled trial (n = 151), the main
objective of which was to evaluate the effect of unsupervised physical activity on hot flushes
and quality of life among menopausal women (trial registration ISRCTN54690027; see http://
www.controlled-trials.com/) [9, 11]. Participants were enrolled via newspaper advertisements
between January and March 2009 in Finland. The duration of the cost-effectiveness trial was
six months, so it represented only a half-year follow-up. The study was approved by the medi-
cal ethics committees of the Pirkanmaa hospital district, and participants’ informed consent
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was obtained with a signature at the first appointment. The research was conducted in accor-
dance with prevailing ethics principles. Collection of data for the economic evaluation was per-
formed during the original RCT study.

The inclusion criteria were daily hot flushes, an age of 40–63, neither current hormone ther-
apy nor use of it within the previous three months, a sedentary lifestyle (physical activity no
more than twice a week), and 6–36 months since last menses. Women who were physically
active (defined as engaging in at least 30 minutes of vigorous physical activity at least three
times a week), were obese (BMI> 35 kg/m²), or had a physical condition preventing physical
activity (cardiorespiratory or orthopaedic disease or a medication influencing heart rate, such
as beta-blockers) were excluded.

Outcome measurements
The cost-effectiveness of the intervention was evaluated in terms of cardiorespiratory fitness
(VO2Max), lean muscle mass (kg), and QALYs gained. Cardiorespiratory fitness was evaluated
by means of the UKK two-kilometre walk test [12] at the beginning and end of the trial. In its
consideration of lean muscle mass, the cost-effectiveness analysis measured it via dual x-ray
absorptiometry (DXA) at the start and the end of the trial. The QALY data were calculated
from the SF-6D score derived from the original SF-36 data, which is a validated instrument for
measuring the physical and mental components of quality of life [13–15]. The index score cov-
ers eight dimensions of HRQoL: physical functioning, physical role limitation, bodily pain,
general health, vitality, social functioning, emotional role limitation, and mental health. The
index score is expressed by a single number, from 0 (representing the death) to 1 (denoting the
best health state). To calculate QALYs gained, after the difference in index score between six
months and the baseline was taken into account, the index was multiplied by the expected life-
time calculated for each woman separately. The weighting of the index score was based on the
UK population [13]. The HRQoL data were collected via questionnaires completed at the
beginning and at the end of the six-month trial. Even though the frequency of hot flushes and
responses to a women’s health questionnaire (WHQ) were used as outcomes in the original
study, they were not employed as outcomes in the cost-effectiveness analysis, because the
results could not be presented by means of one index number.

The intervention group
The participants in the training group (n = 74) were instructed to engage in four unsupervised
sessions of physical activity per week, of at least 50 minutes’ duration each. At least two physi-
cal-activity sessions were to consist of walking or Nordic walking, which is walking with poles
that are intended to increase the efficiency of the exercise. Walking was chosen as a mode of
physical activity because of earlier demonstration of favourable effects of walking on meno-
pausal women’s body composition and cardiorespiratory fitness [7]. To achieve at least moder-
ate-intensity physical activity, the women were instructed to exercise at a subjective level of
‘somewhat hard’ (corresponding to 13–16 on a 6–20 scale) [16], which is consistent with the
intensity of aerobic training recommended in physical-activity guidelines [4]. The required
subjective intensity corresponded to about 64–80% of maximal heart rate [16].

For obtaining objective data on intensity of physical activity, the intervention group wore
heart-rate monitor belts by Suunto during the training sessions. These collected data on both
the intensity and the duration of the sessions. To ensure collection of data on physical activity,
the heart-rate monitor belts were complemented with gathering of information via a question-
naire on physical activity during the intervention. The physical-activity questionnaire included
items on the type of physical activity, minutes of activity, and its intensity. For sustained
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commitment to the trial, the members of the intervention group received feedback on compari-
son to recommendations from an aerobic training instructor, every second week. The personal
feedback given every other week concentrated on intensity and amount of training in compari-
son to the recommendations but also on motivation to continue the physical activity in spite of
physical discomfort or symptoms of menopause, which are commonplace among physically
inactive women [1]. The aerobic training instructor took advantage of information from the
heart-rate belts in order to increase the effectiveness of participants’ physical activity progres-
sively from 64% (at the beginning of the intervention) to 80% of maximal heart rate (at the end
of the intervention).

In addition, the women in the intervention group were offered an opportunity to take part
in instructor-led aerobics sessions twice a week. Participants in both groups were given per-
sonal mobile phones to report information on the intensity of their hot flushes, which was the
main outcome in the original intervention. Moreover, the intervention and control group both
took part in, on average, twice-monthly lectures that covered topics related to physical activity
and women’s health. In the course of the six months, there were 14 dropouts (representing
9.3% of the sample) from the intervention group.

The control group
The women in the control group (n = 77) were advised to continue their physical activity as
before. However, these participants were encouraged to take part in the same twice-monthly
lectures as those in the intervention group. To control for maintenance of physical activity, a
questionnaire was used to ask women in the control group about their physical-activity habits
over the past three months at both the beginning and the end of the intervention. The number
of persons who dropped out from the control group was eight (5.3% of the total). In addition,
three persons’ data were excluded from analysis for reason of missing data.

Economic evaluation
The economic evaluation included intervention costs, health-care costs for the municipality,
costs borne by the patient, and productivity costs from the societal perspective. The travel
expenses and time costs related to the use of health services should have featured in the calcula-
tion, but this information was not available. The opportunity cost, which in economics denotes
the value of the best alternative forgone, was not estimated, because there was no precise infor-
mation available on the time spent engaging in physical activity during the intervention period
by the control group.

The information on the use of health-care services (visits to physicians and to nurses,
including occupational health nurses), inpatient days, and medication was obtained via ques-
tionnaires at the beginning and at the end of the trial. Medications received on inpatient days
were not included in the ‘medication costs’ category, because they were already covered by
daily inpatient costs [17]. The medication cost includes both the patient- and the society-borne
amount; the 2009 medication costs were 42% covered by the patient, with society contributing
the rest of the amount [18]. Health-care costs were calculated from the average national unit
costs for health care [17]. The unit costs of visits to physicians and to nurses included salary
costs and administrative costs but not laboratory expenses. In addition, the unit cost of inpa-
tient hospital days included the daily inpatient-care charge [17]. Costs were calculated for the
full six-month physical-activity trial period. Unit costs, productivity costs, and medication
costs were entered at 2009 price levels in euros.

The intervention costs were obtained directly from the trial and included the cost of the
work contribution of the aerobic training instructor and the physicians’ contribution. The
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work contribution of the aerobic training instructor consisted of leading one-hour aerobic
training sessions twice a week and giving personal feedback every second week on the heart-
rate belt data with regard to realisation of physical activity. The cost of the mobile phones and
of the heart-rate belts were also included in the intervention costs. The physicians’ work contri-
bution consisted of implementation of lectures related to women’s health, and salary expenses.

Lost productivity was evaluated by means of self-reported information on absence from
part- or full-time work via a questionnaire at the end of the trial. Salary costs were calculated
from women’s average national monthly salary scales in 2009 [19], multiplied by 1.3 so as to
encompass related expenses. The cost calculation assumed 220 workdays a year.

Statistical analysis
Baseline characteristics, costs, and effects were reported as means and standard error of mean
(SEM) values or as frequencies and percentages. The association between the groups was tested
with the Mann-Whitney U test. In the case of some data related to results for cardiorespiratory
fitness, lean muscle mass, and the SF-36 questionnaire, imputations for missing values were
performed via multiple imputation technique via the Stata software (with the mi command).
Cost data were available for all participants. For evaluation of cost-effectiveness, the differences
between groups were analysed via a non-parametric bootstrap approach. Cost-effectiveness
was expressed in terms of incremental cost-effectiveness ratios (ICERs), which indicate the
amount of money that is required to increase cardiorespiratory fitness, lean muscle mass, and
QALYs gained. Health-related quality of life was judged on the basis of the standardised SF-36
questionnaire, which refers to 36 physical and mental components of everyday life during the
past four weeks [13–15]. A bootstrap technique with 5,000 replications [20] and cost-effective-
ness acceptability curves were used to assess 95% confidence intervals for purposes of analysing
the uncertainty around the point estimate of the ICER. The formula for calculation of ICER is

ICER ¼ ðCostIntervention � CostControlÞ=ðEffectIntervention�EffectControlÞ:

The confidence intervals (CIs) were calculated by means of a bias-corrected and accelerated
(BCa) method proposed by Efron [21]. The BCa interval is given in terms of percentiles of the
bootstrap distribution of differences in means, but the percentiles used are chosen after correc-
tion for skewness or ‘acceleration’ â and bias [22]. The results were considered to be statistically
significant if p< 0.05. Analyses were performed with SPSS (version 22) and Stata (version
12.1) statistics software.

Sensitivity analysis
To evaluate the robustness of the findings, we performed sensitivity analysis in three separate
ways. Firstly, aerobic training instructors’ costs as a component of the intervention costs were
doubled. The reason for doubling the value of aerobic training instructor costs per person was
the brevity of the counselling sessions realised: there was only 16 minutes per person, every sec-
ond week. For women with menopause symptoms, twice the amount of time (32 minutes) was
more realistic. Secondly, we carried out sensitivity analysis with equal mobile-phone and heart-
monitor costs across the two groups. For greater reliability of the results, all measurements per-
formed for the intervention and control group should have been the same between the groups.
The third sensitivity analysis was a complete case analysis. This entailed including only those
participants whose data were available in full, without imputation, with respect to cardiorespi-
ratory fitness, lean muscle mass, and the SF-36 questionnaire.

Cost-Effectiveness of Physical Activity during Menopause
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Results
Of the 151 women with menopause symptoms, 74 (49%) were in the intervention group and
77 (51%) were in the control group (see Table 1).

Costs
The per-person mean total cost was nearly the same between the intervention and the control
group (at €1,307 and €1,253, respectively; p = 0.10); see Table 2. The direct costs and productiv-
ity costs were nine per cent lower in the intervention group than for the control group (€1,100
and €1,208, respectively; p = 0.53). The mean cost per person during the intervention was
€208, which was 16% of the total costs for the intervention group. There were no statistically
significant differences between the intervention and control group in direct costs (visits to a
physician or to a nurse, medication, and days of inpatient care) or absence from work (see the
costs detailed in Table 2). The largest proportion of the intervention costs consisted of the aero-
bic-training work contribution, which came to 3.5 hours per participant over the six months
(see Table 2).

Cost-effectiveness
The difference between cost values relative to maximal oxygen consumption was €54 (95% CI:
-€740 to €914) and for effects relative to maximal oxygen consumption 0.86 ml/kg/min (95%
CI: 0.15 to 1.60). The ICER was €63 for maximal oxygen consumption (see Table 3). As the
cost-effectiveness plane indicates (see Fig 1), the intervention in VO2Max terms was more
effective but there were no statistically significant differences in costs in comparison to the con-
trol group. Thus the data show that a one-unit improvement in cardiorespiratory fitness mea-
sured in ml/kg/min requires an additional cost of €63 per person. The second ICER was €126
per unit lean muscle mass, which represents a requirement for €126 additional cost for a one-
gram increase in lean muscle mass in menopausal women. The final ICER was €46 per QALY
gained (see Table 3). The cost-effectiveness acceptability curves indicate the probability of cost-
effectiveness for various threshold values (see Fig 2). There is a 95% probability that the inter-
vention would be cost-effective if society were willing to pay €1,398 per one-point

Table 1. Baseline characteristics (mean and standard error of mean or frequency and proportion).

Intervention group
(n = 74)

Control group
(n = 77)

Age 54.5 (0.44) 54.2 (0.43)

Weight (kg) 70.5 (1.32) 71.7 (1.43)

BMI (kg/m2) 26.3 (0.46) 26.9 (0.49)

University degree (%) 18 (24.3) 20 (26.0)

Employment (%) 61 (83.6) 59 (77.6)

Regular or occasional smoker (%) 13 (18.1) 9 (11.7)

Maximal oxygen consumption (ml/kg/min) 31.7 (0.63) 31.5 (0.54)

Lean muscle mass 40.1 (0.51) 40.2 (0.55)

Use of health-care services in the previous 12 months

Visits to a physician 3.51 (0.42) 3.05 (0.31)

Visits to a nurse (incl. occupational health nurses) 1.04 (0.18) 1.11 (0.15)

Inpatient days 1.23 (0.83) 0.35 (0.12)

Health-related quality of life

SF-36 index score (between 0 and 1) 0.734 (0.0144) 0.730 (0.0121)

doi:10.1371/journal.pone.0135099.t001
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improvement in VO2Max, €3,518 per one-gram increase in lean muscle mass, and €1,002 per
QALY gained.

Sensitivity analysis
The first sensitivity analysis applied the assumption that the cost of the aerobic training
instructor’s work contribution would be two times higher per person, which means an increase
in personal time from 3.5 to seven hours in total for the six months of the intervention. The
results were quite similar to those in the main analysis, since additional positive effects of the
physical-activity intervention were achieved at a low price (see Table 3). Neither the results
with equal mobile-phone and heart-monitor costs between the two groups nor the case analysis
carried out showed fundamental differences in comparison to the main analysis (see Table 3).

Discussion
The intervention was cost-effective in terms of cardiorespiratory fitness, lean muscle mass, and
QALYs gained: additional positive effects of physical activity were gained at a very low price
[23]. The findings may point to considerable cost savings to be gained and positive effects on
individuals’ health, functional ability, and work ability, if the higher level of physical activity is
sustained after the intervention.

Menopause may predispose one to a decrease in muscle strength, which can have a negative
effect on ability to work. However, both groups were of average cardiorespiratory fitness for
their age and gender, which is enough for non-work tasks such as shovelling or performing
heavy cleaning. According to Shephard [24], oxygen transport in a sedentary person’s body

Table 2. Direct costs, productivity costs, and costs of intervention.

Intervention group (n = 74) Control group (n = 77)

Unit costa

(EUR)
Number of
units

Mean costa

(EUR)
Number of
units

Mean costa

(EUR)
p-valueb

Direct costs

Visits to a physicianc 104/visit 1.53 159 (20.5) 1.96 203 (26.0) 0.40c

Visits to a nurse (incl. occupational health nurses)c 76/visit 0.44 33 (6.3) 0.44 34 (7.2) 0.75

Medication 48 (31.0) 31 (17.2) 0.56

Inpatient days 785/day 0.02 12 (11.9) 0.10 76 (35.3) 0.12

Productivity costs

Absence from work (€3,470/month) 189/day 4.70 848 (327) 4.84 864 (268) 0.34

Total costs 1,100 (311) 1,208 (279) 0.53

Costs of the intervention

Lectures for both groups 70/hour 11.25 hours 5 11.25 hours 5

Mobile phones (incl. prepaid card) 40 40

Heart-rate monitors 50

Aerobic lessons 27/hour 52 hours 19 -

Supplemental aerobic training instructor’s work
contribution per person

27/hour 3.5 hours 94 -

Total costs 1,307 (311) 1,253 (279) 0.10

a Costs rounded to the nearest euro.
b Mann-Whitney U test.
c Including outpatient-care charge.

doi:10.1371/journal.pone.0135099.t002
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deteriorates by, on average, 5 ml/kg/min per decade and slightly more slowly in vigorously
active persons. In the absence of physical activity, muscle strength decreases by 12–25%
between ages 45 and 65, which may also reduce work ability and increase the likelihood of
early retirement [10]. Moreover, lean muscle mass decreases because of ageing, and the lost
muscle mass is replaced with fatty tissue [1]. As for functional ability, the decreased cardiore-
spiratory fitness, the lower muscle mass, and the higher quantity of fatty tissue may have nega-
tive effect on walking speed in addition to functional ability and work ability. From the
perspective of society, if the positive effects of the intervention described in this paper remain,
women who have physically demanding jobs may be assisted in maintaining their ability to
work, which confers a huge societal advantage because every instance of an avoided disability
pension saves the municipality costs of, on average, €60,000 in Finland [25].

While positive effects of physical activity on cardiorespiratory fitness were seen, increased
fitness levels did not affect the number of days of illness. However, engaging in vigorous-level
physical activity three times a week has been linked to a lower risk of sick leave; moderate phys-
ical activity, meanwhile, had no positive effect on number of days of illness [26]. In addition,
according to a review by Amlani and Munir [27], regular endurance training may reduce sick-
ness-related absence.

From the cost standpoint, the six-month duration of the intervention may have been too
short to highlight effects of physical activity on the level of use of health-care services or the use

Table 3. Mean cost and effect differences (95%CI) between the intervention and control group in the main analysis and the sensitivity analysis,
including incremental cost-effectiveness ratios and cost-effectiveness plane distributions.

Sample size Costs (EUR) Effects ICER Distribution on CE
plane (%)

Intervention
group

Control
group

Δ of intervention—
usual care (95% CI)

Δ of intervention—
usual care (95% CI)

NE SE SW NW

Main analysis

Maximal oxygen
consumption (VO2Max)

74 77 54.0 (-740 to 914) 0.86 (0.15 to 1.60) 62.6 55.2 43.7 0.5 0.6

Lean muscle mass (kg) 74 77 54.0 (-740 to 914) 0.43 (0.01 to 0.83) 125.5 54.4 43.3 0.9 1.4

QALYs 73 77 53.0 (-710 to 930) 1.16 (0.21 to 2.11) 45.9 53.1 46.0 0.2 0.7

Doubled aerobic training
instructors’ costs

Maximal oxygen
consumption

74 77 148 (-647 to 1008) 0.86 (0.15 to 1.60) 171.2 64.0 34.9 0.4 0.6

Lean muscle mass (kg) 74 77 148 (-647 to 1008) 0.43 (0.01 to 0.83) 343.0 63.1 34.6 0.8 1.5

QALYs 73 77 147 (-617 to 1023) 1.16 (0.21 to 2.11) 126.8 61.7 37.5 0.1 0.7

Equal phone and heart-
monitor costs

Maximal oxygen
consumption

74 77 4.02 (-790 to 864) 0.86 (0.15 to 1.60) 4.7 50.1 48.9 0.5 0.5

Lean muscle mass (kg) 74 77 4.02 (-790 to 864) 0.43 (0.01 to 0.83) 9.3 49.5 48.3 1.2 1.2

QALYs 73 77 3.09 (-760 to 880) 1.16 (0.21 to 2.11) 2.7 48.3 50.8 0.3 0.6

Complete case analysis

Maximal oxygen
consumption

56 69 -91.2 (-912 to 813) 0.95 (0.22 to 1.66) -95.8 41.4 58.0 0.3 0.3

Lean muscle mass (kg) 56 69 -91.2 (-912 to 813) 0.43 (-0.01 to 0.88) -213.8 40.3 56.6 1.6 1.5

QALYs 56 69 -91.2 (-912 to 813) 1.22 (0.27 to 2.19) -75.0 41.4 58.1 0.2 0.3

doi:10.1371/journal.pone.0135099.t003
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Fig 1. Cost-effectiveness plane for each QALY gained, cardiorespiratory fitness (ml/kg/min), and lean
muscle mass.

doi:10.1371/journal.pone.0135099.g001
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Fig 2. Acceptability curve for each QALY gained, cardiorespiratory fitness (ml/kg/min), and lean
muscle mass.

doi:10.1371/journal.pone.0135099.g002
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of medication. We have published long-term follow-up results from the present cohort pertain-
ing to work ability [28]. After 2.5 years, participants in the intervention group had higher work
ability, as measured by means of the Work Ability Index, than at the beginning [28]. According
to a previous study [29], physically active people use health-care services less than inactive peo-
ple do. In addition, greater physical activity may help to keep further health-care costs and pro-
ductivity losses under control by preventing symptoms related to menopause. Increased
physical activity may also prevent chronic diseases, such as cardiovascular diseases, which
cause, on average, nine per cent of health-care costs in Europe [30].

Although there are no cost-effectiveness studies related to physical-activity interventions for
menopausal women, recent systematic reviews [31–33] have shown physical activity to be cost-
effective for healthy adults in general. The effectiveness-related results of our study were similar
to findings in previous trials, which showed that at least moderate-intensity walking is one way
to gain health benefits, including improved cardiorespiratory fitness, and a decrease in fat tis-
sue in menopausal women [7, 34]. In addition, it is noteworthy that menopause, with its many
unpleasant symptoms (hot flushes, sleep disorders, night sweats, mood changes, etc.) is a
favourable time at which to increase one’s physical activity in order to ease such symptoms and
enjoy higher quality of life [8, 9, 35, 36]. At the same time, there are findings that contradict
ours: some studies have shown no positive effect of regular physical activity on menopause
symptoms, which may influence quality of life [37–40] or physical activity and might even
increase hot flushes [35]. The connection between physical-activity status and symptoms of
menopause is not simple; for example, obese women (BMI� 30) report significantly more
vasomotor and somatic symptoms than do normal-weight or overweight women [38]. Also,
women with lower fitness levels report more hot flushes after moderate-intensity physical
activity than physically active women do [41].

The use of mobile phones in the data collection was a strength of the study, even if the data
received via the phones were not used in the cost-effectiveness analysis. In addition to reporting
hot flushes, participants could contact the researchers, which may have been a motivating fac-
tor and increased adherence to the study. The objectively collected physical-activity-intensity
data (from heart-rate monitor belts) constituted another strength of the study—according to
Prince and colleagues [42], subjectively evaluated levels of physical activity as reported in ques-
tionnaires may involve both over- and under-reporting. However, recall bias may still have
affected the results, with respect to the assessment of health-care utilisation and use of medica-
tion. The shortcomings with the control group involved the reliability of the subjectively col-
lected physical-activity information and the feasibility of the instruction to keep one’s level of
physical activity the same as before the intervention. Also, the study showed deficiencies to do
with the opportunity cost of lost leisure time used for physical activity. In addition, the results
may have been influenced by non-consideration of the travel expenses and time costs related to
the use of health services. Preference weights obtained from a UK population may poorly char-
acterise the results because Finnish people might differ from the UK population in their qual-
ity-of-life preferences. However, the questionnaire used for determination of quality of life has
a greater effect. Sensitivity analyses showed that the main findings on cost-effectiveness were
sustained even after inclusion of only complete cases—i.e., persons with non-missing data.

Symptoms of menopause are quite commonplace in the general ageing population, with
73% of postmenopausal women in Europe reporting hot flushes and almost half (45%) suffer-
ing from sleep disturbances [43]. Therefore, the findings were quite generalisable from this per-
spective. However, severely obese persons (BMI over 35) were excluded from the study
population, which slightly restricts the generalisability of the findings because the worldwide
prevalence of a BMI over 35 is 17.6% [44]. There is a need for more physical-activity trials
aimed at evaluation of cost-effectiveness and for uncovering ways to achieve economic benefit
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via longer work careers, greater work efficiency, and prevention of early retirement and of
chronic diseases alike, all toward the goal of increased HRQoL.

Conclusions
During menopause, the risk of chronic diseases increases, and menopausal women are predis-
posed to a decrease in quality of life, in cardiorespiratory fitness, and in muscle strength and
lean muscle mass. According to our findings, regular physical activity of at least moderate
intensity among menopausal women was cost-effective for cardiorespiratory fitness, lean mus-
cle mass, and gain in QALYs. The intervention may promote ability to work and thereby save
on further costs of early retirement or disability pension. The length of follow-up may have
been too short to reveal any change in use of health-care services or any productivity losses
related to physical activity. More physical-activity trials are necessary for evaluation of cost-
effectiveness on the road to finding ways to gain economic benefit by lengthening work careers,
increasing work efficiency, and preventing early retirement.

Acknowledgments
We thank Reetta Rutanen, Jaana Moilanen, and Kirsi Mansikkamäki for participating in the
collection and management of the study data.

Author Contributions
Conceived and designed the experiments: RL CN ET. Performed the experiments: RL CN.
Analyzed the data: JR. Contributed reagents/materials/analysis tools: RL JR. Wrote the paper:
PK RL JR CN ET.

References
1. Kukkonen-Harjula K, Asikainen T-M. Physiological bases of health-enhancing physical activity for men-

opausal women. In: Taylor N, Groeller H, editors. Physiological Bases of Human Performance during
Work and Exercise. Churchill Livingstone; 2008. pp. 239–252.

2. Thomas F, Renaud F, Benefice E, de Meeüs T, Guegan JF. International variability of ages at menar-
che and menopause: Patterns and main determinants. Hum Biol. 2001; 73:271–290. PMID: 11446429

3. Zapantis G, Santoro N. The menopausal transition: Characteristics and management. Best Pract Res
Clin Endocrinol Metab. 2003; 17:33–52. PMID: 12763511

4. Physical Activity Guidelines Advisory Committee. Physical Activity Guidelines Advisory Committee
Report (2008). Washington, DC: US Department of Health and Human Services. Available at: http://
www.health.gov/paguidelines/Report/pdf/CommitteeReport.pdf. Accessed 21 August 2014.

5. Mäkinen T, Valkeinen H, Borodulin K, Vasankari T. In: Koskinen S, Lundqvist A, Ristiluoma N. Terveys,
toimintakyky ja hyvinvointi Suomessa 2011 [‘Health, functional capacity, and welfare in Finland in
2011’]. Helsinki: National Institute for Health andWelfare (THL); 2012. Report 68/2012, pp. 55–58 (in
Finnish). Available at: http://www.julkari.fi/bitstream/handle/10024/90832/Rap068_2012_netti.pdf?
sequence=1. Accessed 11 January 2015.

6. Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U; Lancet Physical Activity Series
Working Group. Global physical activity levels: surveillance progress, pitfalls, and prospects. Review.
Lancet. 2012; 380:247–257. doi: 10.1016/S0140-6736(12)60646-1 PMID: 22818937

7. Asikainen TM, Kukkonen-Harjula K, Miilunpalo S. Exercise for health for early postmenopausal
women: A systematic review of randomised controlled trials. Review. Sports Med. 2004; 34:753–778.
PMID: 15456348

8. Daley AJ, Stokes-Lampard HJ, MacArthur C. Exercise to reduce vasomotor and other menopausal
symptoms: A review. Maturitas. 2009; 63:176–180. doi: 10.1016/j.maturitas.2009.02.004 PMID:
19285813

9. Luoto R, Moilanen J, Heinonen R, Mikkola T, Raitanen J, Tomas E, et al. Effect of aerobic training on
hot flushes and quality of life—a randomized controlled trial. Ann Med. 2012; 44:616–626. doi: 10.3109/
07853890.2011.583674 PMID: 21639722

Cost-Effectiveness of Physical Activity during Menopause

PLOS ONE | DOI:10.1371/journal.pone.0135099 August 10, 2015 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/11446429
http://www.ncbi.nlm.nih.gov/pubmed/12763511
http://www.health.gov/paguidelines/Report/pdf/CommitteeReport.pdf
http://www.health.gov/paguidelines/Report/pdf/CommitteeReport.pdf
http://www.julkari.fi/bitstream/handle/10024/90832/Rap068_2012_netti.pdf?sequence=1
http://www.julkari.fi/bitstream/handle/10024/90832/Rap068_2012_netti.pdf?sequence=1
http://dx.doi.org/10.1016/S0140-6736(12)60646-1
http://www.ncbi.nlm.nih.gov/pubmed/22818937
http://www.ncbi.nlm.nih.gov/pubmed/15456348
http://dx.doi.org/10.1016/j.maturitas.2009.02.004
http://www.ncbi.nlm.nih.gov/pubmed/19285813
http://dx.doi.org/10.3109/07853890.2011.583674
http://dx.doi.org/10.3109/07853890.2011.583674
http://www.ncbi.nlm.nih.gov/pubmed/21639722


10. Millanvoye M. Ageing of the organism before sixty years of age. In: Marquié JC, Cau-Bareille PD, Volk-
off S, editors. Working with Age. CRC Press; 2003, pp. 121–148.

11. Moilanen JM, Mikkola TS, Raitanen JA, Heinonen RH, Tomas EI, Nygård CH, et al. Effect of aerobic
training on menopausal symptoms—a randomized controlled trial. Menopause. 2012; 19:691–696. doi:
10.1097/gme.0b013e31823cc5f7 PMID: 22334056

12. UKK Institute. UKKWalk Test: Tester’s guide. 2013. Available at: http://www.ukkinstituutti.fi/filebank/
1118-UKK_walk_test_testers_guide.pdf. Accessed 3 December 2014.

13. Brazier JE, Roberts JR,. The estimation of a preference-based index from the SF-12. Med Care. 2004;
42:851–859. PMID: 15319610

14. Kharroubi S, Brazier JE, Roberts JR, O’Hagan A. Modelling SF-6D health state preference data using a
nonparametric Bayesian method. J Health Econ. 2007; 26:597–612. PMID: 17069909

15. McCabe C, Brazier J, Gilks P, Tsuchiya A, Roberts J, O’Hagan A, Stevens K. Using rank data to esti-
mate health state utility models. J Health Econ. 2006; 25:418–431. PMID: 16499981

16. Borg G. Perceived exertion as an indicator of somatic stress. Scand J RehabMed. 1970; 2:92–98.

17. Kapiainen S, Väisänen A, Haula T. Terveyden-ja sosiaalihuollon yksikkökustannukset Suomessa
vuonna 2011 [‘Health-care unit costs in Finland, 2011’]. National Research and Development Centre
for Welfare and Health. Helsinki: National Institute for Health andWelfare; 2014 (in Finnish).

18. Kela 2015. Kela-korvaukset muuttuvat vuonna 2013.[Changes in the Health insurance policy 2013] (in
Finnish). Available at: http://www.kela.fi/ajankohtaista-kela-kortti/-/asset_publisher/I7X3vuEkReGH/
content/id/628008. Accessed 9 June 2015.

19. Statistics Finland. Wage structure; 2009 (in Finnish). Available at: http://www.stat.fi/til/pra/tau.html.
Accessed on 3 December 2014.

20. Mooney C, Duval R. Bootstrapping: A Nonparametric Approach to Statistical Inference. Newbury Park,
California: Sage; 1993.

21. Efron B. Better bootstrap confidence intervals. J Am Stat Assoc. 1987; 82(397):171–185. American
Statistical Association Stable. Available at: http://www.jstor.org/stable/2289144. Accessed 17 Septem-
ber 2014.

22. Barber J, Thompson S. Analysis of cost data in randomized trials: An application of the non-parametric
bootstrap. Stat Med. 2000; 19:3219–3236. PMID: 11113956

23. Doubilet P, Weinstein MC, McNeil BJ. Use and misuse of the term ‘cost effective’ in medicine. N Engl J
Med. 1986; 314:253–256. PMID: 3079883

24. Shephard RJ. Aerobic Fitness & Health. Champaign, Illinois: Human Kinetics; 1994

25. Keva. Työssä jatkaminen [Continuing at work]. Finland; 2015 (in Finnish). Available at: http://www.
keva.fi/fi/tyossa_jatkaminen/tyokyvyttomyys_maksaa/Sivut/Default.aspx. Accessed 4 January 2015.

26. Proper KI, van den Heuvel SG, De Vroome EM, Hildebrandt VH, van der Beek AJ. Dose-response rela-
tion between physical activity and sick leave. Br J Sports Med. 2006; 40:173–178. PMID: 16432007

27. Amlani NM1, Munir F. Does physical activity have an impact on sickness absence? A review. Sports
Med. 2014; 44:887–907. doi: 10.1007/s40279-014-0171-0 PMID: 24668290

28. Rutanen R, Luoto R, Raitanen J, et al. Short- and long-term effects of a physical exercise intervention
on work ability and work strain in symptomatic menopausal women. Saf Health Work 2014; 5:186–190.
doi: 10.1016/j.shaw.2014.08.003 PMID: 25516810

29. Sari N. Physical inactivity and its impact on healthcare utilization. Health Econ. 2009; 18:885–901. doi:
10.1002/hec.1408 PMID: 18792089

30. European cardiovascular disease statistics 2012. Available at: http://www.ehnheart.org/cvd-statistics.
html. Accessed 29 August 2014.

31. Garrett S, Elley CR, Rose SB, O’Dea D, Lawton BA, Dowell AC. Are physical activity interventions in
primary care and the community cost-effective? A systematic review of the evidence. Review. Br J Gen
Pract. 2011; 61:e125–133. doi: 10.3399/bjgp11X561249 PMID: 21375895

32. Müller-Riemenschneider F, Reinhold T, Willich SN. Cost-effectiveness of interventions promoting phys-
ical activity. Review. Br J Sports Med. 2009; 43:70–76. doi: 10.1136/bjsm.2008.053728 PMID:
18971249

33. Laine J, Kuvaja-Köllner V, Pietilä E, Koivuneva M, Valtonen H, Kankaanpää E. Cost-effectiveness of
population-level physical activity interventions: A systematic review. Am J Health Promot. 2014; 29:71–
80. doi: 10.4278/ajhp.131210-LIT-622 PMID: 25361461

34. Asikainen TM, Miilunpalo S, Oja P, Rinne M, Pasanen M, Uusi-Rasi K, et al. Randomized, controlled
walking trials in postmenopausal women: The minimum dose to improve aerobic fitness? Br J Sports
Med. 2002; 36:189–194. PMID: 12055113

Cost-Effectiveness of Physical Activity during Menopause

PLOS ONE | DOI:10.1371/journal.pone.0135099 August 10, 2015 13 / 14

http://dx.doi.org/10.1097/gme.0b013e31823cc5f7
http://www.ncbi.nlm.nih.gov/pubmed/22334056
http://www.ukkinstituutti.fi/filebank/1118-UKK_walk_test_testers_guide.pdf
http://www.ukkinstituutti.fi/filebank/1118-UKK_walk_test_testers_guide.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15319610
http://www.ncbi.nlm.nih.gov/pubmed/17069909
http://www.ncbi.nlm.nih.gov/pubmed/16499981
http://www.kela.fi/ajankohtaista-kela-kortti/-/asset_publisher/I7X3vuEkReGH/content/id/628008
http://www.kela.fi/ajankohtaista-kela-kortti/-/asset_publisher/I7X3vuEkReGH/content/id/628008
http://www.stat.fi/til/pra/tau.html
http://www.jstor.org/stable/2289144
http://www.ncbi.nlm.nih.gov/pubmed/11113956
http://www.ncbi.nlm.nih.gov/pubmed/3079883
http://www.keva.fi/fi/tyossa_jatkaminen/tyokyvyttomyys_maksaa/Sivut/Default.aspx
http://www.keva.fi/fi/tyossa_jatkaminen/tyokyvyttomyys_maksaa/Sivut/Default.aspx
http://www.ncbi.nlm.nih.gov/pubmed/16432007
http://dx.doi.org/10.1007/s40279-014-0171-0
http://www.ncbi.nlm.nih.gov/pubmed/24668290
http://dx.doi.org/10.1016/j.shaw.2014.08.003
http://www.ncbi.nlm.nih.gov/pubmed/25516810
http://dx.doi.org/10.1002/hec.1408
http://www.ncbi.nlm.nih.gov/pubmed/18792089
http://www.ehnheart.org/cvd-statistics.html
http://www.ehnheart.org/cvd-statistics.html
http://dx.doi.org/10.3399/bjgp11X561249
http://www.ncbi.nlm.nih.gov/pubmed/21375895
http://dx.doi.org/10.1136/bjsm.2008.053728
http://www.ncbi.nlm.nih.gov/pubmed/18971249
http://dx.doi.org/10.4278/ajhp.131210-LIT-622
http://www.ncbi.nlm.nih.gov/pubmed/25361461
http://www.ncbi.nlm.nih.gov/pubmed/12055113


35. Whitcomb BW,Whiteman MK, Langenberg P, Flaws JA, Romani WA. Physical activity and risk of hot
flashes among women in midlife. J Womens Health (Larchmt). 2007; 16:124–133.

36. Stojanovska L, Apostolopoulos V, Polman R, Borkoles E. To exercise, or, not to exercise, during meno-
pause and beyond. Maturitas. 2014; 77:318–323. doi: 10.1016/j.maturitas.2014.01.006 PMID:
24548848

37. Greendale GA, Gold EB. Lifestyle factors: Are they related to vasomotor symptoms and do they modify
the effectiveness or side effects of hormone therapy? Am J Med. 2005; 118 Suppl 12B:148–154. PMID:
16414341

38. Daley A, MacArthur C, Stokes-Lampard H, McManus R, Wilson S, Mutrie N. Exercise participation,
body mass index, and health-related quality of life in women of menopausal age. Br J Gen Pract. 2007;
57:130–135. PMID: 17266830

39. Sternfeld B, Guthrie KA, Ensrud KE, LaCroix AZ, Larson JC, Dunn AL, et al. Efficacy of exercise for
menopausal symptoms: A randomized controlled trial. Menopause. 2014; 21:330–338. PMID:
23899828

40. Tan MN, Kartal M, Guldal D. The effect of physical activity and body mass index on menopausal symp-
toms in Turkish women: A cross-sectional study in primary care. BMCWomens Health. 2014; 14:38.
doi: 10.1186/1472-6874-14-38 PMID: 24602392

41. Elavsky S1, Gonzales JU, Proctor DN, Williams N, Henderson VW. Effects of physical activity on vaso-
motor symptoms: Examination using objective and subjective measures. Menopause. 2012; 19:1095–
1103. PMID: 22735162

42. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A comparison of direct ver-
sus self-report measures for assessing physical activity in adults: A systematic review. Int J Behav Nutr
Phys Act. 2008; 5:56. doi: 10.1186/1479-5868-5-56 PMID: 18990237

43. Freeman EW1, Sherif K. Prevalence of hot flushes and night sweats around the world: A systematic
review. Climacteric. 2007; 10:197–214. PMID: 17487647

44. Flegal KM1, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of body
mass index among US adults, 1999–2010. JAMA. 2012; 307:491–497. doi: 10.1001/jama.2012.39
PMID: 22253363

Cost-Effectiveness of Physical Activity during Menopause

PLOS ONE | DOI:10.1371/journal.pone.0135099 August 10, 2015 14 / 14

http://dx.doi.org/10.1016/j.maturitas.2014.01.006
http://www.ncbi.nlm.nih.gov/pubmed/24548848
http://www.ncbi.nlm.nih.gov/pubmed/16414341
http://www.ncbi.nlm.nih.gov/pubmed/17266830
http://www.ncbi.nlm.nih.gov/pubmed/23899828
http://dx.doi.org/10.1186/1472-6874-14-38
http://www.ncbi.nlm.nih.gov/pubmed/24602392
http://www.ncbi.nlm.nih.gov/pubmed/22735162
http://dx.doi.org/10.1186/1479-5868-5-56
http://www.ncbi.nlm.nih.gov/pubmed/18990237
http://www.ncbi.nlm.nih.gov/pubmed/17487647
http://dx.doi.org/10.1001/jama.2012.39
http://www.ncbi.nlm.nih.gov/pubmed/22253363

