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Abstract

Background: Lifestyle interventions affect patients’ risk factors for metabolic syndrome (MeSy), a pre-stage to
cardiovascular diseases, diabetes and related complications. An effective lifestyle intervention is the Swedish
Björknäs intervention, a 3-year randomized controlled trial in primary care for MeSy patients. To include future
disease-related cost and health consequences in a cost-effectiveness analysis, a simulation model was used to
estimate the short-term (3-year) and long-term (lifelong) cost-effectiveness of the Björknäs study.
Methodology/ Principal Findings: A Markov micro-simulation model was used to predict the cost and quality-
adjusted life years (QALYs) for MeSy-related diseases based on ten risk factors. Model inputs were levels of
individual risk factors at baseline and at the third year. The model estimated short-term and long-term costs and
QALYs for the intervention and control groups. The cost-effectiveness of the intervention was assessed using
differences-in-differences approach to compare the changes between the groups in the health care and societal
perspectives, using a 3% discount rate. A 95% confidence interval (CI), based on bootstrapping, and sensitivity
analyses describe the uncertainty in the estimates. In the short-term, costs are predicted to increase over time in both
groups, but less in the intervention group, resulting in an average cost saving/reduction of US$-700 (in 2012, US
$1=six point five seven SEK) and US$-500, in the societal and health care perspectives. The long-term estimate also
predicts increased costs, but considerably less in the intervention group: US$-7,300 (95% CI: US$-19,700 to US
$-1,000) in the societal, and US$-1,500 (95% CI: US$-5,400 to US$2,650) in the health care perspective. As
intervention costs were US$211 per participant, the intervention would result in cost saving. Furthermore, in the long-
term an estimated 0.46 QALYs (95% CI: 0.12 to 0.69) per participant would be gained.
Conclusions/ Significance: The Swedish Björknäs study appears to reduce demands on societal and health care
resources and increase health-related quality of life.
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Introduction

Lifestyle interventions with healthy food habits and increased
physical exercise have been shown to be effective in the
treatment and prevention of metabolic syndrome (MeSy) [1–3],
which is a cluster of risk factors for cardiovascular diseases
and type 2 diabetes as well as all-cause mortality [4,5].
Metabolic syndrome is a global public health problem with a
prevalence of 34% in the USA [6], 23–25% in European
countries [7] and close to 25% for middle-aged people in
Sweden [8,9].

High-quality randomized clinical trials (RCTs) focusing on
lifestyle interventions for MeSy patients are rare, especially in
primary care [10]. One such intervention is the Swedish
Björknäs intervention [11,12]. This 3-year group-based
intervention achieved statistically significant differences on
several risk factors for MeSy, for example blood pressure and
waist circumference as well as self-reported time spent on
physical activity [12].

Besides clinical effectiveness, a further aspect that needs to
be considered to assist health care decision making with
scarce public health resources is the cost-effectiveness of
interventions [13–15]. The Björknäs intervention was designed
to evaluate the efficacy of a lifestyle intervention on
cardiovascular and metabolic risk profiles [11,12]. While
participants were randomized to either an intervention group or
a control group, some variation in baseline individual-level
characteristics posed difficulties for the cost-effectiveness
analysis. For example, the intervention group had a higher
proportion of 50+-year-old participants (80% v. 66%, p<0.05),
which has affected the calculation of health gains. A standard
method for adjusting for baseline variation is the differences-in-
differences (DD) approach [16], which is widely used in impact
evaluation in economic analyses of the labour market [17,18]
and also in the medical field [19].

Cost-effectiveness analyses of lifestyle interventions are
more complicated than evaluations of treatment where all
important health effects can be expected to manifest in the
short term. This is because lifestyle interventions affect many
diseases such as diabetes [20], cardiovascular diseases [21],
certain types of cancer [22], body pain [23], mental health [24],
etc. Furthermore, in contrast to the effect of surgery or a drug
therapy, with lifestyle interventions it is uncertain whether a
change in behaviour persists. Nevertheless, informed decision
making demands that available data are analysed and
uncertainties are described. In this respect, the focus can be on
either the treatment effect, where the lifestyle intervention
reduces the risk factors of MeSy, or the preventive effect,
where reduction of risk factors reduces future disease events.
A within-trial cost-effectiveness analysis of the Björknäs
intervention using a (3-year) before-after design has been
published [25] concentrating on the treatment effect; however,
cost-effectiveness studies focusing on preventive effects and
long- term results remain to be conducted.

In general, within-trial cost-effectiveness analysis has several
limitations [26], which include a limited time horizon, small
sample size, failure to incorporate all the evidence, lack of
relevance to the decision context and limited opportunity to

quantify decision uncertainty. For lifestyle interventions, limited
time horizon underestimate the benefits, as studies have
shown that intervention effects persist after the trial period
[27,28]. Therefore, within-trial cost-effectiveness analysis may
provide biased estimation. Moreover, uncertainty around the
duration of the effect of the lifestyle intervention, which is a
driving force of intervention cost-effectiveness, according to a
recent review [10], is impossible to accommodate in the within-
trial perspective.

An alternative to within-trial analyses are analyses based on
simulation models which capture also the effects of the
intervention beyond the trial period. Moreover, these enable
reviewing uncertainty around the effectiveness of the
intervention. However, cost-effectiveness analyses of lifestyle
interventions by simulation models show inconclusive results
[29–33].

In this study we used a simulation model to evaluate the
cost-effectiveness of the Swedish Björknäs intervention using
DD approach. We estimated the cost-effectiveness for two
different time periods: the short term, to compare within-trial
cost-effectiveness performed previously (but without having
taken account of differences in baseline characteristics), and
the long term, to capture all the expected consequences in
costs and health effects of this lifestyle intervention from a
health care and societal perspective.

Materials and Methods

The intervention
Details about the Swedish Björknäs intervention have been

published elsewhere [11,12]. In brief, the Björknäs study was a
3-year RCT with patients recruited in primary care centres of
Björknäs. Using computer-generated random numbers the
researchers randomly allocated participants to an intervention
and a control group. The intervention consisted of
physiotherapist-supervised physical exercise three times a
week and diet counselling on five occasions for the first 3
months, followed by regular group meetings. The diet
counselling followed the Nordic Nutrition Recommendations
and consisted of both verbal and written guidelines [11]. After
the 3 months of active intervention, participants were invited to
attend group meetings six times in the first year, four times in
the second year and twice in the third year. The control group
received verbal and written information about physical exercise
and dietary recommendations in one single meeting.

Participant information
The characteristics of the participants, i.e. anthropometric,

physiological and self-reported physical activity, were recorded
at baseline and in the first, second and third year. Table 1
shows characteristics of 145 persons (intervention n=71;
control n=74) agreeing to participate at baseline and later
measurements. The overall drop-out rate during the
intervention period was 17% and 58 and 62 participants were
available at the third year follow-up in the intervention and
control groups, respectively [12].
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Simulation model
We used an updated version of a Markov micro-simulation

model for MeSy, previously used for cost-effectiveness
analyses [34,35]. The model incorporated the core diseases
due to MeSy: cardiovascular diseases, type 2 diabetes and
related complications (Figure 1). The simulations were based
on the levels of MeSy risk factors, body mass index (BMI),
smoking habits, systolic blood pressure, high-density
lipoprotein (HDL), fasting plasma glucose, glycated
haemoglobin (HbA1c), and presence and duration of diabetes,
together with gender and age. The model risk equations for
developing cardiovascular diseases were from The
Framingham Heart Study [36], diabetes from the San Antonio
Heart Study [37], and complications of diabetes from the
UKPDS study [38]. Further information can be found in the
model technical report, including sources and a discussion of
the model uncertainty and validity [39] (see supporting
information, File S1). The costs of diseases and utility weights
were taken from published Swedish studies, where available.
The costs included medical treatment costs, costs for
institutional health care, pharmaceuticals, informal care and
other costs for patients and relatives, and productivity loss due
to morbidity. Transitions between health states could occur
once a year. The termination age was set at 85 years. The
model was developed using Treeage Pro 2009 software
(Treeage Software Inc, Williamstown, MA, USA).

The model was run for each of the participants in both
groups (the control group and the intervention group), with
participants’ individual characteristics as micro-simulation, and
with 10,000 repetitions done. At the beginning of the
simulations, participants were considered to be in the health
state “at risk” (Figure 1), with the exception of participants
diagnosed with diabetes. They started in the health state
“diabetes”, and for them, the number of years with diabetes
was included as an individual characteristic. Thereafter, based
on each participant’s individual characteristics and risk factor

levels, the participants were allowed to move to later health
states according to disease progression (Figure 1). Each time
period they spent in a health state, say myocardial infraction,
the model accrued a cost and QALY, which were summed at
the end of the simulation. The model thus resulted in estimates
of the expected costs and the average number of QALYs for
each participant, based on 10,000 simulations. For the long-
term analysis, we ran the model for each participant from their
baseline age and for life (i.e. until the termination age), while
for the short-term analysis, the model covered 3 years, i.e. the
trial period duration.

Perspectives of analysis
We performed analyses both from the health care and from

the societal perspective. The societal perspective implies that
all costs are included irrespective of who is burdened by them,
while the health care perspective is concerned only with
resource use within by the health care sector [40]. In this
analysis we included medical treatment costs, pharmaceutical
costs and costs for community care for each disease in the
model (Supporting information, File S1).

Differences-in-differences approach
The DD approach [16] accounts for baseline differences

between two groups and measures the differences in trends
between two groups over time. The change over time was
calculated for each group by comparing observed outcomes in
“with study” with a counterfactual “reference” scenario, leading
to the within-group differences. The model was first run with
each participant’s characteristics from the “with study”
scenario, and then with the “reference” scenario. For example,
the simulation of “with study” assumed third-year observed risk
factor levels as start values while keeping age at baseline
values. The counterfactual “reference” scenario without the
effect of intervention used baseline risk factor levels.
Thereafter, the group-based average cost and QALYs were

Table 1. Participants’ characteristics at baseline, and at 1st year and 3rd year.

Variables Baseline 1st year 3rd year

 Control (n=74) Interven-tion (n=71) Control (n=63) Interven-tion (n=60) Control (n=62) Interven-tion (n=58)
Age, yrsa 53.1 (8.2) 55.7 (6.6) 55.1 (6.8) 57.0 (5.8) 57.2 (6.8) 59.2 (5.8)
Maleb 27 (36.5) 35 (49.3) 20 (31.7) 32 (53.3) 20 (32.3) 31 (53.4)
Femaleb 47 (63.5) 36 (50.7) 43 (68.3) 28 (46.7) 42 (67.7) 27 (46.6)
Systolic blood pressure (mmHg)a 144.7 (17.6) 145.6 (15.5) 143.8 (15.5) 141.0 (13.2) 147.3 (14.8) 141.6 (14.0)
BMIa 29.4 (5.1) 30.1 (5.2) 28.3 (4.7) 29.2 (4.7) 28.5 (5) 29.5 (4.8)
HbA1c (%)a 6.62 (2.05) 6.30 (1.35) 6.3 (1.1) 5.9 (1.7) 6.9 (1.5) 6.4 (1.9)
Fasting blood glucose (mmol/L)a 5.20 (0.05) 5.24 (0.05) 5.3 (0.6) 5.2 (0.9) 5.5 (0.8) 5.4 (0.9)
High-density lipoprotein (mmol/L)a 1.46 (0.4) 1.39 (0.3) 1.5 (0.4) 1.3 (0.3) 1.4 (0.4) 1.3 (0.3)
Total cholesterol (mmol/L)a 5.4 (0.9) 5.4 (1.0) 5.5 (0.8) 5.7 (1.1) 5.3 (1) 5.4 (1)
Diabetesb 17 (23) 23 (32) 13 (20.6) 20 (33.3) 13 (21) 20 (34.5)
Duration of diabetes (yrs)c 5 (4.3) 7 (5.8) 5 (3.5) 6.5 (5.6) 8 (3.5) 9.5 (5.6)
Smokersb 13 (17.6) 17 (24) 9 (14.3) 11 (18.3) 7 (11.3) 6 (10.3)
a mean (SD), b number of observations (%), c median (SD)
BMI = body mass index; HbA1c = glycated haemoglobin; SD = standard deviation
doi: 10.1371/journal.pone.0080672.t001

Cost-Effectiveness of Lifestyle Intervention

PLOS ONE | www.plosone.org 3 November 2013 | Volume 8 | Issue 11 | e80672



calculated for each scenario. The differences were calculated,
the first difference concerning within-group comparisons over
time and the second difference concerning between-group
comparisons over time.

Cost-effectiveness analysis
We report the incremental cost-effectiveness ratio (ICER)

which measures the incremental cost divided by the
incremental benefit. The incremental cost is the difference in
the expected impact on costs, using DD approach, between the
intervention and the control group including intervention costs.
The incremental benefit is the difference in the expected impact
on quality of life using DD approach. The programme cost for
the Björknäs intervention was US$211 for each participant

(retrieved from the within-trial cost-effectiveness analysis of the
Björknäs intervention [25]). All costs were converted to 2012
prices, according to the Swedish consumer price index [41],
and then further converted to US$. The base case analysis
used a 3% discount rate for costs and QALYs. Sweden does
not have a formal threshold for cost-effectiveness ratios
although the Swedish National Board of Health and Welfare
have considered interventions costing <five hundred thousand
SEK per QALY gained (76,000 US$/QALY) as cost-effective
[42]. The Pharmaceutical Benefits Board considers disease
severity and availability of alternative treatments for granting
subsidies for drugs and medical devices. The World Health
Organization regards an ICER lower than gross domestic

Figure 1.  State-transition diagram.  
doi: 10.1371/journal.pone.0080672.g001
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product per capita of US$57,114 [43] as very cost-effective
[44].

We used participants’ first-year and third-year characteristics
for the model simulation. The base case assumptions for
modelling were that the third-year characteristics of participants
would remain constant until they died or reached the
termination age in the long-term analysis, and for 3 years in the
short-term analysis.

In the base case analysis, the outcomes were estimated on
an intention-to-treat basis; including all 145 participants who
started the Björknäs intervention. For missing follow-up data,
we carried forward the last observation. To reflect the
uncertainty in the estimates, we performed non-parametric
bootstrap analysis with 1,000 samples using SPSS, version 20
(SPSS Inc., Chicago, IL, USA), to calculate the 95% CI for the
estimators used in the DD.

Sensitivity analysis
We performed several univariate analyses and one

multivariate sensitivity analysis to reflect the uncertainty in the
results. The analyses were performed for the long-term
analyses.

Intervention effect assumption.  In the base case analysis,
we assumed that the third-year risk factor levels would remain
until death, i.e. the effect of the intervention would last for the
full remaining life span of the participants. This is an optimistic
assumption [10] and consequently we also performed
sensitivity analyses assuming that the risk factor levels would
return to baseline at 10 years (analysis 1a) and 5 years
(analysis 1b) after the intervention terminated. We also
assumed that the behaviour of the participants would
immediately return to baseline levels (analysis 1c) after the
intervention terminated, which was a pessimistic assumption.
We further studied the assumption that the first-year risk factor
levels would remain until death (analysis 1d).

Missing cases and complete cases.  Missing data are
generally dealt with in clinical studies by carrying forward the
last observation, as was done in the base case of this Björknäs
intervention [45]. As an alternative method, we imputed all the
missing data of the participants’ characteristics both in the
control group and in the intervention group using multiple
imputations (MIs) [46]. The major advantage of MI was that it
produced standard errors that reflected both within- and
between-sample variations. We generated ten different
datasets for each group in SPSS, version 20, for both the first
year and the third year using Markov chain Monte Carlo
method. All available data on age, sex, blood pressure, BMI,
total cholesterol, HDL, fasting glucose level, HbA1c, presence
of diabetes, duration of diabetes and smoking status were
employed to impute the missing data points. Thereafter, the
multiple datasets were analysed and pooled estimates were
computed following the method described by Rubin [47]
(analysis 2a).. We also performed a subgroup analysis of
participants who had completed the intervention, 62 in the
control group and 58 in the intervention group(analysis 2b).

Subgroup analysis for diabetes.  Results are reported
separately for persons with and without diabetes at baseline
(analyses 3a,b).

Time horizon.  We increased the model termination age
from 85 years to 120 years (analysis 4).

Swedish data sources.  For the multivariate sensitivity
analysis, we used data from previously published Swedish
studies. For example, risks for diabetes were based on the
Stockholm Diabetes Prevention Program (personal
communication), risks for stroke and myocardial infraction on
the NORA study [48], etc. Details of the data sources were
reported in the technical report (supporting information, File S1)
(analysis 5).

Study group mean value.  In this analysis, we used the
mean characteristics of the participants and did not consider
participants’ heterogeneity (analysis 6).

Discount rate.  The analysis included no discounting and a
5% discount rate on costs and QALYs (analyses 7a,b).

Results

Base case analysis
Table 2 presents the main results for the short-term and

long-term. In the short-term analysis, both the intervention
group and the control group were estimated to have increased
the cost but the increase in cost was higher for the control
group compared with the intervention group. The DD for cost
was US$-700 (95% CI: US$-1,100–US$-260) from the societal
perspective and US$-500 (95% CI: US$-1,000–US$-200) from
the health care perspective. The model-based analysis using
DD found no difference in QALYs. Therefore, in the short term,
the Björknäs intervention only saved cost but did not lead to
any gains in QALYs.

In the long-term analysis, the result was similar. There was
an increase in cost in the “with study” scenario compared with
the “reference” scenario where the cost increase was higher in
the control group compared with the intervention group. The
DD was US$-7,300 (95% CI: US$-19,700–US$-1,000) from the
societal perspective and US$-1,500 (95% CI: US$-5,400–US
$2,650) from the health care perspective. Regarding QALYs in
the long term, the control group is estimated to have their
QALYs reduced by -0.43 (95% CI: -0.68 to -0.23) while the
intervention group gained 0.03 QALYs (95% CI: -0.24 to 0.31).
Therefore, the intervention group participants were estimated
to gain 0.46 (95% CI: 0.11–0.69) QALYs in comparison with
the control group participants. Therefore, in the long term, the
intervention was estimated to reduce future societal cost and at
the same time increase QALYs. Considering the programme
cost of the Björknäs intervention (US$211 [25]) the intervention
was cost-saving in the short and also in the long term, both
from a societal perspective and from a health care perspective.

Sensitivity analysis
The Swedish Björknäs intervention was cost-saving in the

base case (Table 3). However, the results were sensitive to the
assumptions of a diminishing effect of the intervention, i.e.
considering whether the risk factors return to baseline (with
varying time duration). If the risk factors remained for 10 years
(analysis 1a), the intervention was cost-saving but the cost
reduction and QALY gain was lower than in the base case
analysis. In the health care perspective, it was cost-effective,
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with US$1,152/QALY gained. The intervention was still cost-
saving if the risk factors remained for 5 years after the
intervention terminated, with less cost reduction and less QALY
gain (analysis 1b) in the societal perspective. From the health
care perspective, it was still cost-effective. If the risk factors
immediately reverted to baseline values after the intervention
terminated, the intervention was no longer cost-saving in either
perspective (analysis 1c). There was an increase in cost but
still a gain in QALYs. From the societal perspective, it required
US$21,786/QALY gained and from a health care perspective it
required US$7,613/QALY including programme costs, which is
considered cost-effective in Sweden. Assuming the first-year
risk factors would remain the same, the intervention was cost-
saving from a societal perspective but not from a health care
perspective. From a health care perspective, there was an
increase in cost of US$90 with 0.128 QALY gains, which was
cost-effective (analysis 1d).

The intervention was not cost-saving for the subgroup
analysis of diabetic participants (analysis 3a). For diabetic
participants, the QALY gain was 0.95 but there was an
increase in cost, US$9,800 and US$1,580, from the societal
and the health care perspective, respectively. Therefore, the
intervention was cost-effective, not cost-saving, for participants
with diabetes, namely US$10,537/QALY gained and US$1,885/
QALY from a societal and health care perspective,
respectively, including programme costs. However, for non-
diabetic participants, the cost reduction was higher than in the
base case analysis. The Björknäs intervention directed at
diabetic participants would be cost-effective while for non-

diabetic participants, it would be cost-saving. The intervention
was cost-effective considering Swedish data sources from a
health care perspective (analysis 5). For other sensitivity
analyses, the base case result was not sensitive.

Discussion

We estimated the cost-effectiveness of a lifestyle intervention
as in the Swedish Björknäs study by model simulation for
different time scales using DD approach and extensive
sensitivity analyses. The analysis showed that the benefits of
the intervention were reinforced in the long term when not only
were costs expected to be saved but also, QALYs were
expected to be gained. The cost-effectiveness result was
robust to a number of changes in model assumptions, as
shown by the sensitivity analysis.

The within-trial cost-effectiveness analysis of the Björknäs
intervention with patient and register data found the
intervention to be cost-saving [25]. Using model simulation, the
intervention was cost-saving in the long term, with increased
benefits compared with within-trial results. The positive impact
of increasing the time horizon was in line with earlier results of
the lifestyle intervention of the Diabetes Prevention Program
(DPP) showing higher cost savings in the long term (US
$51,600/QALY gained in the within-trial analysis [49] and US
$8,800/QALY gained in the long term [30]). There were several
reasons for the differences in results when comparing the DPP
and the Björknäs intervention. Besides using different

Table 2. Base case results regarding mean costs (in US$, 2012 price year) and quality-adjusted life years (QALYs) per
participant in the short and long term.

Model simulation Perspectives Predicted cost (US$) (95% CI by bootstrapping) Predicted QALY (95% CI by bootstrapping)

  Intervention Control Intervention Control
Short-term, baseline –year 3 Societal
 With Study 14,000 (10,400 to 17,600) 11,050 (8,200 to 14,100) 2.27 (2.247 to 2.298) 2.31 (2.285 to 2.33)
 Reference 13,950 (10,500 to 17,500) 10,300 (7,400 to 13,300) 2.27 (2.250 to 2.299) 2.31 (2.287 to 2.335)
 Difference 50 (-300 to 400) 750 (450 to 1,100) 0.00 (-0.008 to -0.000) 0.00 (-0.004 to 0.00)
 DD -700 (-1,100 to -260) 0.00 (-0.007 to 0.001)
 Health care
 With Study 9,530 (7,000 to 12,100) 7,260 (5,300 to 9,450) 2.27 (2.247 to 2.298) 2.31 (2.285 to 2.335)
 Reference 9470 (7,000 to 12,000) 6,700 (4,600 to 8500) 2.27 (2.250 to 2.299) 2.31 (2.287 to 2.335)
 Difference 60 (-190 to 300) 560 (400 to 950) 0.00 (-0.008 to -0.000) 0.00 (-0.004 to 0.003)
 DD -500 (-1,000 to -200) 0.00 (-0.007 to 0.001)
Long-term, baseline - death Societal
 With Study 75,500 (67,000 to 83,570) 82,800 (47,900 to 94,300) 9.83 (9.108 to 10.671) 10.81 (10.044 to 11.582)
 Reference 75,200 (67,900 to 82,400) 75,200 (42,850 to 85,100) 9.80 (9.054 to 10.553) 11.24 (10.544 to 11.907)
 Difference 300 (-3,660 to 4,600) 7,600 (6,200 to 16,900) 0.03 (-0.243 to 0.311) -0.43 (-0.684 to -0.235)
 DD -7,300 (19,700 to -1,000) 0.46 (0.116 to 0.69)
 Health care
 With study 58,400 (53,200 to 63,700) 59,000 (53,000 to 66,200) 9.83 (9.108 to 10.671) 10.81 (10.044 to 11.582)
 Reference 58,000 (52,600 to 63,600) 57,100 (51,000 to 65,000) 9.80 (9.054 to 10.553) 11.24 (10.544 to 11.907)
 Difference 400 (-1,700 to 2,400) 1,900 (-1,900 to 5,000) 0.03 (-0.243 to 0.311) -0.43 (-0.684 to -0.235)
 DD -1,500 (-5,400 to 2,650) 0.46 (0.116 to 0.69)
* Cost figures are rounded
doi: 10.1371/journal.pone.0080672.t002
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simulation models, the programme costs were much higher in
the DPP trial, as the programme was individualized while the
Björknäs intervention was group-based and conducted in a
limited resource setting. The cost-effectiveness of The Finnish
Diabetes Prevention Study (DPS) in Swedish settings also
showed cost saving from lifetime perspectives [50]. This
Björknäs intervention also evaluates a group-based
intervention, but compared with the DPS we considered
additional health states (coronary heart disease and congestive
heart failure, and allowed diabetes to develop into micro- and
macro-vascular complications) in the Markov model.

The difference between within-trial cost-effectiveness and
model-based, short-term cost-effectiveness is that the within-
trial calculations considered participant-reported QALYs and
registered-based costs while the model-based calculations
considered cost and QALYs related to disease events. One
might argue that, since the within-trial cost-effectiveness of the
Björknäs intervention resulted in cost-saving [25], there is no
need for estimates of long-term benefits. We argue that the
standard recommendation for performing cost-effectiveness
analysis is to consider a longer time frame [40]. Moreover, the
3-year intervention period may be considered as a treatment
for MeSy, as the participants met health professionals,
interacted with them and felt motivated and managed
themselves towards healthy lifestyle habits. Here the main
purpose was to treat the risk factors. After the active
intervention, the preventive effect of the intervention may be
considered an additional benefit [51], where reduced risk
factors lessen future diseases. The preventive effect may be
useful for policy-making perspectives as it includes less chronic
disease events in the future. Within-trial cost-effectiveness

calculations showed an increase in utility weights of 0.08
(p=0.24) using the EQ-5D [25], which can be considered a
treatment effect while model simulation QALY gain (0.46) can
be considered a preventive effect of the Björknäs intervention.
Therefore, different methods have their strength and
drawbacks and it is worth mentioning that different cost-
effectiveness analyses are not competitive nor is one better
than the other. They complement each other and provide a
broad picture of the benefits of the lifestyle intervention
investigated to the decision makers.

This study reports that the intervention group had a higher
cost in the “with study” scenario than in the “reference”
scenario in all the simulations, which may suggest that people
would have been better off without the intervention. The reason
for this may be that the intervention group became better off in
some risk factors, such as systolic blood pressure and BMI, but
worse off in other risk factors, for example fasting plasma
glucose, HbA1c and HDL, compared with their baseline risk
factors (Table 1). Yet, the increase in cost for the intervention
group was lower than for the control group. This may be a
possible explanation for the lower estimation while the first-year
risk factors remained same (sensitivity analysis 1d, Table 3)
since in the first-year control group had more beneficial effects
on some risk factors compared with the intervention group
(Table 1). This may indicate that short-term lifestyle
interventions are effective but that the adherence to healthy
lifestyle habits is low, as suggested by others [52].

A cost-effectiveness analysis may adopt an optimistic
assumption that the effect of the intervention will persist for life
[53,54] and/or a pessimistic assumption that the effect of the
intervention will persist only for the intervention period [31,55].

Table 3. Sensitivity analysis, and difference in cost (in US$, 2012 price year) and quality-adjusted life years (QALYs) in the
long term, with different perspectives shown.

No. Situation Cost (US$) QALYInterpretation

  
Societal
perspective

Health care
perspective  Societal perspective Health care perspective

 
Base case (3rd-year risk factors remain until
death)

-7,300 -1,500 0.46 Cost-saving Cost-saving

1a. Risk factors return to baseline after 10 years -930 250 0.40 Cost-saving Cost-effective* (US$1,152/QALY )
1b. Risk factors return to baseline after 5 years -850 880 0.31 Cost-saving Cost-effective* (US$3,519/QALY)

1c.
Risk factors return to baseline immediately after
the intervention finishes

4,800 1,540 0.23
Cost-effective * (21,786 US$/
QALY)

Cost-effective* (US$7,613/QALY)

1d. 1st-year risk factors remain until death -1,230 90 0.12 Cost-saving Cost-effective* (US$836/QALY)
2a. With MIs for missing cases -11,300 -6,100 0.47 Cost-saving Cost-saving
2b. Complete cases only -10,300 -1,400 0.33 Cost-saving Cost-saving

3a. Only persons with diabetes 9,800 1,580 0.95
Cost-effective * (US$10,537/
QALY)

Cost-effective* (US$1,885/QALY)

3b. Only persons without diabetes -12,900 -2,260 0.30 Cost-saving Cost-saving
4. Extended time horizon (max age 120 years) -11,300 -2,370 0.27 Cost-saving Cost-saving
5. Swedish data sources -780 -160 0.04 Cost-saving Cost-effective* (US$1,275/QALY)
6. Study group, mean value -940 -1,700 0.39 Cost-saving Cost-saving
7a. No discounting -14,900 -3,100 0.48 Cost-saving Cost-saving
7b. 5% discount rate -8,270 -1,900 0.06 Cost-saving Cost-saving

* Including programme costs per participant (US$211); MIs = multiple imputations
doi: 10.1371/journal.pone.0080672.t003
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The assumption adopted drastically affects the results, as has
been found in a recent review [10]. Salkeld et al. found that the
cost-effectiveness ratio would be 20 times lower if the
intervention effectiveness was assumed to persist 1 additional
year beyond the intervention period [56]. On the other hand, if
the intervention effectiveness is assumed to persist 1 year
rather than for life, the cost-effectiveness ratio would be ten
times higher [53]. Van Baal et al. found that if 100% of their
participants maintained the intervention effect, the result would
be three times lower than for the base case where 23% people
maintained the effect [57]. There is no agreed-upon view on
how long the effectiveness of the intervention persists. The
sensitivity analysis of our study showed a cost saving with
lifelong intervention effectiveness and a reduction in cost and in
QALYs gained when we assumed lower/shorter persistence of
the intervention. Finally, the intervention was no longer cost-
saving when effectiveness was considered for only the
intervention period.

The MIs predicted higher cost savings compared with the
base case analysis (sensitivity analysis 2a). Carrying the last
observation forward could not properly capture the magnitude
of the risk factor reduction and the results may be biased. The
MI method was able to capture the change to some extent and
this explains the higher cost saving as well as the higher QALY
gain. A previous cost-effectiveness analysis has shown that
MIs provide lower costs per QALY [58], which is in line with our
findings.

The present study only considered the benefits of lifestyle
interventions related to MeSy and its associated diseases but
no other potential beneficial outcomes on cancer incidence
[22], pain reduction [23] or reduced mental suffering [24]. In this
sense, the result of this cost-effectiveness analysis was
underestimated. Moreover, we need to be cautious when using
the term “metabolic syndrome (MeSy)”. This is still a
controversial term: some researchers advocate the clinical
usefulness of the term [59] while others disagree with this [60].

The modelling approach is an alternative approach to
conducting a large RCT with a long follow-up. In many cases,
RCTs do not contain all the variables required for model
simulation. Consequently, researchers need to make some
assumptions about the variables [34,50,54], which sometimes
leads to biased results. The strength of the Björknäs
intervention was that it included all the anthropometric and
physiological characteristics of the participants required for the

model simulation. Additionally, the participants came from
primary health care and the intervention was provided in
primary health care settings with limited resources.

A limitation of this study was that we did not consider out-of-
pocket expenses for the participants who continued physical
activity after the intervention terminated. Participants who
continued exercising might also have gained QALYs and
therefore the overall effect on the result may be negligible.
Moreover, considering that clinical parameters of the
intervention were few in a small number of people, the
intervention effect might be overestimated or underestimated.
Furthermore, participants might have been particularly
motivated to participate in lifestyle interventions and therefore
tried to adhere with that. In that sense, the effect of intervention
might not represent the effectiveness achieved in a non-trial
setting. An ideal lifestyle intervention for cost-effectiveness
purpose needs to consider the sample size requirement for
economic evaluation beside clinical efficacy and as well as a
longer follow up to validate the result of model simulation with
real world situation.

Conclusion

The lifestyle intervention provided in the Swedish Björknäs
intervention was cost-saving both in the short and in the long
term. Financial constraints should not prevent the
implementation of lifestyle interventions in primary health care
settings.
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