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This document reports on Task 7.4: Assist the
modeling WPs in preprocessing the experimental data
to “model-ready” parameters.

A status update on progress of the TNO P4 Health
studies and on data availability from the studies
identified in Tasks 7.1 - 7.3 is given. Data use requests
Executive Summary | for additional datasets for validation of the MISSION-
T2D models were filed and access to several additional
datasets was granted. Data were pre-processed and
partially stored in the phenotype database dbNP for
easy retrieval by partners. The procedure for dbNP
access and data download is described.

Data preparation of the Whitehall Il cohort data
transferred to MISSION-T2D partners was performed
and is described.

data provision, model validation datasets, intervention
Keywords study datasets, type 2 (pre)diabetes subgroups, data
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1. Deliverable Description

Deliverable 7.3 is the outcome of Task 7.4 named: “Assist the modeling WPs in preprocessing
the experimental data to “model-ready” parameters”.

The specific objective of Task 7.4 was to store all data of task 7.1-7.3 in a dedicated database
(the phenotype database, www.dbnp.org), which allows web-based access for all relevant
partners. In addition, preprocessing and formatting to fit modeling was to be performed. Also,
efforts were continues to secure more data for MISSION-T2D. This deliverable reports on the
status of the TNO health care innovation program, on the current state of availability of data for
use in the MISSION-T2D project, as well as on data storage and preprocessing of the most
relevant data from WP7.

2. Deliverable Results

2.1. General remarks

In Tasks 7.1 and 7.2, datasets were identified that contain data from challenge tests and
intervention studies. Task 7.3 should expand on these tasks by identifying datasets that are
more specifically focused on actual healthcare treatment of T2D patients.

We re-iterate that at the inception of MISSION-T2D it was anticipated that such data would
primarily come from studies executed in the framework of a TNO health care innovation
program (P4 medicine field trial) that was being set up at the time of submission of the
MISSION-T2D proposal. With considerable delay, several TNO P4 health field trials had begun
during the previous reporting period, and they have considerably progressed since then. In the
P4 Hillegom field lab, 35 of the aimed-for total number of 60 diabetes patients are enrolled.
Unfortunately, data have not yet become available. Another study, the QuaLiFY Field Lab,
involving personalized dietary advice to type-2 diabetes patients based on several measured
health parameters along with markers for nutrition status and genetic SNPs, was finished in
October 2015 and a report was prepared. Results showed no effects of the intervention. The
TNO-internal employee pilot study, PA@TNO, involving self-measurement and dry blood spot
analysis had finished and was analized. Results indicated that self-monitoring of health
parameters had a positive effect on body weight. After significant delays were incurred due to
the complicated ethics procedures (Medical Ethics Committee approval had/has to be obtained
in every country from which participants originate), the Nutrition Researcher Cohort Field Lab,
featuring the use of do-it-yourself devices, filling out online-questionnaires and sample collection
with supplied kits for the analysis of various health parameters, commenced in January 2015
and is still on-going. To date there are approximately 200 participants from countries where
ethical approval has been obtained. Some preliminary data have become available.

Summaries of these 4 studies are described in section 2.2.

Since the P4 Health studies so far provided very few data on type-2 diabetes patients, in Task
7.4 during the present reporting period we continued the efforts to obtain data use approval for
several studies already identified in Tasks 7.1 and 7.2. Notably we were successful with an
important new dataset, i.e., the DIOGENES study. Some additional datasets were also shared
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with the MISSION-T2D Consortium. Continuing the work in Task 7.3, data from the most
relevant studies was extracted for pre-assessment and stored in the database dbNP
(databasing infrastructure developed by TNO for nutritional systems biology studies
(http://www.dbnp.org) that is ideal to store data in a querable format; introduced in Deliverable
7.1) for easy retrieval by MISSION-T2D partners. The procedure of using dbNP to extract pre-
processed data formatted to fit modelling is summarized in Annex 2.

A status update is given in section 2.3 while section 2.4 provides some background on the
Diogenes study.

During the first project Review Meeting in May 2014, the Whitehall Il cohort in particular was
suggested for validation of the MISSION-T2D models. After Whitehall Il data use permission
was obtained shortly before the end of the previous reporting period, in the present period the
data was pre-processed for validation by the MISSION-T2D models. A short report detailing
these challenging activities is given in section 2.5, while a description of the data is given in
Annex 1. The approach taken for the validation using this and other data, in which TNO actively
participated, is described in Deliverable 4.4 and also in CNR’s Deliverable 6.3 “Report on the
validation of the computational model and refinement of the integrated model” (due PM36).

With the described progress, which all taken together resulted in the information supplied in
Deliverables 7.1 to 7.3, we expect to have adequately addressed the reviewers’
recommendation to “demonstrate the availability of appropriate data for model validation” that
resulted from the second project Review Meeting hold in Brussels in June 2015.

2.2. Status of the TNO P4 health care innovation program

As detailed in the previous reporting period, the TNO P4 health care innovation program
comprises 4 different studies. Two studies are concerned with diabetes patients (the P4
Hillegom study and the QuaLiFY field lab), one study with TNO employees (the PA@TNO
study), and one study with nutrition researchers (the Nutrition Research Cohort (NRC) study).

The current state of progress of these studies is addressed below.

2.2.1 Progress of the TNO P4 health studies

2.2.1.1 P4 Hillegom Study

Title: P9607 P4 approach in newly diagnosed type 2 diabetics in the Hillegom Field Lab

Study setup: Rationale, Objective, Study design, Study population, Personalized diagnosis,
Intervention amd personalized treatment and Main study parameters/endpoints were all
described in Deliverable 7.2.

Progress: The study has started Q4 of 2014. So far, thirty-five of the required total of 60
patients have entered the study and underwent the 3 month intervention. Follow-up data are
not yet available.
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2.2.1.2 PA@TNO Pilot Study

Title: P9608 P4@TNO pilot study: potential of do-it-yourself devices for obtaining personal
health data

Study setup: Rationale, Objective, Study design, Study population, Intervention, Self-
monitoring devices (Medisana) and data recording and Main study parameters/endpoints were
all described in Deliverable 7.2.

Progress: The study was completed in Q4 2014. Data were analyzed and a report has been
prepared. Results were presented as oral presentation: de Hoogh IM, Boessen R, Boorsma A,
Bobeldijk I, Pasman WJ; “TNO acting as a field lab for health measurements; effects on health
and behavior”; NASO (The Netherlands Association for the Study of Obesity) Scientific Spring
Meeting, April 13, 2016, Utrecht (NL) with Dissemination funding from MISSION-T2D.

Results: 33 TNO employees started the study and 31 subjects completed the study. From the
n-of-1 statistic approach a significant effect on weight loss (slope = -0.1 kg) and BMI (slope = -
0.27) was found. Energy expenditure increased significantly with 41.2 kcal/day (sd=22.7) during
the study. No effect was found on blood glucose or blood pressure. The results of the user
experience questionnaire showed that 86% of the participants felt that study participation
improved the insight in their health status, and 51% of the participants agreed that the use of
do-it-yourself devices helped them to improve their health.

Conclusion: Self-monitoring of health parameters had a positive effect on body weight, which
could be explained by increased energy expenditure. For most participants self-monitoring
increased awareness of their health status. Self-monitoring has the potential to increase
awareness of own health status and thereby serve as a motivator for behaviour change.

2.2.1.3 QualiFY Field Lab

Title: P9618 — Personalized Dietary Advice in diabetes type 2

Study setup: Rationale, Objective, Study design, Study population, Intervention and Main study
parameters/endpoints were all described in Deliverable 7.2.

Progress: Twenty-eight subjects were enrolled into the study. The study was completed in Q4
2015. Data were analyzed and a report has been prepared.

Access to scientifically valid data and knowledge rules relevant to personalized nutritional
products and services is provided via the QuaLiFY Server Platform (QSP) or Quisper
(http://www.qualify-fp7.eu/qualify-server-platform).

Efficacy results:

No effect of the Personalized Dietary Advice was found on the established markers of diabetes
type 2, namely fasting glucose, fasting c-peptide and HbA1c.

No effect was found of the Personalized Dietary Advice intervention on blood pressure (systolic
and diastolic) in subjects.
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No effect of the Personalized Dietary Advice intervention was found on the cholesterol levels of
subjects. There is also no effect of the Personalized Dietary Advice intervention found on the
HDL, LDL or triglyceride levels of subjects.

No effect of the Personalized Dietary Advice intervention was found on anthropometric
measures (weight, BMI, waist circumference, hip circumference, fat percentage) of subjects.

No effect of the Personalized Dietary Advice intervention was found on biomarkers of food
intake (cholesterol, plasma carotenoids, plasma vitamins, plasma fatty acids, omega 3 index) of
subjects.

No effect of the Personalized Dietary Advice intervention was found on scores for vitality,
energy, motivation or resilience of subjects, as measured by the Vita-16.

No effect of the Personalized Dietary Advice intervention was found on scores on any of the
scales of the RAND-36 (physical functioning, role limitation due to physical health, role
limitations due to emotional problems, vitality, emotional well-being, social functioning, pain,
general health) of subjects.

No effect of the Personalized Dietary Advice intervention was found on scores on physical
activity or sitting behavior of subjects, as measured by the IPAQ.

Qualitative evaluation results: According to dieticians, both the intervention and control group
had a positive effect of the study, because both were provided with feedback based on their
measurements, for example on fasting glucose and cholesterol measurements.

The ‘MijnEetmeter.nl’ system (both available via a mobile app and a website) was found to be
much more intuitive as compared to OPEN by both the dieticians and the participants.
According to the dieticians, the activity tracker motivated participants to be more physically
active.

In general, the study portal was considered easy and intuitive to work with by dieticians.
Especially, the feedback in the form of graphs of the various measurements was appreciated.
The dieticians experienced some problems with the cholesterol meter at the start of the study.
However, after a few measurements this became easier. The hip circumference measurement
was more difficult with obese participants and therefore considered unreliable. The dieticians
experienced no problems with carrying out the glucose, blood pressure and waist circumference
measurement.

The sample collection kits provided by Vitas (finger prick blood) and GeneticLab (buccal-swabs
for DNA) were considered to be easy-to-use. The finger prick blood kit provided by
SwissAnalysis was found to be less user-friendly by both dieticians and participants and should
be improved for use in future studies.

The biggest problem according to the dieticians about the study was the lack of information
about the different measurements that were used in the feedback to the subjects, like healthy
cut-off values and how these can be influenced by a healthy diet.

Dieticians found the advice texts that were given to the participants to specific and sometimes
not in line with their professional opinion.

Most participants rated their study participation as pleasant and agreed that the study
participations increased the insight in their own health and resulted in more healthy behaviour.

Conclusions:
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This study did not show any advantageous or adverse effects of Personalized Dietary Advice on
any of the established markers of nutritional and health status in diabetes type 2 patients, as
compared to regular care.

The feedback to the participants based on the (blood) measurements was considered very
motivating.

2.2.1.4 Nutritional Researcher Cohort Field Lab

Title: P9616 NRC n250 study

Study setup: Rationale, Objective, Study design, Study population, Intervention and Main study
parameters/endpoints were all described in Deliverable 7.2.

Progress:

Due to the new nature of the NRC procedures (complete “do-it-yourself’ analysis, personal data
upload, anonymized research, inclusion of personal genetic testing), intense discussions on
ethics were necessary.

Despite the initial delay caused by complicated ethics procedures in several European countries
(Medical ethics Committee approval had/has to be obtained in every country from which
participants originate), the NRC partners exchanged lessons learned in dealing with the ethics
aspects and succeeded in achieving ethics approval of the protocol by the local ethical
committees in Finland, Czech Republic, United Kingdom, Ireland, the Netherlands, Austria,
Italy, Switzerland, Spain, Belgium and France. The protocol was also submitted in Germany but
is still pending approval.

The following tools have been assessed, with some illustrative results detailed below:

- The Vitas dried blood spot testing;

- The SwissAnalysis clinical chemistry package;

- A dried-blood spot based metabolome analysis;

- The TNO “do-it-yourself” OGTT (oral glucose tolerance test);

- The TNO “do it yourself” microbiome assay;

- The FatSecret food intake quantification;

- The 23andMe 1M SNP analysis connected to the SafeCape advice system, in
combination with a series of specifically designed bioinformatics applications.

Actual assessment of the tools commenced in January 2015 and is still on-going. To date

approximately 200 participants are included from countries where ethical approval has been
obtained (see figure 2.2.1).
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Figure 2.2.1. Number of participants recruited for the NRC 250 study where a number of self-
assessment tools were evaluated.

Illustrative intermediate results of different self-assessment tools:

The Vitas dried blood spot testing, was used for total fatty acids and amino acid analysis. An
example of obtained results is shown in Figure 2.2.2.
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Figure 2.2.2. lllustration of measured omega fatty acids ratio of Arachidonic acid (ARA) and
Eicosapentaenoic acid (EPA). The ratios are an indicator of cardio vascular disease risk, in this
figure high risk indicated by red, medium risk indicated by yellow and low risk indicated by
green zone. The NRC participants indicated in this figure show a wide distribution in the
calculated ARA/EPA ratio. These ratios are used for personalized food advice with respect to
omega 3 and omega 6 fatty acid intake recommendations.
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The SwissAnalysis clinical chemistry package appeared to require much more blood then was
achieveable for most participants in a Do-it-yourself setting. Swiss Analysis is currently
developing a more user-friendly sampling device and procedures in a different project, that may
be used for self-monitoring in the future.

The do-it-yourself (DiY) OGTT set up by TNO was used for sampling of dry blood spots (DBS)
(see Figure 2.2.3.) for insulin and c-peptide analysis.

Figure 2.2.3. DiY OGTT based on sample collection of paper cards.

The quality of the blood samples was good; 95% of the samples were suitable for analysis. TNO
further validated the insulin assay in a separate project. The results showed that insulin analysis
from DBS is not reliable and therefore insulin was not determined. For c-peptide, in the
validation study, a very good correlation was found between c-peptide determined from dry
blood spots and from venous blood collection. It was therefore decided that in the future only c-
peptide will be determined from the blood spots.

For the TNO microbiome assay, a simple DiY fecal sampling procedure was tested and
combined with sequence analysis of fecal samples. Although sample collection and analysis
were successful (Figure 2.2.4), at present, the results cannot be used for personalized food
advice. There are as yet no reference values in the literature with respect to the occurrence
and abundance of the different phyla. More data has to be collected and more studies on the
relationship between diet and microbiota composition are necessary.
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For the dietary intake registration, the Food Intake Quantification procedures developed by the
FP7 Project Food4Me could not be implemented in time due to internal discussions within
Food4Me on external access rights for commercial and non-commercial purposes. The open
access mobile app “FatSecret” was used as an alternative. Although food intake in the NRC is
asked for only 3 days (2 week days and 1 weekend day) every 3 months, compliance in the
NRC is particular low. Up to now 100 percent of the participants complied to enter their food
intake at the start of the NRC 250 study, before the sample collection, but only approximately 50
% of the participants enter their data regularly as described in the protocol. Whereas
compliance is a known problem for food intake diaries there is also the concern of under- or
over-estimation of the amount of food consumed. Another problem is that keeping a food diary
directly will influence food intake behavior of the participants. After considering various
alternatives, it was concluded that the most advanced option of food intake quantification would
be to make use of nutritional status markers that can be measured via blood, saliva or urine.

Conclusions

Sharing of lessons learned and discussions between all countries involved in submission of new
‘participatory’ type of study protocols resulted in efficient knowledge sharing and as a final
result, approval of NRC study protocols in 12 countries within 12 months.

The NRC cohort, spread over 12 European countries, counts more than 200 participants with
nutrition research background and served as a beta testing site for testing several do-it-yourself
sampling methods and devices for health status monitoring.

Sampling and measurement methods developed by project partners Vitas, Swiss Analysis and
TNO were assessed by the NRC participants. Feedback from the participants was used to
improve the user friendliness and other characteristics of the methods as well as visualisation of
the results to the user. Several of the services were integrated into the Quisper platform (Vitas,
Swiss Analysis).

The data obtained from the measurements were used as input for a personalised food advice
tool. Automated Personal Dietary Advice was developed based on Food4Me algorithms.
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2.3. Update on datasets identified in Tasks 7.1 and 7.2 for use
in MISSION-TZ2D.

This section updates on the data availability of the datasets identified in Task 7.1 and 7.2. For
ease of comparison, the same tables as in D7.1 and D7.2 are shown, with colour markings
indicating status changes as described with the tables.

2.3.1. Stress response datasets
The studies with TNO participation are listed in Table 2.3.1.
Bioclaims (Southampton): Data use request was answered positively.
Bioclaims (Krakow): Data use request was answered positively.
PhenFlex: Data has become available. Data were already in dbNP.
PhenFlex2 and Nutritech are additional studies offering challenge test data that have finished
since the previous reporting period. Data of these studies are already in dbNP. Data use has
been requested.
DIOGENES: after continued attempts, our data-sharing request for the DIOGENES study was
finally granted and additional data (exceeding the data that was already in dbNP in the previous
reporting period) was transferred to TNO. This dataset is in the process of being decoded and
pre-processed for analysis. DIOGENES was a large study, referred to in many publications.
Therefore, some background information on this important study is given in section 2.4.

Table 2.3.1 — Update on studies with TNO participation to provide stress response curves of

(pre)diabetes subgroups. Yellow fields indicate changes since the previous reporting period.

OGTT, Oral Glucose Tolerance Test; OLTT, Oral Lipid Tolerance Test; CVD, Cardiovascular disease;
dbNP, the nutritional phenotype database.

Study name Subjects Type of Dynamic Dynamic Data Data
stress Metabolic Inflammatory availability location
response variables variables status
1: dbNP
1: ClinChem 0: none 1: requested o
2: within
(glucose, )
1: CRP, (IL-6), 2: confirmed TNO
insulin, TG,
(TNFa)
FFA, glycerol, N.A.: not 3: external
TC, HDL-C) 2: endothelial available
function (sICAM,
2:
sVCAM, P-

metabolomics .
selectin)

3: cytokine panel

EU- 50 obese, OLTT 1 3 2 1
BIOCLAIMS 50 lean

Southampton
EU- N=150, 50 OLTT, 1 0 2 3
BIOCLAIMS healthy vs OGTT
100 obese
Krakow
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PhenFlex 20 OLTT, 1,2 1,2,3 2 1

healthy, OGTT
20 diabetic

DIOGENES 773 (pre) OGTT 1 1 2 1
diabetic

subtypes

CordioPrev 1000 CVD OGTT 1 1 N.A. 3
patients,
diabetic

subtypes

Phenflex2 100 MMTT 1,2 0 1 1
subjects,
50% M/F,
10 (pre-)
diabetic

groups

NutriTech 72 OGTT 1,2 1,2,3 1 1
subjects MMTT

(38 MMTT+PA
women,

34 men,
59 years
old
BMI 29)

2.3.2. Challenge test datasets from studies without TNO involvement
Table 2.3.2 lists the challenge test datasets from consortia without TNO involvement. Attempts
to obtain data use permission for NUGENOB, LIPGENE and MECHE continued to remain
unsuccessful due to complete unresponsiveness to our repeated data availability requests. The
data of Lipgene and MECHE however were uploaded in dbNP in the framework of cooperations
outside of MISSION-T2D. The data from WHITEHALL Il were transferred to TNO and
preprocessed for analysis. Details are given in section 2.5.
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Table 2.3.2— Update on data availability from large studies without TNO involvement to provide
stress response curves of (pre)diabetes subgroups. Yellow fields indicate changes since the
previous reporting period.

OGTT, Oral Glucose Tolerance Test; OLTT, Oral Lipid Tolerance Test; MetS, Metabolic Syndrome; dbNP,

the nutritional phenotype database.

Study name | Subjects Type of Dynamic Dynamic Data Data
stress Metabolic Inflammatory | availabilit location
response variables variables y status 1: dbNP
1: 0: none 0: 2: within
ClinChem 1: CRP, (IL-6), identified TNO
(glucose, (TNFa) 1:
insulin, TG, g 3: external
FFA, 2: endothelial requeste
glycerol, function 2:
TC, HDL-C) (sICAM, confirmed
sVCAM, P-
2 selectin)
metabolomi
cs 3: cytokine
panel
NUGENOB 711 OLTT 1 0 1 3
obese,
119 lean
LIPGENE subcohort OLTT 0 2 1 1
74 MetS
MECHE 200 OLTT, 2 1 1 1
healthy OGTT
WHITEHALL 10,308 OGTT 1 0 2 2
1]
Oded 22 OGTT 2 0 0 1
Shaham healthy,
25
prediab.

2.3.3. TNO in-house challenge test datasets

In Task 7.1 and 7.2, twenty potentially useful TNO in-house human intervention studies carried
out over the past 15 years were identified, data use requests were issued where necessary, and
studies were ranked according to their relevance for MISSION-T2D. In the past period, most of
the studies with highest relevance for MISSION-T2D were uploaded in dbNP. Table 2.3.3
shows the updated information for the challenge test data.
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Table 2.3.3 — Update on data availability from TNO in-house human studies to provide stress

response curves of (pre)diabetes subgroups. Yellow fields indicate changes since the previous

reporting period.

MTT, Meal Tolerance Test; OGTT, Oral Glucose Tolerance Test; OLTT, Oral Lipid Tolerance Test; MetS,

Metabolic Syndrome; IGT, impaired glucose tolerance; dbNP, the nutritional phenotype database.

TNO Subjects Type of Dynamic Dynamic Data Data Data pre-
Study stress Metabolic Inflammatory availability location assessed
# response variables variables status .
1: dbNP 1: first
1: ClinChem 0: none 1: available L priority
2: within
(glucose,
1: CRP, (IL-6), N.A.: not TNO 2: lower
insulin, TG, . -
(TNFa) availabl priority
FFA, glycerol, 3
TC, HDL-C) 2: endothelial external 0: unsuited
function
2:
(sICAM,
metabolomics
sVCAM, P-
selectin)
3: cytokine
panel
462 26 healthy MTT 1 0 1 2 0
473 10 healthy vaccine 0 1 N.A. 2
3884 24 MetS MTT 1 1,2 1 2 0
4616 12IGT OGTT 1 0 N.A. 2
5328 10 MTT, 1 1,2 1 2 2
healthy, OGTT
10 obese
5805 10 healthy MTT, 1 0 1 2 2
OGTT
6281 9lean, 9 MTT, 1 0 1 2 2
obese OGTT
6957 36 MetS OGTT, 1 1 1 2 1
OLTT see 2.4
7261 12 obese MTT 1 0 1 1 1
see 2.4
7573 | 24 healthy MTT 1 0 1 2 2
8374 | 16lean, | exercise 1 3 1 1 1
16 obese see 2.4
8600 22 lean LPS 1 1,2 1 1 1
inflammati see 2.4
on
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8738 8 lean, 8 OGTT+ 1 3 1 1 1
obese OLTT see 2.4
8749 24 healthy mental 0 3 1 2 0
stress
9218 10 MetS, OGTT, 1 0 1 1 1
10 lean OLTT see 2.4
9334 24 healthy alcohol 1 0 1 2 0
9466 10 healthy OLTT 2 3 N.A. 2

2.3.4. Intervention study datasets from consortia in which TNO participates.

Datasets identified are the same as in 2.3.1 and identical comments apply. Updates are shown
in Table 2.3.4.

Table 2.3.4 — Update on data availability from intervention studies with TNO participation to
provide data of (pre)diabetes sub-phenotypes. Yellow fields indicate changes since the previous

reporting period.

CVD, Cardiovascular disease; FA, fatty acid; dbNP, the nutritional phenotype database.

Study name Subjects Type of Metabolic Inflammatory Data Data
interventi variables variables availability location
on i status
1: ClinChem 0: none 1: dbNP
(glucose, 1: .
1: CRP, (IL-6), 2: within
insulin, TG, requested
(TNFa) TNO
FFA, glycerol, 2.
TC, HDL-C) 2: endothelial ' 3: external
i confirmed
function (sICAM,
2:
sVCAM, P- N.A.: not

metabolomics ) .
selectin) available

3: cytokine panel

EU- 50 obese, 12 wk n-3 1 3 2 1
BIOCLAIMS 50 lean FA
Southampton

EU- N=150,50 | RCT 3 mo 1 2 2 3

BIOCLAIMS healthy vs isocaloric
100 obese diet +/-

Krakow
Epax
DIOGENES 773 (pre) weight 1 1 2 2
diabetic loss,
subtypes
Lotyp then 4
diets
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1000 CVD

patients,

CordioPrev mediterran 1 1

N.A. 3
ean diet
diabetic

subtypes

NutriTech 72
subjects
(38

women,

Caloric 1,2

restriction

1,2,3 1 1

34 men,
59 years
old
BMI 29)

2.3.5. Datasets from intervention studies without TNO involvement

Datasets identified are the same as in 2.3.2 and are shown in Table 2.3.5, now indicating the
interventions (no interventions in MECHE and Oded Shaham). The same comments as in 2.3.2
apply. NUGENOB and LIPGENE were unresponsive; WHITEHALL Il data were transferred to
TNO for analysis in MISSION-T2D and pre-processed for analysis (see 2.5).

Table 2.3.5 — Update on data availability from large intervention studies without TNO
involvement to provide data of (pre)diabetes sub-phenotypes. Yellow fields indicate changes
since the previous reporting period.

MetS, Metabolic Syndrome; dbNP, the nutritional phenotype database.

Study name Subje Type of Metabolic Inflammatory Data Data
cts Intervention variables variables availability location
. status
1: ClinChem 0: none 1: dbNP
(glucose, 0: identified L
1: CRP, (IL-6), 2: within
insulin, TG,
(TNFa) 1: requested TNO
FFA, glycerol,
TC, HDL-C) 2: endothelial 2: confirmed 3:
function (sICAM, external
2:
sVCAM, P-selectin)
metabolomics
3: cytokine panel
NUGENOB 711 10 week, 1 1 1 5
obese, | hypocaloric
119 low- vs.
lean high-fat diet
LIPGENE 417 12 week, 4 1 1 1 1
MetS different
dietary fat
composition
s, isocaloric

MISSION-T2D

[D7.3.-V1.2]
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WHITEHALL | 10,308 | lifestyle over 1 1 2 2
I long time

2.3.6. TNO in-house intervention study datasets

Datasets identified are the same as in 2.3.3 and are shown in Table 2.3.6, now indicating the
interventions (some TNO studies only have challenge tests and no interventions, or the other
way round). The same comments as in 2.3.3 apply.

Table 2.3.6 — Update on data availability from TNO in-house human intervention studies to
provide data of (pre)diabetes subphenotypes. Yellow fields indicate changes since the previous

reporting period.

MetS, Metabolic Syndrome; IGT, impaired glucose tolerance; MCFA, medium-chain fatty acid; LCFA, long-
chain fatty acid; HFD, high-fat diet; dbNP, the nutritional phenotype database.

TNO Subjects Type of Metabolic Inflammatory Data Data Data
Study intervention variables variables availability location pre-
# i status assesse
1: ClinChem 0: none 1: dbNP
d
(glucose, 1: available
1: CRP, (IL-6), 2:
insulin, TG, L 1: first
(TNFa) N.A.: not within
FFA, gl 1, iorit
glycero . available TNO Y
TC, HDL-C) 2: endothelial
. 2: lower
function (sICAM, 3:
2: priority
sVCAM, P- external
metabolomics )
selectin) 0:
. unsuite
3: cytokine panel
d
473 10 healthy 10 wk, 2 0 1 1 2 0
different FA
supplement
3884 24 MetS 4 wk, 40g 1 1,2 1 2 0
alcohol/day
4616 12 IGT 4 wk 1 0 N.A. 2
antidiabetic
peptide
5067 | 40 healthy 4 wk 1 1 N.A. 2
antidiabetic
peptides
5328 10 3 wk, 40g 1 1,2 1 2 2

healthy, alcohol/day
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10 obese
5805 10 healthy 4 wk, 1 0 1 2 2
32g/day
alcohol
6281 9 lean, 9 3 wk, 1 0 1 2 2
obese 35g/day
alcohol
6957 36 MetS 5 wk, 3 dairy 1 3 N.A. 2
products, 1
TNO- 1 1
foodmix see 2.4
7261 12 obese 3 wk MCFA 1 1 1 1 1
vs LCFA
see 2.4
supplement
7348 50 pre- weight 2 0 1 2 0
diabetic maintenance
7573 | 24 healthy 3 wk, 26 1 0 1 2 2
g/day
alcohol
8189 8 obese 10 wk, 1?2 1? N.A. 2
energy gut microbiota
restriction
diet
8318 66 low- 4 wk, 5 0 1 N.A. 2
grade different
inflamm probiotics
8374 16 lean, 4 wk, 2 1 3 1 1 1
16 obese doses
see 2.4
vegetables,
then 4 wk,
energy-
restricted
diet
8749 | 24 healthy 2 wk 1 & 1 2 0
26g/day
alcohol
9218 10 MetS, 4 wk weight 1 gut microbiota 1 1 1
10 lean maintenance composition
see 2.4
(MetS) or
HFD
9466 10 healthy 3 wk, high 2 3 N.A. 2
vs no dairy
MISSION-T2D [D7.3.-V1.2] Page 19 of 46



MissiI(ON-T2D

2.4. Background information on the DIOGENES study.

Data from the DIOGENES study were made available to MISSION-T2D and were transferred to
TNO. While some data (mostly clinical chemistry and metabolomics) was already available in
dbNP, the additional data now acquired allow a much more systemic perspective since also
variables related to mental health are included. Below some background information on
DIOGENES is given. A complete description of the study design and methods can be found in
Larsen et al., (2010) The Diet, Obesity and Genes (Diogenes) Dietary Study in eight European
countries — a comprehensive design for long-term intervention, Obesity Reviews 11, 76-91.

241 DIOGENES brief study description.

Rationale: The importance of the composition of a diet for the prevention and management of
obesity is debated. Ad libitum consumption of low-fat diets results in short-term weight loss, and
low-carbohydrate, high-protein, and high-fat diets (e.g., the Atkins diet) may result in substantial
weight loss as compared with that achieved with other types of diets. However, the weight loss
is generally not sustained beyond 1 year. Greater weight loss with low-carbohydrate diets may
be ascribed to the satiating effects of high protein content, and there is increasing interest in the
efficacy of diets that have a high protein content with a moderate carbohydrate and fat content.
A diet with a low glycemic index may have beneficial effects on body weight and body
composition and on certain risk factors in overweight persons, but the effectiveness of ad libitum
consumption of low-glycemic-index diets for weight control is controversial.

Objective: The Diet, Obesity, and Genes (Diogenes) study is a pan-European, multicenter,
randomized, dietary-intervention study designed to assess the efficacy of moderate-fat diets
that vary in protein content and glycemic index for preventing weight regain and obesity-related
risk factors after weight loss.

Study design: Randomized controlled intervention, two-by-two factorial design.

Study population: The study was conducted across eight European countries and involved
891 families with at least one overweight or obese parent and one healthy child (irrespective of
weight).

Intervention: Adult participants underwent an initial eight-week low-calorie diet to lose weight,
with participants losing an average of 11.0kg. Families with minimum one parent attaining a
weight loss of 8% or more, then were randomized to follow one of five different dietary regimes
for six months:

Group 1: Low protein/low Gl

Group 2: Low protein/high Gl

Group 3: High protein/low Gl

Group 4: High protein/high Gl

Group 5: Control (national dietary guidelines) diet
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All the diets were low in fat (less than 30% of energy consumed). Each group had people drop
out, but the higher-protein, lower-Gl diet group had the lowest dropout rate and also regained
the least weight over the six months of the study.

Main study parameters/endpoints: The primary outcome measures for adults were body-
weight-loss maintenance (kg), change in body composition as assessed by Dual energy X-ray
Absorptiometry (DXA) or Bioelectrical Impedance Analysis (BIA), number of subjects
maintaining more than 5% or more than 10% of their initial weight loss, and dropout rate during
the dietary intervention. The secondary outcome measures were changes in abdominal fat
mass (measured by DXA, waist circumference and sagittal diameter), risk factors for type 2
diabetes and cardiovascular disease, changes in appetite and satiety hormones, physical
activity and identification and quantification of fat tissue messenger ribonucleicacid (mRNA),
and certain metabolite, peptide and protein biomarkers from blood. In addition, assessments of
biological (genetic profiles, measurements of basal metabolic rate (BMR) and free-living energy
expenditure, assessment of physical activity, etc.) and psychological features (questionnaires
covering issues such as appetite and food preferences, health promoting behaviour, attitudes
towards eating, social support, etc.) that determined the families’ and the individuals’ responses
to the dietary intervention were performed.

Results: A total of 1209 adults were screened (mean age, 41 years; body-mass index 34), of
whom 938 entered the low-calorie-diet phase of the study. A total of 773 participants who
completed that phase were randomly assigned to one of the five maintenance diets; 548
completed the intervention (71%). Fewer participants in the high-protein and the low-glycemic-
index groups than in the low-protein-high-glycemic-index group dropped out of the study (26.4%
and 25.6%, respectively, vs. 37.4%; P=0.02 and P=0.01 for the respective comparisons). The
mean initial weight loss with the low-calorie diet was 11.0 kg. In the analysis of participants who
completed the study, only the low-protein-high-glycemic-index diet was associated with
subsequent significant weight regain (1.67 kg; 95% confidence interval [CI], 0.48 to 2.87). In an
intention-to-treat analysis, the weight regain was 0.93 kg less (95% CI, 0.31 to 1.55) in the
groups assigned to a high-protein diet than in those assigned to a low-protein diet (P=0.003)
and 0.95 kg less (95% CI, 0.33 to 1.57) in the groups assigned to a low-glycemic-index diet than
in those assigned to a high-glycemic-index diet (P=0.003). The analysis involving participants
who completed the intervention produced similar results. The groups did not differ significantly
with respect to diet-related adverse events.

Publication(s):

The above main results were published in Larsen et al. (2010) Diets with high or low protein
content and glycemic index for weight-loss maintenance. N Eng J Med 363 (22) 2102-2113.
Many more aspects of the DIOGENES study were, and continue to be, published in a large set
of publications, including (but not limited to) the ones listed below.

Stroeve J.H.M., Saccenti E., Bouwman J., Dane A., Strassburg K., Vervoort J., Hankemeier
T., Astrup A., Smilde A.K., Van Ommen B., Saris W.H.M. (2016) Weight loss predictability by
plasma metabolic signatures in adults with obesity and morbid obesity of the DiOGenes
study, Obesity 24: 379-388.

MISSION-T2D [D7.3.-V1.2] Page 21 of 46



MissiI(ON-T2D

Navas-Carretero S., Holst C., Saris W.H., van Baak M.A., Jebb S.A., Kafatos A., Papadaki
A., Pfeiffer A.F.H., Handjieva-Darlenska T., Hlavaty P., Stender S., Larsen T.M., Astrup A,,
Martinez J.A. (2016) The Impact of Gender and Protein Intake on the Success of Weight
Maintenance and Associated Cardiovascular Risk Benefits, Independent of the Mode of
Food Provision: The DiOGenes Randomized Trial, Journal of the American College of
Nutrition 35: 20-30

Larsen S.C., Angquist L., @stergaard J.N., Ahluwalia T.S., Vimaleswaran K.S., Roswall N.,
Mortensen L.M., Nielsen B.M., Tjgnneland A., Wareham N.J., Palli D., Masala G., Saris
W.H., van der A D.L., Boer J.M.A., Feskens E.J.M., Boeing H., Jakobsen M.U., Loos R.J.F.,
Sarensen T.1.A., Overvad K. (2016) Intake of total and subgroups of fat minimally affect the
associations between selected single nucleotide polymorphisms in the PPARy pathway and
changes in anthropometry among European adults from cohorts of the DiOGenes study,
Journal of Nutrition 146: 603-611

Engberink M.F., Geleijnse J.M., Bakker S.J.L., Larsen T.M., Handjieva-Darlesnka T., Kafatos
A., Martinez J.A., Pfeiffer A.F.H., KuneSova M., Jebb S.A., Holst C., Astrup A., Saris W.H.M.,
Brink E.J., Van Baak M.A. (2015) Effect of a high-protein diet on maintenance of blood
pressure levels achieved after initial weight loss: The DiOGenes randomized study, Journal
of Human Hypertension 29: 58-63

Aller E.E.J.G., Larsen T.M., Claus H., Lindroos A.K., Kafatos A., Pfeiffer A., Martinez J.A.,
Handjieva-Darlenska T., Kunesova M., Stender S., Saris W.H.M., Astrup A., Van Baak M.A.
(2014) Weight loss maintenance in overweight subjects on ad libitum diets with high or low
protein content and glycemic index: The DIOGENES trial 12-month results, International
Journal of Obesity 38 : 1511-1517

Brahe L.K,, Angquist L., Larsen L.H., Vimaleswaran K.S., Hager J., Viguerie N., Loos R.J.F.,
Handjieva-Darlenska T., Jebb S.A., Hlavaty P., Larsen T.M., Martinez J.A., Papadaki A,
Pfeiffer A.F.H., Van Baak M.A., Sorensen T.I.A., Holst C., Langin D., Astrup A., Saris W.H.M.
(2013), Influence of SNPs in nutrient-sensitive candidate genes and gene-diet interactions
on blood lipids: The DiOGenes study, British Journal of Nutrition 110: 790-796

McConnon A., Horgan G.W., Lawton C., Stubbs J., Shepherd R., Astrup A., Handjieva-
Darlenska T., KuneSova M., Larsen T.M., Lindroos A.K., Martinez J.A., Papadaki A., Pfeiffer
A.F.H., Van Baak M.A., Raats M.M. (2013) Experience and acceptability of diets of varying
protein content and glycemic index in an obese cohort: Results from the Diogenes ftrial,
European Journal of Clinical Nutrition 67 : 990 -995

Stocks T., Angquist L., Hager J., Charon C., Holst C., Martinez J.A., Saris W.H.M., Astrup A.,
Sagrensen T.1.A., Larsen L.H. (2013) TFAP2B-dietary protein and glycemic index interactions
and weight maintenance after weight loss in the DiOGenes trial, Human Heredity 75: 213-
219

KunesSova M., Hlavaty P., Tvrzicka E., Stafikova B., Kalouskova P., Viguerie N., Larsen T.M.,
Van Baak M.A., Jebb S.A., Martinez J.A., Pfeiffer A.F.H., Kafatos A., Handjieva-Darlenska
T., Hill M., Langin D., Zak A., Astrup A., Saris W.H.M. (2012) Fatty acid composition of
adipose tissue ftriafter weight loss and weight maintenance: The DIOGENES study,
Physiological Research 61 : 597-607

Vimaleswaran K.S., Angquist L., Hansen R.D., Van Der A. D.L., Bouatia-Naji N., Holst C.,
Tjenneland A., Overvad K., Jakobsen M.U., Boeing H., Meidtner K., Palli D., Masala G.,
Saris W.H.M., Feskens E.J.M., Wareham N.J., Sgrensen T.l.A., Loos R.J.F. (2012)
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Association between FTO variant and change in body weight and its interaction with dietary
factors: The diogenes study, Obesity 20 : 1669-1674

Larsen L.H., i-'\ngquist L., Vimaleswaran K.S., Hager J., Viguerie N., Loos R.J.F., Handjieva-
Darlenska T., Jebb S.A., KuneSova M., Larsen T.M., Martinez J.A., Papadaki A., Pfeiffer
A.F.H., Van Baak M.A., Sgrensen T.l.A., Holst C., Langin D., Astrup A., Saris W.H.M. (2012)
Analyses of single nucleotide polymorphisms in selected nutrientsensitive genes in weight-
regain prevention: The DIOGENES study, American Journal of Clinical Nutrition 95: 1254-
1260

McConnon A., Raats M., Astrup A., Bajzova M., Handjieva-Darlenska T., Lindroos A.K,,
Martinez J.A., Larson T.M., Papadaki A., Pfeiffer A., van Baak M.A., Shepherd R. (2012)
Application of the Theory of Planned Behaviour to weight control in an overweight cohort.
Results from a pan-European dietary intervention trial (DiOGenes), Appetite 58: 313-318
Gogebakan O., Kohl A., Osterhoff M.A., Van Baak M.A., Jebb S.A., Papadaki A., Martinez
J.A., Handjieva-Darlenska T., Hlavaty P., Weickert M.O., Holst C., Saris W.H.M., Astrup A.,
Pfeiffer A.F.H. (2011) Effects of weight loss and long-term weight maintenance with diets
varying in protein and glycemic index on cardiovascular risk factors: The diet, obesity, and
genes (diogenes) study: A randomized, controlled trial, Circulation 124: 2829-2838
Goyenechea E., Holst C., van Baak M.A., Saris W.H.M., Jebb S., Kafatos A., Pfeiffer A.,
Handjiev S., Hlavaty P., Stender S., Larsen T.M., Astrup A., Martinez J.A. (2011) Effects of
different protein content and glycaemic index of ad libitum diets on diabetes risk factors in
overweight adults: The DIOGenes multicentre, randomized, dietary intervention trial,
Diabetes/Metabolism Research and Reviews 27 : 705 - 716

Halkjeer J., Olsen A., Overvad K., Jakobsen M.U., Boeing H., Buijsse B., Palli D., Tognon G.,
Du H., Van Der A D.L., Forouhi N.G., Wareham N.J., Feskens E.J.M., Sgrensen T.l.A.,
Tjgnneland A. (2011) Intake of total, animal and plant protein and subsequent changes in
weight or waist circumference in European men and women: The Diogenes project,
International Journal of Obesity 35: 1104-1113

Du H., Vimaleswaran K.S., Angquist L., Hansen R.D., van der A D.L., Holst C., Tjgnneland
A., Overvad K., Jakobsen M.U., Boeing H., Meidtner K., Palli D., Masala G., Bouatia-Naji N.,
Saris W.H.M., Feskens E.J.M., Wareham N.J., Sgrensen T.l.A., Loos R.J.F. (2011) Genetic
polymorphisms in the hypothalamic pathway in relation to subsequent weight change - the
DiOGenes study, PLoS ONE 6, e17436

Papadaki A., Linardakis M., Larsen T.M., Van Baak M.A., Lindroos A.K., Pfeiffer A.F.H.,
Martinez J.A., Handjieva-Darlenska T., Kunesova M., Holst C., Astrup A., Saris W.H.M,,
Kafatos A. (2010) The effect of protein and glycemic index on children's body composition:
The DiOGenes randomized study, Pediatrics 126: e1143-e1152

Handjieva-Darlenska T., Handjiev S., Larsen T.M., Van Baak M.A., Jebb S., Papadaki A,
Pfeiffer A.F.H., Martinez J.A., Kunesova M., Holst C., Saris W.H.M., Astrup A. (2010) Initial
weight loss on an 800-kcal diet as a predictor of weight loss success after 8 weeks: The
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Moore C.S., Lindroos A.K., Kreutzer M., Larsen T.M., Astrup A., Van Baak M.A., Handjieva-
Darlenska T., Hlavaty P., Kafatos A., Kohl A., Martinez J.A., Monsheimer S., Jebb S.A.
(2010) Dietary strategy to manipulate ad libitum macronutrient intake, and glycaemic index,
across eight European countries in the Diogenes Study, Obesity Reviews 11: 67-75
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2.5. Preprocessing of the Whitehall II dataset for model

validation.

2.5.1  Whitehall Il.

Whitehall Il is a landmark longitudinal, prospective cohort study of British civil servants, with the
explicit intention of examining reasons for the social gradient in health and disease in men and
extending the research to include women. The phases are summarised below (from Marmot
and Brunner, 2005). MISSION-T2D received data from Phase 3 and Phase 5.

Phase Dates Type Participants Age (y)

1 1985-1988 Screening/questionnaire | 10308 35 to 55
2 1989-1990 Questionnaire 8133 37 to 60
3 1991-1993 Screening/questionnaire | 8637 39 to 64
4 1995-1996 Questionnaire 8629 42 to 65
5 1997-1999 Screening/questionnaire | 7830 45 to 69
6 2001 Questionnaire 7344 48 to 71

7 2003-2004 Screening/questionnaire | 6914 50 to 74
8 2006 Questionnaire 7173 5310 76
9 2008-2009 Screening/questionnaire | ? 55 to 80
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Below is an overview of the data collected (from Marmot and Brunner, 2005).

Demographic data
Socioeconomic data

o Education

o Household composition

e Income

o Finandal assets

o Work + work change (retirement)
Area-level indicators

o Deprivation

o Classification of area
Psychosocial/work exposure

o Effort-reward

o Demand-control

o Sodial suppornt

o Sodal networks
Health behaviours

o Smoking

e Alcohol

o Diet—food frequency

o Physical activity
CcvVD

® WHO chest pain

o Details of cardiovascular disease (CVD) symptoms, investigations,
and treatment

General health (subjective)
o Sell-rated health
@ Well-being
o Longstanding illness
o Hospital admissions
o Medications
® Musculoskeletal conditions
o Quality of life (SF-36)
Mental health (subjective)
o General Health Questionnaire (GHQ) (anxiety, depression)
o Center for Epidemiologic Studies Depression Scale (CESD)
o SF-36, Activities of daily living (ADL), Instrumental ADL
Health outcomes (objective)
o Sickness absence
o Myocardial infarction and coronary surgery
o Stroke
o Clinical depression
o CVD/CHD mortality
o Other cause-spedlic monality
o Mortality

The phases of medical examination (from Marmot and Brunner, 2005):

Phase 1 Phase 3 Phase 5 Phase 7
Examination Weight, height, BP Weight, height, Weight, height, Weight, height, waist-hip ratio,
waist-hip ratio, BP waist-hip ratio, BP BP, walking speed, spirometry
Neuroendocrine Blood pressure Heart rate v.;riabililyb Heart rate variability
reactivity' hypothalamic-pituitary- Salivary cortisol diurnal rhythm
adrenal axis measurements®
Subclinical ECG: Minnesota codes ECG: Minnesota codes ECG: Minnesota codes ECG: Minnesota codes
cardiovascular ECG left ventricular ECG ILVM ECG LVM ECG LVM
disease mass (LVM) Ultrasound (US) measures of
endothelial dysfunction® US measures of endothelial
Carotid artery wall thickness/ dysmnclionb
distensibilit Carotid artery wall thickness/
MRI (white matter lesions)® distensibility
Lipids Total cholesterol, Total + HDL cholesterol Total + HDL cholesterol Total + HDL cholesterol
apoAl, and apoBb apoAl and B, Lp(a) Triglycerides Triglycerides
Triglycerides
Cholesterol ester fatty acids®
Carbohydrate Fasting and post-load Fasting and post-load HbAlC, fasting, and post-load
metabolism glucose and insulin glucose and insulin glucose and insulin
Genotype DNA isolation APOE CRP. TNE, UCP2, MAO
further genotyping
Haemostatic Fibrinogen® Fibrinogen, IL-6, CRP Fibrinogen, IL-6°, CRP®, SAA®  Fibrinogen, IL-6, CRP
and other Factor VIIc? Factor Vlic Viscosity
von Willebrand factor D-dimer®

PAI - 1P
plasma B-carotene
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Data received:

Whitehall Il data set with data from phase 3 (S3) and phase 5 (S5). A few variables for

S1, S7 and S9 were received.

Data dictionary
Meaning of values (data formats)

The data were not complete. At a later stage we requested for additional data:

Age at DM diagnosis (old WHO)

First visit where DM was diagnosed (old WHO)
Last visit before DM was diagnosed (old WHO)
Follow up time for inc dm from S1 (yrs, old WHO)
Follow up time for inc dm from S3 (yrs, old WHO)
Year diabetes was diagnosed (S9)

In the Annex a list with variables received together with some decriptives of the data are
included.

Problems encountered during data pre-processing to fit modelling:

Meaning of values (data formats) were not complete. Especially the formats for
longstanding illnesses were not delivered. Also a translation of codes about medicine
taken was not delivered. At our request the additional information was sent.

Variable ‘Year to diabetes’: Some subjects have a value for “age at DM diagnosis
(dmagedia)” and some subjects have a number for “Year diabetes was diagnosed
(S9)’(jdiabyr). There are subjects present, which have values for both variables. In these
cases, we cross-checked by calculating the age at diabetes diagnosis by subtracting birth
year (yob_c + 1900) from jdiabyr. In quite a large number of cases, the two ages do not
match. The largest discrepancy observed is 16.3. We are wondering what could have
caused these inconsistencies (perhaps different diabetes criteria?) and we do not know
which number to trust more. This information is crucial for to map time trajectories until
diabetes. We were unable to extract information on how to deal exactly with the
inconsistencies in the “time to diabetes” calculation from a number of publications we
checked. Upon addressing the Whitehall Il team with this problem, the answer we
received did not allow us to resolve the issue. We therefore were unable to map the data
on a timeline “years to diabetes”.

Variable ‘Food energy’: We encountered some weird values in the food energy data
(derived from Food Frequency Questionnaires by the Whitehall Il team). For instance for
Phase 5, food energy kcal, the minimum value seen was 40.4 and the maximum value
7079.8. Both seem very unrealistic values.

Potential wrong conversion of data. We encountered some cases where totally unrealistic
values for variables were found which later turned out to be an issue of decimal
points/commas or thousands separator point/comma.

For some variables, different questionnaires were used at S3 vs. S5 making direct
comparison difficult and leaving room for systematic errors when comparing the two
phases. This was especially relevant for physical activity, where we used the
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categorization info at S3 (only 3 categories) to convert the S3 values to MET-hrs/week
units reported at S5 (derived from a more detailed questionnaire) to hopefully solve the
issue. Also, the categorization of medicine at S5 was completely different from the one at
S3. Since we only used a flag for anti-diabetic medication (including insulin) we expect no
serious problems at the present stage.

Final data set for first analysis and model validation:
The following data selection criteria were applied:

- No diabetes medication used

- Subjects needed to be fasted
A total of 6226 subjects fulfilled these criteria. A reduced dataset was extracted that included
the variables from S3 & S5 as indicated in Table 4.1 shown in the Annex. These variables relate
to the (partially latent) variables in the high-level model (see Deliverable 4.4):

. Food intake pattern

. Physical activity pattern

. BMI

. Age

. Fasting glucose

. Beta cell function

. Insulin sensitivity

. Fasting insulin

. Inflammation (adiponectin, CRP, IL6,
. Chronic stress

. Tissue damage

. Gut health

. Food quality

. Sleep/Meditation/Relaxation
References

1. Marmot and Brunner, International Journal of Epidemiology 2005, 34: 251-256,
doi:10.1093/ije/dyh372.
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3. Deliverable Conclusions

Task 7.4.

This deliverable concludes the work done in WP7 “Clinical guidance, results analysis,
T2D risk assessment and validation” of MISSION-T2D. Making up the overall balance,
despite delays involved with the establishment of the TNO P4 health studies and the
limited response obtained on external study data use requests, a considerable number
of highly relevant datasets for MISSION-T2D have been secured for the purpose of
WP7. These include most importantly, data for 2 phases of the Whitehall Il landmark
cohort, data from the important DIOGENES study, six TNO datasets, as well as several
other relevant datasets. Extensive data pre-processing and formatting to suit modeling
purposes has been performed. Together these studies offer a truly rich source of data
from healthy and type 2 diabetic patients on metabolism and inflammation, resulting
from a wide range of interventions and challenge tests, at time scales ranging from
minutes to several years.

4. Annexes

4.1 Annex 1: Variables and some descriptives of the Whitehall 11

data
Table 4.1 below shows variables present in the received data at study phases S3 and S5.
Table 4.1. Inventory of Whitehall Il dataset contents transferred to TNO. Only variables for

phase S3 (red highlighting and S5 (blue highlighting) were made available for MISSION-T2D.
Variables with column identifier highlighted in orange were used for initial model validation.

Whitehall Variable at S3 Column Whitehall Variable at S5 Column | Loads on
model

variable

MISSION-T2D [D7.3.-V1.2] Page 28 of 46



Missi(ON-T2D

Age

MISSION-T2D [D7.3.-V1.2] Page 29 of 46



Missi(ON-T2D

(used for

exclusion)
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Sleep/
Meditation/

Relaxation
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Sleep/
Meditation/

Relaxation

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic
stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic
stress

Chronic

stress
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Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress

Chronic

stress
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Physical
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pattern

Physical
activity

pattern

Physical
activity

pattern

Physical
activity

pattern

Physical
activity

pattern

Physical
activity

pattern
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Inflammati
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Inflammati
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Insulin
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Fasting

Insulin
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damage

Tissue

damage
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damage

Tissue

damage
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damage
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Food
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Food
quality

Food
quality

Food
quality
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pattern

Food
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Food
quality

Food
quality
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The following (unnumbered) tables show some basic descriptives of the transferred Whitehall 11

dataset.

Age related variables with selection of subjects participated both in S3 & S5.

Variable N mean std min max

Year of birth 7666 41.8 6.1 30.0 52.0

Age at participation date S3 7666 50.2 6.1 39.6 64.1
Age at participation date S5 7666 56.0 6.0 44.8 69.2
Age at quest completion S3 7562 50.2 6.1 39.6 64.1
Age at quest completion S5 7629 56.0 6.0 44.8 69.2
Age at clinical screening S3 7192 50.0 6.0 39.6 63.3
Age at clinical screening S5 6442 55.8 6.0 44.8 69.0

Frequency table of participated subjects in S3 by gender, ethnicity, & smoking status

Obs Sex Ethnicity | Cigarette smoking | Frequency Count | Percent
1 MALE white . 572 .
2 MALE white NEVER-SMOKER 2239 28.6
3 MALE white EX-SMOKER 2150 27.5
4 MALE white CURRENT 641 8.2

SMOKER
5 MALE non-white . 70 .
6 MALE non-white NEVER-SMOKER 179 2.3
7 MALE non-white EX-SMOKER 132 1.7
8 MALE non-white CURRENT 74 0.9
SMOKER
9 | FEMALE white . 261 .
10 | FEMALE white NEVER-SMOKER 975 12.5
11 | FEMALE white EX-SMOKER 709 9.1
12 | FEMALE white CURRENT 408 5.2
SMOKER
13 | FEMALE | non-white . 95 .
14 | FEMALE | non-white NEVER-SMOKER 254 3.2
15 | FEMALE | non-white EX-SMOKER 33 0.4
16 | FEMALE | non-white CURRENT 23 0.3
SMOKER

Frequency table of participated subjects in S5 by gender, ethnicity, & smoking status

Obs Sex Ethnicity Cigarette smoking | Frequency Count | Percent
1 MALE white . 382 .
2 MALE white NEVER-SMOKER 2198 30.5
3 MALE white EX-SMOKER 2090 29.0
4 MALE white CURRENT 446 6.2
SMOKER
5 MALE non-white . 34 .
6 MALE non-white NEVER-SMOKER 171 2.4
7 MALE non-white EX-SMOKER 114 1.6
8 MALE non-white CURRENT 38 0.5
SMOKER
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Obs Sex Ethnicity Cigarette smoking | Frequency Count | Percent
9 |FEMALE white . 198 .
10 | FEMALE white NEVER-SMOKER 925 12.9
11 | FEMALE white EX-SMOKER 675 9.4
12 | FEMALE white CURRENT 272 3.8

SMOKER
13 | FEMALE| non-white . 58 .
14 FEMALE| non-white NEVER-SMOKER 233 3.2
15 FEMALE| non-white EX-SMOKER 25 0.3
16 FEMALE| non-white CURRENT 11 0.2

SMOKER

Frequency table of subjects with diabetic medication in S3.
Frequency

Obs | Drug Class: Diabetic medication Count Percent
1 . 8759 .

2 YES 56 100
Frequency table of subjects with insulin as diabetic treatment in Sb.

Obs Insulin as treatm for diabetes Frequency Count Percent
1 . 7700 .

2 Yes 44 25.9
3 No 126 74.1

Frequency table of subjects with diabetic medication in Sb.

Frequency
Obs Drug Class: Diabetic medication Count Percent
1 . 68 .
2 NO 7669 98.3
3 YES 133 1.7
Frequency table of subjects with insulin as drug class in S5
Frequency
Obs | Drug subclass: Insulin Count Percent
1 . 68 .
2 NO 7759 99.4
3 YES 43 0.6
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4.2 Annex

2: Nutritional Phenotype Database (dbNP)

Access & Data-Download

How to access the Nutritional Phenotype database (developed in NutriTech)?

Website: http://studies.dbnp.org/

- Sign up: Username:
email:
- Login:  Username:

Password:

© Phenotype Database X

firstname.lastname
yours@nnn.nn —>after sign up, a password will be emailed to you.
firstname.lastname

XXXXXX

- P
.nw - et L —=

«->C 8 https://dashin.eu/interventionstudies/ QY {ﬂ@
31 Apps Yk Bookmarks G Google Accounts [ Eweka Intemet Servic g Synology DiskStation €D NRC [ Videoland - Verhuur' » () Andere bladwijzers

MISSION-T2D

Not a member yet? Sign up!

P.Jsername [

k"\aﬂ l

A password will be emailed to you @ Remember me Lost your password?
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Search and view a study (steps 1 to 5):

1) Browse/Edit (upper blue menu-bar)

2) View studies or My Studies or All studies (drop down menu):

] = Menu/Click/Scroll location

-
Y © Phenotype Database x \ _‘

-
-

] (o [© -]

€ -

Pheno
data btg/gg

@

Home Create ~ Import + Browse/Edit ~

[ Introduction

The Phenotype Database is a
study. It contains templates

In order to allow flexibility to capture
possible to compare studies or stud
ontologies. It is especially designed tStoTe to

C' 8 htps://dashin.eu/interventionstudies/#
it Apps o Bookmarks G Google Accounts [ Eweka Intemet Servic i3 Synology DiskStation €D NRC [ Videoland - Verhuur'

Analyze ~

Hello martien.caspers !

User Guide Downloads

gre any biological

b customize.

i ble templates and
luding. Read more

n a study, and to make it

QY
» (1] Andere bladwijzers

P Yy

If you encounter 3 problem or have 3 suggestion for e

3) Select your Study choice (from Study List):

wemm— - 00 p W= ~ - .Mle_q_ﬁ 1
S © Study Ust A__ e~ - o ——
€& 2 C B hupsy/dashineu/interventionstudies/study/list QA =
I 2 Apps W B G Google € Eweka Internet Senvic. g Synclogy DistSusen €D NRC [ Videoland - Vertrur » (O] Andere bladwyzers
Study List
Code Title Sutyects Treatment types Ay
Dftecences in Concentratons of 23 Homo
“ Q 8 1300 g-m?;mums«vmqnnmum - Crservaton
Dasais
£ |
Mt obaots
Q0 218 _Fat_chalerge_tests  \etie K0P ‘3,..-."” ?Jm é';;um.
Metabobmcs
Q " ADAET 01 Assesurent of Dwtary Modulaton of irflarmmatory Tore 15 Momo Coservation Duet Protecmcs. Physcogy.
mt (ADaAT) ageers rtecwmeton CarcalCrem
Coegouna Transcrotomes, —
Oxloferac - Melation Setasen recucion of e riammatorn 10 Homo
1 Q @ Ocoles 1010 05 Jh.£088 MEmBOMm I Dadiity OverveDHE Men sopens  Coeeeion C"fm_“u“‘
Protecees
. S Foodmi D SHemo o en. Transcrotomen,
520008 n Healiny Overweiht Men sapkns O Aatabckarics,
Protecmcs
Q a 5 _cata :y::::;zmmmnmum MHOMO o ation Transcrptomes
Comgound
Ptpr//dashin ew Sstudy/thow/35827 Oy range of e human metabolme revesied by 1SHomo  DeNOe e ClmkaiChem -
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4) View: Study, Subjects, Design, Samples, Assays (below menu bar, right)

— -—»
/ © Study Diciofensc x\_

>

-
-

‘wg@ﬂ

€& 2 C B8 hpsy//dashineu/intervent
B Apps o Scokmadks G Google Accounts (£ Eweka Internet Senvic (i3 Symelogy DistStamen € NRC

@

onstudies/study/show,/89836

Phenotype
database

QY
» (0] Andere bladwyzers

[) Videotand - Verhour

I stuy

| Study [Diclofenac]

© Basic properties of your study
This page shows the basic Information about your study, 83 well a3 information on the authorzations.

Study ttle Dickotenas - Relasion Detween recucson of the INAAmMAcony anss and ghosee
metaboiam i Peskiy Overweght men
Terrplate V07 v i A M Wiy
vile Diciotenac - Felazion beween reducson of the INAammacory 0. and Ehooue
metaboinm in Peakiy Overweght men
| descripaion “To sy the metabokc changes Ncuced by 8 mid anchnfammacory drug INenvenson
SCOANSC) PLIUTS mELILOIC DrOfINg Wl SDDHES N SVErRBERE PUman vohanceers weh
whevated levels of the ntarymatory plasma marker Creactive prote. Ligusd and e
P Pt gfry Pt SOOCTr Ol PETxDS Wl € e 1) BT g 87u] Moww BB
DL metabolioes BOth in (a1 CONAINS and during an Oral PO thrance tesx The
Wty mat Sengned 81 8 Soudle tind randomiced paralel el I WACh ILHCs were
rested wih Sdofenat (e 10) or placebe [ne 40y *
code Oucwrenac
startDate 20120620 2000000
Saudy type Human Intervenson
Saudy protocol IS cevsasing. ! Mol g’
Obimcssnn The mu e of shin amaty w5 Gnerming the roke of Inflammacion in gACORe mesabolium

StudywbjectBIBIS  tha 1oy e eVect of e amttarratony restrent Sciotemac

Publications

Contacts

Vier, Trinetze / Principle Invensiganor

Authorization

Public Design '
o LS.
e aniveran
AN D el
ferey jagers

o vararh

B varnderte can
Peter walngs

Readers

5)

Identify data sets: Assays

T
|/ © Study Phenfies - Astays m

3

o~

Phenotype
database

@

Study [Phenflex2]

C | 8 httpsy//dashineu/interventionstudies/study/assays/1
B Apps oy Bockmardks G Google Accounts [ Eweka Intermet Senvic 8 Synclogy DiskStsen € NRC [ Videoland - Veshuur'

avy =

» (7] Andere bladwyzers

O o

assays

© This view shows all assiys

For every semplate, & kst of as2ays Is shown

Template: Default

Shom| 10 @ |enerien Search

name - modkie 5 ¢ < FeatureNames ® Oetats
S Questionrare false A aralogue scales ]
(= Metatolomes false st
STa Questionrare false Shate Trak Acudety iovertory -tady
SOUASH Questorrare false <tads
[= =) Chrcalhee fabe ik
Nutrentntabe ClracaiChem Take .

howing 1 10§ of § e

D beckie it
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Download study data (you should be logged in) (steps 1 to 4):

1) Export (upper blue menu-bar)

2) Assay data (drop down menu)

-e ~ . T Lo O |

/ © Prenctype Database ﬂ‘ \ o - o

€ & C 8 hupsy/dashineu/interventionstudies/# QY =
I £ Apps Y Bookmarks G Google Accounts [ Eweka Intermet Senvic. [ Synology DiskStation €D NRC [ Videoland - Verhuur » [0 Andere bladwizers

@ Phenotype SO e X o |

database

Introduction

The Phenotype Database is an application that can stor:
study. It contains templates which makes it possible to customize.

Possibie to compare studies or study data, the system uses customzable templates and
ontologies. It is especially designed to store complex study designs Indluding, A«

Share your study .
YOU enourcer 3

mproverTent feel free 5O SUDMT an issue

In order 10 aliow Mexidiity 1o capture Al information you require within a study, and to make it a

roblem of have 8 SUgpestion for

Usage Statistics

O Coiadinn

betpe//dathineu/interventonstudien/exporter/ s5says Users, studies and tcmpusﬁs'

£ enaia Qlick and draa in the plot ared 10 Zoom &

3) Select your study (from “Study” drop down menu, scroll and click)

[y )

B -—» ~ -
v © Assay exporter “‘ A s - ' o, —— S e
€ 2 C 8 hupsy//dashineu/interventionsty lexporter/assays QY =
i Apps W Bookmarks G Google Accounts [ Eweka Intemnet Servic. I8 Synology DiskStation € NRC [ Videoland - Verhuur »  [0) Andere bladwigers

@Phenotype . e X o i

database

Home Create + Import + Browse/Edit +  Analyze +  Bxport +  Modules ~ _

With this exparter you can export (meta) data about samples from an assay 20 a file. l

Study
[Ass0m seunlls cew biomarkers in Type 2 Outetes Mot -
Gramnaocn flervertcn wen whcie gran whes (WG -

wsALcP Lelllgwvy

~terverv won Vi,

ISeraficaton of blomarkers and dueate mechanams for reatment of type 2 dabetes

A B g LACTAEON 5N T STLGAING SUMPURATY 10 HF et Vs CORsTy
Wng fevesh Overences = Co
7 N Dbt Mansse NASH

Onyfpns and Fatty Aods Secreted by Pe infrapetetar Far Pad of Denors Wi Ind Stage Omecarthrtns and Normal Donors

g prion et Acciicgeion o

mal PUCOme Dok InCE

Sy bskogy 8 aYI e e the ©

The dynamic range of the hum

The #710Ct 0 M Bl BOONE COMMIGIIN 6 § Parriis B O e 7 B $y S AP EBIGA W g, P T P -
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4) Select an assay (from “Assay” drop down, scroll & click) and click AssayData >

download starts

:\3‘ T e —— 28] (=10 ]

/1 Assay exporter
/
€ - C B8 httpsy//dashin.eu/interventionstudies/exporter/assays QY =
» (3] Andere bladwizers

€ Eweka Internet Servic. (@3 Symology DiskStation  €) NRC [ Videoland - Verhuur'

DER It caspers @

it Apps Y Book G Google A

@ Phenotype

database

AT EFETEFENESTTT N
r

I Export assays

[ With this exporter you can export (meta) data about samples from an assay to a file,

Study
1

Phenfie

v

Assay

~Parameters

Decimal separator
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Layout of Exported Data:

glucose.v02
2

\

/|

triacylglycer
ides.v020

\

Subject Data
nam |spec (Age |Gen |Bod |Bod |BMI |Star HDL-
SR e s = ,_‘5 (ke/ cholesterol.

rs) wei |heig [m2,

y € m2] V012
(yea ght |ht
rs) (kg) |(m)
(ke)

P02 ‘Homo s2p 66 Neie 7 1733 =2 A
0z Homo s2p 65 Vee 77 s >z A
oz Homo s2p 66 Ve 7 s >z A
P02 ‘Homo s2p 66 Meie 7 s 2 A
POZ. ‘Homo s8p 66 Mee 7 17mss 2 A
P02 ‘Homo s8p 66 Mee 7 173 2 A
POz Homo s2p 65 Mele 7 1733 2 A
P02 ‘Homo s2p 65 Nele 7 1733 =2 A
P02 ‘Homo s2p 65 Neie 7 1733 =2 A
P02 ‘Homo s2p 66 Meie 7 1733 =2 A
P02 Homo 520 83 el 574 723 323 A
P03 Homo s2p 63 Meie 74 s n2s A
P03 ‘Homo s2p 69 Mee 974 s n2s A
P03 ‘Homo sap 69 Mee 974 s n2s A
P03 ‘Homo sap 69 Mee 974 s 2s A 108
P02 Homo s2p 63 Nele 74 s 23 A 103
POz ‘Homo sap 63 Nele 74 3 23 A 104
P02 ‘Homo sap 63 Nele 74 23 23 A 109
POZ ‘Homo s2p 63 Meie 974 3 23 A 108
POz ‘Homo s3p 63 Meie 974 23 23 A 108
POS ‘Homo 580 32 Meie £ 1783 =2 A ne
POS Homo 520 32 Meie 41 17935 252 A 024

GRefteaqORSEratiane

Feature-names measurements
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