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Executive Summary
Clinical trials with a dietary component, besides an evidence-based, detailed approach to deliver the
intervention to the study population, require an adequate methodology in order to reliably assess the
outcome of the intervention. Relevant methods include thorough means and metrics, aiming to
objectively quantify adherence to the intervention, as well as measure the impact of the intervention on
the study population. The aim of this deliverable is to describe the methodology and key metrics that
will be employed to validate adherence, and to assess the impact of the interventions that will be
delivered through the NUTRISHIELD platform.
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Definitions, Acronyms and Abbreviations
Acronym

Title

FFQ
HDL
HOMA-IR
IOTF
LDL
TMAO
WP

Food Frequency Questionnaire
High Density Lipoprotein
Homeostatic Model Assessment for Insulin Resistance
International Obesity Task Force
Low Density Lipoprotein
Trimethylamine N-oxide
Work Package
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1. Preamble
When dietary interventions are concerned, thorough means aiming to objectively quantify
adherence to dietary interventions, as well as measurements of the impact of the intervention on the
study population are in order. The aim of this deliverable is to describe the methodology and key
metrics that will be employed to validate dietary adherence, and to assess the impact of the
interventions that will be delivered under NUTRISHIELD.

1.1. Objective of the deliverable
Deliverable D2.8 provides the full report on (i) the measurements that will be acquired (lifestyle,
anthropometric, dietary and metabolic factors, changes in gut microbiome) to validate the impact on
health of the studies performed under D2.7, (ii) the methods that will be employed to objectively
measure dietary intake, and (iii) the means by which the satisfaction of the NUTRISHIELD platform and
NUTRISHIELD mobile app will be assessed. Expected outcomes and the role of the present deliverable to
the project are also discussed.

1.2. Content of the deliverable
Deliverable D2.8 includes:
o Procedures aiming to validate the impact on health status of the clinical studies presented in
D2.7
o Objective measures of dietary intake, aiming to validate adherence to the dietary guidance
o Assessment of user-satisfaction

2. Validation of impact on health status
The NUTRISHIELD platform aims to create the conditions for reducing diet-related health disorders
by fact-based personalized nutrition relying on measured biomarkers data and monitored food intake.
The impact that the personalized nutrition has on health will be validated by measuring the biomarkers
and the health-related factors, as described in Table 1.
Dissemination level: PU - Public
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2.1. Lifestyle factors
Levels of children’s physical activity will be evaluated after the implementation of the platformderived personalized diet, since it also includes promotion of physical activity levels. Increased levels of
physical activity have been repeatedly connected in bibliography with improvements in health and
cognition in children and adolescents [1-3].

2.2. Dietary factors
Another factor that affects children’s health is the total energy intake and their diet’s composition
in macro-nutrients, especially of saturated and trans-fatty acid intake [4]. Selected micro-nutrients, such
as vitamin D and iron have been associated with mental health of children [5,6]. What is more,
increased consumption of fruits and vegetables [7-10], and dairy products[10-13] have been associated
with favorable health outcomes. Finally, adherence to the Mediterranean Diet has been consistently
related with health benefits in children [14].

2.3. Anthropometric and growth-related factors
Children’s body weight, stature and BMI status will be compared to available growth charts,
produced at the national or international level (i.e. WHO charts, extended IOTF cut-offs) [15-17].

2.4. Metabolic factors
For the possible improvement in the metabolic profile of children, blood glucose, insulin, A1C and
HOMA-IR can be evaluated after the implementation of the platform derived diet [18,19].What is more,
cardiometabolic risk factors such as total cholesterol, LDL cholesterol, HDL cholesterol, LDL/HDL ratio
and triglyceride levels can be assessed for impact evaluation [20].

2.5. Gut microbiome
In the post intervention phase, changes in the gut microbiome are expected to occur [21].
Possible outcomes include a change in the quantity of colonic short fatty acid fermentation [22]. Other
changes will be related to the overall composition of the microbiome. Indeed, a better suited diet is
expected to increase the overall change in microbiome variety.
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Table 1: Factors to be assessed for evaluation of impact on children’s health
Factors

Expected

Reference

outcome
Lifestyle factors

Physical activity

Dietary factors

Energy intake
Saturated and trans-

↑
↓/↑

[1-3]
[15-17]

↓

[4]

vitamin D

↑

[5,6]

Iron

↑

[5,6]

Fruits

↑

[7-10]

Vegetables

↑

[7-10]

Dairy products

↑

[10-13]

Mediterranean Diet

↑

[14]

fatty acid intake

Anthropometric and

Weight

↓/↑

[15-17]

↑

[15-17]

BMI

↓

[15-17]

Blood glucose

↓

[18,19]

Insulin

↓

[18,19]

A1C

↓

[18,19]

HOMA-IR

↓

[18,19]

Total cholesterol

↓

[20]

LDL cholesterol

↓

[20]

HDL cholesterol

↑

[20]

LDL/HDL cholesterol

↓

[20]

↓

[20]

growth-related factors Height/length

Metabolic factors

ratio
Triglycerides
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Factors

Expected

Reference

outcome
Microbiome

A total of 336 different

↓/↑

[21]

microbiome species, in
detail described in WP3

3. Validation of dietary adherence through
objective dietary intake measures
3.1. Dietary assessment
The dietary assessment of the participants is described in detail in deliverable D.2.7. In brief,
participants in all 3 studies of D2.7 will complete at baseline, a semi-quantitative FFQ which assesses
consumption of various food groups in the previous month. In addition, a 4-day diet record will be
completed by participants of study I and study II of D2.7. Recall data will be analyzed in terms of
nutrients using relevant dietary analysis software. Reported (subjective intake) dietary intake will be
validated against proposed metabolites/ biomarkers that have been found to objectively reflect relevant
food or food group consumption (objective intake). This process aims to validate reported dietary recall,
and study I participant’s adherence to NUTRISHIELD advice. A summary of proposed metabolites/
biomarkers to objectively quantify adherence to the advice of the NUTRISHIELD platform is stressed in
Table 1.
Urine samples of the participants will be analyzed, according to standardized methods (for full
details please refer to deliverables 2.2, 3.1). Consumption of dairy products (milk, lactose-containing
dairy, cheese) will be validated by the presence of trimethyl-N-aminovalerate[23], galactitol [24], and
glycines[25,26]in urine. Concentrations of isoflavones will be measured to validate soy consumption
[27,28]. Intake of citrus fruit, other fruit and vegetables will be cross-matched with prolinebetaine[29]
and flavonoids [30-32]. Metabolites of alkylresorcinol[33-35] will be used as biomarkers of whole grain
cereal intake. 1- and 3- Methylhistidine, anserine and TMAO concentrations will be measured to validate
Dissemination level: PU - Public
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red meat, chicken, and fish consumption, respectively [36-39]. Concentrations of various acids,
citrulline, taurine and isocitrate will be measured to assess non-alcoholic beverages consumption (tea,
coffee, sugar-sweetened beverages)[40,41]. Last, resveratrol metabolites will reflect wine consumption
[42,43].

Table 2. Urine biomarkers objectively reflecting specific food or food group consumption
Biological sample

Metabolite

Food or food group intake Reference

Galactitol

Lactose containing dairy

[24]

products
trimethyl-N-aminovalerate

Milk & dairy products

[23]

Isovalerylglycine

Cheese

[25,26]

Soy

[27,28]

Prolinebetaine

Citrus fruits

[29]

Flavonoids

Fruits & vegetables

[30-32]

Alkylresorcinol metabolites

Whole grain

[33-35]

1-Methylhistidine

Red meat

[36-38]

Chicken

[37]

Tiglylglycine
Urine

Isobutyrylglycine
Isoflavones (and/ or genistein and
daidzein concentrations)

3-Methylhistidine
Anserine
Anserine
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Biological sample

Metabolite

Food or food group intake Reference

TMAO

Fish

[44]

4-O-Methylgallic acid

Coffee and tea

[40]

Sugar sweetened

[41]

Gallic acid
Chlorogenic acid
Citrulline
Taurine

beverages

Isocitrate
Resveratrol metabolites

Wine

[42,43]

4. Assessment of user satisfaction
4.1. Health professional–platform user satisfaction
Clinicians using the NUTRISHIELD platform will be asked a series of questions referent to how
satisfied they are with the platform, with answers provided on a 4-item Likert scale (neutral answer
excluded). The answers provided will be analyzed in order to quantify the user’s level of satisfaction.
These questions will aim for addressing
o Levels of user-friendliness (not at all user-friendly to extremely user-friendly)
o Levels of advice applicability (not at all applicable to extremely applicable)
o Levels of clinical usefulness (not at all useful to extremely useful)
o Levels of probability of re-using of the platform, or suggesting the platform to a colleague
(highly unlikely to highly likely)
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4.2. NUTRISHIELD mobile application user satisfaction
Children enrolled in study I will be asked to use the NUTRISHIELD mobile application. They will be
asked a series of questions, regarding their levels of app using satisfaction, with answers provided on a
4-item Likert scale (neutral answer excluded). Questions will be adapted from questionnaires used in
similar research [45-47]. These questions will aim for addressing
o Enjoying using the app (not at all to very much)
o Probability of suggesting the app to a peer (not at all to very much)
o Satisfaction from technical aspects of the app (i.e. design, network stability, uploading speed
etc) (not at all satisfied to highly satisfied)

5. Expectations and role to the project
The present deliverable incorporates knowledge produced under WP 2-6 and WP9. This in essence
describes how a theoretical framework designed under NUTRISHIELD translates to clinical practice, and
is expected to have great impact on the project.
The novel analyzers designed under NUTRISHIELD are expected to be validated in the context of the
clinical studies of WP2. Furthermore, the examination of blood and urine biomarkers reflecting food
intake are expected to address the literature gap concerning objective measures of dietary intake and
adherence to dietary advice.
Measures of users satisfaction are expected to improve the software developed under WP6, in
terms of user-friendliness, interface etc. (as briefly described above).
Last, a major expectation of this project is the evaluation of the effectiveness of the designed trials,
in term of producing favorable outcomes for the study population. This is in accordance with
NUTRISHIELD’s greater objective, which is employing novel methods for ameliorating health outcomes
in youth.
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