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Abstract (100 words maximum)

Like many other countries, Portugal is witnessing the social issue of childhood obesity leading
to an increased cost burden. This thesis aims to assess the feasibility of a SIB in tackling this
social issue in Portugal. After conducting a thorough analysis of the issue, potential intervention
options, and a suitable outcome metric, a SIB was developed through an Excel model. This
study suggests that replicating a combination of MUN-SI and JOGG on the Azores for
elementary school-aged children can be viable and likely to create social and financial value

for all stakeholders.
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1. Introduction

Since 2010, Social Impact Bonds (SIBs) have emerged as a novel financing mechanism, aiming
to address public social issues, such as homelessness or unemployment, through innovative
partnerships between public, private, non-profit, and voluntary sectors. As a departure from
conventional funding models, SIBs are designed to align financial investments of private
investors with public social outcomes. The basic premise of a SIB is to attract private investors
who fund social interventions targeting specific social issues. The success of these interventions
is measured based on predetermined outcomes, and if the desired outcomes are achieved, the
government repays the investors' initial investment with a return on investment. In this way,
SIBs are designed to shift the financial risk from the public sector to private investors, providing
an incentive for innovative, evidence-based interventions that effectively address social
challenges (OECD 2016; The Government Outcomes Lab. n.d.; Social Finance n.d.;
GoodFinance n.d.).

Despite the growing interest in SIBs as a funding mechanism for social programs, there is a
notable research gap regarding their feasibility in addressing childhood obesity, particularly in
the context of Portugal. Childhood obesity is a pressing public health concern worldwide,
posing significant risks to the physical and mental well-being of children and adolescent and
significant healthcare costs for the government in Portugal. The prevalence of childhood obesity
has been steadily increasing in recent years. Addressing this issue requires innovative
approaches that involve various stakeholders and explore new funding mechanisms. However,
existing literature primarily focuses on SIBs in various social policy domains, but few studies
specifically examine their potential application to combat childhood obesity. Thus, this thesis
aims to fill this gap by assessing the feasibility of implementing a SIB to target overweight and

obese children in Portugal.
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To address the central research question, this thesis will commence with chapter 3, providing
a comprehensive exploration of SIBs, encompassing their conceptual framework, objectives,
associated benefits, involved stakeholders, historic development, current landscape, and
developmental process. Chapter 4 will shed light on the social challenge of "childhood obesity"
that the SIB aims to tackle, emphasizing its underlying causes, consequences, current situation,
costs, and measurement methodologies employed. Subsequently, in chapter 5, five existing
intervention models targeted at addressing childhood obesity within the context of a potential
SIB will be delineated and evaluated based on their effectiveness. Chapter 6 will delve into an
analysis of diverse outcome metrics and measures employed to combat childhood obesity,
considering the appropriateness of their incorporation within a SIB framework. Building upon
the insights garnered from chapters 3 to 6, the subsequent chapters 7 fo 9 will meticulously
expound upon a potential SIB tailored to address childhood obesity in Portugal. Chapter 7 will
ascertain the feasibility of this SIB by examining its prospective framework and subjecting it
to feasibility criteria. In chapter 8, the SIB will be modeled by elaborating on its intervention
scope, intervention costs, outcome metrics, payment mechanism, public sector value, and
investment structure. Continuing the analysis, chapter 9 will assess the potential SIB as a
business case, utilizing sensitivity analysis to evaluate its payout rate, success rate, cost of
intervention, and scenario analysis. Finally, chapter 10 will elaborate on the limitations inherent
in this thesis, thereby presenting potential avenues for further research and exploration. Finally,
this thesis will conclude with a conclusion of its findings in chapter 11.

By assessing the feasibility of implementing a SIB to address childhood obesity in Portugal,
this research contributes significantly to the scholarly discourse on innovative financing models
for public health by filling a critical gap in knowledge. The research work lays an essential
foundation for exploring the theoretical application of SIBs in the context of childhood obesity

and overweight problems in Portugal that was never addressed before. Although the thesis
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examines the feasibility of implementing a SIB in theory, the thesis's findings pave the way for
pilot projects that could test the implementation of such a SIB in a real-world scenario.
Therefore, this thesis can guide future research towards assessing the practical feasibility and
effectiveness of SIBs in addressing childhood obesity in Portugal.

2. Methodology

This thesis employs a mixed research approach, combining quantitative data analysis and
qualitative research methods. The methodology involves a literature review for the chapters 3
to 6, where the concept of SIBs, childhood obesity as a social challenge, existing intervention
models, and outcome metrics are examined. These chapters rely on an extensive review of
academic papers, reports, and case studies. The information derived from the literature review
forms the basis for the subsequent chapters 7 to 9. These chapters utilize a combination of
information from the literature review and the construction of a business case and financial
model in Excel. These chapters assess the feasibility of the potential SIB, model its intervention
scope, costs, outcome metrics, payment mechanism, public sector value, investment structure
and business case. Data used derived from various sources, besides others information about
the two programs JOGG/MUN-SI, discussions with professionals and assumptions. The
methodology regarding the developing of a SIB follows the guidelines proposed by Social

Finance UK (2013). These are explained in further detail in chapter 3.2.
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3. Assessing a Suitable Outcome Metric

3.1. The Importance of Outcome Metrics in SIBs

Selecting an appropriate outcome metrics is crucial for the success of a SIB, as it involves
partnering with public and private entities in the context of an outcome-based contract. Trust
and measurability are essential for all stakeholders to rely on an agreed-upon objective
mechanism for measuring and evaluating the degree to which the target value has been achieved
(Social Finance 2013). Effective outcome measurement not only provides a way of determining
the outcome payment but allows a better understanding of the broader impact of the provided
service (Deloitte n.d.) by enhancing transparency in evaluating the project's performance, both
qualitatively and quantitively. It fosters public accountability, spurs citizen engagement and
encourages collaboration across multiple organizations (Young n.d.). By focusing on the
outcome rather than solely on the measures taken within the project, an outcome-based
approach allows flexibility in choosing the most efficient interventions and freely adapting to
developments within the project. This ensures efficiency and sustainable success of the
intervention (Young n.d.). This ensures efficiency and sustainable success of the intervention
(Young n.d.). Furthermore, outcome metrics hold program managers and service providers
accountable for meeting the target values marking them critical to the success of a SIB as they
ensure that the social issue is continuously addressed in the most efficient way (Deloitte
n.d.).This ensures efficiency and sustainable success of the intervention (Young n.d.).
Furthermore, outcome metrics hold program managers and service providers accountable for
meeting the target values (Deloitte n.d.), marking them critical to the success of a SIB as they
ensure that the social issue is continuously addressed in the most efficient way (Young n.d.).
To define the outcome of impact, however, is one of the most significant challenges in creating
a sustainable and successful SIB (Young n.d.). Defining the desired outcome framework is

challenging but essential (European Investment Advisory Hub 2021). Establishing the
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framework contains the process of defining the outcome itself (i), deciding on its tool of

measurement (ii), and specifying the targeted values that are strived to be achieved (iii) .

(i)

(ii.)

(iii.)

Defining the Outcome. When defining the desired outcomes, a distinction is made
between primary and secondary outcomes. The primary outcome represents the most
important target, while the secondary outcome encompasses goals that are related to the
primary outcome. These outcomes should be aligned with the contract objective and can
be categorized as hard or soft, depending on whether they are objectively or subjectively
measured. The desired outcomes may also include proxy outcomes that serve as
indicators of progress and advancement towards the primary target (Young, n.d.).

Tool of Measurement. Selecting a tool of measurement that provides reliable and
consistent results is a key element to ensure the success of innovation and the accuracy
of payment mechanism. Only reliable measurements can function as a dependable
foundation for payouts to investors. Selecting a tool of measurement that provides reliable
and consistent results is a key element to ensure the success of innovation and the
accuracy of payment mechanisms (Social Finance Ltd. 2013). Only reliable
measurements can function as a dependable foundation for payouts to investors.
Additionally, it is important to consider the potential impact of external factors that may
influence the targeted issue of the SIB such as new governmental implementations or
changes in local practices (Social Finance Ltd. 2013). The measurement of objectives can
be evaluated according to primary or secondary either on the cohort or individual level,
drawing on reference values from previous interventions providing predictabilities and
comparison (Young, n.d.).

Defining Target Values. The achievement of specified outcomes directly affects the
payments made to providers and investors, making it crucial to choose targets that are

achievable to ensure the success of the contract (Deloitte, n.d.). However, this increased
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emphasis on outcome-based investor payout has raised the importance of preventing
unethical practices. It is crucial to avoid perverse incentives in the selection of outcome
measures and targets, such as "cherry-picking" or "parking" , deliberately choosing
individuals who are beneficial to the targets, omitting individuals who might cause more
costs negatively influencing the savings when selecting the cohort (Socha-Dietrich and
Zweifel 2014), as this would intentionally misrepresent the results.

Based on the previous analysis, the following criteria should be considered when selecting

outcome metrics to ensure long-term success of the contract.

(i.) Is the desired outcome aligned with long-term policy objectives and the established
financial analysis (Young, n.d.)?

(ii.) Is the outcome measurable in a reliable way, at a reasonable cost, effort and within a
certain time frame? If not, is there a suitable alternative in the proxy outcome available
(European Investment Advisory Hub 2021)?

(iii.) Does the chosen outcome metric eliminate the opportunity of potential perverse
incentives (Social Finance Ltd. 2013)?

(iv.) Are there any external factors that could influence the measurement of the outcome
metrics and thus distort the results (European Investment Advisory Hub 2021)?

These will also form the basis for the decision of the most efficient outcome measure related to
childhood obesity in the remainder of this chapter and provide the framework that will be
referred to as the checklist below.

3.2.  Defining Outcome Metrics for Measuring Childhood Obesity

3.2.1. Challenges of Measuring Child Obesity and Approaches

Effectively measuring the child’s weight is a crucial aspect of monitoring and preventing
childhood obesity as part of the SIB. The following will dive further into the analysis of the in

chapter 4.5 briefly outlined measures of obesity. It will analyze the most relevant measures of
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child obesity according to various research papers (Ronnecke 2020; Hu 2008; Zinn 2022) to
evaluate their suitability as outcome measures in the context of a SIB.

Hydrodensitometry and Air-Displacement Plethysmography are two measurements of obesity
that obtain the percentage of body fat mass by calculating body volume and density (Hu 2008).
The feasibility of these methods is however limited, firstly, as the procedures take a large
amount of time and spatial requirements, and secondly, by the limited acceptance of the test

subjects and will therefore be disregarded in the further analysis (R6nnecke 2020).

3.2.2. Body-Mass-Index (BMI)

The most used indicator of child obesity is the BMI as it is the currently recommended tool of
measurement by the World Health Organization (WHO 2022). The BMI is measured by the
quotient of the individual's body weight in kg divided by the square of body length measured
in meters (kg/m2) (CDC, n.d.). Its value correlates with obesity as it reflects the person's weight
status, indicating potential negative effects on their health and life expectancy (WHO 2022).
The BMI for children is calculated identical as for the adults but is then adjusted to their age,
sex, and developmental stage. The initial score is plotted on provided growth charts to obtain a
percentile ranking, illustrating how a child's BMI compares with other children of the same age
and sex (WHO 2022). The WHO provides growth charts and recommends the following BMI

percentiles for children aged 5 to 19 years as reference metrics (Kuczmarski et al. 2002).

Underweight Less than the 5th percentile

Healthy Weight Sth percentile to less than the 85th percentile
Overweight 85th to less than the 95th percentile

Obesity Equal to or greater than the 95th percentile

Table 1: Data from the CDC (Centers for Disease Control and Prevention), 2020

The BMI as measurement has clear advantages compared to other tools, as it is simple to use
and only requires two measures, the weight and height (Borga et al. 2018), which are easily
obtained. Because the BMI is widely accepted and used, it is well suited for population-based

assessments of obesity, ensures comparability and thus often forms the basis for health planning

10
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and interventions (Hu 2008). Due to its longstanding recognition as norm, it is highly associated
with health risks such as diabetes II and cardiovascular disease (Jastreboff et al. 2022), as well
as certain cancers (NIH n.d.). This provides a wealth of reference data to easily link an increased
risk of diseases to a specific index.

However, while ease of use and broad acceptance are two significant benefits of the BMI, there
are numerous challenges associated with its use. One of the main drawbacks of using BMI as
measure is that it does not differentiate between factors such as body composition and
ethnicities (Krause 2014; Ko et al. 2012). The numerator within the formula does not distinguish
lean muscle from fat mass, disregarding body composition. This oversight could potentially
lead to ignoring health risks in a child with a standard BMI but a high level of visceral fat (WHO
2022). Neglecting the body composition of a child might potentially lead to misconceptions, as
an athlete for example might reach a score that would indicate obesity, even though they in fact
have a high muscle mass and low body fat (CDC n.d.). Similarly, body composition changes
throughout a child’s development, particularly during puberty, which can lead to
misinterpretation of the results when compared to its peers. Identical measurements of BMI
could indicate different relevance to health risks in different development stages (Krause 2014;
Ronnecke 2020). Furthermore, issues of comparability might arise due to potential differences
in the body composition among different ethnic groups, which require a more differentiated
tool to ensure a comprehensive measurement (Borga et al. 2018).

In summary, the BMI is easily measurable due to its low cost, comparability, and ease of use
in measurement. However, the lack of consideration of the child’s body composition in the BMI
and its potential proneness to errors can possibly interfere with accurately measuring the

reduction of child obesity reliably.

11
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3.2.3. Waist Circumference

A different approach of measuring obesity is waist circumference as a simple and non-invasive
way to assess abdominal fat. The measurements are taken by wrapping a tape measure around
the child’s waist, specifically at the upper part of the hip bones, the iliac crest. (Ross et al. 2020).
Subsequently, the measured index will be plotted against the percentile growth chart in order
to draw implications on the child’s weight status. This measuring procedure can be performed
by professional health workers with minimal training, ensuring widespread accessibility (Hu
2008). It is however essential to take the measurements constantly at the same time and in the
same position to ensure accuracy.

Violating those recommendations might lead to errors in measurement, distorting the results
(Schienkiewitz et al. 2013).

Waist circumference is a valuable measurement for assessing abdominal fat content for patients
before and during weight loss treatment, as it helps detecting early-stage obesity-related health
risks (The American Journal of Clinical Nutrition 1998). Several studies have demonstrated
evidence that it provides independent and additive information to the BMI in measuring obesity
and predicting health conditions. For instance, Ko et al. (2012), identified a high relevance for
waist circumference as an addition to the BMI regarding mortality risk, while other studies
found evidence that waist circumference is more accurate in predicting cardiovascular diseases
(Darbandi et al. 2020).

However, there are notable issues reaching consensus in reference values for waist
circumference measurement. Literature reports up to four different recommended reference
points of measurement on the waist (Schienkiewitz, Damerow, and Schaffrath Rosario 2019),
significantly influencing the interpretation of collected data. Unlike adults, there is furthermore
a lack of agreed-upon cut-off values for children (Schienkiewitz et al. 2013). The American

Academy of Pediatrics (AAP) recommends using the 90th percentile as threshold for defining

12
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abdominal obesity in children, but there are significant differences in the reference percentiles
in international comparison (Flynn, Kaelber, and Baker Smith, 2017). It remains however
unclear whether these differences are due to the age of studies or actual international disparities
(Schienkiewitz et al. 2013). Hence, waist circumference should not be examined as a stand-
alone measurement but rather be used in conjunction with other measurements, such as BMI,
to get a comprehensive picture of a child's weight status (Ross et al. 2020; World Health
Organization 2011).

3.2.4. Waist-To-Hip Measurement (WHR) and Waist-to-Height Measurement (WHtR)
The waist-to-hip measurement (WHR) and waist-to-height measurement (WHtR) are additional
measures used to assess abdominal obesity. The WHR is calculated by dividing the waist
measurement by the hip measurement while the WHtR divides the waist measurement by the
child’s height (Savva et al. 2000; Schienkiewitz et al. 2013). These measures offer clear
advantages such as the ease of use and cost-effectiveness (Hu 2008). However, they also bear
challenges. The lack of acknowledged cut-off points for the WHR of children makes it
impossible to compare results (Schienkiewitz et al. 2013). Additionally, WHR is a less suitable
indicator for the determination of body fat, fat distribution or overweight and thus associated
cardiovascular risk factors compared to BMI or waist circumference (Savva et al. 2000; World
Health Organization 2011). Measuring the WHR might also pose the risk of errors in
interpretation of results, as an increase of the index could be either be due to the increase of
abdominal fat or the decrease of lean mass around the hips. The child’s weight reduction could
therefore potentially lead to a decrease in waist and hip circumference equally, resulting in an
unchanged WHR despite leaner body proportions (Hu 2008). In contrary to the WHR, the
WHItR, is generally accepted to use the age-independent reference value of 0.5 for obesity
(Schienkiewitz, Damerow, and Schaffrath Rosario 2019), allowing comparability of results.

However, the improved accuracy in findings compared with waist circumference or BMI in

13
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relation to cardiovascular risk factors are not proven (Schienkiewitz et al. 2013), raising
questions of its effectiveness in use.

To summarize, the limited additional evidence and less widely accepted cut-off ranges are
significant challenges in measurement, both for the waist-to-hip ratio (WHR) and the waist-to-
height ratio (WHtR). While these measurements provide some valuable information, their use
as standalone measures may not be sufficient to accurately assess a child's weight status and

associated health risks.

3.2.5. Skinfold Thickness

Skinfold thickness measurement is a technique commonly used to estimate body fat percentage
(Ronnecke 2020). This method measures the thickness of a fold of skin at various points on the
body, such as the triceps, biceps, subscapular and suprailia regions using a caliper. (Hu 2008).
The values will then be adjusted to age and reference values and calculated according to various

formulas as for example the following introduced by Deurenberg (Zinn 2022).

Boys D=1.1133-0.0561 - log (Sum of 4 skinfolds) + 1.7 - Age - 0.001

Girls D =1.1187-0.063 - log (Sum of 4 skinfolds) + 1.9 - Age - 0.001
Table 2: Formulas to evaluate Skinfold Thickness (Zinn 2022)

Skinfold thickness is an accessible, affordable, non-invasive and effective tool for tracking
progress of weight loss over time (Hu 2008; Silveira et al. 2020). However, it’s accuracy and
consistency of measurement can potentially be influenced by various factors, including the
proficiency of the person conducting the measurements, the type of caliper used, and the natural
variation in skin and fat thickness in different parts of the body (Louer et al. 2017). It may also
yield variable results depending on the time of day, hydration levels, and chronic diseases
(Maastricht UMC+ n.d.). Moreover, the method might not be useful on children that exceed or
undercut a certain value, indicating obesity or malnourishment. Studies declared skinfold
thicknesses to be accurate in predicting body fat percentage, but stated that the measurement is

prone to errors in measurement for children above the 95th percentile, as well as tends to

14
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underestimate body fat percentage by up to 9 % if the child’s percentage of body fat is too low
(Freedman, Ogden, and Kit 2015).

Furthermore, there is a lack of globally accepted cut-off points, with different studies
recommending various formulas to calculate the reference points (Zinn 2022). The WHO offers
charts as reference points for the average of children according to age but does not provide a
standard of calculation of reference point (World Health Organization n.d.). The potential errors
in measurement due to its complexity, the lack of comparable data and standardized cut-off
points as well as limited proof of relevance (McGee 2018), limits the effectiveness of the
Skinfold thickness as a tool of measurement. As the direct comparison of measured values to
previous data is a key aspect in the effectiveness of the outcome measurement does not qualify
as stand-alone metrics. However, it qualifies as an additional measurement to interpret and

assess child obesity in combination with the measure of BMI (Zinn 2022).

3.2.6. Bioelectrical Impedance Analysis (BIA)

Bioelectrical impedance analysis (BIA) is a method used to measuring body composition by
passing a low-level electric current through the body and measuring the resistance encountered
by the electric signal (Ronnecke 2020). The current faces more resistance when passing through
body fat than it does when faced with lean body mass and water. The resistance indicates either
total body water, body cell mass, extra cellular mass, fat free mass or fat mass (Walter-Kroker
et al. 2011). Even though the BIA is a convenient and relatively inexpensive procedure,
becoming increasingly attractive in use (Orsso et al. 2022), it does suffer from a lack of
standardized methods and quality control procedures (Kyle 2004). The values are also hard to
calibrate, and the ratio of the body water might differ during periods of dehydration, illness or
weight loss (Kyle 2004). Additionally, the prognostic significance and clinical usefulness of
BIA measurements in children is still not well-established due to limited evidence (Marra et al.

2019). While BIA techniques are considered safe and feasible, the absence of standardized

15
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protocols and potential misinterpretation of results may compromise the validity of BIA

measurements in children and adolescents (Orsso et al. 2022).

3.2.7. Dual-energy X-Ray Absorptiometry (DXA)

Dual-energy X-ray Absorptiometry (DXA) is a highly accurate tool for measuring obesity (Hu
2008; Ronnecke 2020). The method measures the person’s estimated bone mineral density, lean
mass and fat mass by simultaneously using two X-rays with different energy levels (Marra et
al. 2019; Ronnecke 2020). The DXA measures the absorption of X-rays as they pass through
the body. Materials with different densities show different attenuation characteristics depending
on the energy of the X-rays, indicating body composition and thus obesity (Wilms and Schmid
2021; Radiologienetz n.d.). DXA is not only very accurate and precise in its measurement,
making it very reliable, but it also analyzes the composition of the bones and soft tissue and
determines the bone health of the child (Kelly, Wilson, and Heymsfield 2009).

However, the procedure is very costly as it requires specialized technology and trained
professionals to perform the scan, making it more expensive than the previously mentioned
measures (Wilms and Schmid 2021). Because of the high costs, it is less suitable for population-
based analyses and rather used for research settings used on a person-based analysis (Hu 2008).
It should also be noted that due to the radiation, the method might not be advisable to use for
children in general and specifically not suitable for children with certain health conditions
(Guglielmi et al. 2016; Ronnecke 2020).

3.2.8. Intermediary Outcome Measures of Obesity

SIBs commonly incorporate intermediate outcomes in addition to the primary outcomes to
address people's varying needs and measure the process on an ongoing basis (Young n.d.).
When tackling childhood obesity, integrating educational and behavioral outcome measures

can be highly beneficial (Kyle 2004). Given that the impact of the intervention on the absolute
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number of overweight children may require time, incorporating intermediary metrics becomes
crucial to measure success or failure in the short-term (Young n.d.).

Behavioral measures could include achieving a certain physical of nutritional target, such as
increasing time spent exercising, or measuring the consumption of certain foods, such as
vegetables or fruits, and aiming for a percentage increase. Another approach includes
educational measures, such as raising awareness of healthy eating habits or health issues related
to obesity (Van Koperen. e.a 2014). However, as the educational impact is difficult to define
and measure, it is important to link these interventions to a specific target measure that results
from these activities (Young n.d.)

3.2.9. Key Learnings

The previously mentioned measurement tools each present different challenges as part of the
controversially discussed predictive power of the individual parameters. The most accurate
measurement tool, the DXA method, is costly and poses potential health risk for children.
Despite its limitations, the BMI remains a reliable tool due to its global comparability and ease
of measurement. Although the waist circumference and skinfold thickness are each not
recommendable as a stand-alone measure, they might be a valuable additional measure in
combination with the BMI. BIA, WHR and WHtR appear to be less recommendable in
measurement due to the lack of standardized methods.

To comprehensively measure obesity, it is furthermore recommendable to add intermediary
outcomes to the primary measures, targeting behavioral or educational patterns. These
additional measures contribute to a more holistic understanding of the issue.

3.3.  Best Practices from International Projects targeting Child Obesity

The following subchapter will focus on outcome metrics that were utilized in the in chapter 5
presented projects. The aim will be to pinpoint key learnings to glean valuable insights and

learn from the knowledge gained from other projects. The chapter will then briefly outline the
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best practices in those projects and subsequently identify optimal approaches used in other

nations to assess their suitability of use for a SIB in Portugal.

3.3.1. JHB

The project Join the Healthy Boat (JHB), established in Germany chose a variation of primary
and secondary outcomes to efficiently measure the success of their educational activities. The
measurements for the study in Baden Wiirttemberg were separated into physical activity, leisure
activities, nutrition and health status. The chosen measures to examine each aspect were a six-
minute run, the reduction of screen time and the number of children not eating breakfast before
school. The primary metrics of measuring the child’s weight status were the skinfold thickness
and waist circumference (Kesztylis and Steinacker 2017).

The results of the children running the six-minute run increased within one year of the project
life span, with the distance growing at 11.5 meters for elementary school children and 21.01m
for preschoolers. The screentime of children in elementary school using digital media for more
than one hour a day decreased by 1.2 for the girls in one year within the project, and the number
of 2" graders not eating breakfast before school decreased by 0.2 % (Join the Healthy Boat
n.d.; n.d.). While examining abdominal obesity, the results indicated an odds ratio of 0,48,
indicating a significant decrease in the probability of incidental abdominal obesity for
participants of the intervention (Join the Healthy Boat, n.d.; n.d.). The costs incurred for those
reductions were 25.04 EUR per child a year (Kesztyiis and Steinacker 2017).

3.3.2. MUN-SI Project

The MUN-SI Project in Portugal targeted behavioral as well as health outcome metrics. It
examined the preference of fruit and vegetables in school lunches, acquired knowledge about
Mediterranean cuisine, the measurement of regular physical activity and an overall reduction
of obesity scores. The results were measured by family questionnaires and according to the

WHO child nutrition status criteria. They indicated an increase in the preference for including
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fruit and vegetables in the school lunches that were prepared at home of 16 % in 2014 - 2015,
2,3 % in 2015-2016 and further 11.9 % in 2017 - 2018. They further measured a 4 % increase
of regular physical activity and a reduction of 11.2 % in the prevalence of overweight 35.5 %
to 24.3 % and 10.3 % of obesity (Rito, Mendes, and Lopes 2020).

3.3.3. JOGG

One of the main objectives of the JOGG project is the reduction of obesity prevalence, measured
by BMI points. The results indicated a positive trend with a decrease of the BMI by 0.37 points
throughout the project lifespan (OECD n.d.). The project further broadens its focus on
intermediate outcome indicators, reflecting the children’s behavior. Some of the by JOGG
chosen measures are improvements enhancing the proportion of children who consume
vegetables at least once daily or reducing the average consumption of sugary drinks and
increasing the percentage of children who engage in at least 60 minutes of moderate physical
activity daily (OECD n.d.). Another key priority of the project is its focus on evaluations of its
implemented approaches, advising the dedication of 15 % of overall budget to constant
monitoring in order to ensure the project’s success (Van Koperen. e.a 2014).

3.3.4. AFHK and JANPA

Both the Action for Healthy Kids (AFHK) project and the Joint Action on Nutrition and
Physical Activity (JANPA) project have established broad guidelines to measure success, with
indicators such as political influence, guidelines, or successful participation of institutions.
(Jackson and Pollock 1985; AFHK 2020) On the one hand, AFHK project places a strong
emphasis on creating a healthy school environment that includes offering healthy food options
and opportunities for physical activity. On the other hand, the JANPA project focuses on the
collection and dissemination of nutritional information about foods to public health authorities,

stakeholders, and families at JANPA (JANPA 2015).
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3.3.5. Key Learnings

Upon analyzing the chosen projects, two main learnings became apparent. Firstly, employing a
multifaceted approach seems crucial to the project's structure in combating childhood obesity.
Implementing various activities aimed at reducing childhood obesity requires multiple outcome
metrics to measure the project's outcome and development as efficiently as possible. Selecting
a set of primary and intermediate outcome measures is essential to effectively monitor progress
in children's weight status, as well as track their behavioral patterns, particularly their eating
habits and physical activity. Secondly, it is crucial to prioritize the evaluation of the measures
taken. A constant and comprehensive evaluation approach ensures agility in adapting to
developments and changes in the project environment and children’s behavior.

3.4.  Suitability of the Covered Outcome Metrics for a SIB

As mentioned in subchapter 6.1, the criteria that determine whether an outcome metric is
suitable or not in the context of a SIB is tied to four pillars. Its results must be reliable and
financially actionable, ensuring the best possible measurement of project progress. It further
must be aligned with the long-term contract objectives and needs to shield from potential
perverse incentives. Lastly, it is indispensable that the measurement is resistant to external
factors to ensure the project’s success.

One of the most pressing issues that became apparent when evaluating the various metrics is
the lack of standardized cutoff values that have been agreed upon. Waist circumference,
skinfold thickness, waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) measurements
each indicated a lack of global consistency in cut-off values for obesity. The differences in
estimates limit the reliability of the measurement results, making these metrics less suitable as
primary outcome measures in a SIB. Consequently, they do not meet criteria 1 of being aligned
with the contract objective as they can’t ensure reliable results. Although the measures are each

inexpensive to measure, the lack of clear comparability may create perverse incentives that
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favor achieving the initial target rather than achieving the goal of reducing child obesity, by
utilizing the cut-off that is the most beneficial to achieve the target rates. Nonetheless, they
should not be disregarded as an additional measure to a primary outcome measure, such as
BMI, as their combination provides a more comprehensive measure of children's weight status.
Similarly, the BIA method suffers from inconsistent cutoff values and is also prone to
measurement errors due to variations in protocols and methods of measurement. This
undermines the reliability of potential result measurements and increases the risk of
misinterpretation and manipulation. Furthermore, the BIA method is more expensive than other
measurement tools like BMI, skinfold thickness, or waist-to-hip ratio, which can be a concern
for the financial health of a SIB. The issue of cost became also apparent when analyzing the
method of DXA. Despite its superior accuracy in measuring obesity, the DXA method is not a
viable outcome metric due to its high cost and potential risks to the child's health. Furthermore,
it is the only covered outcome metric that is exposed to external influence, as countries, like for
example, Germany have prohibited the use of the procedure on children due to potential health
implications related to the radiation exposure (Ronnecke 2020).

The most suitable outcome metric appears to be BMI, despite its weakness of not analyzing
body composition. Its key advantages, such as comparability due to global data as reference
points and its status as a recommended tool of measurement by the WHO, outweigh the
challenges it poses. Additionally, it provides relevant reference values for specific interventions
as it has previously been utilized in projects such as JOGG and MUN-SI. The costs of
measuring the BMI are low, and the process of measurement is straightforward and consistent,
meeting the criteria for a reliable and suitable outcome metric. Moreover, the BMI is resistant
to external influences and offers increased transparency, shielding from potential results

manipulation.
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In terms of suitable intermediary outcomes, educational measures are not appropriate as they
pose challenges in measurement and making it difficult to link them directly to governmental
savings. Instead, it is advisable to focus on specific metrics that can track progress resulting
from increased health awareness, leading to behavioral changes. Behavioral outcome measures
are reliable, cost-effective, and aligned with the goals of the SIB contract to reduce childhood
obesity in the long-term. Suitable outcome metrics referenced in projects such as JOGG include
the increase in the percentage of children who consume vegetables at least once per day, the
percentage of children who consume sugary drinks, or the percentage children doing at least
60min or moderate to vigorous intensity physical activity daily (World Health Organization
2012). This specific target is based on the WHO’s recommendation of 5 to 17 year old’s to
participate in at least accumulated 60 minutes of “moderate- to vigorous-intensity physical
activity each day” (World Health Organization 2012).

As most of the costs resulting from obesity stem from health costs, see chapter 4.4., the suitable
outcome pricing should be linked to a specific metric of decrease of BMI as primary outcome
metric. For instance, the reduction of average BMI within the intervention period is linked to a
previously agreed upon payout. To ensure the transparency and measurement accuracy of the

results, constant measurement intervals should be included and performed by professionals.

‘éif::r':‘:“t BMI Waist circumference ~ WHR/ WHtR Skinfold thickness BIA DXA
Aligned with Hete HeHe * * Kk Fokk
objectives

Financially A HAHe FeAedk FeAoA *A *
achievable

Guarded against Herek o * * * -,
perverse mcentives

Not exposed to o—— o o o, o, s
external factors

Total 92% 83% 67% 67% 67% 75%

Table 3: Suitability of the covered outcome measure as a primary outcome metric
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4. Determining the Feasibility of a JOGG/MUN-SI SIB

As outlined in chapter 6.4, the MUN-SI and JOGG intervention programs demonstrated the
most significant outcomes in addressing childhood obesity, thus, making it interesting to assess
whether a SIB constitutes a suitable financing method to enable a combination of MUN-SI and
JOGG- program interventions to address childhood overweight and obesity in Portugal.
In line with the research question, this chapter will focus on determining the feasibility criteria
of a SIB in Portugal to tackle childhood overweight and obesity in Portugal. The framework of
the potential JOGG/MUN-SI SIB, inspired by the JOGG/MUN-SI program, is outlined in the
first step. In the next step, the feasibility of the SIB is assessed based on three main criteria.
4.1. Framework of a JOGG/MUN-SI SIB

Based on the SIB framework outlined in chapter 3.1.2 and inspired by successful childhood
obesity prevention programs JOGG and MUN-SI, the potential JOGG/MUN-SI SIB framework
presents an innovative approach to addressing childhood obesity in Portugal and would involve

multiple key stakeholders (see Figure 4).

Payment based Payment based
on success on success
—— ——
Investor Specialist Intermediaries Government or Commissioner
—— r—lp
Investment Outcome-based
capital contract

Service contract
Structure, coordinate
and manage risk

Social Service Provider:

MUN-SI/JOGG project participants Evaluate and j‘(:,‘(:yly,“‘;”,,d\ _>4_
share results o ‘ o
Cook Family (Parents)
Doctors School Staff
Nutritionist Community
Psychologist Politics

impact Third-Party (independent)

Evaluator

Figure 4: JOGG/MUN-SI Social Impact Bond Structure
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Investors in SIBs, designed to tackle childhood obesity, can include impact investors motivated
by both financial returns and the measurable impact on the health outcomes of children.
Moreover, private individuals interested in promoting healthy lifestyles and preventing chronic
diseases may also provide upfront capital. Non-profit organizations focused on improving
health outcomes or private sector companies driven by their corporate social responsibility, and
the desire to improve their public image are also potential sources of investment (see Figure 4).
Commissioners may be a government agency or a consortium of government agencies
responsible for addressing health-related issues in Portugal. The National Health Service
(Servigo Nacional de Saude) in Portugal is a potential candidate for serving as the commissioner
for a SIB aimed at reducing childhood obesity rates. Other government agencies such as the
Ministry of Health, Ministry of Education, and the Portuguese Directorate-General for Health
(Direcao-Geral da Satde) may also play a supportive role in a SIB tackling childhood obesity.
In addition to government agencies, local municipalities or districts, health agencies, and other
community organizations may also be considered potential commissioners, depending on the
specific design and implementation of the SIB (see Figure 4).

Service Providers may include organizations with experience and expertise in delivering
effective interventions to address the problem. Educational providers, such as schools and their
staff, are vital in offering nutrition education programs, healthy food options, and physical
activity. Healthcare providers such as psychologists, nutritionists, cooks, and doctors offer
interventions such as counseling, medical assessments, and treatment plans. Private service
providers such as community members and family members promote healthy eating and
activity habits (see Figure 4).

Intermediaries should have technical expertise in designing SIBs that target health outcomes
such as childhood obesity and ensure that all stakeholders work together effectively in the

Portuguese cultural and political environment (see Figure 4). One important intermediary that
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could support the implementation of the childhood obesity SIB in Portugal is 'Maze Impact'.
Maze is an intermediary that helped to structure and launch the first SIB in Portugal in January
2015 (Anselmo 2022). In addition, 'Portugal Social Innovation', another intermediary, is a
public initiative that mobilizes European Funds to promote social innovation and boost the
social investment market in Portugal (Portugal Inovagdo Social n.d.).

The target population or beneficiaries of the JOGG/MUN-SI SIB consists of elementary school
children in a school on the Azores between the age of 5 and 12, regardless of their weight.

However, chapter 8.1 will further elaborate on the target population at hand.

4.2.  SIB Feasibility Criteria

Transitioning from the framework of the JOGG/MUN-SI SIB targeting childhood obesity in
Portugal, it is crucial to delve deeper into the specific criteria necessary for the feasibility of
such a project. A feasibility study is a critical step in developing an effective SIB program, as
it assesses the SIB's potential success and risks. In line with various research papers, there are
no standardized criteria to measure the feasibility of a SIB, thus, leading to a varying range of
different feasibility criteria. Therefore, this chapter mainly focuses on the following three main
criteria: (1) meaningful and measurable outcomes for a clearly defined target population (i1)
prior evidence of success in achieving outcomes, and (iii) reasonable time horizon to achieve
outcomes (UNDP 2021; KPMG 2013).

(i) Meaningful and measurable outcomes for a clearly defined target population. Since the
entire cashflow of a SIB mechanism is based on the achievement of predefined outcomes,
the outcomes should have a meaningful and significant impact on the defined JOGG/MUN-
SI SIB target population — for example, having children’s grades (obesity affects the psyche
and therefore also the grades) instead of BMI as an outcome of the program does not yield
to a meaningful impact in the form of reducing obesity for the children at hand. While

focusing not only on the reduction of BMI but also on healthy eating behaviors and activity
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levels, the JOGG/MUN-SI SIB effectively addresses the leading root causes of this issue,
as outlined in chapter 4.1, and thus, fulfils the criteria of meaningful outcomes that target
a reduction in childhood obesity. Moreover, if those outcomes are not measurable and
linked to the target population, it is difficult to measure the success and areas of
improvement of the intervention. Since the BMI, healthy eating patterns, and activity levels
can be tracked with various methods and are easy to implement and adapt due to the
flexibility of the project approach; the JOGG/MUN-SI SIB fulfils the second outcome
criteria as well.

(ii) Prior evidence of success in achieving outcomes. As the heart of the SIB lies in private
funding for social public sector interventions, it is more than crucial to building trust and
credibility with future investors of the SIB to secure their investment. As investors get
financial returns based on the achievements of outcomes, a track record of successful
outcomes of the defined intervention reduces the perceived risk of investing in the SIB. In
sum, if a SIB intervention has a good track record of success in achieving the desired
outcomes, the financial viability of this SIB is enhanced by attracting even more investors
who aim to get a favorable rate of return (Nazari Chamaki, Jenkins, and Hashemi 2019;
Fraser et al. 2020). On the other hand, the evidence of the success of similar interventions
holds the service provider accountable to reach the desired intervention results of the SIB.
Since the MUN-SI program measured a reduction of 11.2 % in the prevalence of
overweight and 10.3 % of obesity over ten years and the JOGG project measured a
reduction in obesity prevalence of 9.09 %P (see chapter 8.5.), the evidence of success
regarding these two programs builds a promising case for scaling and replicating these
interventions in the form of a JOGG/MUN-SI SIB for tackling childhood obesity in

Portugal.
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(iii) Reasonable time horizon to achieve outcomes. For a SIB to be feasible, the desired
outcomes must be achieved in a reasonable time horizon. Since investors expect to see the
SIB program demonstrate positive results as soon as possible, but in a maximum of 5 to 6
years, previous time horizons of achieving similar outcomes are crucial to assess (OECD
2016; Arias et al. 2017). However, it is vital to balance a short enough timescale between
the intervention, impact measurement, and payment to instill investor confidence and a
long enough timescale for monitoring, learning and adjustment to ensure a sustainable
long-term SIB success (OECD 2016; Davies 2014). In the last ten years, the MUN-SI
program successfully reduced childhood obesity within two consecutive years. The JOGG
program decreased childhood obesity within 2 to 4 years. Thus, it can be assumed that a
replication of the JOGG/MUN-SI interventions in the form of a SIB in Portugal would
yield similar results (Chrodis n.d.; Youth Health Community n.d.) As provided by chapter
8.5., this assumption is proved, since the potential JOGG/MUN-SIB provides a robust
investment case for potential investors, which would get a 43 % return in Year 4. In
addition, the cost savings to the commissioner/government must equal the sum of the costs
incurred by providers to derive the SIB interventions plus the payments to the investors.
As outlined later in chapter 8.5, the modelled JOGG/MUN-SI SIB would provide potential
governmental savings of 688,556 EUR.
Based on the three main SIB feasibility criteria above, the JOGG/MUN-SI SIB can be defined
as feasible for effectively addressing childhood obesity in Portugal. As mentioned above, while
the feasibility criteria for a SIB encompass essential considerations such as meaningful and
measurable outcomes, prior evidence of outcome success, and a reasonable time to achieve
those outcomes, there are additional criteria that warrant extensive future research that is out of
the scope for this thesis. These criteria may entail the Portuguese government support and legal

structures in place to support and enforce the SIB, the presence of interested impact investors
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and outcome payer(s), and appropriate service providers (Gustafsson-Wright, Gardiner, and
Putcha 2015). Having evaluated the feasibility of the JOGG/MUN-SI SIB to tackle childhood
obesity in Portugal, the next step is to delve deeper into the SIB feasibility study by modeling
the JOGG/MUN-SI SIB in detail.

5. Modelling of SIB

The modelling of a SIB involves several steps. First, the target population and the intervention
model used to achieve the desired social outcomes are analyzed (/ntervention scope). Secondly,
the intervention costs were calculated to determine the financial resources to launch and sustain
the project. Thirdly, the public sector value created by the SIB for JOGG/MUN-SI project is
evaluated. Fourthly, the payment mechanism was built, settling the relevant outcome metrics
and the reward for achieving them. The fifth step is to develop the investment structure, which
brings together all of the preceding findings and shows how they work together to achieve the

desired results.

5.1. Intervention Scope

Target population. As recommended in chapters 4 and 5, this model adopts a broad approach,
focusing on a multi-component program. Consequently, the project's target population does not
include demographic or behavioral risk factors. This pilot program targets an elementary school
in a rural area namely in the Azores, as it has one of the highest rates of overweight and obesity
among children in Portugal, at 35.9 % (Rito et al. 2021). Thus, the eligibility criteria for the
study entail elementary school children aged between 5 to 12 regardless of their weight.
Intermediary target groups are families (parents), school staff (teachers), health professionals
(doctors, psychologists, nutritionists, cooks) and local policymakers.

Cohort delivery model. The program is expected to last four years, aligning with the elementary
school timeframe. Regarding target size, at the beginning of the intervention, 336 students

participate, given that one grade consists of four classes with 21 students each, based on the

28



- Group Work -

average class size in Portugal (OECD 2022). Moreover, the number of students starting school

each year equals the number leaving elementary school, which amounts to 84 students per year.

Therefore, the cohort size remains the same throughout the program. However, the overall

target population increases by 84 incoming students each year, thereby amounting to 588

students overall. As the program focuses on elementary school children, students leaving school

after grade four will stop participating in the program.

Intervention model. Figure 5 gives an illustration of the project tailored to the target population

used for this program, which was derived from interventions of existing programs, namely

MUN-SI in Portugal and JOGG in the Netherlands (see Excel-file 1.1. Intervention Model).

The program combines the most suitable aspects of both, given the Portuguese context.

Thereby, it focuses on eight pillars that address two main causes of childhood obesity, as

explained in chapter 4.1.: environmental and behavioral factors. To target the first cause, four

pillars, also called intervention areas, were established:

(1) School. This intervention area specifically focuses on school-based topics, such as healthy
lunches and nutritional education. The interventions include but are not limited to increasing
water intake while decreasing the sweet beverage intake, improving canteens by making the
meals healthier and offering daily vegetables and fruits in the breaks, as well as
implementing nutrition education, e.g., cooking classes (Chrodis n.d.). Furthermore, the
teachers undergo training to impart the principles of the intervention program in their
classes and guarantee adherence to the regulations. Additionally, they receive psychological
instruction to assist in promoting the mental and emotional well-being of the children. This
approach aims to ensure educators are equipped with the necessary skills to create a safe
learning environment. This will be measured by the percentage of children consuming
vegetables and fruits at least once daily. The interventions mentioned will be implemented

at the start of the intervention program in Year 1 and will focus on the children and the
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school predominantly. During the third and fourth year, while continuing the intervention
programs, the focus will expand to local communities and to a national level, given the
success in the first years.

(i) Work. This area aims to encourage a healthy work environment through healthy canteens
or the promotion of active transportation modes. As this area is relevant for adolescents
rather than elementary school children, it will not be considered for this program. However,
the flexibility of the intervention model based on JOGG suggests this pillar, given a target
group that includes adolescents up to 19 years.

(ii1) Neighbourhood. An important aspect of this program is the inclusion of the local
community, including supermarkets and local shops to enhance easier access to healthy
food. Thus, partnerships with these are aimed to be mainly formed during the last two years
of the intervention model, whilst the first years focus on creating or renovating playgrounds
and green spaces in the community to promote physical activity. Considering the project's
limited scope, as it focuses solely on one municipality, the intervention model incorporates
a partnership over the four years with only one sports club/gym to enable children to join a
club at discounted rates and does not include a renovation or building of a leisure option for
now. This can be considered when scaling up the project. The outcome metric to be
measured after the program is the proportion of green spaces and playgrounds in the city.

(iv) Family. The intervention aims to increase awareness in families to improve eating patterns
at home, achieved through regular information sessions in school, cooking workshops and
various child-school-parent activities.

As for the behavioral factors causing childhood obesity, three additional intervention areas were

determined:

(1) Leisure. Improving children’s free-time activities from focusing on computer games and

watching TV to playing outside while being physically active is the goal of this intervention
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area. This program does not incorporate specific interventions as other areas already address
them.

(i1) Media. This program includes a free online toolkit and an inspiration kit addressing physical
activity after school and aiming to increase social media awareness of children and family
members. Moreover, it is possible to introduce advertisements on TV in the later years of
the intervention, however, as this program targets one school only, this option will not be
executed.

(ii1) Sport. This intervention area is very important to tackle childhood obesity and is included
in other areas already like the partnership with local sports club. In addition, the program
aims to introduce several interventions to increase further physical activity of children, such
as the “Daily Mile” (move for 15 minutes every day during school hours, equivalent to
walking one mile.).

(iv) Evaluation. In the first two years, the focus lies on measuring the children’s BMI as well
as their eating and physical activity patterns while further planning intervention programs
and searching for possible partnerships. During the latter half of the program, the
interventions are also evaluated through feedback sessions from all involved stakeholders

in order to identify possible gaps or failures in the model.

5.2. Intervention Costs

The structure and the amount of intervention costs depend highly on the intervention scope and
cohort size. Thus, these costs are separated by program categories and per year. There are two
main categories of costs: (i) intervention costs including school, neighborhood, family, media,
evaluation as well as (i) project management and general costs (overhead costs). These costs
begin in Year 0 when the evaluation process is initiated to determine the current state of the
school, followed by initial actions to implement the intervention measures. Table 5 shows the

total cost per category over the four years for all participating children. These costs are
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estimated based on the intervention structure of MUN-SI and JOGG and were determined
through research and expert agreement. As previously stated, the intervention model is not
tailored to specific target groups. Thus, as mentioned in chapter 4.7, all children undergo the
same intervention program, regardless of weight. Consequently, all costs are separated equally
between the children and are consistent over time. The estimated costs have been calculated,
assuming an inflation rate of 2 %, the average inflation rate over the last 10 years in Portugal

(Pordata 2023) (see Excel-file “1.6. Intervention Costs”).

Cost description Total Share

Intervention Costs EUR 254.129 91 %
School EUR 195.536 70 %
Neighborhood EUR 24.192 9%
Family EUR 10.485 4%
Media EUR 5.800 2%
Evaluation EUR 18.116 6%

Project management & general costs (10% of

costs) EUR 25.413 9%
Share M&G of intervention costs % 10 %

Total costs without inflation EUR 279.542 100 %

Total costs with inflation (2 %) EUR 288.041

Table 5: Summary of total intervention cost over the 4 years

In general, these costs include materials used for different activities with the children and are
therefore variable, depending on the cohort size. "School" costs refer to all interventions
integrated into the school day, accounting for around 70 % of the total costs. The cost factors
mainly focus on dietary improvements, nutrition knowledge and increased physical activity. As
mentioned in chapter 8.1. “Intervention Scope” the programme integrated healthy food in the
cafeteria and during breaks. It is assumed that the children already receive a range of meals at
school subsidized by the state. Therefore, replacing the previous meal with healthy options
increases costs only slightly (Assumption: 0.2 EUR per meal). Furthermore, new sports
equipment for breaks and physical education classes, as well as various materials for project
weeks about nutrition basics are included in this cost factor. The knowledge learned during the
project week is complemented by materials like workbooks used in the classroom. Furthermore,

the training sessions for educators are also encompassed in this area. As mentioned,
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“neighbourhood” includes reduced memberships in sports clubs. The “family” cost factor
consists of diverse training and additional documents for the parents. “Media” includes the cost
of implementation and maintaining the online tool kit that gamifies the learning experience
about healthy lifestyles for children after school. Moreover, the “evaluation” is also a cost
factor, as a doctor is involved at the beginning and every end of the year to take the BMI. In
addition to the intervention costs, management, and general cost (incl. personal costs, insurance
etc.) must be included, calculated as 10 % of all the interventions costs. These costs represent
fixed costs and account for only 9 % of total costs.

Overall, the intervention model costs 288,041 EUR for all respective years, with 214 EUR for
one child per year (see Appendix 14). Based on these costs, outcome payments and cost savings
to the government are calculated below.

5.3.  Cost Savings

This chapter summarizes the calculation of expected cost savings for the government as a result
of the intervention. The base case is assuming a 2 % inflation rate p.a. and an expected lifetime
of an adult in Portugal of 82 years. Important to note is that the target childhood group has an
average assumed age of 8.5 years (uniformly distributed from age 5 to 12). Therefore, after
another 11 years, a child is expected to reach adulthood on average and cost the state 1,241
EUR vs 248 EUR as a child due to the increased occurrence of costly illnesses and decreased
productivity when obese (overweight: 370 EUR vs 96 EUR). The government savings are the
expenses the government would have had to bear in case an obese or overweight child would
have stayed obese or overweight during his entire adulthood. Total savings over the remaining
lifetime of 102,464 EUR for former obese children and 100,739 EUR for former overweight
children are calculated. Dividing these total costs by 73 years the cost savings per child per year

are computed. Thus, 1,308 EUR for an obese child and 1,404 EUR for an obese child can be
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saved annually. These savings will be used to calculate the payout for the investors (see 8.6.
Payment mechanism).

5.4. Outcome Metrics

The evaluation of childhood obesity and the selection of appropriate outcome metrics have
sparked a controversial debate, as discussed in chapter 6 of this thesis. The goal is to identify
the most suitable measurement tool that effectively captures the complex nature of this issue.
After careful consideration, the SIB will be based on the measurement of the BMI for primary
outcome metrics as previously recommended, drawing upon its previous usage in assessing the
success of the chosen projects JOGG and MUN-SI, its simplicity and global comparability.
Specifically, the success of the intervention will be assessed by evaluating the children who
have successfully reduced their BMI from a value previously indicating overweight or obesity
to a value within the normal BMI range. The measurement will take place at the end of each
year of intervention and will be performed by professionals to prevent any potential
measurement error or manipulation of results. By targeting the normalization of BMI, the SIB
will aim to not only address the immediate concern of obesity but also promote sustainable
lifestyle changes that will benefit children in the long term. Ongoing monitoring and evaluation
allow to continuously refine and adapt the intervention strategies to optimize outcomes and
improve the children's overall health. The progress of the interventions will be measured against
previously established success rates. The target values are based on the projected ten-year
success rate of the MUN-SI project. The prevalence of overweight children was reported to
decrease 11.2 % within the ten years, while the prevalence of obese children decreased by 10.3
%. If the total of each individual rate of 10.3 % and 11.2 % is achieved equally per year, the
model assumes a yearly success rate of 1.12 % for overweight children and 1.03 % for obese
children. However, to obtain a comprehensive understanding of the interventions' effectiveness,

a combination of primary and intermediary metrics is used, instead of only focusing on the
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physical outcome measures with the BMI. It is important to note that the intermediate outcome
metrics are not directly linked to payouts for investors and therefore do not provide direct
financial incentives. Instead, they will serve as indicators to assess the short-term success of the
interventions. By employing these metrics, the model aims to gain insights into crucial aspects
of children's health: Physical activity and nutrition. To collect data for these metrics, the SIB
will rely on family questionnaires, ensuring a holistic perspective by involving parents or
guardians in the evaluation process. However, even though the questionnaires offer valuable
insights, the evaluation through family members might be prone to bias and based on subjective
assumptions, disqualifying these metrics as primary outcome metrics for this model.

With regards to physical activity, our target measurement is a weekly participation of 420
minutes, aligning with the recommendations set forth by the World Health Organization
(WHO), recommending that children participate in at least 60 minutes of moderate physical
activity each day to ensure physical health. Given that children should participate for 60 minutes
each day for seven days a week, the weekly participation equals 420 minutes. By emphasizing
the significance of physical activity, the SIB aims to promote healthier lifestyles and combat
the rising rates of childhood obesity.

The inclusion of nutrition as a key aspect of evaluation is imperative. By examining the food
consumption patterns, the dietary habits that may contribute to childhood obesity are better
understood. Using family questionnaires, valuable information is gathered regarding the types
of food consumed, enabling us to identify potential areas for improvement and implement
targeted interventions. The target value will be based on previous success rates within the
MUN-SI project, utilizing its measurement of positive perception of foods, such as vegetables
and fruits as part of the children’s nutritional daily routine. Data published by the project stated
an increase of children’s preference for fruits and vegetables throughout the years of 16 % from

2014 to 2015, 2.3 % from 2015 to 2016 and 11.9 % in 2017 to 2018. Assuming that the
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preference simultaneously leads to an increase of consumption, the averaged value of 10 % will
be used as the target value, indicating success of the interventions targeting nutritional
behavioral patterns.

In conclusion, the selection of outcome metrics for evaluating childhood of the SIB will
prioritize the multifaceted approach, measuring physical, behavioral, and nutritional metrics.
Building upon previous analysis, the BMI has emerged as a suitable measurement tool to
encompass weight. The decrease of overweight and obese children by 1.12 % and 1.03 % will
be directly linked to the investors’ payout by measuring. By prioritizing physical activity,
targeting a weekly participation of 420 minutes a week, and healthy nutrition, with an increase
of fruit and vegetable consumption by 10 %, the SIB aims to continuously measure the
interventions against these targets to ensure the most efficient approach in the fight against
childhood obesity. As prioritizing accuracy and gaining comprehensive perspectives is vital,
the combination of measurements of the BMI by professionals and family questionnaires will
provide a continuously reliable basis for evaluation.

5.5. Payment Mechanism

The payment mechanism describes how payments for success are made. It is important to
clarify that outcome payments compensate investors who assume the financial risk associated
with the program. The payment mechanisms for this project are tied to the primary outcome
metrics discussed in the previous chapter, specifically the weight prevalence measured by BMIL.
The investors’ payout is contingent upon achieving the target success rates of 1.12 % per year
for overweight children and 1.03 % for obese children, totaling an overall success rate of 4.48
% and 4.12 % over the whole intervention period of four years, respectively. If the success rates

are met, investors will receive a single payment in Year 4 amounting to 43 %! of the total

! The payout rate of 43% is an assumption based on the Sensitivity Analysis as it is the first payout rate that
generated a positive investor IRR.
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savings per child over their remaining lifetime of 73 years, provided that the child reduces their
BMI to a normal range. The total savings per child throughout their lifetime is 101,602 EUR,
calculated by averaging the total cost savings over the lifetime of an obese child of 102,464
EUR and an overweight child of 100,739 EUR. The metric of the average was used due to
challenges in predicting the child’s weight development in future lifetime within the range of
overweight and obesity.

Considering the target population of 156 obese and overweight children, totaling 99 overweight
and 57 obese children, achieving success rates of 4.48 % and 4.12 % would result in
approximately 6.78 children successfully reducing their BMI to a normal range. Multiplying
the number of children with the individual savings leads to a total governmental saving of
688,556 EUR throughout the whole intervention of four years. Assuming a payout rate of 43 %
the investors receive a payout of 296,079 EUR at the end of the intervention.

When considering the total amount of years needed for the potential savings to cover the
intervention costs per obese or overweight child, two different approaches can be considered.
The first approach of payment mechanism I is based on the total savings during the child’s
remaining lifetime, calculated equally throughout the years, with the total savings divided by
73 years, resulting in a yearly saving of 1,392 EUR per child. With the intervention costs per
child adjusted for inflation at 857 EUR, this method covers the costs in the first year.

The second payment mechanism II follows a weighted savings approach, accounting for a
gradual increase in savings during the early years of life and a more rapid increase starting in
year 12 (turning adult), as health costs tend to rise with age. In this method, the savings exceed

the costs by Year 3, with a total saving of 1,053 EUR.

5.6.  Public Sector Value
For this purpose of evaluating the public sector savings, the project IRR without investors is

evaluated in the first step. To ensure the profitability of a SIB for the investors and the
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government, it is essential that the IRR without investors needs to be positive. This is the case
for the MUN-SI/JOGG project as a slightly positive return is calculated (see Excel-file 1.4. Cost
savings). This demonstrates that successful interventions implemented early in a child's life
have the potential for the government to save money. Therefore, this model presents a good
foundation for developing a SIB.

Moving on to the potential cost savings for the government through a SIB for this intervention.
By developing a SIB for the mentioned project, the risk of not achieving the success rate of
4.48 % (overweight) and 4.12 % (obese) over the whole intervention period of four years is
transferred to the investor, who pays the cost of the intervention. In exchange for the reduced
risk, the government gives the investor a certain percentage of the savings, namely 43 % of the
total cost savings. Thus, the public sector value is calculated by subtracting the costs for the
intervention and the outcome payments from the calculated cost savings. Assuming that the

success rate is achieved, the government is projected to have a financial surplus of 104,436

800.000 €
700.000 € . .
688,556 € Public Sector savings by an outcome
i payment of 43% from cost savings
600.000 €
500.000 €
400.000 €
300.000 €
288.041 €
200.000 €
100.000 €
- €
Status Quo With SIB service
m Cost to government @ Cost of intervention Investor return Public Sector saving

Figure 6: Public Sector Value Structure
5.7. Investment Structure
The following chapter explains the financial statement of the investor in accordance with the
payment mechanisms in the previous chapter. For this, the Income Statement, Cash Flow

Statement, and Investor IRR will be described (see Excel-file “1.7. Financial Statement”).
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Income Statement. The revenue of the project comes from the outcome payments to the
investors, which amount to 296,079 EUR as explained in the last subchapter. The amount will
only be paid out in the program's last year, thus setting revenue in the first years to zero. In
order to calculate the profit, the intervention costs, following delivery costs, need to be
deducted, which amount to 69,885 EUR in Year 0, due to investments made prior to the start
of the interventions. During the following years, an inflation of 2 % p.a. is taken into account,
thereby increasing the delivery cost each year, whereas no additional delivery costs are
considered in the last year, as the intervention ends. The cumulative delivery costs in Year 4
equals negative 288,041 EUR. While the profit in the last year accounts for 296,079 EUR, the
cumulative project profit is 8,039 EUR, given that costs are lower than the revenue.

Cash Flow Statement. The cash flow statement distinguishes between operating and financing
cash flow. For the operating cash flow, all payments and revenues related to the operation of
the project are considered. The cash revenue, therefore, equals 296,079 EUR in the last year of
the project, while the cash delivery costs are equal to the delivery costs of the interventions each
year. The financing cash flow is calculated by summing up the investments made into the
project and deducting the payouts to the investors. Given that payouts will only be considered
in Year 4 and investments start in Year 0, the financing cash flow in Year 0 amounts to positive
69,885 EUR. In the following years, the financing cash flow equals the positive delivery cost
amount, as no other investment is made in the project. As Year 4 is the last year of the project,
and no additional investments will be considered, the financing cash flow in Year 4 equals
negative 296,079 EUR. To assess both operating and financing cash flows in relation to each
other, the net cash flow is calculated, which is the sum of both. Since operating and financing
cash flow amount to the same number, with the only difference being that one is a positive and

the other a negative number, the net cash flow sums up to zero. The cash balance at the
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beginning of each period was also calculated and compared to the cash balance at the end of
the period and equalled net cash flow.

Investor IRR. The calculation of the Internal Rate of Return (IRR) is a crucial step in assessing
the profitability of this SIB and provides investors with critical information to facilitate their
investment decision-making. The investor IRR calculation only takes into account the financing
cash flows, as otherwise costs would be considered twice and thereby produce an incorrect
result. The IRR is computed by setting the net present value of all cash flows to zero. The
calculation shows a positive IRR of 1 %, making the SIB profitable to investors. Although it is
a rather low number, investors might be interested in investing in this SIB since the outcome is
not only financially based, but the social aspect plays an important role. Nevertheless, the
following subchapter will analyze the sensitivity of some variables used regarding investor IRR.
6. SIB as a Business Case

The following chapter focuses on the analysis of the business case and aims to provide a
comprehensive overview of the project's profitability across different scenarios and variations
in key variables. To present these findings effectively, a sensitivity analysis and a scenario
analysis were conducted, revealing potential project opportunities and risks.

The analysis is based on the baseline values of 101,620 EUR as total savings per successful
child, resulting in a total of 688,556 EUR in public savings and 288,041 EUR in total
intervention costs. The payout rate describes the percentage of the overall governmental savings
generated by the intervention that will be used to repay investors for their initial investment,
along with a surplus. The base case assumes a payout rate of 43%, implying a single payout of
296.079 EUR for the investors. The reasoning behind the choice of rate will be explained in

more detail in the subchapter 9.1. the sensitivity analysis for the payout rate.
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6.1.  Sensitivity Analysis

The sensitivity analysis plays a crucial role in evaluating the potential financial outcomes of a
SIB, providing investors with a broader perspective on the project's profitability. By adjusting
different variables and assessing their impact on the investment structure, the analysis reveals
potential weak points and offers valuable insights into the project's financial performance
(Stanciu et al. 2009). In the context of this model, variables of the project's key assumptions,
namely the success rate, the payout rate and potential changes of the total intervention costs
were analyzed. The changes were then examined on total payouts to the investors and the
Investor internal rate of return (IRR).

Payout rate. The payout rate is a significant factor in assessing the investor returns and our
project's financial viability. The rate was evaluated ranging from 20 % to 60 % to explore
various scenarios for investors, see table 6. Using an excel data tool, the results were calculated
by replacing the original value in the formula with each percentage of payout. The results first
indicated a positive development with an Investor IRR of 1 % at a payout rate of 43 %, as stated
in table 6. At this payout rate, the IRR increased by 14 % in comparison to the previously strong
negative IRR at a 30 % payout rate. Consequently, the assumption of a 43 % savings rate was
adopted for further evaluations due to its positive IRR, as it signifies a financially viable project
that holds appeal for investors. Although profitability based on IRR is only slightly positive,
the payoff of 43 % of the total lifetime savings of a single successful child of 43,689 EUR
covers the intervention costs of 857 EUR for additional 50.96 children in a new intervention
cycle. This illustrates the sustainability of the intervention in addressing childhood obesity over
the long term. It is however further worth noting that while a higher payout rate is desirable,
each increase simultaneously reduces government savings and may affect the project's overall
acceptance. For example, a payout rate of 50 % resulted in a total payout of 344,278 EUR and

a positive IRR of 7 %, with a governmental saving of 56,238 EUR. However, a further increase

41



- Group Work -

to 60 % proved to be unprofitable, as the costs of the intervention and the payout totaled 701,174

EUR and outweighed the total governmental savings of 688,556 EUR.

20 % 30 % 43 % 50 % 60 %
ABSOLUT PAYOUT 137,711 206,567 296,079 344278 413,134
IRR 28 % -13 % 1% 7 % 15 %

Table 7: Sensitivity analysis of the payout rate

Success Rate. One of the most influential aspects when considering the profitability of this
model is the success rate. The results were calculated based on the assumption of equal success
rates among obese and overweight children, ranging between 4 % and 12 % in total, with a
baseline of 8.6 %. The chosen success rate underlying this model was calculated referencing a
conservative estimate of the project MUN-SI, which increases the relevance of the analysis for
higher success rates. The findings indicated that even a small increase in the success rate can
significantly impact the Investor IRR. For instance, a 1.4 % increase to a success rate of 10 %
resulted in a 6 % rise in the IRR, while further increasing the success rate to 12 % raised the
IRR to 15 %. Since the interventions originally taken by MUN-SI were optimized and
broadened, it can be assumed that the increase in success rate to 10 % or 12 % is realistic and

therefore allows for a more optimistic forecast of project profitability.

4.0 % 6.0 % 8.6 % 10.0 % 12.0 %
ABSOLUT PAYOUT 136,183 204275 296,079 340,458 408,550
IRR 28 % 13 % 1% 7 % 15 %

Table 8: Sensitivity analysis of the costs of the success rate

Costs of Intervention. Intervention costs play a crucial role in evaluating the project's
profitability and sustainability. Unforeseen changes within the intervention costs introduce
potential risks for the investors. To comprehensively analyze potential consequences, an
increase and decrease of intervention costs by 10 % and 20 % relative to the original costs were
considered. The delta to the original costs was added and subtracted to the annual costs in YO.
The findings revealed that the profitability of the project appears to be more volatile in cost

decreases. Lowering the costs by 20 % raised the IRR by 11 % while an increase of 20 % only
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decreased the IRR by 7 %. This indicates that cost reductions have a more significant impact
on project profitability compared to cost increases, emphasizing the potential benefits of cost
reduction strategies in improving the project's overall financial performance. Potential cost-
saving measures in our project could involve costs that are incurred as part of the school costs,
as these represent 70 % of our total costs. Existing government subsidies could, for instance,
potentially cover the total cost of meals provided by the school or the healthy breaks, which

would significantly impact our project finances and lead to a further increase in IRR.

120 % 110%  [10%  110%  120%

IRR 12 % 6% 1% 3% -6 %
Table 7: Sensitivity analysis of the costs of intervention

In summary, the sensitivity analysis provided essential insights into the profitability of this
model by evaluating variables such as success rate, payout rate, and intervention costs. The
results underscore the importance of a balanced payout ratio, with a 43 % savings rate being
the most efficient assumption due to its positive impact on the investor's IRR. In addition, the
analysis highlighted the importance of the success rate, illustrating that even small increases
can significantly improve the investor's IRR. Furthermore, the potential benefits of cost-
reduction strategies became apparent during the analysis, as reducing intervention costs had a

stronger positive impact on profitability compared to cost increases.

6.2. Scenario Analysis

Another important analysis tool is the scenario analysis. It provides valuable insights into
potential risks or improvements in planning, strategy optimization and general outlook. By
looking at different scenarios, decision makers can gain a deeper understanding of the potential
outcomes of the project to maximize success and effectively manage risks (Hayes 2022).

In the context of our model, intervention costs are one of the main components affecting project
profitability. The costs cover an annual number of 336 children, however, not all of them are

eligible for the outcome payments, as the BMI of 180 of them is already in the normal range at
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the start of the intervention. Since this severely affects the IRR of the model, a scenario was
calculated which considers an intervention model that focuses only on overweight and obese
children. To calculate the profitability of this scenario, the total costs were adjusted to only the
obese and overweight children, excluding those in the normal BMI range. The costs were
lowered to that of the total of 156 children, covering 99 overweight and 57 obese children,
rather than the usual 336 students per year. The total inflation-adjusted cost of this intervention
scenario was 133,733 EUR. With the other assumptions held constant, the Investor Internal
Rate of Return (IRR) in this scenario was calculated to be 35 %. This indicates a potentially
very profitable project under these specific conditions. However, it is important to consider the
limitations and implications of this scenario. Because most of the interventions target
environmental changes, such as school and meal programs, implementation of the reduced
scenario would exclude more than half of the annual student population from overall health-
related improvements in circumstances. However, this approach tends to be discriminatory and
unrealistic in practice, as it does not ensure equality and inclusivity within the intervention
program. Specifically targeting children based on their weight status might also lead to bullying
and thus an overall decrease in the well-being of the children in the intervention. Furthermore,
as one of the SIB’s main goals is awareness and prevention, the initiatives could also positively
impact children with BMIs in the normal range in their potential future weight development
and thus represent government savings, although these impacts cannot yet be quantified.
Therefore, a holistic approach that considers the different needs of all students, regardless of
their current BMI status, is critical.

7. Limitations

The following chapter will discuss the limitations of this feasibility study by dividing this part
into two categories: Data and project limitations. Starting with the first, the amount of available

data and studies regarding overweight and obesity are insufficient and outdated. While some
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studies were available to identify the causes of the social issue, e.g., the COSI study, there was
no analysis of the correlation between these factors in the Portuguese population. Thus, this
makes it difficult to get meaningful interpretations. Therefore, further research should be done
and updated regarding factors of childhood overweight and obesity in Portugal. In addition,
already existing intervention programs are limited in their accessibility to information regarding
program structure, costs, and outcomes. Moreover, the social impact evaluation is not always
measured, or if done, it is neither continuously nor adequately evaluated. This makes it difficult
to analyze an intervention model and thus, makes it difficult to understand their social impact.
The most prevalent issue regarding project limitations is the complexity of this topic. As
mentioned in chapter 4, several factors influence and impact a child's weight differently.
Moreover, all trends cannot be considered and differ between populations and regions
worldwide. The lack of understanding of the impacts on the child presents a challenge in
interpreting the results, especially when evaluating which factor influences the individual most.
Deciding on the most suitable outcome metric poses a challenge as no measurement considers
all these factors influencing the child. Most of the studies use BMI as a measure to validate the
weight change over the years. Even though BMI is used most of the time as an outcome
measurement, chapter 4 already discusses its limitations, which should be considered in further
research and limit this project's ability to interpret the results. Furthermore, intermediate
measures should also be considered as they better evaluate short-term behavioral changes
without focusing on weight as the primary outcome. Considering these measures would go
beyond the scope of this thesis and is complicated to measure as these factors rely on the
reliability of the parents. Another limitation to consider is the potential for side effects, such as
the influence on previously normal-weight children to avoid becoming overweight or obese in
the future. While this could lead to cost savings, it is important to note that this aspect was not

accounted for in this intervention model, thus representing a potential source of bias.
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In addition, regarding the target group, including all children in the evaluation and success rate
is difficult. Given that after every school year, children enter and leave elementary school, it is
complicated to measure the impact of the intervention program based on the duration of the
child’s participation. The scenario analysis highlights that solely focusing on one grade or only
on overweight or obese children can be another option. Nevertheless, this approach can lead to
discrimination, perpetuating a vicious circle in which a child overeats due to psychological
factors, such as mobbing (see chapter 4.2.2.).

As the intervention program is mainly focusing on one school on the Azores and its
municipality, the individuality in the implementation of the program varies on the infrastructure
of the community and the size. Consequently, costs also differ between regions. Moreover,
costs could increase by integrating more complex interventions and stakeholders, such as local
politicians. For the sake of simplicity, this research disregards these.

To sum it up, the lack of data and the complexity of the social issue limits the implementation,
structure, and evaluation. Existing and further research should account for these factors.

8. Conclusion

Overweight and obesity remain a pressing and costly problem in Portugal, with an annual
financial burden on the government of up to 3 bn EUR. Early intervention is crucial so that
long-term consequences can be mitigated. Despite its increasing significance, governments
often struggle to address and prioritize prevention measures effectively. This creates the need
for innovative solutions such as a SIB to fill the gap. By reducing financial and implementation
risks for the government and providing an option for investors to achieve both social and
financial objectives, SIBs offer a promising financing mechanism to address this issue.
In light of this context, our analysis confirms the feasibility of implementing a SIB as a viable
approach to tackle childhood overweight and obesity in Portugal. The proposed SIB employs a

multifaceted intervention strategy that targets both nutritional and behavioral changes, aiming
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for sustainable reductions in childhood obesity rates. The objective goes beyond immediate
weight reduction within the program, encompassing the prevention of further weight gain. The
ultimate goal is not only short-term weight reduction but also long-term cost reduction in
government healthcare expenditures, alongside an improvement in the quality of life resulting
from the weight loss of the children.

Although the financial returns of the project are modest, with an IRR of 1 %, the selected results
indicate that a reasonable payout rate of 43 %, based on conservative calculations, can cover
the intervention costs for a significant number of about 51 children. This highlights the long-
term sustainability of the SIB in effectively addressing childhood obesity. Furthermore, to
enhance the financial sustainability of the model, it is worth exploring the utilization of existing
government subsidies to reduce costs and consider additional funding sources.

The interventions draw on findings and outcomes from established projects such as the
JOGG/MUNS-SI project, which are adapted to the specific cultural context of Portugal, ensuring
the project’s success. By leveraging existing knowledge and tailoring interventions to align
with the Portuguese cultural context, we increase the probability of achieving positive
outcomes.

However, it is important to acknowledge that continuous improvement and refinement of the
SIB model are necessary. Collaboration with stakeholders, including government agencies and
relevant organizations, will facilitate the fine-tuning of the intervention approach, optimization
of cost-effectiveness, and overall enhancement of the impact on childhood obesity in Portugal.
Finally, the analysis conducted in this thesis marks the pioneering application of a SIB in the
context of childhood obesity in Portugal. Consequently, it serves as a valuable foundation for

future research in this area.
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1. Appendix — Intervention Model JOGG/MUN-SI
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Figure 132: Illlustration of the JOGG/MUN-SI Project for an elementary school on the Azores

2. Appendix — Average Annual Cost per Child

Average annual cost per child

School EUR 145
Neighborhood EUR 18
Family EUR 8
Media EUR 4
Evaluation EUR 13
Total costs for intervention EUR 189
Management & General EUR 19
Overall total costs EUR 208
Overall total costs with inflation p.a. per child EUR 214
Children in target group # 336

Table 18: Overview average cost per child per year
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3. Appendix — Table of Abbreviations

AFHK Action for Healthy Kids

Approx. approximately

BIA Bioelectrical Impedance Analysis

BMI Body Mass Index

CEIDSS Centre for Study and Research on Social Dynamics and Health
Chafea Consumers, Health, Agriculture, and Food Executive Agency
CVD Cardiovascular Diseases

EU European Union

Etal. and others

GDP Gross Domestic Product

IRR Internal Rate of Return

JANPA Joint Action on Nutrition and Physical Activity

JHB Join the Healthy Boat

JOGG Jongeren op Gezond Gewicht

LEP Leptin

MCA4R Melanocortin 4 gene

MSD Musculoskeletal Disorders

MUN-SI Programa de Promocgao de Saude Infantil em Municipios
NASH Non-alcoholic steatohepatitis

OECD Organization for Economic Development and Cooperation
OSA Obstructive sleep apnea

PNPAS Promotion of Healthy Eating

SIB Social Impact Bonds

SES Socioeconomic status

SPV Special Purpose Vehicle

US United States
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WHR

WHO

WHtR

WSCC

- Appendix -

Waist to Hip Measurement
World Health Organization
Waist to Height Measurement

Whole School, Whole Child, Whole Community
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