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Executive summary 

Description of the intervention  

The main objective of the Do CHANGE project1 is providing patients with high blood pressure (HT), 
ischemic heart disease (CAD) or heart failure (HF) chronic conditions with a set of tools and 
services to optimally monitor and manage in near real-time their health condition and disease. 

The evaluation of the effectiveness of the Do CHANGE intervention has been carried out through 
two different studies (namely Phase 1 and Phase 2 trials), each of those with exactly the same 
inclusion and exclusion criteria, but starting at a different time and deploying a slightly different 
intervention.  In the first study (1), the intervention used the available components after the first 
design cycle, while in the second one (2) wearables and the new devices, developed in the context 
of the project, were to be added. 

The different piloting phases and the pilots being part of them were as follows: 

Table 1. Do CHANGE piloting phases and sites.  
Badalona Serveis 

Assistencials (BSA) - 
Spain 

Buddhist Tzu-Chi Dalin 
General Hospital 
(BTCD) - Taiwan 

Elisabeth TweeSteden 
Ziekenhuis (ETZ) – The 

Netherlands 

1st piloting phase X  X 

2nd piloting phase X X X 

Model input 

Defining the health states and the transition probabilities 

The MAFEIP tool is based on a Markov model which allows to simulate the transition of the target 
population between up to five different health states. The baseline health state represents the 
general health status of the target population. The disease/impairment health state(s) reflect(s) 
the health status of people who experience the condition of interest (the condition that the 
intervention aims to prevent, relieve or cure). 

In Do CHANGE project, we adopted a 5-state model where the initial health states of the MAFEIP 
model have been defined based on the systolic (SBP) and diastolic (DBP) blood pressure and the 
classification followed by the American Heart Association which defines the different 
hypertension states depending on both the SBP and DBP. Thus, we calculated the transition 
probabilities in both the control and intervention group according to the patients who shift from 
one state to another. More concretely, we considered: the incidence rate, as the percentage of 
patients whose SDP and/or DBP had increased; the recovery rate, as the percentage of patients 
whose SDP and/or DBP had decreased. 

Apart from the transition probabilities, the model allows to enter the risk for mortality. Since the 
participants started with chronic health conditions, the risk for mortality is mostly higher than for 
the general population in the same country and age range and is progressively increasing when 
patients move from a health state to a worse one, so that we set this value in between 1.002 to 
1.005 according to the health state. 

                                                           
1 www.do-change.eu 



 

http://mafeip.eu 
info@mafeip.eu 

 

 

 
3 

 

Computing the costs 

In order to assess the cost-effectiveness of the new intervention, we took into account the 
healthcare and societal costs associated for both the intervention and usual care. Healthcare 
costs refer to resource use within the healthcare system (i.e. time spent by professionals on 
service provision, consultations, cost of hospitalisations, etc.). On the other hand, societal costs 
include the healthcare costs plus those costs afforded outside the healthcare sector. In this case, 
the costs for the intervention group include the time spent by patients using the new service. The 
intervention brought savings in travel time and costs for patients and their caregivers. These are 
computed as a cost for the control group. 

Looking at the costs of the intervention in phase 1, we found that the healthcare costs in the 
intervention group are lower than those in the control group in BSA, which may be due to the 
lower number unplanned hospitalizations and of visits to GPs and specialists. In ETZ, there is no 
consistent difference between the healthcare costs of the intervention group and the control 
group. In phase 2, no consistent difference between the costs exists in the different countries.     

Utility 

MAFEIP recommends using the EQ‐5D to calculate utility. EQ-5D is a standardised measure of 
health status developed by the EuroQol Group in order to provide a simple, generic measure of 
health for clinical and economic appraisal2. In the case of the Do CHANGE project we used the 
EQ-5D-3L version3 within the three measurement points (baseline, month 3 and month 6). The 
questionnaire is the preferred one for the National Institute for Health and Care Excellence (NICE) 
for reference-case analyses over the new EQ-5D-5L (further research is needed to explore the 
impact of adopting the EQ-5D-5L valuation set in the NICE reference case described in NICE’s 
guide to the methods of technology appraisal). 

EQ-5D health states, defined by the EQ-5D descriptive system, have been converted into a single 
summary index by applying a formula that essentially attaches values (also called weights) to each 
of the levels in each dimension. The index has been calculated by deducting the appropriate 
weights from 1, the value for full health. Information in this format is useful, for example, in cost 
utility analysis. 

For this concrete example our interest was to measure the change over time rather than the 
absolute values. Therefore, we calculated the changes in utility for each of the four health states 
and for each of the two groups. To all these change values we added to each of them a common 
initial measure which was established for the whole sample before the start of the pilots. 

Model output 

Figure 1 shows the overall impact of the intervention on the costs and effects of the whole target 
population for BSA and ETZ in phase 1. Both things combined place the incremental cost‐
effectiveness ratio (ICER) in the lower‐right quadrant of the cost‐effectiveness plane in BSA, 
whereas the ICER is located in the upper-right quadrant in ETZ. This means that the intervention 
is better (more effective) than the current (standard) care and cheaper in BSA, whilst the 
intervention is more effective, but also more expensive in ETZ than usual care. 

                                                           
2 EuroQol Group. EuroQol-a new facility for the measurement of health-related quality of life. Health Policy 1990;16:199-208  
3 https://euroqol.org/eq-5d-instruments/eq-5d-3l-about/ 
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Figure 1. Cost-effectiveness plane phase 1 

 

Figure 2 shows the cost-effectiveness plane for BSA, ETZ and Taiwan in phase 2. Even though the 
intervention is more effective than usual care in ETZ, the relative costs for gained utility are too 
high to accept this intervention. To conclude, according to this plane, the intervention would only 
be accepted in BSA, and would be rejected in Taiwan and ETZ. 

Figure 2. Cost-effectiveness plane phase 2 
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1. Description of the project and the intervention  

1.1. Project description 

The focus of the Do CHANGE project4 was on empowering individuals with high blood pressure 
(HT), ischemic heart disease (CAD) or heart failure (HF) chronic conditions with tools and services 
to optimally monitor and manage their real-time health condition and disease. The innovative 
approach of the Do CHANGE project also involves the patients’ surrounding health ecosystem in 
the process. The traditional difficulties of therapy adherence in a physician-centred care system 
are radically abandoned and replaced by a patient-centred approach. The approach advocated 
by Do CHANGE project focuses on the needs of the patient by not only providing them with 
innovative tools that assess the patient’s real-time health condition, but also offer a variety of 
behavioural alternatives. The main hypothesis of the Do CHANGE project is that patients’ disease 
self-management will improve as compared to self-management of patients who receive the care 
as usual. 

The project started 1 Feb 2015 and finished on 31 July 2018. It was funded by the European 
Commission under the Horizon 2020 programme (Grant Agreement #643735) and had 10 
partners split in between the Netherlands, United Kingdom, Spain and Taiwan.  

The Do CHANGE evaluation study was meant to become real through two different studies 
(namely Phase 1 and Phase 2 trials), each of those with exactly the same inclusion and exclusion 
criteria, but starting at a different time and deploying a different intervention.  In the first study 
(1), the intervention used the available components after the first design cycle, while in the 
second one (2) wearables and the new devices, developed in the context of the project, were to 
be added. The reasons to follow such an approach were several: a) the responsive Do’s would 
only become available in the second one, partly as a result of the data coming from the first one; 
b) the delay it would have caused waiting for the final prototypes of the devices; c) to learn from 
experiences on how to approach and involve users as well as to learn from the acceptance by the 
users.  

The different piloting phases and the pilots being part of them were as follows: 

Table 2. Do CHANGE piloting phases and sites.  
Badalona Serveis 

Assistencials (BSA) - 
Spain 

Buddhist Tzu-Chi Dalin 
General Hospital 
(BTCD) - Taiwan 

Elisabeth TweeSteden 
Ziekenhuis (ETZ) – The 

Netherlands 

1st piloting phase X  X 

2nd piloting phase X X X 

 

                                                           
4 http://www.do-change.eu/ 



 

http://mafeip.eu 
info@mafeip.eu 

 

 

 
6 

 

The aim of the evaluation was to compare patients who 1) will be using the support for behaviour 
change to patients who 2) will get the care as usual on relevant outcome measures. The 
evaluation of outcomes was performed at 3 and 6 months post randomization. Patients were 
recruited in a real-life setting, which, theoretically, would increase the ecological validity of the 
project findings despite the study design being a randomized controlled trial. 

This report includes the cost/benefit analysis of: 

 The results achieved at Badalona (Spain) and Tilburg (the Netherlands) during the first 
piloting phase by means of the MAFEIP tool (January 2017 to September 2017); 

 The results by means of MAFEIP tool of the second phase pilot in the three sites (Spain, 
the Netherlands and Taiwan), from September 2017 to July 2018;  

 A cross-pilot and cross-phase appraisal of the results. 

1.2. Study design 

A randomized controlled trial was used as study design, where patients were randomized (1:1) to 
either the intervention group or the control group (usual care). The evaluation was conducted 
through the Do CHANGE evaluation framework, which served as the first definition of the generic 
Model for Assessment of mHealth (MASH) (Figure 3).  

Figure 3. The MASH model applied to the Do CHANGE project 

 

The MASH is a purpose-designed evaluation framework based on a three-dimensional model.  
The first of the axis comprises all the stakeholders who may have an interest in the project results. 
The idea is to cover all the different expectations from those different profiles when it comes to 
the presentation of the results. The second axis corresponds to the assessment domains that 
have been proposed through an adaptation of the Model of Assessment of Telemedicine (MAST5) 
into the mHealth environment. This second area aims to cover all the different areas of interest 
when selecting the instruments to assess the project in order to have a comprehensive set of 

                                                           
5 http://www.renewinghealth.eu/en/assessment-method 
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results. Finally, the third axis covers the different use cases covered by the intervention proposed 
in the context of the project. 

1.3. Study population 

Patients diagnosed with coronary artery disease (having experienced a myocardial infarction, 
percutaneous coronary intervention, angina pectoris and coronary artery bypass graft surgery) 
and patients with (symptomatic) heart failure were included in the study. Further to those, 
patients diagnosed with hypertension were also included in the study. Hypertension was defined 
by values ≥140 mmHg of systolic blood pressure (SBP) or ≥90 mmHg of diastolic blood pressure 
(DBP) in two different measurements spaced 1-2 minutes apart and after 3-5 minutes in the 
sitting position. 

1.4. Intervention 

The first piloting phase included (only for the intervention group) all the technology available 
from the Do CHANGE ecosystem at that time: 

 Docobo CarePortal (telemonitoring solution with built-in ECG technology and 
symptomatic questionnaires) 

 Blood pressure meter 

 Moves app on smartphone (to assess location of the patients) 

 Do Something Different (with the so called “Core Do’s” to nudge the patients towards 
better cardiac lifestyle behaviours) 

The initial aim for the second pilot phase was to test the whole Do CHANGE ecosystem, including 
all experimental devices. However, at the start of this phase, for several technical reasons, it 
appeared that no stable and reliable COOKiT could be supplied. Therefore, it was agreed to do a 
small additional study with COOKiT and FLUiT with a small group of patients who had already 
finished the second phase trial. Moreover, COOKiT and FLUiT have not been assessed in the 
context of the second phase trial. 

The second pilot phase technology for the intervention comprised the following: 

 Docobo CarePortal (telemonitoring solution with built-in ECG technology and 
symptomatic questionnaires) 

 Blood pressure meter 

 Moves app on smartphone (to assess location of the patients) 

 Vire app on smartphone to see an overview + Do’s (Do CHANGE app) 

 Beddit app on smartphone and strip (non-obtrusive thin strip under the mattress cover 
sheet) 

 Fitbit app on smartphone and wristband 

 Do Something Different program (core Do’s & responsive Do’s) 

 HORUS app within Vire to make pictures of daily food intake 
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1.5. Number of patients in the two piloting phases 

1.5.1. The phase 1 pilot 

In Badalona, a total of 74 individuals were recruited, being 37 part of the intervention group and 
37 part of the control group (Table 3). The age of the participants ranged from 46 to 75 years and 
it included both males (71.6%) and females (28.4%). In the Netherlands, 38 individuals were 
recruited for the intervention group and 37 individuals for the control group, which is a combined 
total of 75. Of all participants, 66.4% was male and 33.6% was female, ranging from 34 to 79 
years.  

The participants were newly diagnosed with HT, CAD or HF, having at least two of the following 
risk factors: smoking, positive family history, increased cholesterol, diabetes, sedentary lifestyle, 
and psychosocial risk factors. Those patients were (in general) visited by the cardiologist, 
however, in the case of hypertension, internal medicine practitioners were also involved. Patients 
also had to have a mobile phone with access to the Internet (and sufficient knowledge on using 
personal computer or smartphone) and have sufficient knowledge of the countries’ native 
language. An additional inclusion criterion for HF patients only was to experience the symptoms 
associated to the disease (e.g. shortness of breath, chest pain, exhaustion).  

During the piloting period, one participant in the control group dropped-out in Badalona, as in 
Tilburg, two participants dropped out. Their data was not included in the analysis performed in 
the context of this report.  

Table 3. Number of patients recruited in each pilot site in phase 1 

Pilot site Intervention group Control group Total 

BSA 37 37 74 

ETZ 38 37 75 

Total 75 74 149 

1.5.2. The phase 2 pilot 

The original plan for recruitment in phase 2 was: 

Table 4. Original plan for recruitment Phase 2  

Pilot site Intervention group Control group Total 

BSA 37 38 75 

ETZ 38 37 75 

      Taiwan 1 (BTCD) 25 25 50 

      Taiwan 2 (ITRI) 25 25 50 

Total Taiwan 50 50 100 

Total 125 125 250 

However, for several reasons, it was difficult to reach these targets in practice. At the end of the 
inclusion period (minimal 6 months before the end of the project), only Spain and the Netherlands 
were able to target the inclusion numbers while Taiwan did not manage to reach the total 
amount. 
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The population of phase 2 was stratified by study groups (after cleaning outliers) including Control 
(N=115) and Intervention (N=92), of which the intervention group was composed of 29 
participants in the Netherlands, 27 in Spain and 36 in Taiwan (Table 5).  

In this group, 82.8% were male and 17.2% were female in the Netherlands, as in Spain 74.1% 
were male and 25.9% were female, and in Taiwan, 63.9% were male and 36.1% were female.  The 
age ranged from 33 to 77 in the Netherlands, 21 to 75 in Spain and 35 to 75 in Taiwan.  

Table 5. Number of patients included in the calculations for MAFEIP (after cleaning outliers) 
in each pilot site in Phase 2  

Pilot site Intervention group Control group Total 

BSA 27 36 63 

ETZ 29 37 66 

Taiwan 36 42 78 

Total 92 115 207 

2. Model input 

2.1. Defining the health states and the transition probabilities 

One of the assessment domains of the project included the observation of the possible changes 
in different clinical variables between the patients receiving the Do CHANGE ecosystem and the 
ones in usual care.  Among all of these, blood pressure is the one that is able to better profile the 
health status of the patients included in the study. For both HT and CAD, it is a risk factor and for 
hypertension, it is the main diagnostic factor.  

Taking into account all of these, the initial health states of the MAFEIP model have been defined 
based on the systolic (SBP) and diastolic (DBP) blood pressure and the classification followed by 
the American Heart Association6 which defines the different hypertension states depending on 
both the SBP and DBP.  

Table 6 shows a description of each of the states, their mapping to the MAFEIP health states and 
the initial distribution of the patients included in the study, separated between BSA and ETZ . On 
a side note, the latest stage of hypertension, according to the American Heart Association, has 
not been included, as this is considered to be a hypertensive crisis (SBP > 180). 

 

                                                           
6 Paul K. Whelton, Robert M. Carey, Wilbert S. Aronow, Donald E. Casey, Karen J. Collins, Cheryl Dennison Himmelfarb, Sondra M. 
DePalma, Samuel Gidding, Kenneth A. Jamerson, Daniel W. Jones, Eric J. MacLaughlin, Paul Muntner, Bruce Ovbiagele, Sidney C. 
Smith, Crystal C. Spencer, Randall S. Stafford, Sandra J. Taler, Randal J. Thomas, Kim A. Williams, Jeff D. Williamson, Jackson T. 
Wright, 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, 
and Management of High Blood Pressure in Adults, Journal of the American College of Cardiology May 2018, 71 (19) e127-e248; 
DOI: 10.1016/j.jacc.2017.11.006. 



Table 6. Health state definition criteria and initial distribution 

State Criteria 
MAFEIP Health 

state 

Phase 1 Phase 2 

Initial distribution - 
Intervention group 

Initial distribution - 
Control group  

Initial distribution - 
Intervention group 

Initial distribution - Control group  

BSA ETZ BSA ETZ BSA ETZ Taiwan BSA ETZ Taiwan 

Normal Less than 120 
SDP and less 
than 80 DBP 

Baseline 
21.62% 21.62% 13.89% 13.89% 19.44% 14.29% 25% 13.51% 13.33% 18.60% 

High 120-129 SDP 
and less than 
80 DBP 

Advanced 
disease stage 1 5.41% 10.81% 2.78% 5.56% 11.11% 2.86% 0% 2.70% 6.67% 6.98% 

Stage 1 130-139 SDP 
or 80-89 DBP 

Advanced 
disease stage 2 

35.14% 21.62% 27.78% 22.22% 36.11% 31.43% 40.91% 45.95% 26.67% 44.19% 

Stage 2 140 or higher 
SDP or 90 or 
higher DBP 

Advanced 
disease stage 3 37.83% 45.95% 55.55% 58.33% 33.33% 51.43% 34.09% 37.84% 53.33% 30.23% 
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Table 7. Transition probabilities 

Type of transition probability 

Phase 1 Phase 2 

Control group Intervention group Control group Intervention group 

BSA ETZ BSA ETZ BSA ETZ Taiwan BSA ETZ Taiwan 

Incidence 1 (baseline to progressive disease stage 1) 20% 0% 0% 0% 80% 25% 12.50% 14.29% 0% 18.18% 

Recovery 1 (progressive disease stage 1 to baseline) 100% 50% 100% 0% 100% 0% 0% 0% 0% 0% 

Incidence 2 (baseline to progressive disease stage 2) 0% 40% 25% 12.50% 20% 0% 37.50% 14.29% 20% 0% 

Recovery 2 (progressive disease stage 2 to baseline) 0% 12.50% 15.38% 0% 17.65% 0% 10.53% 7.69% 0% 5.56% 

Incidence 3 (progressive disease stage 1 to stage 2) 0% 0% 0% 50% 0% 0% 100% 100% 0% 0% 

Recovery 3 (progressive disease stage 2 to stage 1) 40% 12.50% 23.08% 0% 29.41% 12.5% 10.53% 38.46% 0% 11.11% 

Incidence 4 (baseline to progressive disease stage 3) 0% 40% 0% 75% 0% 50% 12.50% 14.29% 0% 0% 

Recovery 4 (progressive disease stage 3 to baseline) 0% 19.05% 0% 17.65% 0% 0% 0% 0% 0% 0% 

Incidence 5 (progressive disease stage 1 to stage 3) 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 

Recovery 5 (progressive disease stage 3 to stage 1) 5% 0% 7.14% 11.76% 0% 0% 7.69% 0% 0% 0% 

Incidence 6 (progressive disease stage 2 to stage 3) 10% 37.50% 0% 75% 5.88% 0% 47.37% 38.46% 27.27% 16.67% 

Recovery 6 (progressive disease stage 3 to stage 2) 35% 19.05% 42.86% 41.18% 42.86% 0% 30.77% 50% 5.56% 33.33% 



Therefore, the transition probabilities are calculated based on the changes of the initial health 
states over time. In order to perform the calculation, the measurement taken at the third month 
after the baseline measurement was considered. Transition probabilities are entered as 
percentages (Table 7). Specifically: 

 Incidence represents the annual probability for an individual of moving from baseline to 
each progressive stage of the disease.  

 Recovery indicates the annual probability of undergoing an improvement in the condition 
of interest.  

Since the participants started with severe health conditions, the risk for mortality is mostly higher 
than for the general population in the same country and age range. Moreover, it increases 
progressively according to the disease stage as indicated in Table 8 below: 

Table 8. Risk of mortality in each health state. 

MAFEIP Health state 
Control group Intervention group 

BSA ETZ Taiwan BSA ETZ Taiwan 

Baseline 1.002 1.002 1.002 1.002 1.002 1.002 

Advanced disease stage 1 1.003 1.003 1.003 1.003 1.003 1.003 

Advanced disease stage 2 1.004 1.004 1.004 1.004 1.004 1.004 

Advanced disease stage 3 1.005 1.005 1.005 1.005 1.005 1.005 

 

2.2. Computing the costs 

Table 9 shows a summary of the costs directly related to the intervention, which are costs that 
affect only the group that tested the new Do CHANGE service. The costs indicated in this table 
are one‐off costs, i.e. costs incurred at the implementation point only. These costs have been 
homogenised per patient and include: 

 The cost of time spent by professionals (both nurses and specialists) in service 
development and receiving training (which is 4 hours per professional divided by the total 
number of patients involved in the pilot = 75). However, whilst the cost of training is 
relevant in this stand alone, in a study with a larger patient population, the cost would 
tend to zero, as one could assume that a digital module in clinician’s training would be 
implemented in the future.  

 The cost of time spent by nurses in providing training to patients (30 minutes per patient) 
and installing the Do CHANGE service ecosystem (45 minutes per patient) 

 The cost of the devices (which include market price of the devices themselves – VAT 
included – and related telecommunication and software costs). 
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Table 9. Intervention one-off costs. 

Intervention one-off costs (per patient) Phase 1 Costs (€) Phase 2 Costs (€) 

BSA ETZ BSA ETZ Taiwan 

Time spent by professionals7 (overhead 
of 18%) 

29.24 59.25 50.02 99.79 19.19 

Time spent by Specialist 
(service development, 
receiving training, adaptation) 

1.86 7.12 1.86 7.12 4.53 

Time spent by Nurse (service 
development, receiving 
training, adaptation) 

1.39 2.13 1.39 2.67 0.42 

Time spent by Nurses on 
training provision to patients 

10.40 20.00 25.99 50.00 7.91 

Time spent by Nurses on 
installation of the Do CHANGE 
ecosystem 

15.59 30.00 20.79 40.00 6.33 

Cost of the set of devices included 
within the Do CHANGE ecosystem 

447.70 447.70 748.99 748.99 748.99 

TOTAL 476.94 506.95 799.01 848.78 768.18 

Healthcare costs refer to resource use within the healthcare system in each situation, usual care 
(control group) and Do CHANGE ecosystem implementation (intervention group).  

It includes: 

 The cost of the time spent by health professionals on service provision, consultations, 
etc. is calculated as follows: the cost of the time spent by specialists and nurses in 
assessment and care planning per patient8 plus the costs of the visits to GPs and 
specialists9;  

 The cost of unplanned hospitalisations, which is calculated by multiplying the number of 
bed days per patient by an estimation of the cost per bed‐day10.  

In accordance with what is expected, the healthcare costs in the intervention group are lower 
than those in the control group, due to the lower number of visits to GPs, specialists and 
unplanned hospitalizations in Spain. However, in the Netherlands, the healthcare costs in the 
intervention group are not consistently lower than those in the control group, but differ per 
category.  

                                                           
7 For the personnel cost, we use the average cost for one full‐time employee including employer contributions to social security. 
The average hourly costs: are 29.23€ (BSA), 59€ (ETZ) and 16.88€ (Taiwan) for a physician, 20.79€ (BSA), 40€ (ETZ) and 6.33€ 
(Taiwan) for a nurse, and 34.81€ (BSA), 113.50€ (ETZ) and 84.91€ (Taiwan) for a specialist.  
8 During the project, in the control group, the specialists dedicated on average 9 minutes to assessment and care planning per 
patient while nurses dedicate 30 minutes per patients. In the intervention group, we found that this time has been longer, 
respectively 30 minutes dedicated by specialists to each patient and 45 minutes by nurses.  
9 We recorded the average duration of one visit to the GP (15 minutes) and the specialists (25 minutes) and the number of visits 
each patient needed in each group on average, thus we got the costs of the visits by multiplying these two figures by the average 
hourly costs of the two healthcare professional categories. 
10 The estimation of cost per bed‐day is 733.56€ (BSA) and 1853.57€ (ETZ) which has been obtained by dividing the Expenditure for 
Inpatient curative care in hospitals by Hospital bed‐days in services of curative care (both variables are available in Eurostat, 
hlth_sha11_hc and hlth_co_dischls). Taiwan has been calculated by dividing the average expenses of hospitalisation by the number 
of hospital days, which results in 342.50€ https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4407432/ 
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We calculated the amount of healthcare costs per patient for each of the four health states 
(baseline and advanced disease stage 1, 2 and 3) (Table 10). 

Table 10. Healthcare Costs  

Healthcare costs of the control group  Phase 1 costs (€) Phase 2 costs (€) 

Control group – Baseline  BSA ETZ BSA ETZ Taiwan 

Total time spent by professionals in usual 
care (overhead 18%)  

34.77 140.10 29.90 138.02 114.25 

Time spent by Specialist (assessment and 
care planning) 

5.22 20.03 5.22 20.03 12.74 

Time spent by Nurse (assessment and 
care planning) 

10.40 20.00 10.40 20.00 3.16 

Visits to GP 9.50 18.44 9.72 21.31 2.00 

Visits to Specialist 4.35 60.26 0.00 55.63 78.92 

Non-planned hospitalisations 660.20 0.00 616.18 205.95 0.00 

TOTAL 694.97 140.10 646.08 343.97 114.25 

Control group – High (Advanced disease 
stage 1) 

 BSA ETZ BSA ETZ Taiwan 

Total time spent by professionals in usual 
care (overhead 18%) 

44.12 240.79 37.37 88.76 71.45 

Time spent by Specialist (assessment and 
care planning) 

5.22 20.03 5.22 20.03 12.74 

Time spent by Nurse (assessment and 
care planning) 

10.40 20.00 10.40 20.00 3.16 

Visits to GP 11.47 11.06 13.15 7.38 4.22 

Visits to Specialist 10.30 152.97 2.90 27.81 40.43 

Non-planned hospitalisations 806.91 926.79 1,247.04 0.00 0.00 

TOTAL 851.03 1,167.58 1,284.41 88.76 71.45 

Control group – Stage 1 (Advanced 
disease stage 2) 

 BSA ETZ BSA ETZ Taiwan 

Total time spent by professionals in usual 
care (overhead 18%) 

43.41 202.44 34.27 136.47 93.44 

Time spent by Specialist (assessment and 
care planning) 

5.22 20.03 5.22 20.03 12.74 

Time spent by Nurse (assessment and 
care planning) 

10.40 20.00 10.40 20.00 3.16 

Visits to GP 7.97 39.91 8.92 25.29 7.27 

Visits to Specialist 13.20 91.62 4.50 50.33 56.02 

Non-planned hospitalisations 3,660.41 926.79 2,347.36 176.53 0.00 

TOTAL 3,703.82 1,129.23 2,381.63 313.00 93.44 

Control group – Stage 2 (Advanced 
disease stage 3) 

 BSA ETZ BSA ETZ Taiwan 

Total time spent by professionals in usual 
care (overhead 18%) 

38.18 164.95 36.72 88.76 114.94 

Time spent by Specialist (assessment and 
care planning) 

5.22 20.03 5.22 20.03 12.74 

Time spent by Nurse (assessment and 
care planning) 

10.40 20.00 10.40 20.00 3.16 

Visits to GP 8.18 21.31 7.23 7.38 9.61 
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Visits to Specialist 8.56 78.45 8.27 27.81 71.90 

Non-planned hospitalisations 4,401.30 780.45 3,447.69 0.00 0.00 

TOTAL 4,439.48 945.40 3,484.41 88.76 114.94 

Healthcare costs of the intervention group 

Intervention group – Baseline  BSA ETZ BSA ETZ Taiwan 

Total time spent by professionals in usual 
care (overhead 18%) 

56.97 215.41 57.83 180.89 156.94 

Time spent by Specialist (assessment and 
care planning) 

17.41 66.75 17.41 66.75 42.46 

Time spent by Nurse (assessment and 
care planning) 

15.59 30.00 15.59 20.00 3.16 

Visits to GP 6.58 20.90 7.31 2.46 11.04 

Visits to Specialist 8.70 64.90 8.70 64.09 76.34 

Non-planned hospitalisations 146.71 463.39 242.07 308.93 0.00 

TOTAL 203.68 678.80 299.90 489.82 156.94 

Intervention group – High (Advanced 
disease stage 1) 

 BSA ETZ BSA ETZ Taiwan 

Total time spent by professionals in usual 
care (overhead 18%) 

45.38 269.88 69.05 166.43 244.96 

Time spent by Specialist (assessment and 
care planning) 

17.41 66.75 17.41 66.75 42.46 

Time spent by Nurse (assessment and 
care planning) 

15.59 30.00 15.59 20.00 3.16 

Visits to GP 1.83 27.66 8.55 17.21 11.61 

Visits to Specialist 3.63 104.30 16.97 37.08 150.36 

Non-planned hospitalisations 513.49 0.00 660.20 0.00 0.00 

TOTAL 558.87 269.88 729.25 166.43 244.96 

Intervention group – Stage 1 (Advanced 
disease stage 2) 

 BSA ETZ BSA ETZ Taiwan 

Total time spent by professionals in usual 
care (overhead 18%) 

46.46 202.08 47.46 185.84 142.01 

Time spent by Specialist (assessment and 
care planning) 

17.41 66.75 17.41 66.75 42.46 

Time spent by Nurse (assessment and 
care planning) 

15.59 30.00 15.59 20.00 3.16 

Visits to GP 2.74 10.09 5.04 28.20 11.05 

Visits to Specialist 3.63 64.41 2.18 42.54 63.68 

Non-planned hospitalisations 733.55 1,265.79 894.93 54.52 19.57 

TOTAL 780.01 1,467.87 942.39 240.36 161.58 

Intervention group – Stage 2 (Advanced 
disease stage 3) 

 BSA ETZ BSA ETZ Taiwan 

Total time spent by professionals in usual 
care (overhead 18%) 

58.53 223.78 49.02 185.84 138.67 

Time spent by Specialist (assessment and 
care planning) 

17.41 66.75 17.41 66.75 42.46 

Time spent by Nurse (assessment and 
care planning) 

15.59 30.00 15.59 20.00 3.16 

Visits to GP 8.33 20.73 6.07 28.20 12.51 
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Visits to Specialist 8.27 72.16 2.47 42.54 59.39 

Non-planned hospitalisations 3,154.27 741.43 2,127.30 54.52 0.00 

TOTAL 3,212.80 965.21 2,176.32 240.36 138.67 

 

The societal costs include the healthcare costs plus those costs outside the healthcare sector. In 
this case, the costs for the intervention group include the time spent by patients using the new 
service11. Moreover, the intervention brought savings in travel time and costs for patients and 
their caregivers. These are computed as a cost for the control group (Table 11). 

Table 11. Societal Costs  

Societal costs of the control group  Phase 1 costs (€) Phase 2 costs (€) 

Control group – Baseline  BSA ETZ BSA ETZ Taiwan 

Extra travel time spent by patients in 
usual care compared to Do CHANGE 

0.48 -0.07 0.40 0.55 -0.90 

Extra costs and travel time spent by 
informal caregivers in usual care 
compared to Do CHANGE 

2.91 -2.99 2.40 22.91 -2.27  

Healthcare costs 694.97 140.10 646.08 343.97 114.25 

TOTAL 698.36 137.04 648.88 367.43 113.35 

Control group – High (Advanced disease 
stage 1) 

 BSA ETZ BSA ETZ Taiwan 

Extra travel time spent by patients in 
usual care compared to Do CHANGE 

1.58 -0.48 0.76 -0.28 -0.74 

Extra costs and travel time spent by 
informal caregivers in usual care 
compared to Do CHANGE 

9.60 -20.17 4.58 -11.95 -1.86  

Healthcare costs 851.03 1,167.58 1,284.41 88.76 71.45 

TOTAL 862.21 1,146.93 1,289.75 76.53 70.71 

Control group – Stage 1 (Advanced 
disease stage 2) 

 BSA ETZ BSA ETZ Taiwan 

Extra travel time spent by patients in 
usual care compared to Do CHANGE 

0.86 0.86 0.64 0.25 -0.38 

Extra costs and travel time spent by 
informal caregivers in usual care 
compared to Do CHANGE 

5.20 36.24 3.85 10.56 -0.95  

Healthcare costs 3,703.82 1,129.23 2,381.63 313.00 93.44 

TOTAL 3,709.88 1,166.33 2,386.12 323.81 93.06 

Control group – Stage 2 (Advanced 
disease stage 3) 

 BSA ETZ BSA ETZ Taiwan 

Extra travel time spent by patients in 
usual care compared to Do CHANGE 

-0.02 0.02 0.19 -0.36 0.15 

Extra costs and travel time spent by 
informal caregivers in usual care 
compared to Do CHANGE 

-0.15 0.70 1.16 -14.93 0.37  

Healthcare costs 4,439.48 945.40 3,484.41 88.76 114.94 

                                                           
11 The equivalent for the time spent by the patients and informal caregivers is 6.07€ (BSA), 17.50€ (ETZ) and 0.64€ (Taiwan) per 
hour. 
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TOTAL 4,439.31 946.12 3,485.76 73.47 115.09 

Societal costs of the intervention group 

Intervention group – Baseline  BSA ETZ BSA ETZ Taiwan 

Time spent by patients using the service 9.11 45.21 9.71 23.08 2.00 

Healthcare costs 203.68 678.80 299.90 489.82 156.94 

TOTAL 212.79 724.01 309.61 512.90 158.94 

Intervention group – High (Advanced 
disease stage 1) 

 BSA ETZ BSA ETZ Taiwan 

Time spent by patients using the service 1.52 48.13 8.13 32.08 2.94 

Healthcare costs 558.87 269.88 729.25 166.43 244.96 

TOTAL 560.39 318.01 737.38 198.51 247.90 

Intervention group – Stage 1 (Advanced 
disease stage 2) 

 BSA ETZ BSA ETZ Taiwan 

Time spent by patients using the service 8.35 32.24 11.59 37.19 1.86 

Healthcare costs 780.01 1,467.87 942.39 240.36 161.58 

TOTAL 788.36 1,500.11 953.98 277.55 163.44 

Intervention group – Stage 2 (Advanced 
disease stage 3) 

 BSA ETZ BSA ETZ Taiwan 

Time spent by patients using the service 33.02 47.30 22.64 46.84 1.95 

Healthcare costs 3,212.80 965.21 2,176.32 240.36 138.67 

TOTAL 3,245.82 1,012.51 2,198.96 287.20 140.62 

 

2.3. Computing the utility 

MAFEIP recommends using the EQ‐5D to calculate utility. EQ-5D is a standardised measure of 
health status developed by the EuroQol Group in order to provide a simple, generic measure of 
health for clinical and economic appraisal12. In the case of the Do CHANGE project we used the 
EQ-5D-3L version13 within the three measurement points (baseline, month 3 and month 6). 

EQ-5D health states, defined by the EQ-5D descriptive system, have been converted into a single 
summary index by applying a formula that essentially attaches values (also called weights) to each 
of the levels in each dimension. The index has been calculated by deducting the appropriate 
weights from 1, the value for full health. Information in this format is useful, for example, in cost 
utility analysis. 

For this concrete example, our interest was to measure the change over time rather than the 
absolute values. Therefore, we calculated the changes in utility for each of the four health states 
and for each of the two groups. To all these change values, we added to each of them a common 
initial measure which was established for the whole sample before the start of the pilots (Table 
12). 

  

                                                           
12 EuroQol Group. EuroQol-a new facility for the measurement of health-related quality of life. Health Policy 1990;16:199-208  
13 https://euroqol.org/eq-5d-instruments/eq-5d-3l-about/ 
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Table 12. Calculation of the utility for patients participating in Phase 1 pilot  

 Utility Before Utility After Change in Utility 

Control BSA ETZ BSA ETZ BSA ETZ 

Baseline 0.739 0.888 0.837 0.869 0.098 -0.020 

Advanced disease stage 1 0.887 0.806 0.824 0.490 -0.063 -0.316 

Advanced disease stage 2 0.94 0.770 0.925 0.731 -0.015 -0.039 

Advanced disease stage 3 0.907 0.816 0.883 0.824 -0.024 0.008 

Intervention       

Baseline 0.789 0.833 0.935 0.727 0.146 -0.106 

Advanced disease stage 1 0.913 0.783 0.95 0.897 0.037 0.114 

Advanced disease stage 2 0.919 0.889 0.907 0.937 -0.012 0.048 

Advanced disease stage 3 0.876 0.882 0.768 0.859 -0.108 0.008 

Whole sample 0.894 0.812     

Table 13. Calculation of the utility for patients participating in Phase 2 pilot  

 Utility Before Utility After Change in Utility 

Control BSA ETZ Taiwan BSA ETZ Taiwan BSA ETZ Taiwan 

Baseline 0.869 0.936 0.638 0.95 0.904 0.847 0.081 -0.032 0.209 

Advanced disease stage 1 0.719 0.807 1 0.898 0.904 1 0.179 0.097 0 

Advanced disease stage 2 0.875 0.821 0.895 0.853 0.825 0.883 -0.022 0.004 -0.012 

Advanced disease stage 3 0.889 0.843 0.87 0.866 0.872 0.838 -0.023 0.029 -0.032 

Intervention                   

Baseline 0.896 0.854 0.875 0.9 0.931 0.911 0.004 0.077 0.036 

Advanced disease stage 1 0.871 0.861 0.726 0.853 0.861 0.726 -0.018 0 0 

Advanced disease stage 2 0.912 0.896 0.877 0.938 0.886 0.841 0.026 -0.01 -0.036 

Advanced disease stage 3 0.964 0.805 0.832 0.944 0.852 0.766 -0.02 0.047 -0.066 

Whole sample 0.897 0.842 0.854             

Moreover, since we are interested in the change during the period rather than in the absolute 
value, we calculate the changes in utility in the eight options (control/intervention in the four 
health states) (third column of Table 13) and add each of them to a common initial measure, as 
shown in Table 14 and Table 15 (established as the utility value for the whole sample before the 
start of the pilots, which was 0.894). 

Table 14. Estimated utility after the intervention (Phase 1 Do CHANGE ecosystem partial setup)  

Estimated utility after intervention 

 Control Group Intervention Group 
 BSA ETZ BSA ETZ 

Baseline 0.992 0.793 1 0.707 

Advanced disease stage 1 0.831 0.496 0.931 0.926 

Advanced disease stage 2 0.879 0.773 0.882 0.861 

Advanced disease stage 3 0.87 0.804 0.786 0.82 
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Table 15. Estimated utility after intervention (Phase 2)  

Estimated utility after intervention 

 Control Group Intervention Group 
 BSA ETZ Taiwan BSA ETZ Taiwan 

Baseline 0.978 0.81 1 0.901 0.919 0.89 

Advanced 
disease 
stage 1 

1 0.939 0.854 0.879 0.842 0.854 

Advanced 
disease 
stage 2 

0.875 0.846 0.842 0.923 0.832 0.818 

Advanced 
disease 
stage 3 

0.874 0.871 0.822 0.877 0.889 0.788 

3. Model output 

In this section, we analyse the model outputs based on the input parameters that were defined 
in the previous section. The following types of output are presented: 1) incremental cost and 
effect of the intervention per age-gender combination in the target population and the 
cumulative incremental cost and effect over the model horizon; 2) average per person 
incremental gains in terms of economic and health outcomes; 3) the impact of the intervention 
on the probability of the patient specified in the input environment to reside in each of the model 
states. 

3.1. Badalona Serveis Assistencials (BSA) 

3.1.1. Phase 1 output 

Figure 4 shows the incremental cost, which refers to the difference between the cost that a 
person from a specific age and gender would have if he/she received the intervention minus the 
cost that would have if he/she followed current care in BSA. This value is negative, thus implying 
that the intervention is cheaper than usual care. Nevertheless, incremental cost increases with 
age, meaning that the intervention becomes progressively less advantageous compared to usual 
care as patients age. This is due to the fact that the healthcare costs for medical visits, unplanned 
hospitalizations, etc. progressively increase with age as complexity of conditions increases as well. 

Furthermore, MAFEIP allows to visualize the economic impact at population level14 by looking at 
the incremental cost accumulated over the model time horizon for the whole population (Figure 
5), which decreases over time during the first four years after the start of the intervention.  

 

 

 

                                                           
14 The target population is the same considered in the model inputs, i.e. the Spanish population aged between 18 and 75. 
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Figure 4. Incremental cost by age phase 1 (BSA) 

 

Figure 5. Cumulative incremental cost phase 1 (BSA) 

 

The incremental effects by age, which show how much quality of life (utility) is gained when the 
intervention is used instead of the usual care, are positive, indicating that the intervention 
manages to increase patients’ utility. This value remains constant from the age of 18 to 55-60 and 
then starts decreasing (Figure 6). 

Figure 6. Incremental effects by age phase 1 (BSA) 

 

Regarding the population impact, we can observe that the accumulated incremental effect of the 
intervention during the first four years after its adoption is positive and increases over time 
(Figure 7). 
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Figure 7. Cumulative incremental effect over the model horizon phase 1 (BSA)  

 

In addition, a cost-effectiveness plane is provided in Figure 8. The cost-effectiveness plane plots 
the incremental cost of the intervention on the y-axis and the incremental health outcome 
(measured in QALYs) on the x-axis. The diagonal line represents the willingness to pay (WTP) per 
additional QALY gained, which is the maximum amount that the healthcare system is willing to 
give in exchange for a better quality of life (we assumed it is 15,000€ per QALY, but different 
thresholds may also be selected). In this plane we identify with a blue dot the position of the 
incremental cost-effectiveness ratio (Healthcare) or the ICER which is computed using the 
following formula: ∆C/∆E, whereas ∆C is Cost intervention - Cost Standard care and ∆E is Effect 
intervention – Effect Standard care. Depending on the location of the ICER point (blue dot) in this 
plane we are able to interpret whether our intervention would be cost-effective or not. In our 
case the combination of the incremental cost and effects place the incremental cost‐effectiveness 
ratio (ICER) in the lower‐right quadrant which means that the Do CHANGE intervention is 
dominant, i.e. cheaper and more effective than the usual care. 

Figure 8. Cost-effectiveness plane phase 1 (BSA) 

 

Lastly, MAFEIP allows assessing the impact of different inputs for selected parameters on the 

outcome of the evaluation. In other words, it allows you to see whether the evaluation of the 

intervention is “better” or “worse” when certain parameter values are varied one-by-one over a 

specified range of input values, via a univariate deterministic sensitivity analysis. 
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However, when we applied a ±10% change in either the one-off costs, the healthcare costs or the 
utility in the baseline health state for the intervention group, the variation that we appreciated 
resulted to be not significant. 

3.1.2. Phase 2 output 

Figure 9 shows the incremental cost by age, indicating the difference between the cost that a 
person from a specific age and gender would have if he/she received the intervention, minus the 
cost that would have occurred if he/she followed current care in BSA. This value is negative, 
indicating that the intervention is cheaper than usual care. However, as incremental costs 
increase with age, the intervention becomes progressively less advantageous compared to usual 
care as patients age. This is in line with the incremental costs by age of phase 1 of BSA, as both 
increase by age.  

Next to that, MAFEIP provides visualisation of the economic impact at population level by looking 
at the incremental cost accumulated over the model time horizon for the whole population 
(Figure 10), which decreases over time during the first four years after the start of the 
intervention. This indicates that the costs of Do CHANGE become less when the intervention 
advances (i.e. when the intervention is applied in successive years), which matches with the 
results of phase 1. 

 

 

 

 

 

 Figure 9. Incremental cost by age phase 2 (BSA) 

 

Figure 10. Cumulative incremental cost phase 2 (BSA) 
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Figure 11 shows that the QALY has a negative value, thus, the inventions do not manage to 
increase a patient’s utility. However, as the line increases by time, the effects become less 
negative when the patients get older.  

Figure 11. Incremental effects by age phase 2 (BSA)  

 

Figure 2712 shows the incremental effects (QALYs) accumulated over the model time horizon for 
the whole population. We can observe that the accumulated incremental effect of the 
intervention during the first four years after its adoption is negative and decreases over time. 

Figure 12. Cumulative incremental effects over model horizon phase 2 (BSA)  

 

Figure 13 shows the cost effectiveness plane of phase 2 in BSA. Even though the incremental 
costs per patient in the intervention decrease, the incremental health effects decrease as well. 
This implies that Do CHANGE is less costly, but also less effective.  However, the precise location 
of the ICER determines whether the intervention would be accepted or not. When the dot is in 
the upper right quadrant, higher willingness to pay implies higher chances of having an acceptable 
intervention. So, increasing the WTP threshold to, for example, 30K/QALY, would usually make 
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an intervention more likely to be accepted. However, in this case, the dot is in the lower left 
quadrant, meaning that the intervention manages to save money, but it has a lower effect than 
the current scenario. Therefore, the contrary applies. If the willingness to pay for an extra unit of 
effect (i.e. QALY) is higher, it means that QALYs are more valued, thus it is less likely that the 
intervention would be acceptable (decision-makers would be less willing to sacrifice extra QALY 
for saving money). Therefore, the WTP threshold is very important to determine whether this 
intervention would be accepted or not.  

Figure 13. Cost effectiveness plane phase 2 (BSA) 

 

3.1.3. Discussion of the results  

When looking at the results of phase 1, the cost-effectiveness plane is dominant and therefore, 
positive. Although innovative eHealth interventions are frequently not cheaper than care as usual, 
mainly due to the one-off costs per participant, Do CHANGE phase 1 seems to be cheaper than 
usual care on a long-term basis. This could be explained by the very high healthcare and societal 
costs in the control group compared to the costs in the intervention group. The high costs in the 
control group mainly consist of non-planned hospitalisations, also described as emergency cases, 
for example, in case of Do CHANGE, a stroke or a heart attack.  

The same conclusions related to costs can be drawn regarding Phase 2, as the number of non-
planned hospitalisations are also higher in the control group than in the intervention.  

However, when looking at the cost-effectiveness plane in Phase 2, the ICER is located below the 
WTP threshold, but also in the lower-left quadrant, implying that the intervention decreases 
utility. This implies that Do CHANGE did not increase the quality of life for participants in Phase 2 
in BSA. Especially looking at the utility of baseline state (0.962 and 0.885) and progressive disease 
stage 1 (1 and 0.863), the utility in the control group is higher than in the intervention group.  
However, utilities of 1 and 0.962 are unrealistically high for patients with heart failure compared 
to other interventions. For example, one medical trial with a group of 25,000 patient in Spain had 
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an average baseline utility of 0.8415, which is much lower than the utility of the baseline of Do 
CHANGE, or the average utility of the whole sample (0.881).  

This high number could partially be explained by the low number of participants taken into 
account for this case study upon whom we based the baseline state and the transition 
probabilities. For example, the number of patients in the baseline group (intervention = 7 and 
control = 5) and the patients included in the advanced disease stage 1 (intervention = 4 and 
control = 1), have, most probably, biased the results. 

To determine what the effect is of these high numbers, we performed a sensitivity analysis on 
the utilities of baseline and progressive disease stage 1 state with ±10% change in the control 
group and one on the utilities all together. Although the ICER dot moved up, it did not change 
quadrant.    

3.2. Tilburg (ETZ) 

3.2.1. Phase 1 output 

Figure 14 visualises the incremental costs that a person from a specific age and gender would 
have in ETZ. This is a positive value, which means that the intervention is not cheaper than the 
usual care. Furthermore, incremental cost decreases with age, implying that the intervention 
becomes progressively more advantageous compared to usual care when patients age. This could 
be due to elderly having more co-morbidity when they get older, thus the intervention tackling 
more different aspects of the diseases and therefore, decreasing the incremental healthcare 
costs.  
Another difference between BSA and ETZ is shown in Figure 15. Figure 15 visualizes the economic 
impact at population level, which increases as Do CHANGE proceeds, whilst in BSA, the cumulative 
incremental costs seem to decrease by time. This could be explained by the fact that the 
professional healthcare costs are almost twice as high in ETZ as in BSA, and these costs remain 
constant throughout the intervention.  

Figure 14. Incremental costs by age phase 1 (ETZ) 

 

 

                                                           
15 https://heart.bmj.com/content/100/21/1681.long#T1 
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Figure 15. Cumulative incremental cost phase 1 (ETZ) 

 

Figure 16 shows the incremental effects by age and the level of utility gained when the 
intervention is used instead of the usual care. As the values are positive, the intervention 
accomplishes to increase patients’ utility. This value starts decreasing at the age of 55, which 
means that the incremental effects decrease by age.  

Figure 16. Incremental effect by age phase 1 (ETZ) 

 

The cumulative incremental effect over the model horizon are shown in Figure 17. This includes 

the population impact of the intervention during the first four years after its adoption, which 

seems to be positive over time. 

 Figure 17. Cumulative incremental effects over the model horizon phase 1 (ETZ)  

 

Finally, a cost-effectiveness plane can be found in Figure 18. The location of the blue dot is in the 
upper-right quadrant, and below the threshold, implying that the intervention is effective, but 
also more expensive than usual care. Since it is below the threshold, it means that the 
intervention could be considered as accepted. 
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Figure 18. Cost-effectiveness plane phase 1 (ETZ) 

  

3.2.2. Phase 2 output 

Figure 19 shows the incremental cost for every age-gender combination in the specified target 
population in Phase 2 for ETZ. Similar to phase 1, this is a positive value, implying that the 
intervention is more expensive than the usual care. Furthermore, the incremental costs seem to 
decrease when the age increases, implying that the intervention becomes progressively more 
advantageous compared to usual care as patients age.   

The cumulative incremental costs over model horizon for phase 2 in ETZ are visualised in Figure 
20. This line increases over time during the first four years after the intervention started, implying 
that the relative costs of the intervention increase when the intervention is applied in consecutive 
years.   
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Figure 19. Incremental cost by age phase 2 (ETZ) 

 

Figure 20. Cumulative incremental costs over model horizon phase 2 (ETZ) 

 

The intervention seems to gain a level of utility for the patient compared to the usual care, as 
shown in Figure 21. Furthermore, the line goes down when patients get older, starting around 
the age of 50. This implies that the incremental effects also decrease by age.  

Figure 21. Incremental effects by age phase 2 (ETZ) 

 

Figure 22 visualises the cumulative incremental effect over the model horizon for the population 
impact of the intervention. This line gradually decreases, thus indicating that the cumulative 
incremental effects also decrease over time.  



 

http://mafeip.eu 
info@mafeip.eu 

 

 

 
29 

 

Figure 22. Cumulative incremental effects over model horizon phase 2 (ETZ) 

 

Figure 23 presents the overall impact of the intervention on healthcare/societal cost and QALYs 
for the total target population, summarised in a cost-effectiveness plane. The ICER is located in 
the upper-right quadrant, just like phase 1, indicating that de intervention is more expensive, but 
also increases the QALY of the patients involved. However, the ICER dot is also located above the 
WTP, implying that even though there’s an increase in QALY of the patients, the costs are 
relatively too high. This means that the intervention would not be considered as accepted. 

Figure 23. Cost-effectiveness plane phase 2 (ETZ) 

 

3.2.3. Discussion of the results 

The results of phase 1 and phase 2 in ETZ are quite similar to each other. However, the 
incremental costs by age increase in phase 1, and decrease in phase 2 over time. This is most 
probably due to the fact that the healthcare costs for medical visits and unplanned 
hospitalizations progressively increase with age as complexity of conditions increases as well in 
phase 1. Because the intervention seemed to be effective according to the cost-effectiveness 
plane in phase 1 and 2, the complexity and severity of the heart conditions may have lowered as 
well.  
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Furthermore, the cumulative cost over model horizon over time increase in phase 1, but decrease 
in phase 2. This could be due to much higher one-off costs for the intervention group in phase 2, 
which are only implemented once.  

Both ICERs are located in the upper right quadrant, implying that the intervention is more 
expensive, but also more effective than care as usual. This is to be expected, as the aim of Do 
CHANGE was to improve the health state of the patients by changing their behaviour, but the 
costs of implementing the intervention is also needed. However, the location of the ICER is above 
the WTP line in phase 1, but below the WTP line in phase 2, implying that the intervention would 
only be accepted in phase 1 in ETZ.  

3.3. Buddhist Tzu-Chi Dalin General Hospital 

3.3.1. Phase 2 output 

Figure 24 shows the incremental cost by age in Taiwan. As this is a positive value, the intervention 
is not cheaper than the usual care. Next to that, incremental cost seem to decrease with age, 
implying that the intervention will become less expensive compared to usual care when the 
patients get older.   

The cumulative incremental costs over model horizon are visualised in Figure 25. This figure 
indicates that the cumulative incremental costs of the intervention will increase as the 
intervention proceeds.  

Figure 24. Incremental cost by age phase 2 (Taiwan)  

 

Figure 25. Cumulative incremental costs over model horizon phase 2 (Taiwan)  

 

The incremental health-related quality of life are shown in Figure 26 for every age-gender 
combination in the specified target population. The starting points of the incremental effect per 
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person are negative, thus implying that the intervention does not improve the QALY, but the 
effects are less negative when the participants get older.  

Figure 26. Incremental effects by age phase 2 (Taiwan) 

 

Figure 2727 shows the incremental effects (QALYs) accumulated over the model time horizon for 
the whole population. We can observe that the accumulated incremental effect of the 
intervention during the first four years after its adoption is negative and decreases over time. 

Figure 27. Cumulative incremental effects over model horizon phase 2 (Taiwan) 

 

Figure 28 displays the cost-effectiveness plane of phase 2 in Taiwan. The ICER is located in the 
upper-left quadrant, implying that the intervention in dominated. A dominated intervention is 
more costly than the usual care and the utility/health of the participants in the intervention 
decreases. Furthermore, the ICER is located above the WTP line. Therefore, the intervention 
would not be considered as acceptable, even not as desireable.   
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Figure 28. Cost-effectiveness plane phase 2 (Taiwan)  

 

3.3.2. Discussion of the results 

The most important result of the cost-effectiveness analysis of Taiwan is the location of ICER dot 
in the cost-effectiveness plane. This dot was located in the upper-left quadrant, indicating that 
the intervention was more costly than usual care, but also less effective. As this implies that the 
intervention is dominated, it would not be accepted. 

When looking at the healthcare and societal costs of Taiwan, a big difference can be seen in the 
costs of the control group and the intervention group. Especially the relative difference between 
the one-off costs for the intervention is very big compared to the other costs, as it is often almost 
seven times as high. This is mostly due to relatively low healthcare professional costs (cost per 
hour of nurses and specialists) compared to other countries, which results in a higher intervention 
costs compared to the control costs.  

Furthermore, Taiwan only had one case of non-planned hospitalisations, which usually also has a 
big effect on the total costs.  All these factors together explain why the ICER is located above the 
horizontal line, thus being more costly than care as usual.  

Next to that, the utility of the baseline and progressive disease stage 1 in the control group are 
both 1, indicating a perfect health state for these participants. As having a perfect health state is 
unrealistic for heart patients, we should take into account that these numbers may not represent 
a good control group. Therefore, we performed a sensitivity analysis to determine a ±10% change 
in utility for both groups. When doing this, as shown in Figure 29, the location of the dot moves 
significantly to the right, in the middle of the right and left upper quadrant. However, the location 
would still be above the WTP, thus the intervention would not be accepted. 
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Figure 29. Sensitivity analysis for utility Phase 2 (Taiwan)  
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4. Cross-pilot analysis 

4.1. Comparison of the three sites 

The results of the different countries in all phases seem to be very different, as the locations of 
the ICERs are all in other quadrants. In phase 1, the ICER is located in the lower-right quadrant in 
BSA and in the upper-right quadrant in ETZ. In phase 2, the ICER is located in the lower-left 
quadrant in BSA, in the upper-right quadrant in ETZ and in Taiwan, in the upper-left quadrant.  

Figure 30 shows the cost-effectiveness plane of phase 1 for both BSA and ETZ. As the locations of 
the ICERs are both in the right quadrants, it means that the intervention was effective in phase 1, 
and the QALY of the intervention group was increased.  

Next to that, ETZ’s dot is above the horizontal incremental cost line, whereas BSA’s dot is below 
this line. This indicates that the intervention is more costly in ETZ, but less costly in BSA. This is 
probably due to some very high healthcare and societal costs in ETZ in the intervention group 
compared to the control group.  

For example, the healthcare and societal costs in baseline state in the control group are 140€ and 
137€ , whereas those numbers are 679€ and 724€ in the intervention group. These costs are 
mainly higher because of the unplanned hospitalisations that occurred only in the intervention 
group. However, in BSA, this seems to be the opposite. For example, the healthcare and societal 
costs in baseline state in the control group are 695€ and 698€, whilst being 204€ and 213€ in the 
intervention group.  

To add, for BSA, the healthcare and societal costs progressive disease stage 2 also differ widely, 
as the costs are 3704€ and 3710€ in the control group, whilst the costs are 780€ and 788€ in the 
intervention group. This big difference could be explained by the same reason as ETZ, as these 
high costs mainly consist of a very high number of unplanned hospitalisations.  

To summarise, both interventions would be accepted in Phase 1, as both ICERs are located below 
the WTP threshold for even the lowest willingness to pay, which is 15,000 per QALY in MAFEIP. 
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 Figure 30. Cost-effectiveness plane phase 1  

 

Figure 31 shows the cost-effectiveness plane of phase 2, including the ICERs of BSA, ETZ and 
Taiwan. All dots are located in different quadrants and, therefore, the results of all countries are 
different. As the dots of both the Netherlands and Taiwan are above the WTP line, the 
intervention would be declined, even though the Netherlands managed to increase utility. In 
Spain, the intervention would probably be accepted, as the ICER is below the WTP line, whilst 
both the costs and the utility decreased due to the intervention.  

The differences between the countries in terms of utility could mainly be explained by the cultural 
differences between the three countries. In the Netherlands, for example, elderly tend to be 
more independent and prefer to remain independent as long as possible16. This implies that 
patients are more likely to take care of their own health and thus, are more likely to adopt the 
behavioural nudges of Do CHANGE. However, countries such as Spain and Taiwan have a much 
more paternalistic system than the Netherlands, indicating that patients are used for doctors to 
take care of them instead of taking care of their health themselves. Therefore, they could see all 
the deployment of Do CHANGE more as a burden than as something that they could benefit from.  

This reasoning could also explain the difference in utility between phase 1 and phase 2 in BSA, as 
Phase 1 results in a positive utility and Phase 2 in a negative utility. Because phase 2 included 
more behavioural nudges, people in Spain could be less motivated to use these and more likely 
to drop out or just not correctly participate in the intervention as they did in phase 1.  

Nevertheless, the intervention costs in the Netherlands and more precisely, the salaries of the 
healthcare professionals, are higher than Spain and much higher than Taiwan. Even when the 
WTP line moves from 15k to 80k (which indicates the WTP for a very high burden of disease in 
the Netherlands), the dot would still be slightly above this line.   

To conclude, an important lesson learned from using the MAFEIP tool includes that Do CHANGE 
might be more beneficial for those countries with the same cultural mind set as the Netherlands, 

                                                           
16 https://www.aco-utrecht.nl/wp-content/uploads/A.3-NIVEL-Ouderen-van-de-toekomst.-Verschillen-in-de-wensen-en-
mogelijkheden-voor-wonen-welzijn-en-zorg.pdf 
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such as Belgium or Germany. Of course, this should be considered with great caution, as the 
number of participants was, in some groups, too low to draw significant conclusions.  

 Figure 31. Cost-effectiveness plane phase 2 

 

4.2. Blood Pressure as clinical indicator 
Since Do CHANGE targeted a population of patients with high blood pressure (HT), ischemic 

heart disease (CAD) or heart failure (HF) chronic conditions and taken into account the 

complexity of such conditions, the evaluation of the effectiveness of the intervention has been 

based upon the observation of the possible changes in different clinical variables.  Among all of 

those, having to select one to profile the health states in the MAFEIP model we concluded that 

blood pressure is the most adequate one since for both HT and CAD it is a risk factor and for 

hypertension it is the main diagnostic factor. Taking into account all of these, the initial health 

states of the MAFEIP model have been defined based on the systolic (SBP) and diastolic (DBP) 

blood pressure and the classification followed by the American Heart Association which defines 

the different hypertension states depending on both the SBP and DBP. 

Due to the relatively low number of patients included in the study, we do not have a population 

representative for all possible initial health states and possible transitions from one state to 

another that may occur: for this reason, some incidence and recovery rates are settled at 0. 
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5. Discussion and conclusion 

For Do CHANGE, the MAFEIP tool provided some very interesting results. The most interesting 
results for determining the cost-effectiveness of the intervention can be found in the cost-
effectiveness planes of all countries in the different phases. The decision rules applied to this kind 
of cost-effectiveness analyses are hierarchical.  First, we should reject any alternatives that are 
dominated by another alternative or combination of alternatives. Domination means economic 
efficiency in the strict cost-effectiveness sense described above, where the dominated alternative 
has greater cost with no greater benefits or lower benefits with no smaller costs, which is the 
case for Taiwan. Some participants are more likely to adopt interventions than others, as the 
cultural mind set can widely differ between countries. Therefore, we could say that the 
intervention was not successful in Taiwan. 

The choice between non-dominated alternatives is more complex. If only one alternative can be 
chosen, we should choose that with the lowest ICER.  Where combinations of more than one 
alternative can be used, it is in principle necessary to calculate the ICERS for every possible 
combination to decide which is most efficient.  There may also be an additional requirement that 
the chosen alternative or combination of alternatives must also be below a ceiling ratio, which is 
an externally-set level of the ICER that must be met if it is to be regarded as cost-effective.  

However, even though phase 1 provided an increase in utility for BSA, Spain, phase 2 did not 
match these results. Therefore, it is debatable whether Do CHANGE managed to be a useful 
intervention to these participants. As phase 1 included less interventions in one’s daily life, these 
differences might be due to state of mind of these participants. Inhabitants of Spain are usually 
more tended to a paternalistic system, in which they are used that the doctor takes care of them 
instead of caring for health themselves. Thus, more intervention in someone’s life does not 
necessarily indicate a better intervention. Therefore, the phase 1 Style intervention could be 
offered as a separate product for countries where people are used to a more materialistic health 
system, rather than self-managing their condition.  

Furthermore, we see that the intervention in phase 1 would be considered most useful in ETZ, 
the Netherlands. The cost-effectiveness plane displays a (slightly) more expensive outcome, but 
a definite increase in utility or so-called QALY. As our aim was to initially improve the participant’s 
health status, this is a positive result for ETZ. However, whilst the ICER remains in the same 
quadrant (upper-right) in phase 2 as for phase 1, the ICER has moved to a location above the WTP 
line. This implies that the intervention would only be accepted in phase 1, as the costs are 
relatively too high to compensate for the gain in utility in phase 2.   

When conducting the cost-effectiveness analysis, we found some limitations in the research. 
Firstly, our biggest limitation would be the low number of participants, and especially those within 
some of the stages in the Markov model. Some of the groups were limited to 1 or 2 participants, 
which is too low to draw any significant conclusions in scientific research. 

Secondly, some caution should be exercised when looking at the healthcare costs. The very high 
healthcare costs mainly consist of non-planned hospitalisations, such as having a stroke or heart 
attack. However, this could be a coincidence in the control or intervention group, as some 
participants were more likely to have non-planned hospitalisations, regardless of the group in 
which they participated.  

Thirdly, when looking at the results of the utility of each country, the social desirability of the 
results should also be considered. For example, Taiwan has an unrealistically high utility of 1 in 
the control group in the baseline and high health state. Research has shown that this tendency 
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to meet expectations from a specific intervention, is more present in non-western countries than 
in western countries17. Therefore, utility measures in different countries should be considered 
carefully. 

Nevertheless, the MAFEIP tool provided a very good initial analysis to determine how cost-
effective Do CHANGE was in the different countries. Even though the results were not what may 
have been initially expected– probably higher expenses, but also lower utility for those in the 
intervention group (Badalona and Taiwan) -, with the reasoning above, the results could be very 
useful for analysing the intervention and provide indications for further research.  

 

                                                           
17 https://pure.uvt.nl/portal/files/26404073/An_Indigenous_Measure_of_Social_Desirability_Across_Non_Western.pdf 


