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InterConnect meeting: perspectives from the World Health Organization
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NCDs represent one of the world's major
development challenges, both in terms of the
great human suffering they cause in all
countries, as well as the immense harm they
inflict on the socio-economic fabric of many
countries, particularly the world's poorest



In 2011, 13.8 million people died around the world from NCDs between the ages of 30 and 70:
more than 85% of these deaths occurred in developing countries
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Deaths (millions)

Global projections (2004 to 2030)
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NCDs and Development
Poverty contributes to NCDs and NCDs cause poverty

Populations in low- and middle-income countries
v

Poverty at
household level

Population ageing and Increased exposure

/ to common risk factors

v
Loss of 4
household Noncommunicable diseases
iIncome .

Limited access to
effective and equitable health-care services

v

More than 8 million people die before the age of 60
in developing countries from noncommunicable diseases
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Economics

The cost of inaction versus action and the costs of scaling up

USS$ 7T
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noncommunicable disease 5 :
wr

Hew miuch will It cost?

average yearly cost for

The ...||:||E nJml[-I'I ol

M o output in all LMICs to scale up
developing action by
countries

implementing the
"best buys"

associated with
- NCDs between
R, 2011-2025

US$1 per capita in
LICs

US$1.5 and US$3 in
LMICs and UMICs

7 N\
@gg;ﬂggggg LTITE IN THE FIGHT AGAINST NCDs

==




Diabetes is a major contribution to the
burden of NCDs



Number of persons with diabetes in the world

346 million in 2008 (WHO, 2011)
382 million in 2013 (IDF, 2013)
and in 2035...

592 million in 2035 (IDF, 2013)
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Diabetes prevalence (%) Diabetes prevalence (%) Diabetes prevalence (%)

Diabetes prevalence (%)

Diabetes prevalence trend 1980-2008 (gbd lancet Danaei et al, 2011)
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Underweight and obesity coexisting
In low and middle income countries

Obesity females BMI = 30
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Half of people who die
from diabetes are under
the age of 60.

DEATHS ATTRIBUTABLE TO DIABETES BY AGE (20-79 YEARS)

IDF, 2013
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The poorest people in developing countries affected the most

The cost of caring for a family member with diabetes can be more than
20 per cent of low-income household incomes in developing countries

The cost per year of diabetes care at household level

: % of per
Insulin  Syringes Testing SIESTLEN Travel Uit capita
n cost
Income
Mali (2004) 38% 34% 8% 7% 12% $339.4 61%
Mozambique
(2003) 5% 24% 1% 9% 61% $273.6 75%
Nicaragua
(2007) 0% 73% 0% 0% 27% $74.4 7%
Zambia
(2003) 12% 63% 6% 6% 12% $199.1 21%
Vietnam
(2008) 39% 8% 5% 3% 46% $427.0 51%
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Responding to the challenge of diabetes



The United Nations is addressing NCDs as one of the major challenges for development

2000 Global Strategy for the Prevention and Control of NCDs

Global Strategy on Diet,
Physical Activity and Health

2003
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2015 Country Framework for Action to engage Adoption of the
sectors beyond health on NCDs Post-2015 development agenda
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2025 Attainment of the 9 global
targets for NCDs by 2025

in m llII

2 a® . UN General Assembly

PYake) —Attainment of the 9 global targets for NCDs by 2030 . ECOSOC
(as part of the post-2015 development agenda)
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WHO Global NCD Action Plan 2013-2020

) ok et Vision:
GLOBAL ACTION PLAN A world free of the avoidable

FOR THE PREVENTION & CONTROL
OF NONCOMMUNICABLE DISEASES burden of NCDs

2013-1020

Goal:

To reduce the preventable and
avoidable burden of morbidity,
mortality and disability due to
NCDs by means of
multisectoral collaboration and
cooperation at national,
regional and global levels
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WHO Global NCD Action Plan 2013-2020

Objectives:

1. Raising the priority

28 Workd Health
of Organization

GLOBAL ACTION PLAN . . . . .
FOR THE PREVENTION & CONTROL 2. National capacity, leadership and multisectoral action

2013-2020

3. Modifiable risk factors
4. Health systems

5. National capacity for high-quality research

6. Monitoring trends &determinants of NCDs
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9 global targets to be attained by 2025

Premature
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Harmful use Bt s
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: medicines and
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80% coverage
Physical
inactivity
10% reduction Drug therapy
and counseling
50% coverage
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sodium intake
30% reduction
Diabetes/
obesity
0% increase
Tobacco use Raised blood
30% mdumﬁn pressure . Mortality and Mobidity
25% reduction vick Factors for NCD
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Prioritised research agenda for NCDs

e Diabetes

Three areas, one of which is identification of
causes and measurement of magnitude

* Nutrition and obesity

Three areas, again one of which is
Identification of causes and measurement of
magnitude

e (Genetics

Three areas, one of which is analysis of
problems and development of solutions

s
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for Prevention and Control

of Noncommunicable Diseases
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InterConnect: an opportunity to explain
better the problem and work more
effectively
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EU “diabesity” conference 2012
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Diabesity
A world-wide challenge

Towards a global initiative

on gene-environment interactions
in diabetes/obesity

in specific populations

Research into individual and
societal approaches to the
prevention of obesity,
diabetes and related
metabolic disorders

Health systems
interventions to better treat
diabetes

Research into
understanding differences
in individual and population
risk
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Phase 1: Describing difference in prevalence
and incidence between populations

A Obesity
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Source: Finucane et al, Lancet 2011




Between-population differences in incidence of

type 1 diabetes

Incidence of type 1 diabetes

# = @ as an

Insidence (100000 year)

High incidence in Finland, Sardinia and
other populations

On-going cohort studies in specific
populations investigating interplay
between genetic susceptibility and
environmental triggers



Between-population differences in type 2
diabetes prevalence
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Possible explanations for between-population

differences in prevalence

THE AMERICAN JOURNAL

of
HUMAN
GENETICS

Diabetes Mellitus: A “Thrifty” Genotype
Rendered Detrimental by “Progress”?

JAMES V. NEEL
Department of Human Genetics,
University of Michigan Medical Schoaol,
Ann Arbor, Mich.

Source: Neel, Am J Human Genetics 1962



Possible explanations for between-population
differences in prevalence

Review

Type 2 (non-insulin-dependent) diabetes mellitus:
the thrifty phenotype hypothesis*

C.N.Hales' and D, J, P.Barker’

! Depariment of Clinical Biochemistry, Addenbrooke's Hospital, Cambridge, and
*MRC Environmental Epidemiology Unit, University of Southampton, Southampton General Hospital, UK
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Phase 2: Studying explanations for differences ) Act
in risk between individuals within-populations

EPIC-InterAct Design and cohort description of the InterAct Project:

Nested case-cohort study an ex.amlnatmn of the mterflctfon of genetic
and lifestyle factors on the incidence of type 2

within EPIC Europe diabetes in the EPIC Study

Larg e The InterAct Consortium
455,680 individuals at baseline

Long follow-up
4 million person years
12,403 incident cases of
T2DM

Stored blood son it
Data on diet/physical activity

Exposure heterogeneity | e _
Research groups in 8 countries; 26 centres

Ragu==a

Source: Langenberg C et al, Diabetologia 2011



InterAct findings — foods associated m
with increased risk of T2DM

Diabetologia (2013) 56:47-59
DOIT 10.1007/s00125-012-2718-7

ARTICLE

Association between dietary meat consumption and incident
type 2 diabetes: the EPIC-InterAct study

The InterAct Consortium

Diabetologia (2013) 56:1520-1530
DOT 10.1007/500125-013-2899-8

ARTICLE

Consumption of sweet beverages and type 2 diabetes
incidence in European adults: results from EPIC-InterAct

The InterAct consortium


http://www.google.co.uk/imgres?imgurl=http://topnews.net.nz/data/red-meat.jpg&imgrefurl=http://topnews.net.nz/content/220857-red-meat-consumption-pushes-stroke-risk&usg=__QUT3rS9K_QqdqEBB98rfa0iOPCE=&h=411&w=482&sz=213&hl=en&start=9&sig2=h0EzpFnmlFGCTJw7D_I4_Q&zoom=1&tbnid=zjErdkmCgsIvBM:&tbnh=110&tbnw=129&ei=du1MT6q5J9KU8gPCvN3qAg&prev=/search?q%3Dmeat%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1

InterAct findings — foods associated
with reduced risk of T2DM

The amount and type of dairy product intake and incident type 2
diabetes: results from the EPIC-InterAct Study'™

Am J Clin Nutr 2012

The prospective association between total and type of fish intake and
type 2 diabetes in 8 European countries: EPIC-InterAct Study '™

Am J Clin Nutr 2012

SYSTEMATIC REVIEW
Fruit and vegetable intake and type 2 diabetes: EPIC-InterAct

prospective study and meta-analysis

European Journal of Clinical Nutrition (2012)



http://www.google.co.uk/imgres?imgurl=http://healthandfitnessnow.com/blog/uploaded_images/Fotolia_2930624_S-719460.jpg&imgrefurl=http://www.healthandfitnessnow.com/blog/2007/10/your-mother-was-right-eat-more-fruits.html&usg=__UtaZ6lQUymLp-Q2pofcIMMLKJJA=&h=552&w=870&sz=229&hl=en&start=4&sig2=0aTjZPJMwmxBNx99S8dxpg&zoom=1&tbnid=fg9aAbS0r-c-XM:&tbnh=92&tbnw=145&ei=NvlMT8eAPITR8gPEkOHRAg&prev=/search?q%3Dfruit%2Band%2Bvegetables%26hl%3Den%26gbv%3D2%26tbm%3Disch&itbs=1

InterAct findings - Physical activity S
and risk of T2DM |

Hazard %

Centre Ratio (95% ClI) Weight

i
France —— 0.84 (0.71, 1.01) 4.86
Italy —0+ 0.80 (0.71, 0.89) 12.18
Spain J:O- 0.92 (0.84, 1.01) 17.52
Denmark —QI— 0.85 (0.78, 0.94) 15.95
Cambridge —015— 0.78 (0.65, 0.94) 4.57
Oxford —dl—— 0.84 (0.57, 1.25) 1.01
Bilthoven _.+ 0.72 (0.53, 0.98) 1.68
Utrecht —0%— 0.82 (0.72, 0.92) 10.21
Heidelberg —:0—— 0.89(0.75,1.06)  5.11
Potsdam —0:— 0.84 (0.71, 0.99) 5.78
Malmo -:+0- 0.92 (0.83, 1.02) 14.17
Umea -5-0— 0.96 (0.83, 1.11) 6.97
Overall (I-squared = 3.5%, p = 0.411) 0 0.87 (0.83, 0.90) 100.00

|

|

|

i

Source: Ekelund et al, Diabetologia 2012



InterAct findings: Main genetic effect W) Act
of known variants

49 variants previously demonstrated to be associated with
T2DM

Genetic risk score strongly associated with incident T2DM
— HR per allele 1.08 (1.07-1.10) p = 10

Per SD of GRSHR =1.41 (1.34-1.49) p=10*

No evidence of interaction for individual gene variants
with age, sex, family history, BMI or physical activity

Source: Langenberg et al, PLoS Med 2014



InterAct findings: Main genetic effect W) Act
by country

Country Cases/Subcohort HR (95% CI)

France 159/334 + 1.57 (1.29, 1.90)
Spain 1134/1536 —_— 1.51(1.39, 1.64)
Italy 1820/2595 — 1.35(1.26, 1.44)
UK 856/1115 —_— 1.41 (1.29, 1.56)
Netherlands 644/1211 —_— 1.58 (1.41,1.77)
Germany  1400/1806 —_— 1.36 (1.26, 1.47)
Sweden 2232/2536 — 1.32 (1.24, 1.40)
Overall O 1.41 (1.34, 1.49)

| | | T | |

8 1 1.2 14 16 18 2

Source: Langenberg et al, PLoS Med 2014



Phase 3: Moving from within-population investigation to
the study of between-population differences
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Studying between-population differences —
genetics

Global distribution of rs7903146 T allele in TCF7L2

rs7903146 T
. (frequency)

0.000 - 0.050
0.050 - 0.100
0.100 - 0.150
0,150 - 0.200
™ 0.200 - 0.250
on, - M0.250-0.300
Ty 0300 0.350
© 0350 -0.400
I 0.400 - 0.450
& M 0.450 - 0.500

Source: Guinan, Biochem Genet 2012



Global variation in carbohydrate intake

Contribution of Carbohydrates in Total Dietary Consumption

-

Contribution of Carbohydrates in Total
Dietary Consumption
[] Less than 50

0 50-55

0 55-60

B0 — 65

W 65-70

W 70-75

W 5-22

O Mo data

in percentage (%)

Between-population variance in lifestyle exceeds that within
populations

Source: FAO Statistics Division 2010



Percentage energy (%E) from fat and
carbohydrates

— % of ener
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m %E from carb

>pain W %E from fat

Italy

France

0 20 40 60

Source: Nanri et al, Am J Clin Nutr, 2011



How to realise the vision of bringing data together to
allow the study of between-population differences in risk

Find relevant studies globally

Find out what data the studies have collected

Find an appropriate way of bringing data together

Find a way of interpreting different forms of data
that are brought together



Connect

Global data for diabetes and obesity research
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Programme of the day

Session 1 — Setting the scene

Session 2 — Challenges of current data sharing
models

Session 3 — Vision of a changed paradigm

Session 4 — Next steps — what can we do to move
towards this changed paradigm



Session 1: Challenges of current data sharing
models

Present four alternative models about how data might be
shared

Discuss models on your tables and work through the
possible benefits and difficulties of each model

Think about issues from different perspectives —i.e that of a
researcher, a funder etc

Try to think of a future world in which we are trying to
collect multiple studies together across different countries



Sharing of data between cohorts using
traditional collaboration/consortia agreements




Possible issues

Considerable transactional burden

Burden will increase exponentially as number of partners
In consortia increases

Difficult to control passage of data and use beyond the
original intention

If centralised around a sole analytical centre, resentment
will arise about imbalance of opportunities to lead as
opposed to contribute



Ad hoc consortia - sharing of results

Cohort-specific
analysis teams




Possible issues

Ad hoc consortia work well for genetic analyses, allowing
sharing of RESULTS without administrative or organisational
complexity

Limits of meta-analysing interaction terms from individual
studies

Difficulties of data harmonisation given limited attention
Analysis is potentially missing major between-cohort variation

Analytical effort is decentralised to individual studies who
spend a massive amount of time servicing the work of others



Central deposition of data




Possible issues

Approach works within some countries for some
forms of data

Likelihood of success for between-country
collaboration low

Unlikely to work for more complex forms of data
Major governance, ethical and legal challenges

Difficult to mandate for historical data
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Programme of the day

Session 1 — Setting the scene

Session 2 — Challenges of current data sharing
models

Session 3 — Vision of a changed paradigm

Session 4 — Next steps — what can we do to move
towards this changed paradigm
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Programme of the day

Session 1 — Setting the scene

Session 2 — Challenges of current data sharing
models

Session 3 — Vision of a changed paradigm

Session 4 — Next steps — what can we do to move
towards this changed paradigm



The InterConnect Project

HOME THE PROJECT PARTHERS IMPACTS AND BENEFITS CONTACT MEMBERS AREA

With the support of the European Union, InterConnect aims to establish a global network that will facilitate the co-ordination of population research on

the interaction between genetic and environmental factors in the causes of obesity and diabetes.

This project will create the foundation for research to explain the difference in the risk of type 1 diabetes, type 2 diabetes and obesity between

populations and, in particular, what explains the excess risk of diabetes in certain specific high risk populations. Read more about the project.



Application of existing tools
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Core components of InterConnect

Study registry Method Methodological &
and linkage of harmonisation governance issues
metadata related to data sharing
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Study Registry

Matthias Schulze
German Institute of Human Nutrition Potsdam-Rehbriicke
Oct 10*" 2014

This project is funded by the European Union’s Seventh Framework Programme for research, technological development
and demonstration under grant agreement no 602068.



Why a study registry is needed

Researchers need to know what studies are being
conducted

What resources are available globally

What study design was employed

What populations were recruited

Whether samples were stored

What data is available



Developing a study registry

Tasks of the InterConnect project
Setup a database to include information about studies

Prepare a standardised web-based procedure for data
input for project partners and external investigators

Prepare a registry website which hosts the visualization of
the registry database



The InterConnect study registry

a 2-phase registry

Phase 1: “broad and shallow”
Simple but useful information
Largely collected based on available/public information

Phase 2: in depth information

To be collected directly from studies



The InterConnect study registry

Phase 1 information
General information (study name, contact persons, web link)
Study design
Ethnicity and race
Sampling frame
Recruitment target

Basic participant characteristics



The InterConnect study registry

Phase 1 information

WPs will systematically review literature and extract study
information

Cross-checked by study investigators

Little burden for individual studies
Large number of studies with basic information

How to create interest of studies to be included in registry



The InterConnect study registry

Phase 2 information
To be collected from studies
Meta-data about available data

Data sources

Categories of available data (e.g. health,
sociodemographic, lifestyle, physiological, biochemical,
genotype information)

How to create commitment of studies to provide information



The InterConnect study registry

Long-term perspective
Keeping the registry up-to date

Inclusion of new studies

Update of data collection events, genotyping etc.

Sustainability of registry infrastructure

Promotion of its use by investigators
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Data harmonisation

Nita Forouhi
MRC Epidemiology Unit, University of Cambridge
10th October 2014

This project is funded by the European Union’s Seventh Framework Programme for research, technological development
and demonstration under grant agreement no 602068.



Data harmonisation: what is it?

Data harmonisation

is about optimising data from single studies for re-
use in combined analyses across multiple studies

achieves standardisation of data across different
studies to a common format to maximise the data
value from each study

involves recoding or modifying variables so that they
are comparable across research studies

enables the synthesis of primary data from studies



Data harmonisation: context

In the health context, in broad terms, data are
collected for variables of “exposures” and
“outcomes”

Exposures and outcomes can be assessed using
different measurement methods

Different methods are used for a variety of reasons
What is known to the researcher
What is pragmatic, feasible, affordable
What tools are available for data collection
What tools are available for analysis



Example: choice of measurement

Measuring Physical Activity

Levels of Sophistication

Room calorimetry | Criterion methods
™ Doubly Labelled water iyt
y ; p 2 "
'."'*-.. Indirect calorimetry I aubjectve methods

Sy
Mo ~Lombined heart rate and movement sensing
e ™

Accelerometry Ty g Hearl rale monitoring
. Pedometers
™
™ ctivity diaries and logs

Accuracy and cost —

et
Sy

Ease of assessment



Variation in questionnaires: physical activity

CARDIA physical activity history

EPIC Physical Activity Questionnaire (EPAQ, EPAQ2) Last 12 months
Framingham Physical activity index

Historical leisure activity questionnaire

International Physical Activity Questionnaire (IPAQ) Last 7 days
Paffenbarger Physical Activity Questionnaire

Recent Physical Activity Questionnaire (RPAQ) Last month
Stanford Usual Activity Questionnaire

Tecumseh Occupational PAQ

WHO Global Physical Activity Questionnaire (GPAQ) Typical week

Review: Helmerhorst et al, IIBNPA 2012; 130 PA guestionnaires included



Data harmonisation approaches

For retrospectively collected data
Have to work with available variables

Work with study registry for list of available studies and
related meta-data to assess harmonisation potential

Catalogue a listing of variables of interest

For prospective data
Can define the optimum way to collect data across studies



Data harmonisation and processing: A lifestyle exposure

Number of glasses of red wine currently consumed/week

G Study-specific

questions

Harmonization
Potential

Application of
algorithms

Study 1

In a typical week
during the past 12
months, how many

drinks of red wine did

you drink on
weekdays and on
weekends?

Complete

#glasses/weekday +
#glasses/weekend

= #iglasses/week

How many glasses of
red wine did you drink
during the last week ?

Complete

#glasses last week

= #glasses/week

In an average week,

how many glasses of

red wine would you
drink per day?

Complete

(#glasses/day) X 7
= #glasses/week

-

Common
format

Common
format

~

Common
format

% Number of glasses of red wine currently consumed /week )

Slide from Isabel Fortier

Study 3 Study 4

How often do you
drink alcohol in a
week?

Impossible



Harmonisation: An outcome measure - fasting
glucose concentration

_ Study 1 Study 2 Study 3 Study 4

Glucose
(mmol/l) Measured in HbAlc
mg/dl
Glucose V Apply Derive from X
(mmol/l) conversion HbAlc by
factor applying
conversion
factor
Glucose V V V X
(mmol/l)

Doiron D et al, 2013



Steps in data harmonisation ™M="Om 7 Bi@SHaRE

1. Define Background
Define the research question

Select eligible studies/databases and assemble relevant
documentation

| 2. Evaluate Harmonization Potential
Select and define DataSchema variables to be harmonized

Determine the potential to create the DataSchema
variables making use of study-specific data items

3. Process Data

Process study-specific data under a common format to
generate the harmonised dataset(s)

Rigorous documentation

sa|nJ |eba] pue |21y} Jo Joadsay

S . A S
Assess quality of the harmonised dataset(s) generated ]




Prospective data harmonisation

Greater comparability of future studies

Can define and agree the optimum measures and
procedures across studies

Toolkit development to facilitate more unified approaches
to data collection
Signpost researchers to methods that are fit for purpose



Diet and Physical Activity Assessment (“DAPA”) Toolkit

www.dapa-toolkit.mrc.ac.uk

Medical
Research

MRC Council

Home - Background - Basic concepts Self-reported dietary assessment - Physical activity assessment - Choosing a method

ﬂr

Diet and physical activity measurement toolkit
Welcome to the Diet and Physical Activity Measurement Toolkit,

funded by the UK Medical Research Council. This toolkit aims to
assist researchers, funding bodies, and others who are interested in

measuring diet and physical activity.

Dietary assessment Physical activity Choosing a method Forum

™~

4 _..\
W e (ol

=

Interactive diagram to aid researchers in A private discussion board to share

AS

An overview of dietary assessment An overview of methods to measure
methods, indications for use, and links physical activity, indications for use and making the most appropriate choice of experience and troubleshoot problems
links to relevant resources method to measure diet or physical (login required)

to relevant resources
activity




Population Health Sciences Measurement Toolkit (2014-15)

Population Health Sciences Measurement Toolkit Papulation Health

Sciences Research

M RC Network

Home Basic Concepts Dietary Intake Physical Activity Anthropometry Tobacco Use Alcohol Consumption Glossary Of Terms

Measure using methods fit-for-
purpose.

The MRC Population Health Sciences Measurements Toolkit Is a free,
'one-stop' resource to help you identify the most robust and up-to-date
methods for the assessment of diet, physical activity, anthropometry,
tobacco use and alcohol consumption.

This website is designed for researchers planning to measure these
lifestyle factors in groups or populations, providing them with targeted
methodological guidance to choose a method that is most appropriate,
valid, and cost-effective for the purposes of their study. Pick a fruit from the
tree to explore your domain of interest. ..




New toolkit: the end product

General update/revision
Incorporate recent technical developments
Include objective measurement, particularly for dietary intake

“Future-proofing” the Toolkit: re-design structure to make incremental
updates easier to implement in future

Expansion of scope

Include anthropometry, smoking and alcohol consumption, in addition to
original diet and physical activity measures

Improved ‘decision matrix’ and enable access to methods

dynamic process that responds iteratively to user study profile and
objectives, producing a range of tailored suggestions

help to access these methods through signposting sources
More accessible web content
greater use of multimedia learning resources and signposting links



Harmonisation- Summary

Harmonisation is about optimising data for re-use in
combined analyses across multiple studies

We will harmonise methods for self-reported exposures
across existing studies

We will harmonise methods for objectively measured
exposures across existing studies

We will develop an online tool for signposting
researchers to relevant methods for measurement of key

exposures

The same approaches apply to harmonisation of
exposures and outcomes

Harmonisation also applies to analytical approaches
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Federated Analysis

Isabel Fortier
McGill University (Canada)
October 10" 2014

This project is funded by the European Union’s Seventh Framework Programme for research, technological development
and demonstration under grant agreement no 602068.



Analysing harmonized data

Summary data meta-analysis
* Study-specific data analysis (independent

analyses followed by a meta-analysis . . . .

combining the study-level estimates)

Pooled analysis

®* Pooled data analysis (data transferred to a
central server and pooled to be analyzed)

Federated analysis

* Federated data analysis (centralized
analysis, but the individual-level
participant data remain on local servers)
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We need to

Develop a collaborative framework

Investigators open to collaboration, ready to invest time and resources.
Understand input data

Study designs; what and how data was collected; quality of study-specific data.
Ensure rigour

Systematic harmonization process and quality control.
Be transparent

Document how the harmonized variables are created to permit reproducibility
and long term usage.

Facilitate access
Develop infrastructures permitting secure and efficient access to data.
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I Bi@SHaRE

Biobank Standardization and Harmonization for Research Excellence
in the European Union

* European Union FP7-funded project (2012-2016)
e Lead-Pl Ronald Stolk (The Netherlands)

* Mission: Ensure the development of harmonized measures and computing
infrastructures across biobanks in Europe

Multiple scientific questions; long term harmonization agenda
Federated data infrastructure



BioSHaRE’s Healthy Obese Project (B Wolffenbuttel)

Aims:

Evaluate the prevalence of the metabolically
healthy obese

Assess lifestyle determinants of healthy obesity

Explore genetic determinants and metabolic

profiling related to healthy obesity Q rronaneiniis

Norway Finland
Helsinki, Fl

Estonia

Latvia

® 10 studies, 7 countries o , Y““
. . CnKiE ,Lecesteu Seomnaen Halaris
e ~ 200,000 participants v e
A dgsbufgiDE Ukraine



10 Harmonized Datasets Using Opal
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Gather knowledge




Document study design,
methods and contents

Nord-Trendelag Health Study (The)
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Searchable dataset

HUNT2

Questionnaires (eight) with self-reported health, quality of life, illness, diseases
(several), major behavioural risk factors and socio-economic position. Disease-specific
questionnaires for hypertension, diabetes and lung diseases, Anthropometric
measures (weight, height, waist and hip circumference), blood pressure and heart
rate, spirometry, forearm bone mineral density (BMD), and vision. Venous blood
samples, analysed cholesterol (total and HDL), triglycerides, glucose, Se-Fe,
transferrin and creatinine, thyroid-stimulationg hormone (TSH). calcium, parathyroid
hormone (PTH) and stored (serum aliquots stored at —80°C), DNA extracted. Urine:
microalbumine and creatinine (sub-groups).

The number of participants with biclogical samples was 65 195,
Start Year: 1995 (August)
End Year: 1997 (June)

Data sources: Questionnaires
Physical measures
Biological samples

Biological samples; Blood
Urine
Population: HUNT 1-2 cohort
HUNT 1-2-3 cohort
HUNT 2-3 cohort

Datasets: HUNTZ

Documents

Questionnaires: @ HUNT Questionnaire 1
[] HUNT Questionnaire 2 for men
|_—" HUNT Questionnaire 2 for women
|'4 HUNTZ Diabetes Questionnaire
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Search by domains - terms -

Explore information available
across studies/data collection events

R
Quebec Longitudinal 5t /~ FR :\f?gilité, une ..
/‘V <
T [ 4 T3 To OI/GI 1 C?[/e/,/ T2
(75! 5 b
o . e e
Life habits/Behaviours
Tobaceco use 5 2 2 2 ] G G
lcohol use 20 12 @ 12 9 g g
Hlicit drug use - - - - -
Nutrition 560 86 151 86 8 8 8
Food intake and frequency 449 21 89 24 -
Milke products 40 1 8 <
» MEDICAL HEALTH INTERVENTION S/HEALTH SERVICES UTILIZATION
Meat, eggs, fish and altematives 30 5 10 » MEDICATION
+ REPRODUCTIVE HEALTH AND HISTORY
Vegetables and fruits 130 2 27 » PARTICIPANT S EARLY LIFE/CHILDHOOD
) » LIFE HABITS/BEHAVIOURS
o 60 1 12 + SOCIODEMOGRAPHIC/ SOCIOECONOMIC CHARACTERISTICS
» PHYSICAL ENVIRONMENT
Sweet and baked goods 10 1 3 F SOCIAL ENVIRONMENT
» PERCEPTION OF HEALTHIQUALITY OF LIFE

* ANTHROPOMETRIC STRUCTURES
» BODY STRUCTURES

r BODY FUNCTION 5

F LABORATORY MEASURES




Study-specific variable
Q128A

Description

Label:
Current use of alcohol

Dataset:
Finrisk 2007 Study Dataset

Value Type:
Text
Unit:
Repeatable:
Mo
Categories
Name  Label Missing
1 Yes, at least once a month
2 Yes, more seldom than once a month
3 Mo, because | quit using alcohol...years ago
4 | have never used alcohol (proceed to question 120)

Bi@SHaRE

Questionnaire

Individual Participant Measures:
Health Outcomes and Risk Factors Measures

Life Habits/Behaviours:
Alcohol Use

Essence:
Occurrence/Status/Named category

Target:
Participant

Period:
Currently

M re:
egorical ordered

Statistics
Value National FINRISK Study 2007 (The)
1 771
2 733
3 739
4 757

All 3000



Create harmonized variables
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DataSchema (core variables) = 97
Domain of nformation horvariabes) — es

Diseases of the circulatory system (3)

Endocrine, nutritional and metabolic diseases (2)

Medication Intake (4)

Alcohol Use (6)
Tobacco Use (7)

Food Intake and Frequency (23)

Nutritional behaviours (7)

Working Status (5)

Education Level (6)

Household Status (4)

Parity/Gravidity (1)

Gender / Age (4)

Residence / Birth Location (3)

Anthropometric structures / Body Function (6)
Biochemical measures (9)

Constructed variables and others (7)

History of Stroke, History of Hypertension
History of Diabetes, Type of Diabetes

Current Use of Antihypertensive Medication, Lipid Lowering
Medication, Glucose Lowering Medication

Current Use of Alcohol, Current Quantity of Beer Consumed
Current Tobacco Smoker, Current Quantity of Cigarettes Smoked

Current Consumption Frequency of Fruits, Current Consumption
Frequency of Soft Drinks

Currently Follows a Vegetarian Diet, Currently Follows a Diabetic Diet
Employment Status, Current Job Title (ISCO 88)

Number of Years of Education, Highest Level of Education

Net Household Income, Marital Status

Number of Live Births Mothered

Gender, Age (continuous + categorical)

Current Country of Residence, Country of Birth

Height, Weight, Measured Systolic Blood Pressure,

HDL Cholesterol, Glucose, Triglycerides, Inflammation Marker (hsCRP)

BMI, Healthy Obese, Number of Metabolic Syndromes, Year of
Interview



Document centrally: Transparency, reproducibility, re-usage...

BieSHaRt

Studies

Home / Resourd

Healthy

e Undetermined
@ Complete - the

dataset.

@ Impossible - th

Number of targeted
metabolic syndromes
(moderate criteria)

The number of metabolic syndromes present in
the participant using moderate

criteria (i.e. (1) Blood pressure > 140 mmHg
systolic, or 290 mmHg diastolic, or treatment
for elevated BP; (2) Fasting blood glucose > 7,
or medical treatment for diabetes; (3) HDL
cholesterol < 1.03 mmol/I (men) or < 1.30
mmol/I (women) - in non-SI units: < 40 mg/d|
(men) or < 50 mg/dl (women); (4) Triglycerides
> 1.7 mmol/I (> 150 mg/dl), or on medication
for elevated triglycerides

TTT -
w

TTT
=

NTIN
ME

| ME

R_I

T 7o TTY

Resources ~ Research ~

Status: Complete

Comment:

NON-fasting glucose == 7.6 was used.
(WHO 1999 — Diagnasis

and classification of diabets; Platou et al )
We didn't tak

e into account the criteria on the medication
for elevated t

riglycerides becaus

[Comment truncated]Script:

// High Blood Pressure

var PM_DIASTOLIC MEASURE = pm_diasto
Lic_measure()

-group([85], [999])

About Us ~

METABSYNDR_NBR_MODERATE_> @

PM_SYSTOLIC_MEASURE

PM_DIASTOLIC_MEASURE

LAB_GLUC_FASTING

.map({
'-85': '@,
85+ 17,
'999°: "9°
b 9);
var PM_SYSTOLIC MEASURE = pm systoli
c_measure()
.gro
[Script truncated]
@ @
@ @ @
® @ @

httos:/ fwwew. bioshare.eu/content/metabsvndrnbrmoderate- nord-trendelaa-health-study

Search el Sign in

bese Project DataSchema

ISchema -- Harmonization

not yet been evaluated.
whysical measure, biochemical measure) allow construction of the variable as defined in the

llected by this study to allow the construction of the variable as defined in the dataset
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Real time summary statistics on harmonized data

BioGHaRE Studies Resources ~

Research~

n
3]
:):\
a

My account Log out

Home ' Resources ' Datasets | Harmonized Datasets /' Healthy Obese Project DataSchema

Age in Years (continuous)

Age of the participant in years (continuous).

Description

Label:
Age in Years (continuous)

Dataset:
Healthy Obese Project DataSchema

Value Type:
Integer

Unit:
Years

Repeatable:
No

~ Categories
Name Label

999 Missing

Missing

"4

+ Domains

Data Source:
Questionnaire

Sociodemographic/Socioeconomic Characteristics:
Age/Birth date

Statistics
Study Min Max Mean Std. Dev Count
HUNT 19.000 101.000 49.682  17.244 65241
LifeLines 18.000 94.000 45,136 12.516 94516
KORA 32.000 83.000 56.678  13.229 3080
PREVEND 29.000 75.000 49.747  12.698 8592
NCDS 44.000  46.000 44.850 0.464 7210

FINRISK 2007 25.000 74.000 52.619  13.519 5024



Federated analysis using DataSHIELD...

The Analysis Computer (AC) send iteratively
requests for fitting a given GLM to the Data
Computers (DC) on which data are stored

Data

Only summary statistics are sent LR

back to the AC after each iteration

DC 6

Eventually, iterations converge to

the same result as if the model was
fitted directly to the pooled data. DCS

Data
Computer

[IE1

Analysis
Computer

AC

Data
Computer

DC 4

Maon-identifying summary
parameters allowed fo pass
hetween computers. Individual
level data retained on data
cnmputernfnngln

Data
Computer

Data
Computer

DC3



Data harmonization/federation landscape

Data cataloguing, harmonization
and co-analysis
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®
Maelstrom Research mae|s’rr0m

International research program (www.maelstrom-research.org)

Created in 2012, but based on partnerships established since 2004 and
leverage by the BioSHaRE.EU project

Co-Investigators from Canada, The Netherlands and United Kingdom
Collaboration with over 15 international networks and research
partners

Objectives: (1) Achieve methodological research; (2) generate software
to support data cataloguing, harmonization, processing and integration;
(3) create web-based catalogues and harmonization platform

Bi@SHaRE



http://www.maelstrom-research.org/
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Ethical, Legal, Social Issues

Ronald Stolk
Professor of Clinical Epidemiology
Coordinator BioSHaRE, co-Pl Maelstrom Research Program

This project is funded by the European Union’s Seventh Framework Programme for research, technological development
and demonstration under grant agreement no 602068.



Ethical

Federated data analysis deals with privacy issue at
network level
Cohort Pls retain possession, control, and responsibility
Individual data stays within original cohorts, never shared

Analyses can be seen as equivalent to using anonymous
data



Ethical

Security of personal data systematically safeguarded

Impossible to externally access personal data—it never
moves beyond cohort firewalls

Other safeguards: restricted coding, etc

Proven methods, tools, systems

BioSHaRE, Maelstrom experience



Ethical

No difference with traditional collaborative projects

No additional institutional-level ELSI responsibility
beyond original cohort

Data have been collected already

Access regulations for each participating study

Compliance with participant consent, IRB review, data
sharing committees, etc



Legal

International Code of Conduct for Genomic and
Health-Related Data Sharing

BioSHaRE in collaborating with P3G, the Global Alliance for
Genomics and Health, IRDIiRC (International Rare Diseases
Research Consortium), H3Africa, and other organizations

The Code promotes access to shared data,
knowledge, and resources

Ultimately, the Code will hopefully serve to promote
data sharing and to sanction data misuse



Social

Open access step further

Covers researcher fear factor?
Covers participant fear factor?



Addressing ELSI issues

Changing ethical and regulatory perceptions
Data sharing # security risk
Acceptance of a “new norm”

Legal landscape shaped by "conventional" data sharing
Laws surrounding data (re-)usage and security vary

Changing social and scientific views data sharing, collaboration
Encouraging and widening participation

Access/harmonization requires careful attention to metadata (data
dictionary), English translation

Encourage collaboration, maximize local/small data resources

Communication is key

Inform cohorts and IRBs: promote understanding, acceptance,
endorsement

General population: promote trust in data sharing



ELSI support

BBMRI-ERIC common service ELSI
BioSHaRE newsletter July 2014

www.bioshare.eu -> about us

BioSHaRE Tools roll-out meeting July 28, Milan, Italy
HandsOn Biobanks Conference 2015

BioSHaRE

BioSHaRE delivers!

N,

Bi@SHaRE
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Programme of the day

Session 1 — Setting the scene

Session 2 — Challenges of current data sharing
models

Session 3 — Vision of a changed paradigm

Session 4 — Next steps — what can we do to move
towards this changed paradigm



Engaging with researchers

Pregnancy &
childhood

Risk of T1IDM

Risk
of obesity

Risk of T2DM

Study registry and Method Methodological & governance
linkage of metadata harmonisation issues related to data sharing

Changing the paradigm >
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Session 4: Next Steps
Researcher engagement

Ruth Loos

lcahn School of Medicine at Mount Sinai, New York, NY
October 10, 2014
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Sharing of data to date

Public sharing (e.g dbGap, EGA, ...

Sharing individual level genotype and phenotype data

with collaborators (e.g Psychiatric Genomics Consortium)

Sharing summary statistics with collaborators (piacrams,

MAGIC, AAGILE, MEDIA, GIANT, AAAGC, ...)



Federated analyses

Scientific question

Innate need for federated analyses

Infrastructure

Practically possible

Demonstration of feasibility

Are others participating ?

Return of investment
Opportunity to lead projects,



Changing the
paradigm

Engaging with
researchers

Engaging with
funders and
stakeholders

Pregnancy &
childhood

Risk of TIDM

Risk
of obesity

Risk of T2DM

Funders’ network

! !

Methodological &
governance issues
related to data sharing

Study registry Method
and linkage of harmonisation
metadata

Stakeholders’ network




An analogy for a paradigm shift in science

The move towards open access publishing

Requires an initial political will and an acceptance of
a direction of travel

|dentification of barriers/obstacles to
implementation

Funder/researcher behaviour altered by some
infrastructural changes and alterations in incentives
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