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Scientific Report

Summary

The administration and investigative use of child cohort studies requires an enormous investment of
time and resources, from funders, the research community and study participants. The scientific
potential for a cohort study is maximised through the collection of broad, accurate and complete
data. In most studies the scientific investigator needs to balance the advantages of data collection
against limited financial resources. Administrative records have been used to maximise the ability of
cohort studies to identify the causal influences on physical and psychosocial health, and thus help to
ensure the scientific return on existing investment and cost efficient means of future data collection.
The use of these records has increased as new technologies allow access to a broader range of
electronically held records.

This workshop brought together researchers and study administrators from EU child cohort studies
along with specialist speakers whose work is closely connected with linkage and cohort studies. The
rationale for the workshop was to enable linkage practitioners and experts to share their
experiences and provide insight into the attributes that can lead to successful linkage projects.

The workshop was designed with three distinct approaches to share and learn from each other’s
linkage strategies and methodologies:

1. To encourage the sharing of best practice and the development of a linkage focused network
between primarily EU cohorts. There were representatives from 11 longitudinal child
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cohorts based in Europe with representatives from non-EU countries (1 from New Zealand
and 1 from the USA) providing a wider perspective.
2. To provide summary training to enhance the understanding amongst the delegates of key
methodologies in the field, including references to introductory texts and key publications.
3. To provide a forum to illustrate the work of some exemplar projects that demonstrate the
common issues faced by linkage researchers within EU cohort studies.

The principal impact of this workshop was to discuss and share the best practice found across a
range of EU cohort studies. Participants were seen to contribute to and take away new information
which can be used to evaluate and shape data linkage strategies within each individual study.

Scientific Background

Comprehensive and in-depth administrative records are routinely collected and stored electronically
on EU citizens. Social data include records on income, employment and other aspects of social
position, data on children’s performance in educational assessments, data on the physical
environment and involvement in criminal and antisocial activity. Health data include the records
from both primary and secondary care as well as national population registries (including birth,
death and cancer registries).

The challenge for cohort studies is to develop robust mechanisms that are secure, legal and ethically
suitable for cohort members. There is a wide variation in the scope and access requirements needed
to obtain data across Europe from the integrated social registries of Scandinavia to those developed
by government departments with bespoke databases where access is heavily dependent on
bureaucratic and under-developed procedures. However legislative requirements, including the EU
Data Protection legislation, are applicable to all EUCCONET studies. This workshop provides a forum
for linkage specialists and researchers working in, or commissioning this work to meet and discuss
the potential and best practice found within the EUCCONET studies.

1. Study Reports

Representatives from ten countries presented brief introductions on their studies and described the
linkage based data collection strategies they had in place or planned for the future. The scope of
their linkage activities has been summarised in table 1.

a. MoBa, Norway.
Nina Hagesaether summarised MoBa as a health focused cohort of 100,000 pregnancies
recruited from across Norway between 1999 and 2009. Linkage is aided in Norway by
the availability of a unique ‘citizen’ personal ID number issued at birth which is common
across all registries and datasets. This ID number was collected along with participant
consent during study enrolment, allowing efficient and accurate linkage to contact
details and phenotypic data. While there are few technical barriers to accessing linkage
data there are strict data access requirements.
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f.

Generation R, Netherlands.

Claudia Kruithof summarised Generation R as an urban, multi-ethnic birth cohort of 10,000
pregnancies recruited in Rotterdam, Netherlands between 2001 and 2006. Generation R is a
health focused study. Within the Netherlands there are few record linkage possibilities due to
limited national registries, with restricted access. Data are either stored anonymous or with
different identifiers within the healthcare system. Primary and secondary care data are stored
locally with use of different identifiers. Access requires written consent from the study
participant. The study has had success in linking to local primary care information but data
quality and limited practices using the software meant a low level of successful linkage. Data
collectors have found benefits from collecting data using standardised forms in health centres,
including health ID numbers.

ELFE, France.

Xavier Thiery summarised ELFE as a multi-discipline, nationally representative cohort of 20,000
children born in 2011. The study aims to test many environmental exposure related hypothesis
so linkage to date concentrates on geo-matching to environmental data, census data and
healthcare usage through the French social security system. ELFE found a benefit in collecting
personal ID numbers during recruitment; these link both the parent and child records. French
routine records are only kept for 3 years and access requires participant consent. The limited
history of data collection in France using linkage is causing barriers to data access.

Growing Up in New Zealand, New Zealand.

Peter Tricker summarised Growing up in New Zealand as a representative, multi-ethnic cohort
of ~7,000 children recruited in Auckland during 2009-10. This multi-discipline study is using
linkage to collect perinatal data from state and private organisations. They have a high consent
rate and a high match rate to the health individual ID number. Considerable effort has been
required though to clean and process linkage data due to inconsistent approach from
healthcare providers. This process is easier from state health providers with consistent data
collection and storage practices.

ALSPAC, England.

Kerry Humphries summarised ALSPAC as a regionally based cohort of 14,500 recruited in
pregnancy during 1990-1992. ALSPAC is health focused but recent move towards multi-
disciplinary questions. Linkage has been established to education data and mortality and cancer
registries. Currently consenting study children for linkage to health, education, benefits and
earnings and criminal records. Encountering different problems and technical challenges for
each data set as all are based in different government departments with no common linkage IDs
or data access procedures and each has a different ethics framework. The linkage pilot study
used randomised controlled trial methods to test different approaches, this found that a
professionally designed pack increased the speed of participant response and that telephone
based reminders were more effective than postal reminders.

GINI/LISA, Germany.
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Wolfgang Lohr summarised both projects as regionaly recruited health studies. GINI has a
cohort of ~6,000 recruited in 1995-1998 and LISA has a cohort of ~3,000 recruited in 1997-1999.
Wolfgang raised the important issue of linkage within studies, discussing the need to
standardise and link data across multiple study centres and different data collection methods.
These processes include linkage techniques, such as using multiple personal identifiers to assess
the plausibility of each data join rather than relying on a study ID number alone. The studies
have developed innovative methodologies to use Google products to collect geo-coded data
and validate address data but they have substantial concerns regarding data ownership and the
potential for Google to retain sensitive study data.

Born In Bradford, England.

David Bolus summarised Born in Bradford as a health focused cohort recruited from the city of
Bradford, England. The sample can be characterised as urban and multi-ethnic. The study is
embedded in the National Health Service (NHS) which provides advantages to accessing health
data at every level; maternity, primary care and secondary care. The study has an additional
advantage in that almost all local general practices use the same software package. This aids
data collection and data processing. The study considers strong engagement activities, with a
local community focus, with the health community and study participants as a key part of their
success.

Millennium Cohort, U.K.

Heather Joshi described the Millennium cohort as a multidisciplinary cohort of ~19,000
recruited across the U.K during the year 2000. Permission to link to records is consent based
and currently extends to cancer and mortality registries, education records and geo-coded
datasets. Collection of data from hospital episode statistics and primary care records is in
development. The consent was conducted during interviews at age 14 with good results (Child:
95%, Main parent 90% , Partner 86%). Heather raised discussion points regarding confidentiality
in linkage, data ownership and the use of ‘third parties’ to establish the links, additionally the
study are having to identify ways of managing consent over time in terms of who gives consent
and how long it lasts for.

Environments for Healthy Living, Wales.

Sinead Brophy summarised the EHL as a traditional birth cohort study embedded within a total
population electronic cohort study (the Wales Electronic Childrens Cohort or WECC). While EHL
is a new study with a small enrolled pilot sample of 300 families the WECC contains data on
~800,000 children from 1990 onwards. The linkage between the two will combine phenotypic
data from EHL with administrative records from WECC into a single anonymised data set. The
linkage is conducted using NHS patient ID number and the study sought participant consent.
Sinead described the advantages this system offers in terms of data breadth, ease of access and
also a reduced participation burden on the cohort.
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j. NLSY79, USA (Paula gave a verbal presentation so there are no slides available).
Paula Baker summarised the NLSY79 as a multi-centre urban study of around 12,000
participants recruited at age 14-22 in 1979. The sample is nationally representative and uses
linkage to collect contextual data about employment and through geo-coding to census
information. The ADD Health study has identified friendship networks in a school context.

Table 1: Current and Planned Linkage Activities by individual Cohort Study.

Linkage Data > o |(m|sm|lololNo|z|z|2
Category 8 |m 8328 |=z|838 |Z2|2 |5
212|755 |8 |2|55 (8|73
@) S < S Q & o 0?1 =3 €]
=| |23|5|% 7E 5
o R = | = = e}
o v S o
3 g 5 g
s =
Health Birth Registry A |A |N |A A [N |A D |[A [N
Maternity Records A | A N [ A A N | A D | A N
Cancer Registry A D | N P N | N N A | A N
Death Registry A D | N P N [N [A A | A N
Hospital Episodes (secondary |D | D | N | P N I[N | A A |A |N
care)
Doctors Records D |A [N |P N [N [N D |[N [N
(primary care)
Prescriptions D | A D P P N D | A N
Education Exam Results A |P [N |P N [N [N A [N |N
School level data A |P [N |P D I[N |P A [N |N
University (higher education) A |P |N [P N [N [N A [N |N
data
Employment Employment Records D [N [N |N N [N [N D [N [N
Salary (Earnings) D [N [N |N N [N [N D [N [N
Social Government financial support | D | N | D | N N [N [N D [N (N
Services (housing and income benefits)
Social care N [N [N |P N | N N [N [N
Criminal Criminal Convictions D [N [N |N N |N [N N |N [N
Activity
Geographical | Location data A N N |A N |A |D A |N |N
Linkages Environmental Exposures A N |A [N N [N [D N [N [N
Other
Participant Address Data A A A
Friendship Networks A A
Key: A ‘Active’, D ‘In development’, P ‘Planned for the future’, N ‘Not planned’

Group discussion following these presentations centred on the differing approaches to data access,
consent requirements and different cultural approaches to data access from different data owners.
The Norwegian example of a centralised registry based system with a single identifier was seen as
the most desirable system with all other studies facing difficulties in terms of consent, technical
barriers to data or facing barriers such as risk aversion, lack of data sharing processes or data
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cleanliness issues when dealing with data owners. However it is important to note that while having
few technical issues MoBa still required consent and ethical clearance to access routine records.

These access issues are compounded after data confidentiality breaches, potentially in terms of
willingness to consent but also in terms of willingness of data owners to provide access to data. The
resource available to the EHL study in Wales provides the closest comparison to Norway but relies
on a complex technological solution provided by the SAIL infrastructure. This model was described in
the next session.

Record linkage methodologies are applied using a range of techniques, the choice of which is
frequently driven by necessity and controlled by factors such as data access, data quality and the
availability of universal citizen Identification Numbers (IDs). These data issues frequently necessitate
probabilistic methodologies.

2. Expert Speakers
a. An introduction to probabilistic Linkage Methods

The opening paper authored by ‘Mac’ McDonald was taken from a training programme offered by
his research unit and provided participants with both a summary understanding of linkage
methodologies and references to key methodology and exemplar references. The paper defined
deterministic and probabilistic methodologies and described how they differed and the
circumstances in which each were appropriate. The paper introduced the Felligi and Sunter (1969)
probabilistic model and its principal concepts’. The paper highlighted key texts”and references

3-6, 8-10

which described quality issues and relevant exemplars of the linkage methodologies. Mac also

discussed an open-source software package’ that can be used to facilitate probabilistic linkage.
b. Privacy Protection and the SAIL Databank

David Ford presented a summary of the Secure Anonymised Infrastructure for Linkage (SAIL)
databank™. This resource provides researchers with over 1 billion individual records collated from
multiple routine health and administrative records from the Welsh national population. The privacy
protection techniques and the use of an independent third party to link the records has allowed the
research team to convince the data owners to approve access to all records without patient consent.
This is legal under E.U. and U.K. data protection legislation as anonymity is ensured. David provided
examples of how nested samples from SAIL, such as WECC can interact with ‘traditional’ cohort
models, the EHL study is an example of this. To establish this resource the team faced substantial
technical barriers in terms of data quality and access ‘pipelines’ and also in developing robust
governance arrangements, including a data access committee, that satisfied the data owners.

c. Personal Identity Protection Solutions

Kerina Jones outlined a methodology to protect participant confidentiality by moving from de-
identifying a data set to ‘anonymising’ a data set through ensuring the removal of small cell counts
and an individual’s records having a unique combination of values. There are various techniques that
data managers employ to control for the risk of an individual’s identity being disclosed, and
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therefore breaching their confidentiality. These techniques, including suppression, aggregation and
perturbation reduce the ability of the dataset to inform research analysis. Establishing the balance
between data utility (the power of the data to inform research) with participant confidentiality is
commonplace within linkage community as cohort studies will need to make commitments
regarding this to the data owners. Jones outlined a series of algorithms that can be used to achieve

1415 within a dataset. K-anonymisation ensures a given record cannot be

k-anonymisation
distinguished from at least (k - 1) other records. The various algorithms and tools described can be

used to help researchs strike an optimal balance between utility and confidentiality.
d. The NHS Information Centre (NHS IC) & Information Governance Controls

Clare Sanderson described the work of the NHS IC in centralising and facilitating access to NHS
medical data in the United Kingdom. This work was presented as an example of best practice as how
a government department can take the role of ‘honest broker’ and provide a centralised team to
enable linkage and facilitate access to their routine data. Functions the NHS IC take on include
undertaking linkage between datasets, cleaning participants personal identifiers (names and dates of
birth), advising on consent specifications and guiding researchers through ethical review. The NHS
ICs remit also includes establishing and enforcing information governance controls within the NHS.
They have developed a series of policies and training known as the Information Governance
Toolkit™. One of these protocols describes a best practice methodology, known as ‘Data Safe
Havens’, of separating personal identifiers from research data and ensuring that these data (in this
case linkage data) are processed and de-identified as soon as possible. It has been recommended in
the UK that cohort studies adopt these principles’®.

3. Exemplar Research
a. Patterns for consent in the Millennium Cohort Study

Sosthene Ketende presented a paper describing how consent rates for linkage in the Millennium
Cohort varied across the four countries in the United Kingdom (Wales, Scotland, Northern Ireland
and England). When seeking consent for health, education and economic linkage the researchers
found regional/national variation in consent rates and that ethnicity, age, education and lone parent

status were predictive of consent'’ ™%

b. Young People’s perspectives on record linkage

Lindsey Brown presented findings from qualitative interviews on ~50 young people eligible to take
part in ALSPAC. The interviews were in depth and sought the opinions of individuals from a range of
socio-economic backgrounds and those with differing histories of participation in ALSPAC. A
common thread between the majority of interviewees was that the concept of record linkage was
new to them and a detailed discussion of the topic took time during which the participants views
could change dramatically when presented with different scenarios. Lindsey presented evidence
illustrating how the views of individuals regarding consent and linkage activities varied from not
wanting linkage to occur, through the necessity of consent or being given full information to some
individuals were happy for linkage to occur regardless of consent or notification. These positions
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were influenced by the individuals trust and perception of the study, their data history and concerns
over how the data of others was to be used.

c. The family based longitudinal database of Norwegian citizens

Dominic Hoff presented a paper on his work in retrospectively defining a multi-generational cohort
from census records. This methodology allowed the creation of a dataset with sufficient size to allow
the formal statistical testing, such as difference between paternal and maternal effects,
grandparental effects, within and between sibship-comparisons, and associations between genetic
variants and later disease. This sample could be linked to the death registry, census variables, birth
registry and in some cases the Cohort of Norway (CONOR) datasets. This approach has led to the
creation of a resource with a large sample size with onward linkage to phenotypic datasets. The
process was complicated by difficulties in defining the biological father figure from historical records.

d. MoBa, Intergenerational Linkage

Arild Sunde described the MoBa administrative database system and how it interacts with the
Norwegian registry to collect data. Each Norwegian citizen is issued a unique ID number which
includes their date of birth, this information can be used to check validity. Arild described how MoBa
used deterministic linkage to expand the scope of their data collection to grandparents and siblings.
Data were collected from a range of registries. The principle difficulties lay with gaining ethical
approval. Moba informed the cohort of their intentions and received 35 objections from the cohort.
All data are pseudonymised prior to research use.

Rolv Skjeerven discussed how this resource has been used to look at intergenerational comparisons
between outcomes including birthweight, reproduction and if these are true intergenerational

affects or simply due to social confounding ** %°.

e. Identifying an adolescent peer network within ALSPAC using probabilistic linkage

Andy Boyd presented a paper describing how probabilistic linkage had enabled the identification of a
friendship network within the ALSPAC cohort study™. While there have been previous studies which
have identified friendship networks these have all used closed communities such as schools or
prisons. ALSPAC instead opted to send questionnaires to participants and asked them to identify
their 5 closest friends. Using probabilistic methods proposed by Felligi and Sunter ALSPAC were able
to de-duplicate the responses (n=3,000 respondents), identifying the common entries amongst the
nominated friends(~11,000 individuals from ~14,000 nominations). In a second linkage exercise they
were able to match these nominated friends against the ALSPAC administrative database to
establish which were in the database (~4,500 individuals).

Scientific Impact and Future Directions

The workshop aims were: 1.to facilitate the networking and sharing of study level practice amongst
EU child cohort studies, 2. to provide summary level training of record linkage methodologies,
backed with exemplar research applications, and 3. To discuss issues of consent, participant
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understanding and privacy protection through the presentation of exemplar research and from
expert speakers.

1. Networking and sharing of best practice

The study update session facilitated introductions and networking, allowing participants to discuss
and share the best practice regarding linkage activities found across a range of EU cohort studies.
Participants were seen to contribute to the discussion and take away new information which can be
used to evaluate and shape data linkage strategies within each individual study. Due to the breadth
of study designs represented we were able to consider linkage applications from a wide range of
perspectives.

2. Introduction to probabilistic linkage theory

The workshop participants were drawn from studies of all types and stages of implementation.
While some study representatives had considerable working understanding of linkage
methodologies others were at a planning stage or had access to national registries which
systematically include individual level ‘linkage’. To address this range of experiences the organisers
incorporated papers designed to provide introductory level training on the history’ and principles of

1112 of linkage in practice. The McDonald paper

linkage methodologies’ alongside exemplar papers
provided participants with both a summary understanding of linkage methodologies and references
to key methodology and exemplar references. This understanding was reinforced by exemplar
papers of cohort based research based on these methodologies. The organisers received feedback
that this summary was considered valuable and gave participants the understanding and resources

to see the extended possibilities allowed by probabilistic linkage.

Feedback Question: What was the most useful presentation(s)/session(s) for you, and why
was it so useful?

Feedback Answer: Session on probabilistic matching. Currently we use deterministic
matching to link to health data but in a couple of years we will most likely want to match to
education records and will have to use probabilistic matching if the national student
identification system is not in place for pre-schoolers

The training objective was achieved, with the first and last paper of the workshop focused on the key
Fellegi and Sunter probabilistic linkage model.

3. Participant Understanding and Consent & Privacy Protection

The papers presented by Ford, Brown, Jones, Ketende and Sanderson outlined varying aspects of
privacy protection, information governance and the perspectives from the point of view of the
research participant. The group discussed the importance of the considerations and how cohort
understanding and perceptions interact with may influence differing consent rates between linkage
data sources and across different populations. Brophy reported that a childrens focus group from
the EHL study considered the study to form part of their NHS treatment and as such didn’t require
consent, however they did expect to be informed about the study and this use of their information.
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4. Future Directions

There was agreement within the group regarding the importance of data collection via record
linkage within a cohort study. It is hoped that enthusiasm from the workshop will lead to onward
networking and dissemination of best practice with the aim of facilitating cross study research
utilising linkage data. It was noted that there is considerable variation across EU countries in terms
of the availability and conditions of access, the paper from Elias encouraged the delegates to join in
the debate and described possibilities of how cohort studies could influence EU debate in this area.
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Bergen 15" — 17"" June 2011

Venue: Norwegian Institute of Public Health, Kalfarveien 31, Bergen, Norway.

18.00-18.20 Workshop Welcome: Aims for the workshop

Andy Boyd (School of Social and Community Medicine, Bristol)
18.20—-19.00 Anintroduction to Probabilistic Record Linkage

Presentation Author: John ‘Mac’ McDonald (Institute of Education, London)

Due to illness Mac was unable to attend and Andy Boyd presented this paper in his
absence

19.00-20.30 Armauer Hansen and the Bergen Lepramuseet
Sigurd Sandmo

The institute hosting the workshop houses the laboratories used by Armauer Hansen in his
pioneering work into the study of Leprosy. Sigurd will give a talk on Hansen, a tour of the
Lepramuseet and illustrate the role the world’s first national patient register played in understanding
Leprosy.

09.00-09.10 Welcome and Introduction

Reports from EUCCONET cohort studies on the role of record linkage in their project.
09.10-09.30 The Norwegian Mother and Child Cohort Study

Nina Hages=ther (Norwegian Institute for Public Health, Bergen)
09.30-09.50 Generation R

Claudia Kruithof (Erasmus Medical Center, Rotterdam)
09.50-10.10 ELFE

Xavier Thierry (Institut national d'études démographiques, Paris)
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10.10-10.30 Growing Up in New Zealand
Peter Tricker (University of Auckland, Auckland)

10.45-11.05 ALSPAC

Kerry Humphries (School of Social and Community Medicine, Bristol)
11.05-11.35 GINI/LISA

Wolfgang Lohr (Helmholtz Zentrum, Munich)
11.35-11.55 Born in Bradford

David Bolus (NHS Bradford & Airedale, Bradford)

12.10-12.30 Millennium Cohort

Heather Joshi (Institute of Education, London)
12.30-12.50 Environments for Healthy Living

Sinead Brophy (College of Medicine, Swansea)
12.50-13.10 NLSY79

Paula Baker (Center for Human Resource Research, Ohio)

Information Governance & Disclosure Control: One of the principal challenges of establishing record
linkage data collection is to satisfy the legal and ethical concerns surrounding information
governance and disclosure control.

14.00-14.40 Privacy Protection & the SAIL Databank
David Ford (College of Medicine, Swansea)

14.40-15.20 Personal identity protection solutions in the presence of low copy number fields
Kerina Jones (College of Medicine, Swansea)

15.40-16.20 Information Governance Controls - Balancing Public Assurance and Research
Clare Sanderson (NHS Information Centre, Leeds)

16.20—-17.00 Record linkage: the need for more effective processes
Peter Elias (University of Warwick)

17.00-17.30 Information Governance & Disclosure Control Group Discussion
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09.20-09.30 Welcome and Introduction

Consent for Linkage: Speakers will present evidence on study participants understanding of
linkage, views about consent and consent patterns from consent campaigns. Followed by an open
discussion on seeking consent for linkage.

09.30-10.10 Title to be provided
Sosthene Ketende (Institute of Education, London)
10.10-10.50 Title to be provided
Lindsey Brown (School of Social and Community Medicine, Bristol)

10.50-11.05 Linkage Consent & Participant Perceptions: Group Discussion

Applied Linkage in Cohort Studies: Speakers will present examples of linkage applications
in cohort studies.

11.20-12.00 The family based longitudinal database of Norwegian citizens
Dominic Hoff (Norwegian Institute for Public Health, Oslo)

13.00-13.40 Title to be provided
Arild Sunde (Norwegian Institute for Public Health, Bergen)
13.40-14.20 Identifying an adolescent peer network within ALSPAC using probabilistic linkage
Andy Boyd (School of Social and Community Medicine, Bristol)
14.20-15.00 Closing Group Discussion
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