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A B S T R A C T   

The Feel4Diabetes-study implemented a school- and community-based intervention to promote healthy lifestyle 
and prevent type 2 diabetes mellitus (T2DM) in six European countries. The intervention included a special focus 
on families at increased T2DM risk. The current study evaluates the intervention's cost-effectiveness. 

A Markov-type health economic model was developed to predict the incidence of T2DM and its complications. 
Incremental cost-effectiveness ratios (lifetime horizon, societal perspective) were calculated based on the overall 
intervention effect on health behaviour, and stratified for low- and high-risk families. Sensitivity analyses 
captured input parameters uncertainty. A budget impact analysis was performed. 

The increase in children's water consumption and physical activity led to a modest gain in quality adjusted life 
years (QALYs) at a low intervention cost and budget impact. Medical cost savings due to avoided illness could 
only be achieved on the very long-term (>30 years). The intervention in its entirety was cost-effective (more 
QALYs at a reasonable investment) in Belgium, Finland, Bulgaria, and Hungary, while being dominant (net 
savings and more QALYs) in Greece and Spain. Results were cost-effective for the low-risk families, who only 
received the school- and community-based intervention component. Results for the high-risk families were only 
cost-effective (with considerable uncertainty) in Greece and Spain, but not when the intervention would need to 
be repeated. 
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The Feel4Diabetes-intervention is potentially cost-effective, especially in countries with a high overweight and 
obesity prevalence, at a limited budget impact. The incremental financial investments to reach and support high- 
risk families did not result in the hoped-for health benefits.   

1. Introduction 

Diabetes mellitus prevalence in Europe is expected to increase by 
15%, from 59 million patients in 2019 to 68 million in 2045 (Diabetes 
Atlas. 9th Edition, 2019). Nowadays, 8.3% of national health expendi-
tures in Europe are spent due to diabetes (Diabetes Atlas. 9th Edition, 
2019). It has also been identified as one of the four priority non- 
communicable diseases (NCDs) by the United Nations (Resolution 66/ 
2, 2011). Type 2 Diabetes Mellitus (T2DM), formerly known as non- 
insulin-dependent or adult-onset diabetes, is the most common dia-
betes subtype, accounting for about 90% of diabetes patients (Diabetes 
Atlas. 9th Edition, 2019). The most important modifiable lifestyle risk 
factors for T2DM include obesity, sedentary behaviour, lack of physical 
activity, unhealthy diet, and smoking (Diabetes Atlas. 9th Edition, 
2019). Successful preventive measures targeting these risk factors would 
result in significant health and economic gains. Gains may be optimized 
by focusing on regions with a low socio-economic status (SES) in terms 
of low average educational level, occupation, or income (Agardh et al., 
2011). 

The Feel4Diabetes-study (Manios et al., 2018) was a holistic school- 
and community-based intervention aiming to promote a healthy lifestyle 
and to prevent T2DM in vulnerable families across Europe. Schools were 
used as entry-points to reach families from vulnerable communities in 
two high-income countries (HICs; i.e., Belgium and Finland) and two 
HICs under austerity measures following the financial crisis (HICs- 
AUST; i.e., Greece and Spain), as well as families from two low-to- 
middle income countries (LMIC; i.e., Bulgaria and Hungary). All chil-
dren and their families in the intervention group participated in a 
school- and community-based intervention promoting healthy lifestyle. 
Additionally, families identified to be at increased risk to develop T2DM 
(high-risk families; HRF) were invited to participate in a series of life-
style counseling sessions and a text-messaging intervention. The control 
group received a low intensity intervention with general lifestyle advice. 
Additionally, HRF in the control group were offered written information 
or were invited to a one-hour counseling session (Manios et al., 2018). 

Before implementing a new intervention in a real-world setting, its 
value for money should be assessed. The methods section below only 
provides the most important information to understand the results and 
discussion section. An extended description and discussion of the health 
economic model can be found in the previously published methodology 
paper (Willems et al., 2020). The current study presents the in-
tervention's cost-effectiveness results to inform researchers and policy 
makers on the long-term costs and effects of the Feel4Diabetes- 

intervention. 

2. Methods 

2.1. Model description 

The health economic model consisted of a decision analytic part and 
a Markov model with eleven health states (Fig. 1). The decision analytic 
part was based on relative risk reductions (RRR) in eight a priori selected 
energy balance-related behaviours (EBRBs; i.e., water consumption, 
fruits and berries intake, vegetables intake, screen time, sweets intake, 
sugar-sweetened beverages intake, physical activity, and breakfasting), 
assumed to be related to weight status changes. The intervention effects 
in both children and their parents were incorporated in the health 
economic model. However, the literature appeared to be inconclusive on 
some of the assumed EBRB-weight status associations (Willems et al., 
2020). Only robust EBRB-weight status associations were further 
considered (Muckelbauer et al., 2009; He et al., 2004; Andersen et al., 
2005; Duncan et al., 2012; Te Morenga et al., 2012; Dhingra et al., 2007; 
Wilkie et al., 2016; Vanelli et al., 2005; Deshmukh-Taskar et al., 2013). 
Such an approach, compared to a direct impact of the intervention on 
body weight, has the advantage to capture the long-term intervention 
effects, since previous research has demonstrated that a full decrease in 
bodyweight after lifestyle changes can only be observed after a few years 
(Hall et al., 2012; Hall et al., 2011). As an intervention effect was only 
found in children's water consumption and physical activity (see below), 
only these EBRBs were used to calculate the cost-effectiveness of the 
Feel4Diabetes-intervention (Table 1). 

The Markov model was based on previously published models that 
have evaluated physical (Annemans et al., 2007; De Smedt et al., 2012) 
and more holistic lifestyle interventions (Pil et al., 2014; Verhaeghe 
et al., 2014). It has been shown that disease incidence is subject to 
weight status (Haslam and James, 2005). Eleven health states were 
included (Fig. 1): at risk of disease (the healthy state), diabetes, death, 
stroke, coronary heart disease (CHD), colorectal cancer (CRC), and 
breast cancer (BC). The latter four disease states had been split up in two 
(first year after diagnosis (e.g. CHD1) and follow-up years (CHD1+)) 
since associated utilities and costs appeared to differ significantly. 
Health states in a Markov model are always mutually exclusive. Com-
binations were not allowed: e.g. patients moving from the diabetes state 
to another disease state did not receive a utility decrement. Transition 
probabilities were a function of the underlying weight status distribu-
tion, which was different between the intervention and the control 

Fig. 1. Decision analytic part and Markov model with 11 health states, reproduced from Willems et al. (Willems et al., 2020)  
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group, caused by a change in their EBRBs. People entered the Markov 
model from the age of 30 because T2DM incidence and mortality in 
childhood and young adulthood is low to negligible (IDF Diabetes Atlas, 
2015). Children's post-intervention weight status were extrapolated to 
their weight status in adulthood at the start of the health economic 
model, based on the tracking study of Venn et al. (Venn et al., 2007). 

2.2. Effectiveness of the intervention 

The country-specific level generated a small number of statistically 
significant intervention effects (p-value threshold of 0.05) on the 
selected EBRBs due to limited statistical power stemming from high 
drop-out numbers (Huys et al., 2020). Therefore, the current health 
economic evaluation focused on the all-countries level by applying the 
aggregated outcome data on the country-specific intervention cost. After 
the two-year intervention period, some modest effects were found on 
water consumption and physical activity in the total sample of children 
(after adjusting for baseline measurements).  

• Children in the intervention group consumed on average 0.27 more 
glasses of water than children in the control group. This increase in 
water consumption was only observed in children from low-risk 
families (LRF; +0.34 glasses of water) if the results were stratified 
for children from LRF and HRF.  

• Children in the intervention group met the recommendation of at 
least 60 min of physical activity per day by 3.8% more, compared to 
the control group. This increase in physical activity was only 
observed in children from HRF (+6.2%) if the results were stratified 
for children from LRF and HRF. 

The impact of the Feel4Diabetes intervention on the children's EBRBs 
was then recalculated to RRR in obesity and overweight status in 
adulthood (Table 2): the found differences in EBRBs were recalculated to 
a difference in weight status distribution in childhood (Table 1) 
(Muckelbauer et al., 2009; Wilkie et al., 2016). Based on the tracking 
study of Venn et al. (Venn et al., 2007), this was again extrapolated to a 
difference in weight status distribution in adulthood, resulting in the 
RRR. Parental EBRBs did not differ significantly between the interven-
tion and control group. 

2.3. Intervention costs 

Costs related to the project planning, the development of the in-
tervention's material, or the scientific assessment of the intervention 
were excluded. Costs to be repeated in a future real-life implementation 
were attributed to either the school- and community-based component 
(targeting LRF and HRF) or the counseling sessions component (tar-
geting HRF only). The previously published methodology paper contains 
a detailed description of these costs (Willems et al., 2020). 

Fig. 2 depicts the Feel4Diabetes-intervention cost. The major cost 
driver appeared to be the labour cost of the staff, accounting for 44% of 
the total intervention cost in Bulgaria, and up to 84% in Hungary. The 
intervention cost of the school- and community-based intervention, per 
1000 LRF children targeted, fluctuated from €5436 in Greece to €84,683 
in Belgium. The incremental cost of the additional counseling sessions 
and text-messaging intervention, per 1000 HRF children targeted, 
ranged from €69,901 in Bulgaria to €279,331 in Finland. 

2.4. Outcome measures and sensitivity analyses 

The incremental-cost-effectiveness ratio (ICER) is the main health 
economic outcome and can be expressed as costs per Quality Adjusted 
Life Year (QALY) gained. A QALY is a measurement that incorporates 
both the quantity (the number of years lived in a certain health state) 
and quality of life (the utility value; a score of 0 represents death and 1 
represents perfect health). The ICER is the ratio between the difference 
in costs and QALYs between the intervention cohort and the control 
cohort: 

ICER =
COSTintervention − COSTcontrol
QALYintervention − QALYcontrol 

Willingness-to-pay thresholds were based on the countries' gross 
domestic product per capita. 

Costs were converted to the Euro currency value of 2016 (=first year 
of the intervention). A societal perspective was applied to incorporate 
both direct and indirect costs associated with productivity loss following 
sickness and death. 

Effects were discounted at 1.50% and costs at 3%, conforming to the 
Belgian guidelines (Cleemput et al., 2015). A 70-year (≈lifetime) time 
horizon was applied. Results are expressed per 1000 children targeted, 
separately for boys and girls (plus their parents). 

One-way sensitivity analyses informed us about the potential and 
intrinsic sensitivity of different parameters. The parameters were varied 
one by one to 70% and 130% of the base case value while all other 

Table 1 
The link between EBRB and weight status, as applied to calculate the cost-effectiveness of the Feel4Diabetes-intervention, partly replicated from Willems et al. 
(Willems et al., 2020)  

EBRB Behaviour Relative risk on overweight/obesity 95% CI low 95% CI high Ref. 

Water consumptiona 1.1 glass of water per day difference 1.33 1.02 1.80 6 
Daily physical activity < 60 min per day 1.35 1.06 1.62 12  

a The increase in water consumption is assumed to reduce the risk on overweight/obesity linearly. EBRB: energy balance-related behaviour. 

Table 2 
Impact of the Feel4Diabetes intervention on children. Projected relative risk 
reductions in adulthood obesity and overweight in the base case.    

Water consumption Physical activity 

Men Women Men Women 

All families Obesity 2.79% 3.54% 0.45% 0.57% 
Overweight 0.13% 0.57% 0.02% 0.09% 

High-risk families Obesity – – 0.85% 1.08% 
Overweight – – 0.04% 0.17% 

Low-risk families Obesity 3.48% 4.40% – – 
Overweight 0.16% 0.72% – –  

Fig. 2. Intervention cost stratified for group targeted. HRF: high-risk families; 
LRF: low-risk families. 
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parameters were kept at baseline values. The parameters included in the 
one-way sensitivity analyses were the intervention costs, health state 
costs, health state utility values, disease and mortality incidences, 
intervention effect on physical activity and water consumption, the link 
between EBRBs and childhood BMI, and the link between childhood and 
adulthood BMI. Probabilistic sensitivity analyses included 1000 itera-
tions, varying all previously mentioned parameters at once. Costs were 
modelled using a gamma distribution, utility values and disease in-
cidences using a beta distribution, intervention effects using a normal 
distribution, and RRR using a log-normal distribution (Briggs et al., 
2006). 

The base case scenario assumed a lasting intervention effect but it 
might be recommended to repeat the intervention in the second half of 
primary school to ensure long-lasting effects. We evaluated this in a 
scenario analysis. 

A healthcare payer's perspective was applied for the budget impact 
analysis: only costs for the healthcare budget holder were included (e.g. 
exclusion of the HRF's transportation costs). It was assumed that the size 
of the target population remains stable over time, and that the inter-
vention would be implemented every three years. Based on the SES 
definitions, the target population size was estimated (Belgium, Flanders: 
48,394; Finland: 22,759; Greece: 106,600; Spain: 365,218; Hungary: 
254,060; Bulgaria: 180,411 primary school children between the age of 
7 and 9). 

The model was developed with Microsoft® Excel 2016 (Microsoft 
Corporation, Redmond, WA, USA). 

All input values with associated uncertainty can be found in Sup-
plementary Material S1. 

3. Results 

3.1. Cost-effectiveness of the Feel4Diabetes-study in its entirety 

The Feel4Diabetes-intervention was cost-effective in the HICs and 
the LMICs, and cost saving in the HICs-AUST. The highest ICER was 
€12,033, corresponding to an incremental cost of €82,947 for 6.9 QALYs 
gained, per 1000 Finnish girls targeted (Fig. 3a). Probabilistic sensitivity 
analyses (Table 3) showed that the results are robust with +90% of it-
erations below the country-specific willingness-to-pay (WTP) thresh-
olds. Scenario analysis with a repeated intervention increased the ICERs 
but did not change the conclusions (Fig. 3a), although the results were 
little less robust with 67.3%–97.3% of iterations below the WTP 
thresholds (Table 3). 

3.2. Cost-effectiveness of the school- and community-based intervention 
on LRF 

The intervention appeared to be cost-effective or in some countries 
even cost saving. The highest ICER was €3904, corresponding to an in-
cremental cost of €37,076 for 9.5 QALYs gained, per 1000 Belgian boys 
targeted (Fig. 3b). Probabilistic sensitivity analyses showed that the 
results are robust with +90% of iterations below the WTP thresholds 
(Table 3). Scenario analysis with a repeated intervention increased the 
ICERs but did not change the conclusions (Fig. 3b) with 84.9%–97.3% of 
iterations below the WTP thresholds (Table 3). 

3.3. Cost-effectiveness of the school- and community-based intervention 
plus the additional counseling sessions and text-messaging intervention on 
HRF 

The results were different for the HRF due to higher incremental 
costs and lower incremental QALYs. The results remained (borderline) 
cost-effective in the HICs-AUST: the ICERs were respectively €11,925 
and €15,904 per 1000 Greek girls and boys targeted; and respectively 
€22,859 and €25,548 per 1000 Spanish girls and boys targeted (Fig. 3b). 
Considering the Greek WTP threshold of €16,500 and the Spanish WTP 

threshold of €25,000, cost-effectiveness results were not robust with 
43.3%–60.3% of iterations under the threshold. In the other interven-
tion countries, results were not cost-effective with limited iterations 
under the WTP threshold (Fig. 3c and Table 3). Scenario analysis with a 
repeated intervention resulted in the intervention being not cost- 
effective (Fig. 3c) with 0.0%–20.6% of iterations below the WTP 
thresholds (Table 3). 

3.4. One-way sensitivity analysis 

Fig. 4 shows that the risk reducing effect of more water consumption 
on weight status had substantial impact, with important implications for 
the conclusions to be drawn from the results. The ICER was also 
impacted by the utility value of the healthy state (the at risk/healthy 
state): the greater the utility gap between the healthy state and the 
respective disease states, the lower the ICER would be. Otherwise said, if 
the overall quality of life of sick patients would improve because of 

Fig. 3. a, b, and c. Deterministic results. Red lines: willingness-to-pay thresh-
olds. Arrows with a D on top: dominant result. Specific numbers can be found in 
Supplementary Material S2. 
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Table 3 
Cost-effectiveness results with credibility intervals of the Feel4Diabetes intervention for all families, and further stratified for high-risk families and low-risk families. Results are presented per 1000 children targeted.    

WTP threshold Incremental costs Incremental QALYs ICER probabilistic (95% credibility interval) % ≤ WTP Scenario: 
repeated 
intervention 
% ≤ WTP 

Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys 

All families Belgium 38,500 € 61,216 € 62,745 € 9.3 9.1 6578 € 6902 € 92.4% 93.2% 77.4% 78.8% 
(− 10,431 € – 103,224 €) (− 10,617 € – 102,455 €) (0.9–23.0) (1.2–22.6) (− 710 € – 84,497 €) (Dom – 60,698 €) 

Finland 40,500 € 80,638 € 70,630 € 7.4 11.1 10,945 € 6368 90.3% 93.9% 67.6% 85.1% 
(33,041 € – 110,071 €) (− 3489 € – 109,365 €) (1.2–16.6) (1.6–27.9) (1886 € – 85,524 €) (Dom – 58,061 €) 

Greece 16,500 € − 52,434 € − 32,780 € 28.2 23.2 Dom Dom 98.3% 98.6% 97.3% 96.0% 
(− 185,232 € – 19,448 €) (− 138,661 € – 20,074 €) (3.5–72.7) (3.4–61.2) (Dom – 3262 €) (Dom – 4328 €) 

Spain 25,000 € − 46,103 € − 27,294 € 22.5 20.5 Dom Dom 97.6% 96.7% 94.5% 92.5% 
(− 220,724 € – 57,946 €) (− 196,131 € – 64,464 €) (2.7–53.9) (1.9–52.1) (Dom – 13,824 €) (Dom – 19,596 €) 

Hungary 13,500 € 33,813 € 36,759 € 16.8 18.5 2016 € 1989 € 92.9% 93.8% 81.8% 81.3% 
(− 13,885 € – 64,234 €) (− 15,075 € – 64,551 €) (1.7–39.2) (2.2–47.5) (Dom – 22,840 €) (− 565 € – 21,303 €) 

Bulgaria 7000 € 636 € 2207 € 12.3 15.5 52 € 143 € 95.2% 96.5% 89.5% 90.0% 
(− 28,635 € – 17,787 €) (− 25,883 € – 17,660 €) (1.4–31.0) (1.9–38.0) (Dom – 8977 €) (Dom – 5988 €) 

High-risk families Belgium 38,500 € 161,447 € 68,657 € 2.4 2.4 68,548 € 68,657 € 12.6% 13.9% 0.3% 0.3% 
(144,131 € – 173,581 €) (14,088 € – 465,297 €) (− 0.1–5.5) (0.1–6.0) (− 291,598 € – 547,833 €) (14,088 € – 465,297 €) 

Finland 40,500 € 270,336 € 268,068 € 1.9 2.8 139,900 € 94,959 € 0.2% 5.1% 0.0% 0.0% 
(256,248 € – 278,507 €) (250,036 € – 278,464 €) (0.2–5.0) (0.2–7.1) (46,209 € – 1,047,814 €) (31,254 € – 756,583 €) 

Greece 16,500 € 85,569 € 91,033 € 7.3 5.9 11,733 € 15,334 € 60.3% 46.1% 20.6% 9.7% 
(53,020 € – 105,473 €) (62,279 € – 105,963 €) (0.6–18.0) (0.3–15.5) (1760 € – 81,408 €) (2647 € – 105,963 €) 

Spain 25,000 € 128,544 € 132,546 € 5.6 5.3 22,783 € 24,939 € 48.1% 43.3% 12.2% 9.0% 
(82,612 € – 156,505 €) (83,881 € – 156,664 €) (0.5–13.9) (0.5–13.7) (4860 € – 186,090 €) (5118 € – 241,735 €) 

Hungary 13,500 € 144,822 € 146,430 € 4.6 4.5 31,775 € 32,243 € 3.9% 4.8% 0.0% 0.0% 
(130,978 € – 152,904 €) (133,299 € – 153,876 €) (0.6–11.5) (0.1–11.7) (10,605 € – 202,985 €) (7645 € – 277,487 €) 

Bulgaria 7000 € 65,094 € 65,495 € 3.1 4.0 20,938 € 16,534 € 1.7% 5.7% 0.0% 0.1%   
(57,908 € – 69,701 €) (58,472 € – 59,540 €) (0.1–7.8) (0.3–10.3) (6486 € – 212,752 €) (5063 € – 135,552 €) 

Low-risk families Belgium 38,500 € 35,284 € 34,587 € 9.8 9.9 3601 € 3489 € 93.1% 92.1% 81.7% 84.9% 
(− 43,696 € – 82,334 €) (− 51,616 € – 87,438 €) (0.6–25.7) (− 0.6–27.1) (Dom – 70,212 €) (Dom – 60,407 €) 

Finland 40,500 € 10,077 € − 497 € 8.1 12.1 1241 € Dom 94.2% 94.8% 89.0% 93.5% 
(− 54,672 € – 50,371 €) (− 89,138 € – 49,166 €) (− 0.5–20.6) (− 0.3–32.7) (Dom – 36,799 €) (Dom – 36,440 €) 

Greece 16,500 € − 78,575 € − 59,833 € 29.4 24.3 Dom Dom 97.9% 98.3% 98.0% 97.8% 
(− 214,284 € – 2936 €) (− 161,517 € – 3073 €) (0.9–76.7) (0.8–62.6) (Dom – Dom) (Dom – Dom) 

Spain 25,000 € − 99,025 € − 80,015 € 24.2 22.1 Dom Dom 97.7% 97.0% 95.7% 96.9% 
(− 327,076 € – 23,608 €) (− 303,234 € – 27,009 €) (1.1–64.8) (0.3–62.9) (Dom – 7857 €) (Dom – 7253 €) 

Hungary 13,500 € 9291 € 12,878 € 17.9 19.6 520 € 657 € 93.9% 93.8% 89.4% 87.3% 
(− 50,551 € – 45,182 €) (− 44,056 € – 46,147 €) (0.4–44.9) (− 0.1–49.9) (Dom – 19,927 €) (Dom – 16,342 €) 

Bulgaria 7000 € − 9658 € − 7666 € 13.0 16.2 Dom Dom 95.1% 95.6% 93.2% 92.8% 
(− 40,756 € – 10,075 €) (− 38,312 € – 10,742 €) (0.2–32.4) (− 0.3–41.4) (Dom – 5966 €) (Dom – 4056 €) 

QALYs: quality adjusted life years; Dom: dominant; ICER: incremental cost-effectiveness ratio; WTP: willingness to pay. 
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reasons such as improved treatment strategies, Feel4Diabetes would 
become less cost-effective (i.e. prevention would become less 
necessary). 

3.5. Budget impact analysis 

Last but not least, the Feel4Diabetes-intervention, if implemented in 
a real-world setting every three years targeting a new cohort, would 
have a relatively low budget impact in most countries (Table 4). The 
budget impact in Spain and Hungary appeared to be substantially higher 
than these in the other countries. Budget impact would nearly double if 
the intervention would be repeated in the second half of primary school. 

4. Discussion 

A school- and community-based intervention targeting families in 
low SES regions was implemented. Consistently with previous school- 
based interventions with direct parental involvement (Verjans-Janssen 
et al., 2018), modest intervention effects were found in some of the a 
priori selected EBRBs: an increase in children's water consumption and 
physical activity was shown. Only minimum QALY gains on the 

individual level were therefore found, but a real-world implementation 
of the intervention on the whole target population could accumulate to 
substantial public health benefits, with a limited budget impact in most 
countries. The cost-effectiveness results on a lifetime horizon, when 
taken together with the budget impact analysis on 30 years, showed that 
medical cost savings due to avoided illness could only be achieved on the 
long-term. The reason for this is because intervention effects were only 
found in children and not in their parents. 

Although the entire intervention appeared to be cost-effective in all 
six countries, it is important to note that these results were mainly 
driven by the intervention effect in LRF. This observation could be an 
application of the Matthew-effect (Joseph, 1989): people with an a 
priori better health status benefit more from a preventive health mea-
sure compared to people with an a priori worse health status. The low- 
cost universal screening strategy plus environmental improvements 
appeared to be a cost-effective approach to improve the LRF's health 
status in LMICs, and in low SES areas in HICs and HICs-AUST. This is in 
line with other research reporting cost-effective results for universal 
screening strategies (Sortsø et al., 2018). The cost-effectiveness could 
possibly be further improved by increasing the intervention effect. 
Muckelbauer et al. found for instance that the installation of water 
fountains increased water consumption much more (+1.1 glasses) than 
what has been found in the Feel4Diabetes-study (+0.34 glasses). The 
cost-effectiveness was however not investigated in this study (Muck-
elbauer et al., 2009). 

However, the health benefits included in the analyses did not 
compensate for the incremental intervention costs related to the coun-
seling sessions and text-messaging intervention targeting HRF, except 
possibly in Greece and Spain. In these countries, results were however 
sensitive to parameter uncertainty. Moreover, the intervention would be 
too costly if it should be repeated to sustain intervention effects. The 
better results for Greece and Spain may be due to the observation that 
overweight and obesity is more prevalent in these countries compared to 
the other four countries (European Statistics, 2014). Indeed, it has been 
concluded by Moschonis et al. (Moschonis et al., 2020) that behavioral 
and lifestyle changes in HRF are better achievable in Southern/Eastern 
European countries compared to North-European countries, due to a less 
established primary care service and a different socio-economic profile 
of inhabitants (Moschonis et al., 2020). But even in these countries, we 
found a lower incremental QALY in HRF compared to LRF, which is 
surprising as guidelines such as NICE (Public Health Guideline 38, 2012) 
suggest to target HRF as there is for instance more health to gain in this 
population. One possible explanation for our results is that the full effect 
of the intervention on behavioral factors could not be assessed because 
the HRF in the control group received a low-intensive lifestyle inter-
vention as well (Manios et al., 2018). 

Another explanation could be that the HRF intervention as applied in 
the Feel4Diabetes-study had not manage to reach and help these families 
to some extent. The optimum intervention strategy is yet to be deter-
mined. Li et al. (Li et al., 2015) reviewed, from an economic point of 

Fig. 4. Exemplary tornado diagram for the one-way sensitivity analysis. Entire 
intervention, girls + parents, Belgium. CHD: coronary heart disease; G/F: girls/ 
females; OB: obesity; OW: overweight. 

Table 4 
Budget impact. Intervention implemented every three years. All families, aggregated effectiveness data from all countries.  

Country Intervention frequency 3 years 12 years 21 years 30 years 

Belgiuma One-time 3,806,764 € 15,227,054 € 26,647,345 € 37,725,885 € 
Repeated 3,806,764 € 26,647,345 € 49,487,926 € 71,986,757 € 

Finland One-time 2,009,512€ 8,038,047 € 14,066,582€ 19,939,559€ 
Repeated 2,009,512€ 14,066,582 € 26,123,651 € 38,025,164 € 

Greece One-time 2,145,746 € 8,582,983 € 15,020,220 € 19,633,372 € 
Repeated 2,145,746 € 15,020,220 € 27,894,694 € 38,945,083 € 

Spain One-time 18,269,920 € 73,079,680 € 127,889,440 € 158,568,902 € 
Repeated 18,269,920 € 127,889,440 € 237,508,959 € 322,998,181 € 

Hungary One-time 15,618,428 € 62,473,711 € 109,328,994 € 154,631,405 € 
Repeated 15,618,428 € 109,328,994 € 203,039,560 € 295,197,254 € 

Bulgaria One-time 2,331,491 € 9,325,964 € 16,320,436 € 22,246,532 € 
Repeated 2,331,491 € 16,320,436 € 30,309,382 € 43,229,950 €  

a Region of Flanders. 
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view, T2DM prevention programs focusing on lifestyle changes in at-risk 
populations. The authors concluded that group-based counseling ses-
sions resulted in acceptable ICERs, but our results are not completely in 
line with their conclusion. Importantly, the authors pointed to the lim-
itation that most studies did not account for the costs of recruiting and 
engaging people to participate in the program (Li et al., 2015). This 
study included almost all possible costs, but total intervention cost was 
still remarkable lower than other, comparable interventions (Li et al., 
2015). Labour costs accounted for the bigger share and should thus be 
kept further under control in order to optimize the cost-effectiveness of 
preventive measures. The HRF were offered a low-cost text-messaging 
intervention in addition to counseling sessions but other, more extensive 
mobile health solutions to empower people could be part of a more 
effective and efficient strategy to prevent T2DM (Rinaldi et al., 2020; 
Iribarren et al., 2017) and associated non-communicable diseases (Iri-
barren et al., 2017). As stated in the Methods section, the Feel4Diabetes- 
intervention faced substantial drop-out. Indeed, modern technology has 
been suggested to help overcome existing issues with participant 
engagement (Kivelä et al., 2020). 

Last but not least, we should ask ourselves the question if the same 
WTP threshold should always be applied. Should we strive for the most 
efficient strategy, which is simply maximizing total health outcomes, or 
should we strive for balancing efficiency with equity (Bobinac et al., 
2012)? It could be reasonable to apply a lower WTP threshold for LRF 
and a higher one for HRF in order to maximize the equity-adjusted 
health outcomes. 

4.1. Limitations 

Notwithstanding the value of our analyses (i.e., a particular strength 
was the use of standardized data from six countries), some limitations 
should be addressed. 

First, follow-up lasted only two years after the beginning of the 
intervention. Therefore, a chain of assumptions was needed to extrap-
olate the intervention's effect. Based on literature, significant changes in 
EBRBs were related to an expected change in childhood body weight 
status (Muckelbauer et al., 2009; Wilkie et al., 2016), which was in turn 
linked to predicted adulthood body weight status23. Such an approach 
has previously been applied as well e.g. (Brown 3rd et al., 2007; Gra-
ziose et al., 2017). Importantly, future research should clarify if the 
assumed future reduction in body weight after initial EBRB changes has 
been reached. A two-year follow-up seems to be too short for this. 

Second, our analysis did not capture the whole Feel4Diabetes- 
intervention effect. We had to rely on EBRB data that was collected 
from the total study sample. The HRF filled out an additional ques-
tionnaire which captured more dietary factors. Some significant inter-
vention effects may have been found on these factors as well but these 
were not taken into account in the analyses. 

Third, arbitrary EBRB cut-off values were used (although they were 
based on the literature), e.g. the cut-off value of children engaging in at 
least 60 min of physical activity per day. Thus, not all changes were 
incorporated (e.g. if a child was 20 min physically active pre- 
intervention and 50 min active post-intervention). 

Fourth, as described above, the control group received a low in-
tensity intervention. The intervention effects may therefore have been 
underestimated, thus leading to an underestimation of the intervention's 
cost-effectiveness. 

Fifth, we used aggregated instead of country-specific effectiveness 
data due to statistical power issues. Hence cost-effectiveness statements 
are tentative, and subject to robust effectiveness data on a country level. 
Huys et al. demonstrated for instance no improvement in physical ac-
tivity in Belgian HRF (Huys et al., 2020), which only strengthens the 
conclusions from the current cost-effectiveness study. 

Sixth, the intervention cost was slightly underestimated as we lacked 
some cost data regarding the text-messaging intervention. The absence 
of this data is not expected to impact the conclusions because the missed 

costs were expected to be low since this particular component of the 
intervention did not require much manpower. Furthermore, the 
Feel4Diabetes-intervention cost was slightly underestimated as families 
in easily to reach communities were targeted. Reaching more remote 
communities could result in higher intervention costs. 

Seventh, disease states are mutually exclusive in Markov models. It is 
possible to counter this by adding combination states with the advantage 
of increasing the clinical reality. The drawback of such an approach 
would be a substantial drop in transparency and usability since one has 
to keep the potential data gaps in mind when performing such an 
analysis for multiple countries. A more in-depth discussion of the Mar-
kov model can be found in the second paragraph of the discussion sec-
tion of the previously published methodology paper (Willems et al., 
2020). 

5. Conclusion 

In conclusion, the Feel4Diabetes-intervention seems to be a low-cost 
intervention with small health gains on an individual level but sub-
stantial health gains on a population level. The intervention is poten-
tially cost-effective, especially in those countries with a high overweight 
and obesity prevalence, and has a limited budget impact. Financial 
payoffs can only be achieved after 30 years. However, further research is 
needed on how to efficiently help HRF in order to build a healthier and 
fair society. The additional component of the Feel4Diabetes- 
intervention targeting HRF appeared to be borderline cost-effective 
with considerable uncertainty in Greece and Spain solely, and only if a 
repeated intervention is not needed to sustain the intervention effect. 
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Bíró, Emese Antal, Sándorné Radó; 
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