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Abstract

Background: Clinical free-text data (eg, outpatient letters or nursing notes) represent a vast, untapped source of rich information
that, if more accessible for research, would clarify and supplement information coded in structured data fields. Data usually need
to be deidentified or anonymized before they can be reused for research, but there is a lack of established guidelines to govern
effective deidentification and use of free-text information and avoid damaging data utility as a by-product.

Objective: This study aimed to develop recommendations for the creation of data governance standards to integrate with existing
frameworks for personal data use, to enable free-text data to be used safely for research for patient and public benefit.

Methods: We outlined data protection legislation and regulations relating to the United Kingdom for context and conducted a
rapid literature review and UK-based case studies to explore data governance models used in working with free-text data. We
also engaged with stakeholders, including text-mining researchers and the general public, to explore perceived barriers and
solutions in working with clinical free-text.

Results: We proposed a set of recommendations, including the need for authoritative guidance on data governance for the reuse
of free-text data, to ensure public transparency in data flows and uses, to treat deidentified free-text data as potentially identifiable
with use limited to accredited data safe havens, and to commit to a culture of continuous improvement to understand the relationships
between the efficacy of deidentification and reidentification risks, so this can be communicated to all stakeholders.

Conclusions: By drawing together the findings of a combination of activities, we present a position paper to contribute to the
development of data governance standards for the reuse of clinical free-text data for secondary purposes. While working in
accordance with existing data governance frameworks, there is a need for further work to take forward the recommendations we
have proposed, with commitment and investment, to assure and expand the safe reuse of clinical free-text data for public benefit.

(J Med Internet Res 2020;22(6):e16760) doi: 10.2196/16760
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Introduction

Background
Structured electronic health records (EHRs) have long been
used in large-scale research to create new knowledge to inform
clinical care, practice, and policy. There are many enterprises
specializing in making EHR data available in accordance with
jurisdictional legislation and governance [1-4]. We refer to
structured data as information recorded in specified forms and
fields within the EHRs. Generally, clinical data are highly
personal and sensitive and, therefore, need to be deidentified
or anonymized before they can be used for any secondary
purposes outside the clinical environment. We refer to
deidentified data as records from which the commonly
recognized identifiers (eg, name, address, and date of birth)
have been removed and anonymized data as information from
which the data subject cannot be identified [5]. EHR data also
contain free-text components, including notes made at
consultations and referral letters, which, by definition, are
unstructured. As such, they tend to be less available beyond the
immediate setting and are typically not readily available for
secondary uses such as research or service improvement.
However, clinical free-text data represent a vast, untapped
source of rich information to guide research and clinical care,
including patient-specific context and details that clarify and
supplement information coded in structured data fields.
Furthermore, some clinical information in mental health,
pathology, and imaging reports is not available in coding
structures but only in free-text form. By their nature, free-text
data are highly likely to contain sensitive information and patient
identifiers, and this must be suitably processed to protect
individual privacy before the information can be shared further.
The key difficulty is that there are major challenges in finding
effective methods to deidentify free-text on a scale that does
not damage data utility as a by-product.

Methods from natural language processing (NLP) have been
developed to automatically scan clinical free-text data to identify
potential identifiers, such as patients’ names, significant dates,
and their family members. There are generally 2 approaches to
automated deidentification. In a method referred to as

blacklisting, deidentification algorithms remove identifying
information so that these variables are masked in the data
extract. Alternative methods focus only on isolating the relevant
clinical information from personal identifiers via extraction of
specified variables such as medication dosage instructions or
diagnoses, which are whitelisted and preserved in text.
Whitelisting can be thought of as the converse of blacklisting
in that it extracts clinically informative data rather than
excluding disallowed pieces of information [6-8].

Each method has advantages and disadvantages and many
permutations within them. For example, blacklisting can result
in some personal identifiers remaining within deidentified text
or important nonidentifiable data being removed from the text
if the process is too stringent. Conversely, whitelisting can result
in valuable data being left behind or false information being
extracted inadvertently. Whitelisting also relies on a data
extraction algorithm to choose the relevant clinical information,
if no human is to see the identifiable data. A synthetic clinic
letter is shown in Figure 1 to illustrate some of these challenges.
As can be seen, a clinic letter can contain a variety of identifiable
information about the patient and their care providers. Accuracy
and the resulting privacy and utility in preparing free-text
extracts for reuse depends on the sophistication of the
methodologies in use. We provide some simple example
problems for illustration purposes. Blacklisting could result in
some personal identifiers remaining within purportedly
deidentified text, for example, names that are also common
words—Green and Verb. Conversely, whitelisting can leave
valuable data behind, for example, parietal polymicrogyria
without the word suggestive or pathology to explain the
hemispasms without extracting the word no. There is much
natural language processing and other methodological work
underway to enable the creation of extracts that retain data utility
and protect privacy. It is important to note that deidentification
and extraction algorithms do not work out of the box but often
have to be built and tested on specific data annotated by
domain-specific experts to train and develop the algorithms. In
general, algorithms can be trained to work to a standard
comparable with that of a human annotator, but accuracy can
decrease with increasing information complexity [6-8].
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Figure 1. Synthetic clinic letter.

Being able to create free-text extracts that do not contain
identifying information with a high degree of confidence is a
fundamental issue but is not the only consideration for the
governance of clinical free-text data. In addition, there are issues
such as regulatory approvals including independent ethics
committee review, working with or within the health service,
accessing identifiable data for the deidentification and extraction
process, engaging with clinicians to understand clinical concerns
and point of care issues, patient involvement, questions around
patient consent, retaining the ability for data linkage, and
conditions and environments for data reuse.

Main Aim
In recognition of these challenges, the main aim of this study
was to develop recommendations for the creation of data
governance standards to integrate with existing frameworks for
personal data use, to enable free-text data to be used safely for
research for patient and public benefit. As such, it will form a
position paper and inform further work. In this context, we
define safely as where the identity of the individual is highly
unlikely to be discovered. We refer to this study as TexGov. It
focuses on data governance and health services within the United
Kingdom, but the main findings are applicable more widely.

Methods

Study Design
TexGov was designed to cover a variety of activities to develop
data governance standards for using clinical free-text data in
research. It included an outline of the UK data protection
landscape for context, a rapid literature review on governance
aspects in previous UK research studies using clinical free-text
data, UK case studies with systems providing access to free-text
data for more in-depth information, engagement with researchers
to explore barriers and solutions in working with free-text data,
and engagement with the public for views on socially acceptable

approaches. These activities are described in the following
sections.

Data Protection Landscape
We reviewed the relevant legislation, regulations, and official
guidance in place in the United Kingdom for context on
governance aspects for the use of free-text data. This included
the UK Data Protection Act (DPA) 2018 [9], the European
Union General Data Protection Regulation (GDPR) 2016 [5],
the Human Rights Act [10], the common law duty of
confidentiality (CLDC [11]), the Caldicott Principles [11], and
the Information Commissioner’s Office guidance on data sharing
and anonymization [12,13].

Free-Text Data Governance Practice
We gained information on data governance in working with
clinical free-text data by carrying out a rapid literature review
[14] and mini-case studies of systems making deidentified
free-text data available for research in the United Kingdom.
The methodology for the literature review is given below:

Search Strategy
Searches for studies indexed in PubMed and Web of Science
(WoS) were conducted on January 15, 2019, using the following
search terms: (1) “electronic health records” or “electronic
medical records” or “electronic patient records” or “hospital
records” or “personal health records” or “computerized patient
records” or “computerized medical records” combined with (2)
“text mining” or “natural language processing” or “free text”
or “narrative.” Given our sole interest in ethical and governance
procedures in the United Kingdom, the search was then
restricted to papers using UK databases containing free-text
data by using the following terms: “UK” or “United Kingdom”
or “Britain” or “England” or “Wales” or “Ireland” or “Scotland.”
The search was limited to human studies published in English.
No restrictions were imposed on the year of publication.
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Eligibility
To be eligible for this review, published research had to meet
the following criteria: primary research using free-text records;
UK-based health databases or data from UK hospitals; and
information extracted from the text of (human, not veterinary)
electronic medical records, medical letters or medical reports,
and methods papers (eg, development or description of search
and analytic tools), but only if the paper used patient data in the
study.

Data Extraction
Characteristics of the included studies were extracted by one
researcher and reviewed by another researcher and were as
follows: (1) year published and lead author institution, (2) broad
purpose of the study, (3) what and where data were accessed,
(4) focus of free-text data, (5) whether the data were accessed
in identifiable form, (6) whether the study used the health
records in conjunction with other data, (7) main finding or
conclusion, and (8) any ethics and governance detailed. We will
focus on data governance aspects only, rather than the clinical
value of using free-text data.

Case Studies
The case studies were conducted through face-to-face or
telephone interviews in February 2019 and were structured to
capture information about the main model for making data
available, types of data included, data linkage capability,
free-text deidentification or extraction method, and governance
approvals. Notes were taken during the interviews and
subsequently checked for accuracy with each interviewee.

Engagement With Clinical Text-Mining Researchers
We held a 1-day workshop (January 16, 2019) for clinical
free-text mining researchers to explore their perceptions of
barriers and solutions in working with free-text data for sharing
outside the clinical setting. Participants were recruited via
advertisements on the Healtex website. The workshop was
attended by 44 people and included outlines of the TexGov
study aims, the findings of a previous citizens’ jury on using
clinical free-text data for research [15], and data protection.
These were followed by presentations from the NLP community
on their approaches to working with clinical free-text data,
during which the audience was asked to write down the topics
to discuss in more detail. The identified topics were grouped
into 4 themes and used in group discussions on challenges and
solutions: (1) patient involvement at identifiable and deidentified
data stages, (2) opt-in/opt-out consent models for the reuse of
free-text data, (3) working with identifiable data for NLP
algorithm development, and (4) deidentification methods and
thresholds of reliability. Delegates were randomly allocated to
one of the groups but were allowed to change to another if they
felt strongly about a particular topic. Each of the discussions
was facilitated and noted to capture views on the nature of the
challenge, what can be done to address it, and how that can be
achieved.

Engagement With the Public
We discussed the TexGov study with 2 public groups. The first
event was advertised to the general public and patient interest

groups by the Alan Turing Institute and held at their premises
on March 28, 2019, attended by approximately 50 people. It
included a presentation on the TexGov study and a role-play
exercise to illustrate how clinical free-text data are collected at
a hypothetical general practitioner (GP) consultation and to
engage the audience in discussion. It also included a panel
discussion so the audience could ask questions to the
representatives from the National Data Guardian’s office [16];
Understanding Patient Data, an independent patient data
taskforce [17]; use MY Data, a movement of patients, carers,
and relatives in support of using patient data [18]; and National
Health Service (NHS) England [19]. Notes were taken during
the panel discussion. This was followed by facilitated and noted
group discussions on the topics of (1) Transparency and patient
choice in the use of free-text data: what information do patients
need and which are the best methods of dissemination? (2)
Identifiability, deidentification, and anonymization: what is the
best approach to making data available? and (3) Data access
models and security in working with free-text data: how to
balance restricting and facilitating access to data? These topics
were prioritized from issues for discussion identified by
registered delegates in advance of the workshop.

The second public engagement activity was conducted with the
consumer panel based at Swansea University on May 1, 2019.
This panel is made up of 18 members of the general public, and
it advises on developments in the use of person-based data for
research, such as via the Secure Anonymised Information
Linkage (SAIL) Databank [20]. Following a description of the
TexGov study and the preliminary findings, there was an open
discussion so that members of the panel could provide their
views on the work and the publicly acceptable way forward for
the reuse of free-text data. Notes were taken on the views of the
panel members.

Results

Data Protection Landscape
The Human Rights Act provides overarching legislation, with
Article 8 setting out rights to enjoy a private life free of intrusion
and interference, subject to restrictions in accordance with law
in a democratic society [10]. Our review of UK statutory data
protection law in the DPA [9] and the GDPR [5] showed that
free-text data are not singled out by these instruments: the
provisions apply to free-text data in the same way as any general
person-identifiable data (PID) and special category health data.
Similarly, free-text data given in confidence, such as in a
physician-patient consultation, are subject to the same CLDC
[11] principles and professional practice as for structured, coded
data. The Caldicott Principles [11] set out fundamental good
practices for the protection of information that could identify
an individual but also highlight that data sharing can be as
important as the duty to protect confidentiality. Within these
principles and in the Information Commissioner’s Office
guidance on data sharing and anonymization, there is nothing
specifically stated about free-text data (Table 1). The
requirements are for data use to be subject to an appropriate
lawful basis and for data to be processed to protect privacy
before secondary uses, unless another justification (such as
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participant consent for research) is in place. This is a challenge
for the reuse of clinical free-text data: the difficulty in being
confident (and providing evidence) that deidentification is
adequate when making claims of anonymity or minimizing the

use of personal data, so that information derived from the
unstructured format of free-text data can be safely taken forward
for reuse.

Table 1. Summary of relevant data protection landscape.

Key pointsItem

Sets out an individual’s rights to enjoy a private life free of intrusion and interferenceUK Human Rights Act

Provisions for processing general person-identifiable data and special category health dataEuropean Union General Data Protection Regula-
tion and the UK Data Protection Act

Governs the use of data given in confidence, such as in a physician-patient consultationCommon Law Duty of Confidence

Set out good practice for the protection of information that could identify an individual and the
importance of data sharing

Caldicott Principles

Provides guidance on data sharing and anonymizationInformation Commissioner’s Office

Data Governance
The search identified 45 papers from PubMed and 340 papers
from WoS, with 354 papers remaining after the removal of
duplicates. After screening abstracts and full texts, 51 studies
were defined as eligible for inclusion in the rapid review.
Medical records were accessed via 3 main databases: (1) the
Health Improvement Network (THIN) primary care database
[21,22] (N=7) [23-29], (2) South London and Maudsley NHS
Foundation Trust (SLaM) with clinical records accessed via the
Clinical Records Interactive Search (CRIS) system [30-32]
(N=16) [33-49], and (3) the Clinical Practice Research Datalink
(CPRD) [50] (N=13) [51-62]. One study used the SAIL
Databank [63]. There were 13 independent studies, which were
not associated with a data management infrastructure [64-76].

The THIN and CPRD databases contain NHS patient primary
care records, whereas the CRIS system includes clinical records
for people who have used a range of NHS mental health services
and substance misuse services in the United Kingdom. The
study that used the SAIL Databank accessed the primary care
dataset. The independent studies accessed a range of free-text
records, including from accident and emergency department,
outpatient department, intensive care, primary care, and
prescribing datasets. All records in the studies that used THIN,
CRIS, CPRD, and SAIL Databank were anonymized, and no
personal information was, therefore, available to researchers.
The independent studies were more variable depending on
specific approvals and permissions, for example, identifiable
data accessed by authorized hospital staff within an NHS
organization [64,71] or data extracted following the ethical
approval of the study [76].

All studies reporting the use of THIN noted ethical approvals,
and 3 studies also cited the overarching THIN data resource
approvals by the NHS South East Multicenter Research Ethics
Committee. All but one [48] of the studies that used the CRIS
data resource noted approval by the Oxfordshire research ethics
committee and the service user-led oversight committee study

approval, which must be granted before access to the
anonymized data is permitted. Of the 13 studies using CPRD
free-text data, 4 provided no ethical approval details [51-53,61].
All the remaining studies in this group detail some level of
ethical approval, either study approval or the resource
multicenter research ethics committee approval for all
observational research using CPRD data. The study accessing
free-text data in SAIL Databank does not cite the information
governance review panel (IGRP) approval that must have been
sought before access to SAIL data was granted [63]. Of the 13
independent studies, 7 detailed the local ethical approval process
[67-69,72,73,75,76]. One stated that ethical approval was not
necessary, as the purpose of the study was to measure service
provision retrospectively without using identifiable patient
information [74], and the remaining 7 studies did not mention
ethical approvals [64-66,70,71].

None of the 7 studies that used THIN detailed the data access
model, which could have been via a sublicense agreement
enabling access for a defined period to conduct unlimited
studies, subject to protocol approval, or release of data extracts
consisting of subsets of raw data in accordance with researchers’
study protocols and specifications. CRIS is accessed within the
NHS system by researchers at the Maudsley Biomedical
Research Centre; as such, most lead authors (or at least one
coauthor) of the 16 studies using SLaM clinical records were
based at King’s College Hospital. Some, but not all, studies
specify this access route. CPRD (formally known and referenced
in studies as the General Practice Research Database) operated
on a data release model under the strict CPRD and data control
terms. Few of the retrieved studies specified this model. The
study using free-text records in the SAIL Databank did not detail
the access route, that is, following necessary governance
approvals and safe researcher training, data can be accessed
remotely within the safe haven with no external data release
[77]. The 13 independent studies provided very little information
on how data were accessed. A summary of key information
from the rapid review is given in Table 2.
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Table 2. Key information from the literature review.

Ethical approvalUse of identifiable dataLinkage to additional
datasets

Free-text searchStudyInstitute

THIN data resource ap-
proved by NHS South

Yes: [26]; all others: noYes: [23,25,27,28]; no:
[24,26,29]

[23] cause of death; [24] ischemic
cerebrovascular events; [25] diabetic
retinopathy and diabetic maculopa-

[23-29]THINa (n=7)

East Multicenter Re-
thy diagnoses; [26] child maltreat- search Ethics Commit-

teement; [27] colorectal cancer record-
ing; [28] endometriosis diagnosis;
and [29] major malformations and
comments assigned to referrals to
specialists

CRIS approved for sec-
ondary analysis by the

NoYes: [39,42,45][33] smoking status; [34] extrapyra-
midal side effects and adverse drug

[33-49]CRISb (n=17)

Oxfordshire Researchevents; [35] antipsychotic
Ethics Committee. Apolypharmacy; [36] negative symp-
service user-led over-toms of schizophrenia; [37] mood
sight committee consid-instability; [38] cannabis use; [39]
ers all proposals beforemedication descriptions; [40] char-
access to theacteristics of people with Alzheimer
anonymized data is per-
mitted

disease; [41] delivery of cognitive
behavioral therapy for psychosis;
[42] notes and correspondence on
diagnoses of mental disorders; [43]
adverse drug events; [44] symptoms
of severe mental illness; [45] risk
factors for depression; [46] presence
of negative symptoms and antipsy-
chotic use; [47] suicide ideation and
attempts; [48] information on hepati-
tis C and HIV; and [49] registered
company addresses

Multicenter research
ethics committee ap-

NoYes: [51-53]; no: [54-62][51] heart defects; [52] congenital
malformations; [53] pregnancy out-

[51-62]CPRDc (n=13)

proval was in place forcomes; [54] ovarian cancer diag-
all observational re-noses; [55] cause of death; [56]
search using CPRD da-
ta

coronary angiogram results; [57]
keywords for rheumatoid arthritis;
[58] markers for rheumatoid arthri-
tis; [59] disease-modifying an-
tirheumatic drugs; [60] records of
visible hematuria, jaundice, or ab-
dominal pain; [61] drug usage val-
ues and administrations; and [62]
terms indicating allergic bronchopul-
monary aspergillosis cases

Ethical approval is not
required for the use of

NoNo[63] symptoms of ankylosing
spondylitis

[63]SAILd (n=1)

anonymized data within
SAIL. An independent
information governance
review panel assesses
all proposed uses of
SAIL data.
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Ethical approvalUse of identifiable dataLinkage to additional
datasets

Free-text searchStudyInstitute

Variable depending on
particular study

Yes: [64,71,73,76]; no:
[67-69,72,74,75]; and
not clearly stated:
[65,66,70]

Yes: [68,69,76]; no:
[64-67], [70-75]

[64] string “asth” for asthma; [65]
range of clinical terms; [66] reason
for admission; [67] test results for
stages 3-5 chronic kidney disease;

[68] search in reports of CTe scan
of brain for stroke; [69] search in
reports of CT scan of brain for
stroke, subarachnoid hemorrhage,
or ischemic stroke; [70] keywords
on hearing aid decisions; [71] rea-
sons for dose omissions; [72] rea-
sons for deaths due to unsafe care;
[73] breathlessness and wheeze
symptoms; [74] focal liver lesions;
[75] cardiology information; and
[76] clinician discourses compared
with patient narratives

[64-76]Independent studies
(n=13)

aTHIN: The Health Improvement Network.
bCRIS: Clinical Records Interactive Search.
cCPRD: Clinical Practice Research Datalink.
dSAIL: Secure Anonymised Information Linkage.
eCT: computed tomography.

Table 2 summarizes the key information reported in the studies
included in the rapid literature review. The first column shows
the number of studies relating to each institute. The study
numbers in subsequent columns are as per the reference list
(and are not counts of studies). The extent to which individual
studies reported approvals was variable, although (at least for
those attached to THIN, CRIS, CPRD, or SAIL) they would
have had to abide by the mechanisms in place before data access
was granted because access is under institutional control. Rather
than attempting to include all details by study, we showed the
standard approvals in the final column with fuller information
in the text.

The interviews provided further information on systems
providing access to data derived from clinical free-text sources.
The purpose was to learn about their methods and from their
experiences. We do not describe the models in full detail, as
that would be beyond the scope of this paper. The THIN
database was created in 2003 by In Practice Systems (Vision).
THIN is a primary care data repository with the capability to
extract free-text as well as structured data from GP practices,
but currently, only structured data are released to external
researchers. THIN has collaborated with University College
London (UCL) to promote academic use of the data. As part of
this, a copy of the THIN database will sit in a UCL data safe
haven, which can be accessed by UCL researchers. THIN is
seeking ethical approval to enable the use of the free-text data
for academic research within UK academic or NHS safe havens.
Free-text data will be subjected to an automated deidentification
process using a blacklisting method. The full data governance
model at UCL is in the final stages of development at the time
of writing. THIN is overseen by an advisory committee
involving patient, clinician, and researcher representatives, and
all studies are reviewed by a scientific review committee before
data access can be granted [21,22].

CRIS is a medical record inquiry program that has been
implemented in a number of mental health trusts. Our example
relates to SLaM, and so, we refer to CRIS at SLaM because
other NHS Trusts might not operate CRIS under exactly the
same principles. Data are held in a repository inside the Trust
firewall (ie, in the same domain as the original health record),
which comprises a database of structured and free-text mental
health records that are deidentified, but linkable at the individual
level, before entering the repository. Unlike some blacklisting
algorithms that rely on a lexicon to ascertain and remove names,
the CRIS deidentification algorithm has access to individual
health records and makes reference to this to blank out the name
of the patient. CRIS at SLaM has ethical and s251 approval:
the latter for occasions when PID need to be exported outside
the firewall to enable linkage. It also has approval from the
Trust Caldicott Guardian and the executive board. The person
accessing the data in the safe haven must have a SLaM contract,
a SLaM honorary contract, or a research passport (an
accreditation issued by the Health Research Authority [78]).
All projects must include at least one member of the study team
who has an honorary or substantive SLaM contract and can act
as a guarantor [30-32].

SAIL is a repository that holds multiple health and wider
administrative datasets in a deidentified form about the
population of Wales. SAIL Databank does not process PID but
uses a trusted third party to receive the PID and carry out a
matching and deidentification process, with the creation of a
consistent identifier unique for each person represented to enable
individual-level linkage across datasets. Further controls are
enacted to provide access to data for research in anonymized
form within a safe haven. The SAIL data comprise extracts of
structured, coded data, with minimal free-text data at present.
However, work is underway to incorporate free-text data so that
they can be included in studies when needed. Unlike approaches
that deidentify free-text data (blacklist) and incorporate the
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remainder, the algorithm used by SAIL extracts medical terms
and descriptors (whitelist) at the NHS source for incorporation
so that only nonidentifiable structured data leave the
organization. SAIL Databank took this approach because of the
risks of introducing insufficiently deidentified information into
the databank. Working with free-text data at source is by means
of an NHS honorary contract [8], and all proposals to use SAIL
data must have received approval from an independent IGRP
before access can be granted via the data safe haven [77].

CPRD operates on a data release model and used to collect and
release deidentified (blacklisted) free-text data under strictly
controlled protocols. However, this was discontinued in 2013
on advice from the Information Commissioner’s Office, and
the catalog of free-text data was destroyed. At present, CPRD
has no plans to develop NLP or an automated text
anonymization service. Instead, they liaise directly with GPs
on behalf of researchers to validate codes to supplement coded
data with additional information.

Engagement With Clinical Text-Mining Researchers
A summary of the information gained during the discussions
on each theme is shown below in relation to the nature of the
challenge, what could be done to address it, and how this could
be achieved.

Patient Involvement at Identifiable and Deidentified
Data Stage
This theme relates to the principles of engagement with the
public for good research practice in general.

Nature of the Challenge

Delegates felt that there was a challenge in balancing what could
be perceived as a lack of individual choice in nonconsented data
cohorts with the risk of selection bias in consented cohorts,
particularly if there is doubt about the level of knowledge among
individuals, including conceptual differences between coded
and free-text data.

What Can Be Done

Additional public engagement in free-text research was seen as
needed. This should be linked with wider information about
patient data uses to help people better understand the issues and
gain their input. This could contribute to a checklist of
recommendations for researchers using free-text data, so the
public views on the use of free-text data are taken into account.

How It Can Be Achieved

Public panels and existing groups can help clarify reasonable
expectations regarding the use of free-text data. It would be
useful to have a repository of findings from research using
free-text data showing its clinical benefits. This could also
include information in lay format on advances in methodological
research to improve processes of handling free-text data.

Opt-In/Opt-Out Consent Models for Reuse of Free-Text
Data
This theme relates to managing individual choices in the use of
free-text data for research.

Nature of the Challenge

Discussions focused on the need to convey a reasonable
understanding of the motivations, risks, and benefits of
researchers accessing free-text data and how data reuse is
governed. In particular, the challenge of providing appropriate
consent options was highlighted.

What Can Be Done

As consent might not be required, or even be possible, for
processing large-scale free-text data across populations,
delegates stressed the need for guidance and good practice on
free-text data reuse in line with governance requirements and
expectations.

How It Can Be Achieved

A wider examination of existing practice used by government
departments along with clinical and regulatory codes of practice
would provide further guidance on how to manage consent
options. Possible solutions could be piloted and evaluated for
practicality.

Working With Identifiable Data for Natural Language
Processing Algorithm Development
This theme relates to the practicalities in accessing free-text
data in identifiable form to prepare extracts for research.

Nature of the Challenge

Free-text data are needed in their original (raw) form for
effective NLP algorithm development and maintenance, yet the
data are identifiable, and some contain sensitive information.
In addition, the free-text datasets accessed need to be of
sufficient scale to avoid introducing bias when developing NLP
methods.

What Can Be Done

There is a need to clarify whether enabling data access via a
safe haven can provide a suitable solution, if patient data can
be used without consent for the purpose of training algorithms,
and the usefulness of publicly available datasets.

How It Can Be Achieved

Delegates suggested possible solutions by creating a Text Bank
to support NLP development via data donation, the use of
synthetic datasets, and sharing annotated free-text data with
other developers.

Deidentification Methods and Reliability Thresholds
This theme relates to residual reidentification risk and data
utility in the datasets used for research.

Nature of the Challenge

Delegates focused on the challenges in quantifying the residual
risk of reidentification in free-text data extracts, particularly in
the face of the high degree of data variability and the absence
of a gold standard threshold for free-text deidentification.

What Can Be Done

Discussions highlighted the need for robust security with only
trusted access and an audit trail, and that free-text data extracts
should be treated as potentially identifiable. More research on
the relationship between the accuracy of the deidentification
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algorithm, risk of reidentification, and data utility was identified
as a need.

How It Can Be Achieved

Accessing free-text data extracts only within safe havens by
small teams embedded within organizations, and with clear
lines of accountability, was seen as a positive step. A range of
risk models should be employed to avoid overscrubbing the
data with consequent loss of data utility and to determine
acceptable levels of deidentification.

Engagement With the Public: Panel Discussions at the
Turing Institute Event
The panel discussion at the Turing Institute event with
representatives from the National Data Guardian’s office,
Understanding Patient Data, use MY Data, and NHS England
raised some important points. The National Data Guardian
representative highlighted that data protection legislation is not
a barrier to data sharing, but there is a need for proper
transparency and trustworthiness to build public confidence. In
addition, there is a need for a joined-up approach in developing
consistent standards, language, and message. The representative
from understanding patient data stressed the huge potential in
being able to use clinical free-text data beyond direct care but
also highlighted the challenges in being able to enact this in an
acceptable way, respecting privacy and ensuring accuracy in
data extracted. They also spoke of the need for evidence of the
potential benefits to patients of the use of their clinical free-text
data. The representative from use MY Data emphasized the
enormous potential of, as yet, largely underutilized free-text
data for research purposes, seeing this as an atrocious waste.
This was accompanied by an expression of the need for ongoing
patient engagement and that use MY Data is an instruction, not
a request, as the group wants greater use of patient data and is
working hard to convey this message to decision makers. The
NHS England representative spoke about the CLDC and the
need for free-text data use not to impact the confidentiality of
medical consultations. All the panelists emphasized the need
to demonstrate to the public the benefits of using clinical
free-text data and the importance of working in accordance with
existing research and information governance frameworks, but
that adaptations to these frameworks may be required for
emerging data types and formats.

Engagement With the Public: Group Discussions at
the Turing Institute Event
A summary of the points emerging from the group discussions
with delegates at the Turing Institute event is provided in
relation to knowledge gaps, involvement and engagement, and
suggested solutions.

Transparency and Patient Choice in the Use of Clinical
Free-Text Data: What Information Do Patients Need
and Which Are the Best Methods of Dissemination?

Knowledge Gaps

The delegates acknowledged the efforts that go into public
involvement and engagement but highlighted the seldom heard
voices, such as hard to reach groups, marginalized groups, and
young people.

Involvement and Engagement

They felt that because of risks of misunderstanding, information
for the public should be layered, that is, it should be
contextualized by founding it on health data and research before
adding the particular features, risks, and benefits of free-text
data.

Suggested Solutions

Information should be provided in plain language and in
accessible formats, taking into account differing needs and
abilities. Delegates recommended tapping into patient networks
as authentic, credible ambassadors for discussions with the
wider public and the value in working with communication
experts. It was seen as important to explain that although there
are challenges in effectively deidentifying free-text data, it is a
format of data and not fundamentally different from other health
data.

Identifiability, Deidentification, and Anonymization:
What Is the Best Approach to Making Data Available?

Knowledge Gaps

The delegates felt unclear about how the GDPR (introduced in
2018) would apply within the context of the existing UK
regulations and uncertainties around how best to make data
available and minimize risks. There were uncertainties around
how one might seek informed consent to participate in research
in a way that participants would understand but also how wider
public would be able to grasp concepts in the abstract.

Involvement and Engagement

The delegates expressed the need for clearer information on the
relationship between having a lawful basis for data processing
under the GDPR and the fact that this does not negate the need
for consent to participate in research. With regard to
identifiability, delegates felt that the research community should
make a strong case for the use of free-text data in research,
including that it was important not to lose that richness.

Suggested Solutions

Delegates felt that engagement and educational events should
be carefully planned in terms of how they could empower people
to make informed decisions when it came to reusing of free-text
data. This would need to provide a compelling reason for
research to look at minimally deidentified free-text data to
preserve the richness, balanced against how the risks to
participants could be managed.

Data Access Models and Security in Working With
Free-Text Data: How to Balance Restricting and
Facilitating Access to Data?

Knowledge Gaps

Delegates acknowledged a general lack of awareness of different
data access models and the degrees to which data can be
controlled, shared, or made openly accessible. They stressed
the risks of not using the free-text data and the benefits that
could be added to research.
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Involvement and Engagement

Delegates felt that there should be more involvement and
engagement with the public to explain due diligence processes
and safeguards in managing free-text data. This should include
interactive methods and demonstrations, not limited to passive
information transfer.

Suggested Solutions

Delegates stressed that free-text data need to be used so that the
United Kingdom does not lag behind other countries. The
research community should be open to the public and explain
that deidentification of free-text data may be imperfect. Patient
groups should follow the example of use MY Data and lobbying
data controllers for free-text data to be made more accessible
to researchers.

Engagement With the Public: Consumer Panel
Having been presented with the findings of the previous
engagement activities (described here), the consumer panel
agreed and furthermore suggested that patient involvement
should be included at all stages practical in the development of
algorithms to avoid bias in relation to diversity; that involvement
should be ongoing because of societal attitudinal changes over
time and as new knowledge comes to light; and that a databank
of clinical free-text data for algorithm development would be
a good thing, provided that it is done transparently and properly
managed.

Discussion

Principal Findings
To our knowledge, this is the first study to explore the data
governance aspects for using clinical free-text data and to do
this through a combination of outlining the legislative and
regulatory backdrop, reviewing literature and systems using
free-text data extracts in health research, and gaining the
perspectives of free-text data researchers and members of the
public. In terms of UK data protection legislation and guidance,
there is nothing specific in relation to free-text data. In many
ways, this was to be expected, as legislation tends to be high
level needing interpretation and justification of an appropriate
lawful basis on how data are to be used. In addition, free-text
is a data format and not a different type or category (eg, health,
political views, and ethnicity) of data, and so, it is covered by
the data protection provisions for health data. In terms of official
guidance, such as from the Information Commissioner’s Office,
the need to properly manage and process all personal data for
reuse is addressed in codes of practice [12,13]. However, until
recently, the vast majority of routine health data made available
for secondary use was from coded records. As such, clinical
free-text data are among the emerging research datasets, such
as genomic and imaging data, and warrant further attention to
develop official guidance to simultaneously safeguard individual
privacy and maximize data utility for research in the public
interest.

Our literature review revealed a variety of published studies
that used data derived from free-text sources (eg, clinical notes
and referral letters), sometimes in conjunction with coded health
records and other datasets. The majority of these were conducted

through established systems (eg, THIN and CRIS) specializing
in making clinical free-text data available for approved research,
in accordance with their operating and governance models.
There were also some studies not associated with one of these
systems. In many cases, the authors properly reported on how
data were accessed and provided information on regulatory and
governance approvals in place. However, there was also
inconsistency and a lack of information in some studies,
although this might reflect reporting rather than practice [79].
It is not always easy to ensure that authors provide governance
details, but at least in studies from the established systems, this
is a matter for publication policies that are part of their good
governance practice. However, it should also be addressed by
journal editors to ensure that there is a section providing
transparency on methodology and data governance where
free-text data (or person-based data) have been used.

There are a variety of automated methods to deidentify or extract
data from free-text clinical documents for reuse in research or
other purposes beyond direct clinical care. Our review showed
that blacklisting methods are used by THIN and CRIS (and
previously used by CPRD) and whitelisting methods are used
by SAIL. THIN and SAIL operate in the higher education sector,
whereas CRIS operates behind an NHS Trust firewall. All 3
institutes operate a data safe haven model, rather than external
data release, and all have data governance models in place. From
engagement with clinical text-mining researchers, it is clear that
although the state-of-the-art systems achieve performance
comparable with manual deidentification, there are still
uncertainties about the efficacy of blacklisting methods and
acceptable thresholds of reliability. Further work is needed to
address this issue. However, whitelisting is not a panacea, as it
also relies on algorithms that must be tested on identifiable data
and can risk over- or underextracting data.

We have noted that using only small samples of identifiable
free-text data sources can lead to bias. The creation of a free-text
databank donated on a voluntary basis for developmental work
would help to advance this field of work. At the same time,
there is a need to minimize the need for human access to clinical
free-text data through continual improvement in technological
NLP methods for deidentification of clinical narratives. Further
developments are also needed in other areas of text processing
so that free-text data can be more efficiently converted to a
structured format before reuse. Although this is advantageous
in terms of risk minimization, it risks the loss of information
richness that could be needed for qualitative research, exploring
areas such as language, culture, and patient stories in the full
free-text data, and reduces the future possible uses of the text
data, with new extractions needed for subsequent research
studies.

The clear need for patient involvement and engagement in the
development of reusing free-text data was highlighted in the
events with researchers and the public. This included a call for
public-facing activities to be ongoing, inclusive, and transparent.
Public delegates at the Turing Institute event and the consumer
panel were generally positive about using free-text data for
research, and this is in line with previous work with the Brighton
Citizen’s Jury (in 2018). This jury suggested that people’s
concerns could be mitigated with comprehensive patient-facing
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information about how, when, and under what conditions
patients’ free-text data might be used for research. Furthermore,
patients should be involved as key stakeholders throughout all
stages of the research process. The public also expects that
researchers are committed to a culture of continuous
improvement of methods for coding, anonymizing, processing,
and safeguarding clinical free-text data [15].

Participant consent was a theme discussed at the clinical
text-mining researcher workshop and again at the Turing
Institute event, as it was at the Brighton Citizens’ Jury. There
was a recognition that it would not generally be practicable to
seek opt-in consent to incorporate deidentified free-text extracts
into data safe havens for reuse in research. The possibilities of
opt-out consent were also explored and were considered
favorable if they could be enacted in accordance with existing
patient data guidelines. In England, there is a national opt-out
where patients can choose not to have their data used for
purposes beyond their direct care. However, in practice, this
only applies to situations where the reuse of the data relies on
s251 approval to set aside the CLDC [80]. As such, it is not a
comprehensive opt-out mechanism and is not equipped to allow
someone to specify a particular data format. Working in Wales,
SAIL Databank operates its own opt-out mechanism by allowing
individuals to inform their GP that they do not wish their data
to be provided to the databank; again, this is an all-or-nothing
option. More granular optouts would present difficult challenges
in defining data content for inclusion and exclusion.
Nevertheless, the mechanisms in place do provide individuals
with choices they can exercise in relation to their patient records.

The panel discussion at the Turing Institute event stressed the
importance of operating within existing frameworks for all data,
not singling out clinical free-text data as fundamentally different.
Although challenges remain for meaningful opt-out consent,
mitigation can be provided via clear privacy notices, lawful
bases for data processing, and transparent information on
safeguards and their limitations. However, although the group
discussions highlighted the great importance of being able to
make good use of clinical free-text data, we are still left with
the situation that the deidentification (blacklisting) of free-text
data is imperfect, and extracting only certain elements
(whitelisting) produces only a study-specific data extract.
Although established data systems making free-text extracts
available in one form or another have data governance controls
in place, there are cases where further measures are needed at
the project level. Two examples are studies that are not
associated with established systems such that the data might be
subject to external release (ie, to be held outside a data
management infrastructure) and studies that need to use free-text
data for qualitative analysis, where having the data translated
into coded form would not be adequate.

Recommendations
In addition to good practice in handling person-based data in
general, we propose the following set of recommendations and
suggestions for further work to operate in accordance with, and
augment, existing research and information governance
frameworks:

• There is a need for clear regulatory guidance on data
governance for the reuse of clinical free-text data, taking
into account factors including whether the data are
deidentified through blacklisting or extracted via
whitelisting; the native data are housed at their original
source or safe havens or exported to external users, and the
extracts are in a coded or raw free-text form.

• Patients and the public should be better informed about
free-text data flows and uses, including the availability of
opt-out arrangements for the reuse of patient data for
research in accordance with jurisdictional policies. This
requires commitment from researchers and the public.

• The use of free-text data and results of studies should be
publicized to all stakeholders, but particularly patients, so
that the public can see that free-text data can bring
additional benefits. This could take the form of regularly
updated case studies in a central location, including
information about the data used and the findings of the
study.

• Further improvements are needed in deidentification and
extraction algorithms with a better understanding of the
relationships between the accuracy of deidentification and
thresholds of reidentification risk. This could be facilitated
by a national challenge with public demonstrations on how
free-text data are deidentified.

• Owing to the current uncertainties, blacklisted clinical
free-text data should be treated as potentially identifiable
and access for research restricted to accredited data safe
havens, unless a thorough review is conducted before
release.

• Organizations providing access to clinical free-text extracts
should stipulate in their publication policies a data
governance statement to be placed in publications, and
journals should require a suitable statement for all studies
using data derived from free text.

• The specifics around the creation of a databank of donated
clinical free-text data to support the construction of
deidentification and extraction of algorithms should be
explored; this would necessarily include further public
engagement and government and NHS commitment.

Limitations
We acknowledge that the TexGov study was subject to
limitations. It was a small study of a few months in duration
and, as such, could not be comprehensive in scope. It was
limited to the United Kingdom, and the governance of data use
may differ in other jurisdictions. However, we believe that the
principles will be largely applicable beyond the United
Kingdom. We were unable to engage specifically with data
providers or clinicians who created the data to gauge their
viewpoints. This could be a focus of future work.

Conclusions
It is well known that clinical free-text data represent a rich
resource for reuse in research, but that there are particular
challenges in working with unstructured data to safeguard
privacy and maximize data utility. We have shown that lessons
can be learned from established systems providing access to
data derived from clinical free text and that the views of
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text-mining researchers and members of the public provide
valuable insights. We present the new knowledge gained in this
unique study in the form of a position paper to work toward the
development of data governance standards for the reuse of
free-text data. While recognizing that free-text data are not

fundamentally different from other patient data and the need to
work within existing data governance frameworks, we propose
that there is a need to develop the TexGov recommendations,
with commitment and investment, to expand and assure the safe
use of free-text data for public benefit.

Acknowledgments
TexGov was funded by the Engineering and Physical Sciences Research Council via Healtex, the UK health care text analytics
research network (grant number EP/N027280/1).

Conflicts of Interest
None declared.

References

1. Data Linkage Western Australia. 2019. Enabling Health & Medical Research in Western Australia URL: https://www.
datalinkage-wa.org.au/ [accessed 2019-10-18]

2. SAIL Databank - The Secure Anonymised Information Linkage. 2019. Secure Anonymised Information Linkage Databank
URL: https://saildatabank.com/saildata/sail-datasets/ [accessed 2019-10-18]

3. Institute for Clinical Evaluative Sciences. 2019. About ICES URL: https://www.ices.on.ca/About-ICES [accessed 2019-10-18]
4. University of Manitoba. 2019. About the Manitoba Centre for Health Policy (MCHP) URL: http://umanitoba.ca/faculties/

health_sciences/medicine/units/chs/departmental_units/mchp/about.html [accessed 2019-10-18]
5. General Data Protection Regulation (GDPR). 2019. URL: https://gdpr-info.eu/ [accessed 2019-10-18]
6. Kushida C, Nichols D, Jadrnicek R, Miller R, Walsh J, Griffin K. Strategies for de-identification and anonymization of

electronic health record data for use in multicenter research studies. Med Care 2012 Jul;50(Suppl):S82-101 [FREE Full
text] [doi: 10.1097/MLR.0b013e3182585355] [Medline: 22692265]

7. Meystre S, Friedlin F, South B, Shen S, Samore M. Automatic de-identification of textual documents in the electronic
health record: a review of recent research. BMC Med Res Methodol 2010 Aug 2;10:70 [FREE Full text] [doi:
10.1186/1471-2288-10-70] [Medline: 20678228]

8. Fonferko-Shadrach B, Lacey AS, Roberts A, Akbari A, Thompson S, Ford DV, et al. Using natural language processing
to extract structured epilepsy data from unstructured clinic letters: development and validation of the ExECT (extraction
of epilepsy clinical text) system. BMJ Open 2019;9(4):e023232 [FREE Full text] [doi: 10.1136/bmjopen-2018-023232]
[Medline: 30940752]

9. UK Legislation. 2018. Data Protection Act 2018 URL: http://www.legislation.gov.uk/ukpga/2018/12/notes/division/6/index.
htm [accessed 2019-10-18]

10. UK Legislation. 1998. Human Rights Act 1998 URL: http://www.legislation.gov.uk/ukpga/1998/42/contents [accessed
2019-10-18]

11. UK Statistics. 2017. A Manual for Caldicott Guardians: Produced by the UK Caldicott Guardian Council URL: http://static.
ukcgc.uk/docs/AManualForCaldicottGuardians.pdf [accessed 2019-10-18]

12. Information Commissioner's Office. 2012. Anonymisation: Managing Data Protection Risk Code of Practice URL: https:/
/ico.org.uk/media/for-organisations/documents/1061/anonymisation-code.pdf [accessed 2019-10-18]

13. Information Commissioner's Office. 2011. Data Sharing Code of Practice URL: https://ico.org.uk/media/for-organisations/
documents/1068/data_sharing_code_of_practice.pdf [accessed 2019-10-18]

14. Grant MJ, Booth A. A typology of reviews: an analysis of 14 review types and associated methodologies. Health Info Libr
J 2009 Jun;26(2):91-108 [FREE Full text] [doi: 10.1111/j.1471-1842.2009.00848.x] [Medline: 19490148]

15. Ford E, Oswald M, Hassan L, Bozentko K, Nenadic G, Cassell J. Should free-text data in electronic medical records be
shared for research? A citizens’ jury study in the UK. J Med Ethics 2020 May 26;46(6):367-377 [FREE Full text] [doi:
10.1136/medethics-2019-105472]

16. Government of UK. 2019. National Data Guardian URL: https://www.gov.uk/government/organisations/national-data-guardian
[accessed 2019-10-18]

17. Understanding Patient Data. 2019. URL: https://understandingpatientdata.org.uk/ [accessed 2019-10-18]
18. Use My Data. 2019. URL: http://www.usemydata.org/?LMCL=kGltKL [accessed 2019-10-18]
19. NHS England. 2019. URL: https://www.england.nhs.uk/ [accessed 2019-10-18]
20. Jones K, McNerney CL, Ford DV. Involving consumers in the work of a data linkage research unit. Int J Consum Stud

2013 Oct 7;38(1):45-51 [FREE Full text] [doi: 10.1111/ijcs.12062] [Medline: 24843434]
21. Bourke A, Dattani HM, Robinson M. Feasibility study and methodology to create a quality-evaluated database of primary

care data. Inform Prim Care 2004;12(3):171-177 [FREE Full text] [doi: 10.14236/jhi.v12i3.124] [Medline: 15606990]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e16760 | p. 12http://www.jmir.org/2020/6/e16760/
(page number not for citation purposes)

Jones et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.datalinkage-wa.org.au/
https://www.datalinkage-wa.org.au/
https://saildatabank.com/saildata/sail-datasets/
https://www.ices.on.ca/About-ICES
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/about.html
http://umanitoba.ca/faculties/health_sciences/medicine/units/chs/departmental_units/mchp/about.html
https://gdpr-info.eu/
http://europepmc.org/abstract/MED/22692265
http://europepmc.org/abstract/MED/22692265
http://dx.doi.org/10.1097/MLR.0b013e3182585355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22692265&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-10-70
http://dx.doi.org/10.1186/1471-2288-10-70
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20678228&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=30940752
http://dx.doi.org/10.1136/bmjopen-2018-023232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30940752&dopt=Abstract
http://www.legislation.gov.uk/ukpga/2018/12/notes/division/6/index.htm
http://www.legislation.gov.uk/ukpga/2018/12/notes/division/6/index.htm
http://www.legislation.gov.uk/ukpga/1998/42/contents
http://static.ukcgc.uk/docs/AManualForCaldicottGuardians.pdf
http://static.ukcgc.uk/docs/AManualForCaldicottGuardians.pdf
https://ico.org.uk/media/for-organisations/documents/1061/anonymisation-code.pdf
https://ico.org.uk/media/for-organisations/documents/1061/anonymisation-code.pdf
https://ico.org.uk/media/for-organisations/documents/1068/data_sharing_code_of_practice.pdf
https://ico.org.uk/media/for-organisations/documents/1068/data_sharing_code_of_practice.pdf
https://doi.org/10.1111/j.1471-1842.2009.00848.x
http://dx.doi.org/10.1111/j.1471-1842.2009.00848.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19490148&dopt=Abstract
http://healtex.org/jury/
http://dx.doi.org/10.1136/medethics-2019-105472
https://www.gov.uk/government/organisations/national-data-guardian
https://understandingpatientdata.org.uk/
http://www.usemydata.org/?LMCL=kGltKL
https://www.england.nhs.uk/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ijcs.12062
http://dx.doi.org/10.1111/ijcs.12062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24843434&dopt=Abstract
http://hijournal.bcs.org/index.php/jhi/article/view/124
http://dx.doi.org/10.14236/jhi.v12i3.124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15606990&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Blak B, Thompson M, Dattani H, Bourke A. Generalisability of the health improvement network (THIN) database:
demographics, chronic disease prevalence and mortality rates. Inform Prim Care 2011;19(4):251-255 [FREE Full text]
[doi: 10.14236/jhi.v19i4.820] [Medline: 22828580]

23. Hall GC. Validation of death and suicide recording on the THIN UK primary care database. Pharmacoepidemiol Drug Saf
2009 Mar;18(2):120-131. [doi: 10.1002/pds.1686] [Medline: 19109801]

24. Ruigómez A, Martín-Merino E, Rodríguez LA. Validation of ischemic cerebrovascular diagnoses in the health improvement
network (THIN). Pharmacoepidemiol Drug Saf 2010 Jun;19(6):579-585. [doi: 10.1002/pds.1919] [Medline: 20131328]

25. Martín-Merino E, Fortuny J, Rivero E, García-Rodríguez LA. Validation of diabetic retinopathy and maculopathy diagnoses
recorded in a UK primary care database. Diabetes Care 2012 Apr;35(4):762-767 [FREE Full text] [doi: 10.2337/dc11-2069]
[Medline: 22357184]

26. Woodman J, Allister J, Rafi I, de Lusignan S, Belsey J, Petersen I, RCGP Multisite Safeguarding Audit. A simple approach
to improve recording of concerns about child maltreatment in primary care records: developing a quality improvement
intervention. Br J Gen Pract 2012 Jul;62(600):e478-e486 [FREE Full text] [doi: 10.3399/bjgp12X652346] [Medline:
22781996]

27. Soriano LC, Soriano-Gabarró M, Rodríguez LA. Validity and completeness of colorectal cancer diagnoses in a primary
care database in the United Kingdom. Pharmacoepidemiol Drug Saf 2016 Apr;25(4):385-391 [FREE Full text] [doi:
10.1002/pds.3877] [Medline: 26436320]

28. Soriano LC, López-Garcia E, Schulze-Rath R, Rodríguez LA. Incidence, treatment and recurrence of endometriosis in a
UK-based population analysis using data from the health improvement network and the hospital episode statistics database.
Eur J Contracept Reprod Health Care 2017 Oct;22(5):334-343. [doi: 10.1080/13625187.2017.1374362] [Medline: 28954555]

29. Cea-Soriano L, García-Rodríguez LA, Brodovicz KG, Gonzalez EM, Bartels DB, Hernández-Díaz S. Safety of non-insulin
glucose-lowering drugs in pregnant women with pre-gestational diabetes: a cohort study. Diabetes Obes Metab 2018
Jul;20(7):1642-1651. [doi: 10.1111/dom.13275] [Medline: 29498473]

30. Stewart R, Soremekun M, Perera G, Broadbent M, Callard F, Denis M, et al. The south London and Maudsley NHS
foundation trust biomedical research centre (SLAM BRC) case register: development and descriptive data. BMC Psychiatry
2009 Aug 12;9(1):51 [FREE Full text] [doi: 10.1186/1471-244X-9-51] [Medline: 19674459]

31. Perera G, Broadbent M, Callard F, Chang C, Downs J, Dutta R, et al. Cohort profile of the South London and Maudsley
NHS foundation trust biomedical research centre (SLaM BRC) case register: current status and recent enhancement of an
electronic mental health record-derived data resource. BMJ Open 2016 Mar 1;6(3):e008721 [FREE Full text] [doi:
10.1136/bmjopen-2015-008721] [Medline: 26932138]

32. Fernandes AC, Cloete D, Broadbent MT, Hayes RD, Chang C, Jackson RG, et al. Development and evaluation of a
de-identification procedure for a case register sourced from mental health electronic records. BMC Med Inform Decis Mak
2013 Jul 11;13(1):71 [FREE Full text] [doi: 10.1186/1472-6947-13-71] [Medline: 23842533]

33. Wu C, Chang C, Robson D, Jackson R, Chen S, Hayes RD, et al. Evaluation of smoking status identification using electronic
health records and open-text information in a large mental health case register. PLoS One 2013;8(9):e74262 [FREE Full
text] [doi: 10.1371/journal.pone.0074262] [Medline: 24069288]

34. Iqbal E, Mallah R, Jackson RG, Ball M, Ibrahim ZM, Broadbent M, et al. Identification of adverse drug events from free
text electronic patient records and information in a large mental health case register. PLoS One 2015;10(8):e0134208 [FREE
Full text] [doi: 10.1371/journal.pone.0134208] [Medline: 26273830]

35. Kadra G, Stewart R, Shetty H, Jackson RG, Greenwood MA, Roberts A, et al. Extracting antipsychotic polypharmacy data
from electronic health records: developing and evaluating a novel process. BMC Psychiatry 2015 Jul 22;15:166 [FREE
Full text] [doi: 10.1186/s12888-015-0557-z] [Medline: 26198696]

36. Patel R, Jayatilleke N, Broadbent M, Chang CK, Foskett N, Gorrell G, et al. Negative symptoms in schizophrenia: a study
in a large clinical sample of patients using a novel automated method. BMJ Open 2015 Sep 7;5(9):e007619 [FREE Full
text] [doi: 10.1136/bmjopen-2015-007619] [Medline: 26346872]

37. Patel R, Lloyd T, Jackson R, Ball M, Shetty H, Broadbent M, et al. Mood instability is a common feature of mental health
disorders and is associated with poor clinical outcomes. BMJ Open 2015 May 21;5(5):e007504 [FREE Full text] [doi:
10.1136/bmjopen-2014-007504] [Medline: 25998036]

38. Patel R, Wilson R, Jackson R, Ball M, Shetty H, Broadbent M, et al. Association of cannabis use with hospital admission
and antipsychotic treatment failure in first episode psychosis: an observational study. BMJ Open 2016 Mar 3;6(3):e009888
[FREE Full text] [doi: 10.1136/bmjopen-2015-009888] [Medline: 26940105]

39. Taylor CL, Stewart R, Ogden J, Broadbent M, Pasupathy D, Howard LM. The characteristics and health needs of pregnant
women with schizophrenia compared with bipolar disorder and affective psychoses. BMC Psychiatry 2015 Apr 17;15(1):88
[FREE Full text] [doi: 10.1186/s12888-015-0451-8] [Medline: 25886140]

40. Knapp M, Chua K, Broadbent M, Chang CK, Fernandez JL, Milea D, et al. Predictors of care home and hospital admissions
and their costs for older people with Alzheimer's disease: findings from a large London case register. BMJ Open 2016 Nov
18;6(11):e013591 [FREE Full text] [doi: 10.1136/bmjopen-2016-013591] [Medline: 27864252]

41. Colling C, Evans L, Broadbent M, Chandran D, Craig TJ, Kolliakou A, et al. Identification of the delivery of cognitive
behavioural therapy for psychosis (CBTp) using a cross-sectional sample from electronic health records and open-text

J Med Internet Res 2020 | vol. 22 | iss. 6 | e16760 | p. 13http://www.jmir.org/2020/6/e16760/
(page number not for citation purposes)

Jones et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://hijournal.bcs.org/index.php/jhi/article/view/820
http://dx.doi.org/10.14236/jhi.v19i4.820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22828580&dopt=Abstract
http://dx.doi.org/10.1002/pds.1686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19109801&dopt=Abstract
http://dx.doi.org/10.1002/pds.1919
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20131328&dopt=Abstract
http://europepmc.org/abstract/MED/22357184
http://dx.doi.org/10.2337/dc11-2069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22357184&dopt=Abstract
https://bjgp.org/cgi/pmidlookup?view=long&pmid=22781996
http://dx.doi.org/10.3399/bjgp12X652346
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22781996&dopt=Abstract
http://europepmc.org/abstract/MED/26436320
http://dx.doi.org/10.1002/pds.3877
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26436320&dopt=Abstract
http://dx.doi.org/10.1080/13625187.2017.1374362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28954555&dopt=Abstract
http://dx.doi.org/10.1111/dom.13275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29498473&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/1471-244X-9-51
http://dx.doi.org/10.1186/1471-244X-9-51
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19674459&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=26932138
http://dx.doi.org/10.1136/bmjopen-2015-008721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26932138&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-13-71
http://dx.doi.org/10.1186/1472-6947-13-71
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23842533&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0074262
http://dx.plos.org/10.1371/journal.pone.0074262
http://dx.doi.org/10.1371/journal.pone.0074262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24069288&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0134208
http://dx.plos.org/10.1371/journal.pone.0134208
http://dx.doi.org/10.1371/journal.pone.0134208
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26273830&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-015-0557-z
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-015-0557-z
http://dx.doi.org/10.1186/s12888-015-0557-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26198696&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=26346872
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=26346872
http://dx.doi.org/10.1136/bmjopen-2015-007619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26346872&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=25998036
http://dx.doi.org/10.1136/bmjopen-2014-007504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25998036&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=26940105
http://dx.doi.org/10.1136/bmjopen-2015-009888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26940105&dopt=Abstract
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-015-0451-8
http://dx.doi.org/10.1186/s12888-015-0451-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25886140&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27864252
http://dx.doi.org/10.1136/bmjopen-2016-013591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27864252&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


information in a large UK-based mental health case register. BMJ Open 2017 Jul 17;7(7):e015297 [FREE Full text] [doi:
10.1136/bmjopen-2016-015297] [Medline: 28716789]

42. Das-Munshi J, Chang C, Dutta R, Morgan C, Nazroo J, Stewart R, et al. Ethnicity and excess mortality in severe mental
illness: a cohort study. Lancet Psychiatry 2017 May;4(5):389-399 [FREE Full text] [doi: 10.1016/S2215-0366(17)30097-4]
[Medline: 28330589]

43. Iqbal E, Mallah R, Rhodes D, Wu H, Romero A, Chang N, et al. ADEPt, a semantically-enriched pipeline for extracting
adverse drug events from free-text electronic health records. PLoS One 2017;12(11):e0187121 [FREE Full text] [doi:
10.1371/journal.pone.0187121] [Medline: 29121053]

44. Jackson R, Patel R, Jayatilleke N, Kolliakou A, Ball M, Gorrell G, et al. Natural language processing to extract symptoms
of severe mental illness from clinical text: the clinical record interactive search comprehensive data extraction (CRIS-CODE)
project. BMJ Open 2017 Jan 17;7(1):e012012 [FREE Full text] [doi: 10.1136/bmjopen-2016-012012] [Medline: 28096249]

45. Das-Munshi J, Chang C, Schofield P, Stewart R, Prince MJ. Depression and cause-specific mortality in an ethnically diverse
cohort from the UK: 8-year prospective study. Psychol Med 2019 Jul;49(10):1639-1651 [FREE Full text] [doi:
10.1017/S0033291718002210] [Medline: 30180917]

46. Downs J, Dean H, Lechler S, Sears N, Patel R, Shetty H, et al. Negative symptoms in early-onset psychosis and their
association with antipsychotic treatment failure. Schizophr Bull 2019 Jan 1;45(1):69-79 [FREE Full text] [doi:
10.1093/schbul/sbx197] [Medline: 29370404]

47. Fernandes AC, Dutta R, Velupillai S, Sanyal J, Stewart R, Chandran D. Identifying suicide ideation and suicidal attempts
in a psychiatric clinical research database using natural language processing. Sci Rep 2018 May 9;8(1):7426 [FREE Full
text] [doi: 10.1038/s41598-018-25773-2] [Medline: 29743531]

48. Wu H, Toti G, Morley KI, Ibrahim ZM, Folarin A, Jackson R, et al. SemEHR: a general-purpose semantic search system
to surface semantic data from clinical notes for tailored care, trial recruitment, and clinical research. J Am Med Inform
Assoc 2018 May 1;25(5):530-537 [FREE Full text] [doi: 10.1093/jamia/ocx160] [Medline: 29361077]

49. Jackson R, Kartoglu I, Stringer C, Gorrell G, Roberts A, Song X, et al. CogStack - experiences of deploying integrated
information retrieval and extraction services in a large national health service foundation trust hospital. BMC Med Inform
Decis Mak 2018 Jun 25;18(1):47 [FREE Full text] [doi: 10.1186/s12911-018-0623-9] [Medline: 29941004]

50. Clinical Practice Research Datalink. 2019. Medicines and Healthcare Products Regulatory Agency URL: https://www.
cprd.com/ [accessed 2019-10-18]

51. Wurst K, Ephross S, Loehr J, Clark DW, Guess HA. The utility of the general practice research database to examine selected
congenital heart defects: a validation study. Pharmacoepidemiol Drug Saf 2007 Aug;16(8):867-877. [doi: 10.1002/pds.1431]
[Medline: 17563909]

52. Charlton R, Weil J, Cunnington MC, de Vries CS. Identifying major congenital malformations in the UK general practice
research database (GPRD): a study reporting on the sensitivity and added value of photocopied medical records and free
text in the GPRD. Drug Saf 2010 Sep 1;33(9):741-750. [doi: 10.2165/11536820-000000000-00000] [Medline: 20701407]

53. Devine S, West S, Andrews E, Tennis P, Hammad TA, Eaton S, et al. The identification of pregnancies within the general
practice research database. Pharmacoepidemiol Drug Saf 2010 Jan;19(1):45-50. [doi: 10.1002/pds.1862] [Medline: 19823973]

54. Tate A, Martin A, Ali A, Cassell JA. Using free text information to explore how and when GPs code a diagnosis of ovarian
cancer: an observational study using primary care records of patients with ovarian cancer. BMJ Open 2011 Mar
23;1(1):e000025 [FREE Full text] [doi: 10.1136/bmjopen-2010-000025] [Medline: 22021731]

55. Shah A, Martinez C, Hemingway H. The freetext matching algorithm: a computer program to extract diagnoses and causes
of death from unstructured text in electronic health records. BMC Med Inform Decis Mak 2012 Aug 7;12:88 [FREE Full
text] [doi: 10.1186/1472-6947-12-88] [Medline: 22870911]

56. Wang Z, Shah AD, Tate AR, Denaxas S, Shawe-Taylor J, Hemingway H. Extracting diagnoses and investigation results
from unstructured text in electronic health records by semi-supervised machine learning. PLoS One 2012;7(1):e30412
[FREE Full text] [doi: 10.1371/journal.pone.0030412] [Medline: 22276193]

57. Ford E, Nicholson A, Koeling R, Tate A, Carroll J, Axelrod L, et al. Optimising the use of electronic health records to
estimate the incidence of rheumatoid arthritis in primary care: what information is hidden in free text? BMC Med Res
Methodol 2013 Aug 21;13:105 [FREE Full text] [doi: 10.1186/1471-2288-13-105] [Medline: 23964710]

58. Nicholson A, Ford E, Davies KA, Smith HE, Rait G, Tate AR, et al. Optimising use of electronic health records to describe
the presentation of rheumatoid arthritis in primary care: a strategy for developing code lists. PLoS One 2013;8(2):e54878
[FREE Full text] [doi: 10.1371/journal.pone.0054878] [Medline: 23451024]

59. Ford E, Carroll J, Smith H, Davies K, Koeling R, Petersen I, et al. What evidence is there for a delay in diagnostic coding
of RA in UK general practice records? An observational study of free text. BMJ Open 2016 Jun 28;6(6):e010393 [FREE
Full text] [doi: 10.1136/bmjopen-2015-010393] [Medline: 27354069]

60. Price SJ, Stapley SA, Shephard E, Barraclough K, Hamilton WT. Is omission of free text records a possible source of data
loss and bias in clinical practice research datalink studies? A case-control study. BMJ Open 2016 May 13;6(5):e011664
[FREE Full text] [doi: 10.1136/bmjopen-2016-011664] [Medline: 27178981]

J Med Internet Res 2020 | vol. 22 | iss. 6 | e16760 | p. 14http://www.jmir.org/2020/6/e16760/
(page number not for citation purposes)

Jones et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=28716789
http://dx.doi.org/10.1136/bmjopen-2016-015297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28716789&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2215-0366(17)30097-4
http://dx.doi.org/10.1016/S2215-0366(17)30097-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28330589&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0187121
http://dx.doi.org/10.1371/journal.pone.0187121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29121053&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=28096249
http://dx.doi.org/10.1136/bmjopen-2016-012012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28096249&dopt=Abstract
http://europepmc.org/abstract/MED/30180917
http://dx.doi.org/10.1017/S0033291718002210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30180917&dopt=Abstract
http://europepmc.org/abstract/MED/29370404
http://dx.doi.org/10.1093/schbul/sbx197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29370404&dopt=Abstract
http://dx.doi.org/10.1038/s41598-018-25773-2
http://dx.doi.org/10.1038/s41598-018-25773-2
http://dx.doi.org/10.1038/s41598-018-25773-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29743531&dopt=Abstract
http://europepmc.org/abstract/MED/29361077
http://dx.doi.org/10.1093/jamia/ocx160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29361077&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0623-9
http://dx.doi.org/10.1186/s12911-018-0623-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29941004&dopt=Abstract
https://www.cprd.com/
https://www.cprd.com/
http://dx.doi.org/10.1002/pds.1431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17563909&dopt=Abstract
http://dx.doi.org/10.2165/11536820-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20701407&dopt=Abstract
http://dx.doi.org/10.1002/pds.1862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19823973&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=22021731
http://dx.doi.org/10.1136/bmjopen-2010-000025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22021731&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-12-88
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-12-88
http://dx.doi.org/10.1186/1472-6947-12-88
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22870911&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0030412
http://dx.doi.org/10.1371/journal.pone.0030412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22276193&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-13-105
http://dx.doi.org/10.1186/1471-2288-13-105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23964710&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0054878
http://dx.doi.org/10.1371/journal.pone.0054878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23451024&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27354069
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27354069
http://dx.doi.org/10.1136/bmjopen-2015-010393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27354069&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27178981
http://dx.doi.org/10.1136/bmjopen-2016-011664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27178981&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


61. Karystianis G, Sheppard T, Dixon WG, Nenadic G. Modelling and extraction of variability in free-text medication
prescriptions from an anonymised primary care electronic medical record research database. BMC Med Inform Decis Mak
2016 Mar 9;16(1):18 [FREE Full text] [doi: 10.1186/s12911-016-0255-x] [Medline: 26860263]

62. Maguire A, Johnson M, Denning DW, Ferreira GL, Cassidy A. Identifying rare diseases using electronic medical records:
the example of allergic bronchopulmonary aspergillosis. Pharmacoepidemiol Drug Saf 2017 Jul;26(7):785-791 [FREE Full
text] [doi: 10.1002/pds.4204] [Medline: 28370596]

63. Zhou S, Rahman M, Atkinson M, Brophy S. Mining Textual Data From Primary Healthcare Records: Automatic Identification
of Patient Phenotype Cohorts. In: Proceedings of the International Joint Conference on Neural Networks. 2014 Presented
at: IJCNN'14; July 6-11, 2014; Beijing, China p. 3621-3627. [doi: 10.1109/ijcnn.2014.6889494]

64. Premaratne U, Marks G, Austin E, Burney P. A reliable method to retrieve accident & emergency data stored on a free-text
basis. Respir Med 1997 Mar;91(2):61-66 [FREE Full text] [doi: 10.1016/s0954-6111(97)90069-x] [Medline: 9122513]

65. Brown PJ, Sönksen P. Evaluation of the quality of information retrieval of clinical findings from a computerized patient
database using a semantic terminological model. J Am Med Inform Assoc 2000;7(4):392-403 [FREE Full text] [doi:
10.1136/jamia.2000.0070392] [Medline: 10887167]

66. Young J, Goldfrad C, Rowan K. Development and testing of a hierarchical method to code the reason for admission to
intensive care units: the ICNARC coding method. Intensive care national audit & research centre. Br J Anaesth 2001
Oct;87(4):543-548 [FREE Full text] [doi: 10.1093/bja/87.4.543] [Medline: 11878722]

67. Anandarajah S, Tai T, de Lusignan S, Stevens P, O'Donoghue D, Walker M, et al. The validity of searching routinely
collected general practice computer data to identify patients with chronic kidney disease (CKD): a manual review of 500
medical records. Nephrol Dial Transplant 2005 Oct;20(10):2089-2096. [doi: 10.1093/ndt/gfi006] [Medline: 16030033]

68. Flynn RW, Macdonald TM, Schembri N, Murray GD, Doney AS. Automated data capture from free-text radiology reports
to enhance accuracy of hospital inpatient stroke codes. Pharmacoepidemiol Drug Saf 2010 Aug;19(8):843-847. [doi:
10.1002/pds.1981] [Medline: 20602346]

69. Flynn RW, MacDonald TM, Murray GD, Ferguson C, Shah K, Doney AS. The tayside stroke cohort: exploiting advanced
regional medical informatics to create a region-wide database for studying the pharmacoepidemiology of stroke.
Pharmacoepidemiol Drug Saf 2010 Jul;19(7):737-744. [doi: 10.1002/pds.1958] [Medline: 20583205]

70. Anwar MN, Oakes MP. Data mining of audiology patient records: factors influencing the choice of hearing aid type. BMC
Med Inform Decis Mak 2012 Apr 30;12(Suppl 1):S6 [FREE Full text] [doi: 10.1186/1472-6947-12-S1-S6] [Medline:
22595091]

71. Coleman J, McDowell SE, Ferner RE. Dose omissions in hospitalized patients in a UK hospital: an analysis of the relative
contribution of adverse drug reactions. Drug Saf 2012 Aug 1;35(8):677-683. [doi: 10.1007/bf03261964] [Medline: 22734657]

72. Donaldson L, Panesar SS, Darzi A. Patient-safety-related hospital deaths in England: thematic analysis of incidents reported
to a national database, 2010-2012. PLoS Med 2014 Jun;11(6):e1001667 [FREE Full text] [doi:
10.1371/journal.pmed.1001667] [Medline: 24959751]

73. Hayward RA, Chen Y, Croft P, Jordan KP. Presentation of respiratory symptoms prior to diagnosis in general practice: a
case-control study examining free text and morbidity codes. BMJ Open 2015 Jun 12;5(6):e007355 [FREE Full text] [doi:
10.1136/bmjopen-2014-007355] [Medline: 26070795]

74. Willits I, Burn J, Cole H, Hoare T, Sims A. What proportions of focal liver lesions detected by unenhanced ultrasound are
inconclusive? Ultrasound 2015 May;23(2):78-84 [FREE Full text] [doi: 10.1177/1742271X14562995] [Medline: 25949268]

75. López-García P, Kreuzthaler M, Schulz S, Scherr D, Daumke P, Markó K, et al. SEMCARE: multilingual semantic search
in semi-structured clinical data. Stud Health Technol Inform 2016;223:93-99. [Medline: 27139390]

76. Sheaff R, Halliday J, Byng R, Øvretveit J, Exworthy M, Peckham S, et al. Bridging the discursive gap between lay and
medical discourse in care coordination. Sociol Health Illn 2017 Sep;39(7):1019-1034. [doi: 10.1111/1467-9566.12553]
[Medline: 28349619]

77. Jones KH, Ford DV, Jones C, Dsilva R, Thompson S, Brooks CJ, et al. A case study of the secure anonymous information
linkage (SAIL) gateway: a privacy-protecting remote access system for health-related research and evaluation. J Biomed
Inform 2014 Aug;50:196-204 [FREE Full text] [doi: 10.1016/j.jbi.2014.01.003] [Medline: 24440148]

78. Health Research Authority. 2019. Research Passport URL: https://www.hra.nhs.uk/planning-and-improving-research/
best-practice/research-passport/ [accessed 2019-10-01]

79. Velupillai S, Suominen H, Liakata M, Roberts A, Shah AD, Morley K, et al. Using clinical natural language processing
for health outcomes research: overview and actionable suggestions for future advances. J Biomed Inform 2018 Dec;88:11-19
[FREE Full text] [doi: 10.1016/j.jbi.2018.10.005] [Medline: 30368002]

80. NHS Digital. 2019. National Data Opt-Out URL: https://digital.nhs.uk/services/national-data-opt-out [accessed 2019-10-05]

Abbreviations
CLDC: common law duty of confidentiality
CPRD: Clinical Practice Research Datalink
CRIS: Clinical Records Interactive Search

J Med Internet Res 2020 | vol. 22 | iss. 6 | e16760 | p. 15http://www.jmir.org/2020/6/e16760/
(page number not for citation purposes)

Jones et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0255-x
http://dx.doi.org/10.1186/s12911-016-0255-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26860263&dopt=Abstract
http://europepmc.org/abstract/MED/28370596
http://europepmc.org/abstract/MED/28370596
http://dx.doi.org/10.1002/pds.4204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28370596&dopt=Abstract
http://dx.doi.org/10.1109/ijcnn.2014.6889494
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(97)90069-X
http://dx.doi.org/10.1016/s0954-6111(97)90069-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9122513&dopt=Abstract
http://europepmc.org/abstract/MED/10887167
http://dx.doi.org/10.1136/jamia.2000.0070392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10887167&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0007-0912(17)36445-0
http://dx.doi.org/10.1093/bja/87.4.543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11878722&dopt=Abstract
http://dx.doi.org/10.1093/ndt/gfi006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16030033&dopt=Abstract
http://dx.doi.org/10.1002/pds.1981
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20602346&dopt=Abstract
http://dx.doi.org/10.1002/pds.1958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20583205&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-12-S1-S6
http://dx.doi.org/10.1186/1472-6947-12-S1-S6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22595091&dopt=Abstract
http://dx.doi.org/10.1007/bf03261964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22734657&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1001667
http://dx.doi.org/10.1371/journal.pmed.1001667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24959751&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=26070795
http://dx.doi.org/10.1136/bmjopen-2014-007355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26070795&dopt=Abstract
http://europepmc.org/abstract/MED/25949268
http://dx.doi.org/10.1177/1742271X14562995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25949268&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27139390&dopt=Abstract
http://dx.doi.org/10.1111/1467-9566.12553
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28349619&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(14)00004-5
http://dx.doi.org/10.1016/j.jbi.2014.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24440148&dopt=Abstract
https://www.hra.nhs.uk/planning-and-improving-research/best-practice/research-passport/
https://www.hra.nhs.uk/planning-and-improving-research/best-practice/research-passport/
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(18)30201-6
http://dx.doi.org/10.1016/j.jbi.2018.10.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30368002&dopt=Abstract
https://digital.nhs.uk/services/national-data-opt-out
http://www.w3.org/Style/XSL
http://www.renderx.com/


DPA: Data Protection Act
EHR: electronic health record
GDPR: General Data Protection Regulation
GP: general practitioner
IGRP: Information Governance Review Panel
NHS: National Health Service
NLP: natural language processing
PID: person-identifiable data
SAIL: Secure Anonymised Information Linkage
SLaM: South London and Maudsley NHS Foundation Trust
THIN: the Health Improvement Network
UCL: University College London
WoS: Web of Science

Edited by G Eysenbach; submitted 22.10.19; peer-reviewed by H Daniels, A Ekeland; comments to author 27.01.20; revised version
received 06.03.20; accepted 23.03.20; published 29.06.20

Please cite as:
Jones KH, Ford EM, Lea N, Griffiths LJ, Hassan L, Heys S, Squires E, Nenadic G
Toward the Development of Data Governance Standards for Using Clinical Free-Text Data in Health Research: Position Paper
J Med Internet Res 2020;22(6):e16760
URL: http://www.jmir.org/2020/6/e16760/
doi: 10.2196/16760
PMID: 32597785

©Kerina H Jones, Elizabeth M Ford, Nathan Lea, Lucy J Griffiths, Lamiece Hassan, Sharon Heys, Emma Squires, Goran Nenadic.
Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 29.06.2020. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal
of Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.

J Med Internet Res 2020 | vol. 22 | iss. 6 | e16760 | p. 16http://www.jmir.org/2020/6/e16760/
(page number not for citation purposes)

Jones et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.jmir.org/2020/6/e16760/
http://dx.doi.org/10.2196/16760
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32597785&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

