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Chapter 1

1.1	 What cows, abduction, denial and cabbage have in 
common

Have you ever seen nurses walking around with a cow when you visited a hospital? 
Did they really make a scan of your cat and abduct your arm? Why did your doctors 
write down that you deny drinking and tell you they will give you a cabbage? 
These are all examples of medical jargon used in clinical practice. Patients 
frequently find it difficult to understand medical terminology.1-4 Medical language 
can be confusing, awkward or even offending.5,6 Outside veterinary medicine, 
cows are common in clinical practice as well, as COW is an abbreviation for a 
Computer On Wheels.7,8 A CAT scan refers to a scan made by Computerized Axial 
Tomography.9 Aliens were not involved in your arm abduction, but it is a medical 
term for moving away a body part from another, e.g. moving away your arm from 
your trunk.10 Cabbage, in the example above, does not refer to a vegetable crop. 
Clinicians pronounce the abbreviation CABG as cabbage, which refers to Coronary 
Artery Bypass Graft.7 Clinicians use formal, objective language that may alienate 
patients. Positive has a different connotation in plain language than in the context 
of test results. Clinicians might write that a patient denied something, which does 
not mean they do not trust what the patient was saying, but that the patient 
confirmed something was not the case (e.g. that the patient stated he or she 
does not drink alcohol).5,6 Even among clinicians confusion is not uncommon. 
Medical specialties each have their peculiar terms. Paget’s disease may refer to 
a carcinoma (Paget’s disease of the skin) or a bone disorder (Paget’s disease of 
bone or osteitis deformans).9 The same abbreviations may mean different things, 
even within the same medical specialty. In cardiology for instance, where MI may 
refer to myocardial infarction or mitral insufficiency.9 Confusion on the meaning 
of communicated terms between clinicians and patients, and among clinicians, 
might lead to adverse events and affect patient safety.11-13
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1.2	 History of medical record keeping

Medical terms have a long history and the practice of medical record-keeping 
dates back to ancient civilizations. Oven-baked clay records have been preserved 
from Mesopotamia (2114 – 2004 BC).14 Medical case histories recorded on 
papyrus were found in Egypt (1600 – 1700 BC). However, these ancient records 
were considered to be textbook case studies rather than medical records as we 
understand them today.15-17 Hippocrates (Greece, 460 – 370 BC), well-known 
for the Hippocratic oath that medical doctors still take nowadays, recorded 
medical notes about his patients and recommended this practice.17-19 Using 
paper to record patient data became more common practice in the 19th and 20th 

centuries. When hospitals began to become larger and more important, medical 
records started to contain contributions from different disciplines, e.g. medical 
specialists, nurses, and psychologists. Different formats of paper from various 
clinician authors were bound or put into folders containing the medical data from 
single patients.17 It was difficult and costly to store, oversee, exchange and reuse 
paper records. Moreover, medical doctors have not been well-known for their 
good, legible handwriting. Medical errors may result from illegible handwriting 
and copying.20,21 When computers became more usable and powerful, medical 
records were digitized into electronic health records (EHRs) that were captured in 
health information systems (HISs). HISs are used in hospitals, but also by general 
practitioners (GPs; in GP information systems) and pharmacies (pharmacy 
information systems) for instance. EHRs resolved some of the issues encountered 
with paper records.

1.3	 Free text and data encoding in EHRs

Most of the data in EHRs consist of free text, such as progress notes, test results 
and referral letters. Free text may contain typos, abbreviations, acronyms and 
homonyms; notes may lack proper grammar, and might only contain some 
keywords, without properly phrased full sentences.22 Therefore, it is difficult to 
understand and reuse free-text data for other purposes23; not only for patients to 
understand. Data recorded in EHRs, however, are reused by various stakeholders, 
such as other clinicians that treat the same patient, administrators for financial 
reimbursement, medical coders for statistics, medical registries for quality 
improvement and scientists for medical research. To facilitate reuse, data need 
to be recorded in an unambiguous, formalized and structured form. Various 
standardized terminology systems are used in clinical practice to encode medical 
data.24 The same data, e.g. the diagnosis, of one patient may have to be registered 

1
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several times, however, in different formats: in free text and by different codes 
and descriptions from different terminology systems, for different purposes. Data 
are encoded for statistics in ICD codes (International Classification of Diseases), 
to monitor the mortality and prevalence of diseases, enable comparisons among 
countries and inform policy-makers.25 Medical coders read full free-text notes 
and data from medical records to extract the reason for hospitalization and 
use classification rules to determine the applicable ICD codes.26 In general 
practice, however, the International Classification of Primary Care (ICPC) is 
used.27 For financial reimbursement, diagnoses and procedures are encoded 
and classified with diagnosis-related groups (DRGs).28,29 In the Netherlands, 
a peculiar DRG-like system called DBC (an abbreviation for the Dutch word 
“diagnosebehandelcombinatie”, or “diagnosis treatment combination” in English) 
was invented for reimbursement.30 These either are encoded by the financial 
administration department or physicians are required to encode a DBC to obtain 
reimbursement.31 For quality improvement and research, several medical 
registries exist that might have domain-specific coding systems. In intensive care, 
for instance, the reason for the encounter is encoded in the APACHE-IV (Acute 
Physiology and Chronic Health Evaluation IV) classification.32,33 Medical literature 
is indexed with Medical Subject Headings (MeSH) for information retrieval.34

Each of these terminology systems refers to the same concepts but with 
different codes, descriptions and levels of detail, as illustrated in Table 1.1. 
Clinicians have to search for descriptions in these predefined lists. They may 
experience this as an administrative burden as coding might require more time 
than writing free-text notes. Clinicians already have to spend much time and 
effort on administrative tasks and documenting patient histories, treatments and 
progress.35,36 Additionally, codes might limit their expressivity or be too specific.37 
Notes are most often still documented as free text. When clinicians are provided 
with the opportunity, they may avoid having to encode and structure their data, 
especially when they are under pressure.38 Additionally, remarks may be added 
to encoded data or descriptions may even be modified, potentially changing the 
meaning of the encoded data and making it more difficult and less reliable to 
reuse the data if these changes are not detected.38,39 For example, adding the 
free-text remark ‘suspected’ to a diagnosis code ‘glaucoma’, implies that it was 
not confirmed but suspected, while the underlying encoding does not contain 
this information about certainty and may imply that it was a confirmed diagnosis 
instead.39 Therefore, in practice, free text is still abundant in medical records.
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Table 1.1 Different encodings of a brain contusion of different terminology systems, with their 
domain, concept id and description

Terminology system Domain Concept id Description

Diagnosethesaurus40 Dutch clinical practice 0000011788 contusio cerebri

NHG ICPC 141 Dutch primary care 
practice

N80.04 Contusio cerebri

ICPC 342 International primary 
care practice

ND36.00 Cerebral contusion

SNOMED CT9 Reference terminology 262689001 Contusion of cerebrum 
(disorder)

ICD-1043 International statistics S06.20 Diffuse brain injury, without 
open intracranial wound

DBC40 Dutch financial 
reimbursement

273 Moderately severe cranial 
brain injury (contusio)

APACHE IV33 ICU registries 208 (NICE) Head (CNS) only trauma

MeSH34 Medical literature D000070624 Brain Contusion

1.4	 Single entry, multiple use

There have been various efforts to structure health records and make clinicians use 
coding systems at the point of care by which other codes, for other purposes, can 
be derived. This single-entry, multiple-use paradigm aims to prevent redundant 
registration.44 The Diagnosethesaurus (Dutch for “Diagnosis Thesaurus”) is an 
interface terminology developed in the Netherlands to help clinicians code their 
diagnoses once (similarly there is the Verrichtingenthesaurus, or “Procedure 
Thesaurus”, for procedures).45 These codes can be reused via classification 
rules and the reference terminology SNOMED CT. The Diagnosethesaurus also 
maps to the DBC and ICD-10 aggregate terminologies, so administrative and 
statistical codes can be derived. SNOMED CT contains synonyms and identifiers 
and maps to other coding systems.46 SNOMED CT concepts are modelled with 
description logic which means that logical relationships formally define the 
meaning (semantics) of medical concepts. For instance, pancreatitis is defined 
as a disorder with the associated morphology of inflammation and finding site 
pancreas. The logical representation enables reuse for decision support systems, 
comprehensive searching and data analytics.47-49 For example, SNOMED CT can 
be used to retrieve all disorders that involve inflammations of the gastrointestinal 
tract caused by a virus or to search for all patients with pancreatic disorders, 
by using these relationships. The logical representation also enables automatic 
classification of head traumas, such as a cerebral contusion, as head trauma in 
the APACHE-IV reasons for encounter.50,51

1
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1.5	 Patient access to EHRs enabled by patient portals and 
personal health records

Patients have the right to view, copy, modify and delete their records or parts 
of them according to the General Data Protection Regulation and the Dutch law 
on the medical treatment agreement (“WGBO” for “wet op de geneeskundige 
behandelovereenkomst” in Dutch).52,53 In some healthcare systems, it is common 
practice that patients take their health records home and bring them along to 
other providers.54 Reading their records can help patients remember what had 
been discussed and learn more about their conditions and treatments. This might 
have a positive effect on their self-management.55-58 Patients can access their 
EHRs through patient portals, which are subsystems of HISs. Patients are thus 
also end-users of HISs and secondary users of medical data. Patient portals have 
various other features as well, such as appointment scheduling, questionnaire 
answering, secure messaging, patient education and prescription renewal. In 
countries such as the USA and the Netherlands, patient portals are a common 
functionality offered by healthcare providers.59 Alternatively, patients can collect 
health data in applications they employ themselves, called PHRs.60 Patients can 
import data from HISs of their healthcare providers but also collect data they 
generated themselves, e.g. by their wearable devices or manually recorded in 
their dietary diary.61,62 This enables them to collect all health data in one place 
and gain an overview of the scattered health data collected by various healthcare 
institutions, health apps and smart health devices. However, the adoption of PHRs 
by patients and hospitals is limited.59,61

1.6	 Patient-provider communication and patient-friendly 
terminology

Patients are informed on their health condition in the first place by their healthcare 
provider during consultations. Healthcare providers may offer patient information 
leaflets with further information. On the other hand, patients increasingly use 
the internet to find health information and are not passive consumers anymore 
that follow everything their clinicians tell them.63,64 However, there is also a 
large group of patients that is less able to process and use medical data to the 
benefit of their own health, a skill known as health literacy.65 About one-third of 
Europeans have low health literacy.66 Low health literacy is associated with poorer 
health outcomes67 and is also a barrier to patient portal and PHR adoption.55,68,69 
Medical language is formal and might contain a mix of various contemporary and 
ancient languages (e.g. Latin, Greek, English and Dutch terms in the Netherlands), 
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acronyms and abbreviations.22 Patients prefer clinical notes to be written in more 
accessible language, but clinicians are reluctant to change their writing styles and 
need specific medical language for medical record keeping.70,71

Therefore, medical terminology systems oriented to consumers have been 
developed that are supposed to bridge the language between patients and 
clinicians. Since 1993, in the Netherlands, the Thesaurus Zorg en Welzijn (TZW, 
meaning “Thesaurus Care and Well-being) was developed for this purpose.72 
In 1998, the proprietary Consumer Health Terminology was developed in the 
USA by WellMed.73,74 Since 2005, in the USA, the Consumer Health Vocabulary 
(CHV) had been developed in an open collaboration to facilitate searching and 
understanding medical concepts for consumers.74 These vocabularies contain 
consumer-oriented synonyms and definitions. In 2018, SNOMED CT Netherlands 
released the Patient-friendly Dutch language reference set, with patient-
friendly synonyms and definitions from the TZW and the patient federation75. 
Incrementally, more terminology was added to the Patient-friendly Extension 
of the SNOMED CT Netherlands edition release from various sources, such as 
the Dutch platform for cancer patients (kanker.nl)76 and the union for the Dutch 
language (taalunie.org).77 See Table 1.2.

Table 1.2 Different encodings of a brain contusion for consumer-oriented and patient-friendly 
terminology systems, with their domain, concept id and description

Terminology system Domain Concept id Description

TZW72 Consumer oriented 5214 damage to brain tissue 
because the brain is 
shaken back and forth by a 
sudden, violent movement 
(translated from Dutch)

CHV74 Consumer oriented C0750971 Cortical contusion

SNOMED CT 
Netherlands Patient-
friendly Dutch 
language reference set 
(synonym)78

Patient portals and 
personal health records

262689001 Hersenkneuzing (Dutch for 
“brain contusion”)

SNOMED CT 
Netherlands Patient-
friendly Dutch 
language reference set 
(definition)78

Patient portals and 
personal health records

262689001 This is damage to brain 
tissue because the brain is 
shaken back and forth by a 
sudden, violent movement. 
(translated from Dutch)

1

http://kanker.nl
http://taalunie.org
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1.7	 Aims and outline of this thesis

To realize patient access to EHRs and enable patients to use and understand 
medical data, several problems need to be addressed. Successful adoption 
of HISs, including patient portals and PHRs, is dependent upon a wide range 
of factors, such as laws, patient and provider perspectives, system usability, 
healthcare outcomes and productivity. Hence, primary studies and systematic 
reviews on patient access have been carried out from different theoretical 
perspectives and focus areas, which makes it difficult to get an overview of the 
determinants and outcomes of patient access to EHRs. The first aim of this thesis 
is, therefore, to provide an overview of the determinants and outcomes of patients 
accessing their EHRs. Thus we formulated the following research objective: to 
synthesize the results from the scientific literature on determinants and outcomes 
of patients accessing their EHRs through patient portals and PHRs. Chapter 2 
contains a systematic review of systematic reviews on this topic. Chapter 3 
reports how we adapted a theoretical adoption framework, to synthesize the 
results from the reviews, and developed guidance documentation to categorize 
determinants and outcomes into the framework.

Consumer-oriented and patient-friendly terms are required to clarify terms in 
free text and encoded data in patient portals and PHRs. However, the number 
of medical concepts for which consumer-oriented or patient-friendly terms were 
available was limited and few implementations existed in Dutch patient portals. 
The second aim of this thesis is therefore to develop and evaluate applications 
using medical terminology systems to clarify medical terms to patients. The 
objectives are, first, to assess to what extent providing clarifications to terms, 
which we call lexical clarification, helps patients read their clinical notes; second, 
to develop a novel approach to increase the number of diagnoses that can be 
clarified, by generalization to concepts with patient-friendly terms; third, to 
validate diagnosis clarifications and assess problems involved in generalization; 
and, fourth, to implement the clarifications in a hospital patient portal and 
evaluate the use of the clarification functionality in clinical practice. Chapter 4 
describes the evaluation of a lexical clarification tool using the TZW consumer 
health vocabulary in a patient portal. Chapter 5 introduces the approach to 
generating diagnosis clarifications by generalizing them to concepts with patient-
friendly terms using the SNOMED CT hierarchy. Chapter 6 reports the validation of 
this approach of diagnosis clarification by generalization to concepts with patient-
friendly terms, but also with definitions of those concepts. Chapter 7 evaluates 
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the implementation of patient-friendly clarifications in a hospital patient portal 
with actual patient portal users.

Finally, Chapter 8 presents an overall discussion of the main findings of this thesis. 
It includes the methodological reflections and limitations, implications for clinical 
practice, and future research questions and finalizes with the conclusions of this 
thesis.

1
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Abstract

Background Patient access to electronic health records (EHRs) is associated with 
several determinants and outcomes, which are interrelated. However, individual 
studies and the reviews summarizing them have only addressed particular 
aspects, such as policy, usability or health outcomes of adoption. Therefore, no 
comprehensive overview exists. Additionally, reviews used different theoretical 
frameworks, which makes results difficult to compare.

Objective We aimed to systematically review recent systematic reviews on 
determinants and outcomes of patient access to EHRs to create a comprehensive 
overview and inform policy-makers and EHR implementers about the available 
literature, and to identify knowledge gaps in the literature reviews.

Methods We searched MEDLINE, EMBASE and PsycINFO for systematic reviews 
on patient portals, personal health records, and patient access to records that 
addressed determinants and outcomes of adoption. We synthesized the results 
from these reviews into the Clinical Adoption Framework (CAF), by mapping 
quotes from the reviews to categories and dimensions of the CAF, starting with 
the most recent ones until saturation of the CAF had been reached. The risk of 
bias in the reviews was assessed using the AMSTAR2 checklist.

Results We included nineteen reviews from 8871 records that were retrieved 
until February 19th, 2018. The reviews had a median of 4 (IQR: 4-4) critical 
flaws according to the AMSTAR2 checklist. The reviews contained a total of 1054 
quotes that were mapped to the CAF. All reviews reported on the dimension 
‘People’ that can affect adoption (e.g. personal characteristics such as age) 
and the dimension ‘HIS use’ (health information system use). Most reviews 
reported the dimensions ‘Organization’, ‘Implementation’, HIS ‘System quality’, 
and outcomes of HIS use. However, gaps in knowledge might exist on macro-
level determinants and outcomes, such as healthcare standards, funding, and 
incentives, because few reviews addressed these aspects.

Conclusions No review covered all aspects of the CAF and there was a large 
variety in aspects that were addressed, but all dimensions of the CAF were 
addressed by at least two reviews. Although reviews had critical flaws according 
to the AMSTAR2 checklist, almost half of the reviews did use methods to assess 
bias in primary studies. Implementers can use the synthesized results from this 
study as a reference for implementation and development when taking quality 
restrictions into account. Researchers should address the risk of bias in primary 
studies in future reviews and use a framework such as CAF to make results more 
comparable and reusable.
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2.1	 Introduction

Medical records have primarily been kept by clinicians in order to support their 
clinical work. Recent developments in healthcare technology have provided 
patients access to and control over their own medical records. Patient-held 
paper records have been used in different settings79, and patient access to 
medical records, in general, has already been a legal right in many countries80-82. 
Increasingly, patient portals81-84 provide patients with direct access to information 
in electronic health records (EHRs) of clinicians. Electronic personal health 
record systems60,85 (PHRs) provide patients with their own system to manage 
their personal health information. The Blue Button initiative in the USA enabled 
patients to download their medical data first as a free text or pdf file86,87 and later 
as a structured and standardized electronic format following HL7 C-CDA88. In 
the EU, a similar standard has been developed, called the Patient Summary89. 
Another initiative, OpenNotes90,91, stimulates clinicians to share their visit notes 
with patients. Research on these approaches to provide patients access to 
personal health information addressed various aspects of adoption, such as 
influence of patient access to EHRs on patients’ health outcomes (e.g. hospital 
admissions), patient engagement, but also barriers and facilitators to adoption, 
attitudes of patients and providers towards patients’ access to EHRs, or specific 
patient groups such as psychiatric patients.79-81,92-98 However, individual studies 
and the reviews summarizing them only addressed particular aspects, while 
patient access to medical records involves many interrelated aspects that 
transcend particular scientific paradigms, such as policy (politics), usability 
(software engineering) and health outcomes (medicine) of adoption. Therefore, 
a synthesis of these results is required, to provide a comprehensive overview, 
and to inform policy-makers and implementers of systems and functionalities 
that provide patients access to their personal health data.

The Clinical Adoption Framework (CAF) is a general evaluation framework to 
assess the success of healthcare information system (HIS) adoption in healthcare 
organizations. In this study, we used the CAF to categorize the information 
extracted from the literature.99 As shown in Figure 2.1, it addresses the micro 
level, which encompasses the dimensions quality, use and net benefits of 
the HIS; the meso level, consisting of dimensions of people, organization and 
implementation; and the macro level, incorporating dimensions of healthcare 
standards, legislation, policy and governance, funding and incentives, and 
societal, political and economic trends. It is hence an integrated framework 
that covers a wide range of aspects that influence and result from HIS adoption. 

2
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We use determinants and outcomes as overarching terms to refer to what 
different studies call e.g. factors, barriers, facilitators, determinants, outcomes, 
mechanisms, problems, solutions, advantages, disadvantages, costs, or benefits. 
The determinants are those categories in the CAF that influence or are associated 
with HIS adoption and the outcomes are the ‘Net benefits’ of HIS adoption.

The purpose of this systematic review of systematic reviews is to provide a 
comprehensive overview of determinants and outcomes of patient access to 
and control over their personal medical data, and the adoption of patient portals 
and PHRs.

2.2	 Methods

In this section we provide a summary of the methods; further details can be found 
in the protocol which was registered at PROSPERO under CRD42018084542101,102.

2.2.1	 Search strategy
We used the search interface Ovid for the databases “Epub Ahead of Print, 
In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid 
MEDLINE(R)” (referred to as “MEDLINE” hereafter), “EMBASE” and “PsycINFO”. 
The search strategy consisted of keywords about patient access to records, 
patient portals, personal health records, Blue Button, and OpenNotes, and 
combinations of terms about access, records, reviews, and outcomes. The search 
queries were developed together with a clinical librarian and can be found in the 
PROSPERO record103 and protocol102.

2.2.2	 Eligibility criteria
We looked for systematic literature reviews of studies with patients, informal 
caregivers or healthcare professionals in primary, secondary or tertiary 
healthcare, in any medical domain. The intervention in the studies in the reviews 
should have been providing patients access to or control over their own medical 
records, or adopting or using patient portals and personal health records. The 
primary outcomes of the review should have been on determinants or outcomes of 
patient access to and control over their own medical data. Articles were excluded 
if they did not have an abstract or were written in a language other than English.
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2.2.3	 Study selection
References were imported into Endnote X7.8 (Thompson Reuters, Toronto, 
ON, Canada) and duplicates were removed. The screening process was carried 
out with the Rayyan (Qatar Computing Research Institute, Doha, Qatar) web 
application, independently by two reviewers, using the eligibility criteria 
above. The full-text review was also carried out by two independent reviewers. 
Differences of opinion were discussed until a consensus was reached. Where 
necessary a third reviewer was involved. We limited the search to the most recent 
publications until saturation was achieved regarding the summary measures.

2.2.4	 Data collection process
From each study, quotes were extracted about determinants and outcomes 
of patient access to records, patient portals, and PHRs. Additionally, any 
categorization of these quotes including any theoretical framework used in the 
original papers was also extracted together with the quotes, in order to preserve 
the original context and meaning. Furthermore, information about the reviews 
themselves was extracted, such as author, year, theoretical framework and 
critical appraisal method. All results and data of the reviews were extracted into 
a spreadsheet by the first author (HM) and verified by a second reviewer (RC, 
NK, RN, and RD).

2.2.5	 Risk of bias
To assess the risk of bias (RoB) of the included reviews the AMSTAR2104 checklist 
was filled out by two reviewers (HM and RD), and discussed until consensus was 
reached. This critical appraisal tool can indicate critical flaws in a systematic 
review that may lower the overall confidence in the review. Each question of the 
AMSTAR2 addresses a potential flaw in a review. No risk of bias on outcome level 
was assessed because this should already have been carried out by the included 
reviews themselves. Therefore, we did not use any statistical tools to assess RoB 
across studies, such as funnel plots to assess publication bias. However, the 
AMSTAR2 does address whether the included reviews took RoB across studies 
into account, e.g. publication bias and selective reporting. The number of critical 
and non-critical flaws in the reviews according to the AMSTAR2 were counted 
and a median and interquartile range (IQR) of the number of flaws per review 
were calculated.

2.2.6	 Synthesis of results
The quotes of the reviews on determinants and outcomes were mapped to 
two categories of the CAF99: one determinant and one outcome category, see 



25

Determinants and outcomes of patient access to medical records

the example in Figure 2.2. The mapping was carried out by two independent 
reviewers and discussed until consensus was achieved. Note that an outcome 
can be a determinant again of another outcome. For example, ‘21. Personal 
characteristics’ can be a determinant of ‘07. Use behaviour/pattern’, where ‘07. 
Use behaviour/pattern’ will be the outcome category. ‘07. Use behaviour/pattern’ 
can be a determinant again of ‘19. Access’. All categories in the macro and meso 
level, and in the ‘HIS quality’ and ‘HIS use’ sublevels are determinants of the 
adoption of HISs. Adoption may have several outcomes in the ‘Net benefits’ 
sublevel of the micro level (see Figure 2.1).

Figure 2.2 Examples of how two quotes are mapped to a determinant metric and outcome 
metric, which are classified as categories of the CAF, which belong to CAF-dimensions and CAF-
levels. The outcome described in quote A69 is the determinant again described in quote B105.

2.2.7	 Summary measures
For each review, the number of unique combinations of determinant categories 
and outcome categories was calculated. Starting with the most recent publication 
year we processed older literature until the categories were saturated. We defined 
saturation as the point at which the reviews contributed on average to less than 
5% of unique combinations of categories. We calculated how many reviews 
reported on each dimension and category and how many reviews reported 
how many relationships between different levels, dimensions and categories. 
Statistical analysis was carried out in R version 3.5.0 (R Foundation for Statistical 

2
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Computing, Vienna, Austria) with RStudio 1.1.453 (RStudio Inc., Boston, MA, 
USA). See R script in Appendix A.

2.3	 Results

In this section, we will first report the study selection. Secondly, we describe the 
study characteristics. Thirdly, we show the risk of bias of the included studies. 
Finally, we provide the synthesis of the results on determinants and outcomes of 
patient access to medical records.

2.3.1	 Study selection
In total 8871 records were retrieved with the search strategy of which we 
screened 1862 records by title and abstract and finally included nineteen 
reviews56-58,68,69,105-118, see Figure 2.3. In Appendix B the list of 37 studies that 
were excluded with reasons after full-text review for eligibility can be found. 
The nineteen included reviews had a median number of 1 (IQR: 1-3) unique 
mapping to combinations of determinants and outcomes, which were not found 
in other reviews. This is 0.9% (IQR: 0.9%-2.7%) of the total number of 112 unique 
combinations of categories. When we started our analyses in January 2017, first 
taking the most recent reviews, saturation below 5% was already achieved after 
mapping all reviews from 2015 to January 4th, 2017. Nevertheless, we decided 
to add reviews up to February 19th, 2018 to make the review more current. As 
saturation was already reached, we decided not to include any further studies or 
screen any titles and abstracts from previous years.
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Figure 2.3 Flow chart of the study selection

2.3.2	 Study characteristics
The study characteristics are described in Appendix C, Table 2.3. Seven 
reviews56,68,69,105,106,110,111 were about patient portals, seven107,109,112,115-118 
about PHRs, two57,58 about patient access to records, one 114 about patient 
portals and PHRs, and one113 about patient-provider communication. Eleven 
reviews56,57,68,105,107,110,111,113,115-117 were about general patient populations, two 
reviews109,114 were about elderly, and five about other specific patient groups such 
as people with HIV58,106,108,112,118. Thirteen reviews did not use any theoretical 
framework for the analysis of results, one107 synthesized the “The Health 
Literacy Skills Framework”, “PHR Adoption Model” and “Integrated Model of 
Health Literacy”, one113 applied a conceptual framework of “Patient-centred 
communication functions”, one68 applied the “Problem-solving cycle”, one117 
applied the “Human Factors and Ergonomics (HF/E) paradigm”, one118 applied 
the “Health Belief Model”, and one112 applied the “PHR Adoption Model”. Ten 
reviews56,68,69,105-107,110,111,113,117 did not use any method for critical appraisal, four 
reviews109,114,115,118 reported the quality of reporting of the primary studies was 
sufficient, four reviews57,58,108,112 used a method to assess methodological quality, 
and one116 mainly addressed selection bias.

2.3.3	 Risk of bias
The results of the AMSTAR2 checklist for the reviews are listed in Appendix C, Table 
2.4. The median of critical flaws in the studies was 4 (IQR: 4 – 4) and the median 

2
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of non-critical flaws 5 (IQR: 4 – 5). Here we report on the critical flaws. Seventeen 
reviews56,57,68,69,105-113,115-118 did not refer to a protocol that was established before 
the study was conducted, and that included review questions, search strategy, 
inclusion/exclusion criteria, and risk of bias assessment (AMSTAR2 Question 2: 
Q2). One review69 did not perform a comprehensive literature review in which at 
least two databases were searched and the keywords or search strategy, and 
justified publication restrictions were provided (Q4). None of the reviews provided 
a list of studies that were excluded in the full-text screening for eligibility (Q7). 
Nine of the reviews56,69,105,107,110,112,113,115,117 that included RCTs did not perform risk 
of bias assessment of unconcealed allocation and lack of blinding (Q9a). Eighteen 
of the reviews56-58,68,69,105-107,109-118 that included non-randomized studies of 
interventions did not both assess confounding and selection bias (Q9b). Eighteen 
reviews56-58,68,69,105-115,117,118 did not take the risk of bias of individual studies into 
account when interpreting and discussing the results of the review (Q13).

2.3.4	 Synthesis of results on determinants and outcomes
The nineteen reviews contained 1054 quotes about determinants or outcomes 
of patients access to medical records that were mapped to the CAF. Details on 
each quote can be found in Appendix D: in this spreadsheet one can filter on 
each level, dimension, category, and metric that quotes were mapped to, filter 
on author, and text search for particular information. The spreadsheet is also 
available as a Google Sheet. In total 810 quotes were about patients, 136 about 
care providers, 64 about informal caregivers and 44 other. Figure 2.4 shows 
how many reviews reported relationships between the macro and meso level, 
and the sublevels of the micro level of the CAF. This shows that most reviews 
reported on relationships between the meso level and the sublevels of the micro 
level, but only three reviews106,115,117 reported on relationships between the macro 
and meso level. Each level has several dimensions. The number of reviews that 
addressed a certain dimension in the CAF is shown in Figure 2.5. This shows that 
all reviews referred to ‘People’ and ‘Use’ dimensions and that all CAF dimensions 
were addressed by at least two reviews. One quote68, about the infrastructure 
outside of an organization to exchange data between hospitals, could not be 
mapped into the CAF and is displayed in the dimension ‘Other’ in this figure. Table 
2.1 shows relationships between CAF dimensions that were found most often in 
the reviews. For example, eighteen reviews contained a total of 264 quotes on 
relationships between the dimensions ‘People’ and ‘Use’. For the CAF categories 
(i.e. that belong to a certain CAF dimension), Table 2.2 shows relationships 
between CAF categories that were found most often in the reviews. For example, 
seventeen reviews contained a total of 86 quotes on a relationship between the 

https://purl.org/hjtvanmens/patientaccess
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categories ‘22. Personal expectations’ and ’07. Use pattern/behaviour’. Appendix 
C, Table 2.5 shows the metrics in each category that we found and the number of 
reviews that referred to these categories. For example, we distinguished several 
specific functionalities found in seventeen reviews and mapped them as metrics 
of the category ‘01. Functionalities’.

Particular quotes about functionality such as secure messaging, medical 
outcomes, and other metrics can be found in the spreadsheet. For example, eight 
reviews57,69,105,106,108,110,112,113 reported on the CAF category ‘05. Health outcomes’ 
and one of the metrics we distinguished in this category was ‘Physiological 
outcomes’. Two reviews69,106 reported on how portal adoption and functionalities 
such as secure messaging and medication refills were associated with 
improvements in physiological outcomes, such as glycaemic control and blood 
pressure, as exemplified by the quote: ‘The one study that looked at a clinical 
outcome found that among the entire study population 10–99 years of age, portal 
use was a statistically significant predictor of glycosylated haemoglobin level but 
not of low-density lipoprotein and total cholesterol levels’106.

2
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Figure 2.4 Number of reviews that found relationships between macro and meso level and the 
sublevels in the micro level. The width of the arrows corresponds to the number of reviews.
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Table 2.1 Top 10 of most found relationships between determinant dimension and outcome 
dimension, the number of quotes (Q) where the relationship was found, the number of reviews (N) 
in which it was reported

Determinant dimension Outcome dimension Q N

People Use 264 18

Use Access 41 13

System quality Access 56 12

Use Care Quality 53 12

System quality Use 39 12

System quality User satisfaction 37 12

System quality Care Quality 64 9

Implementation Use 35 9

People System quality 76 8

Organization Use 34 8
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2.4	 Discussion

2.4.1	 Principal findings
Recent reviews on determinants and outcomes of patient portal and PHR 
adoption, and patient access to and control over their own medical records 
reported on all dimensions of the CAF, and mostly on the people and organizations 
that influence adoption, but less on the higher level of standards, policy, funding, 
and society. Even though reviews applied different theoretical frameworks and 
focused on different medical domains, we were able to synthesize them into the 
overarching CAF. This enables comparison and reusability of results from the 
reviews. All reviews had several critical flaws, however, and therefore presumably 
have limited reliability according to the risk of bias assessment.

2.4.2	 Strengths and weaknesses
We used novel visualization methods to present the results integrated into the 
CAF, using both the differing surfaces of CAF dimensions depending on the 
number of reviews that mentioned them and relationships between (sub) levels 
as visualization methods. The mapping of the results from the systematic reviews 
to the CAF indicated where gaps in the reviewed systematic reviews lied: on the 
macro level and service quality dimension. Gaps are not considered to indicate 
importance of dimensions, which depends on the specific research question or 
practical problem one wants to address.

Reviews were generally not systematic reviews of RCTs or non-randomized 
quantitative studies, but rather systematic reviews of qualitative or mixed 
methods studies. The quality of each result within the included reviews was not 
critically appraised in the current review, and therefore it was not possible to 
do a meta-analysis or assess the evidence for particular relationships between 
determinants and outcomes. It was not possible to provide a single negative or 
positive direction for each result. Because reviews may include the same primary 
studies, some of the categories might be overrepresented due to the reporting in 
the reviews rather than the primary studies.

The overall confidence in the results of each review was critically low (defined 
by more than one critical flaw) according to the AMSTAR2 checklist, because all 
reviews had around four critical flaws: most reviews did not register a protocol 
before starting to carry out the review, did not justify the exclusion of individual 
studies under full-text review for eligibility, did not carry out a proper Risk of Bias 
(RoB) assessment, and did not take RoB into account when interpreting their 
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results. However, we did find almost half of the reviews using methods, such 
as assessing the quality of reporting, unfortunately not covering all the aspects 
that were required by the AMSTAR2 for addressing RoB. Furthermore, some 
reviews noted it was not possible to carry out an RoB assessment because of 
the qualitative nature, the heterogeneity of methods, or the preliminary nature 
of some studies. AMSTAR2 does not address quality assessment of these types 
of studies, as it is mainly focused on reviews of controlled quantitative studies.

2.4.3	 Practical implications
Policymakers and implementers of PHRs and patient portals can refer to 
relationships summarised in this systematic review synthesis. The available 
reviews focussing on a particular relationship can be easily selected by using the 
provided Excel spreadsheet in Appendix D and the Google Sheet. This supports 
the use of available evidence when addressing aspects that need to be tackled 
and prioritized during implementations and development. For example, one might 
be interested in the association between adoption and medical outcomes, like 
we illustrated in the results section, and will find eight relevant reviews and their 
particular quotes about these associations. Similarly, an implementer can easily 
select reviews that associate training and usability testing with adoption. The 
results of our review can also serve as a check whether most domains have been 
covered in implementation project definition and evaluation, and in the design 
of solutions. Furthermore, the results show that some possible relationships 
between categories have not been addressed in the original reviews, which might 
indicate a need for more research on these topics. We suggest addressing the 
relationship between the macro level and the meso level, either in reviews of 
other types of literature (such as in law and policy-making rather than the medical 
literature) or in new primary studies.

2.5	 Conclusion

Determinants and outcomes were synthesized into the CAF. Reviews on patient 
access to medical records, patient portals, and personal health records mostly 
addressed people, organization, implementation, HIS quality, HIS use, and net 
benefits of HIS use. To a lesser extent, healthcare standards, legislation, policy, 
governance, funding, incentives, and social, political, and economic trends were 
reported. The results provide a reference when realizing patient access to health 
records, and suggestions for further research on HIS adoption, however, one 
must take the modest quality of the reviews into account when implementing 
their results in practice. Future reviews should, therefore, address the risk of 

2
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bias in primary studies and carry out meta-analyses on particular determinants 
and outcomes. Reviews and primary studies should use an integrated theoretical 
framework such as the CAF to make results more comparable. More reviews 
on relationships between the CAF macro level and the meso level are needed 
because these aspects were covered to a lesser extent in the included reviews.

2.6	 Summary points

What was already known on the topic?

�	 Patient access to electronic health records (EHRs) is associated with several 
interrelated determinants and outcomes. However, no comprehensive 
overview existed.

�	 The Clinical Adoption Framework (CAF) is an evaluation framework to assess 
the success of health information systems adoption.

What this study added to our knowledge?

�	 We provided an overview of determinants and outcomes of patient access 
to EHRs, extracted from systematic reviews, by using the CAF. Systematic 
reviews on patient access to EHRs have several critical flaws, however, which 
may negatively impact their quality.

�	 Literature reviews indicate a gap in knowledge, as they cover few high-level 
aspects regarding healthcare standards, legislation, policy, governance, 
funding, incentives and social, political and economic trends.

2.7	 Acknowledgements

Thanks to clinical librarian Joost Daams for assisting in the development of the 
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2.8	 Appendices

2.8.1	 Appendix A
R script with syntax for analysis, is available in the online version of this paper at 
https://doi.org/10.1016/j.ijmedinf.2019.05.014.

2.8.2	 Appendix B
List of studies excluded after full-text review for eligibility.
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In the full-text review for eligibility, 10 studies119-128 were excluded because they 
were not primarily about patient portals, PHRs or patient access to records, 21 
studies129-149 were excluded because these were no literature reviews or were 
conference proceedings, and 6 studies150-155 because they were not about 
determinants or outcomes of patient portals, PHRs or patient access to records.

2
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2.8.3.2	 AMSTAR2 checklist results

Table 2.4 AMSTAR2 checklists: y = yes, n = no, p = partial yes, m = no meta analysis, o = only 
NRSI. The criticality of a flaw when the answer to a question is no is noted in the top row, where 
the critical questions are marked with an asterisk *. The last two columns count the number of 
critical and non-critical flaws in the review. The bottom rows list the total number of reviews with 
answers to AMSTAR2 score with yes, partial yes, no and not applicable, the dash indicates the 
answer was not an option for the particular question.a

Re
fI

d

Re
vi

ew

Critical
Year 1

*
2 3

*
4 5 6

*
7 8

*
9a  9b 10

*
11a 11b 12

*
13 14

*
15 16 Cr

iti
ca

l
N

on
-c

rit
ic

al

1 Hemsley 2018 Y N N P N N N P N N N M M M N N M N 4 6

2 Coughlin 2017 Y N N N N N N P N N N M M M N N M Y 5 5

3 Kelly 2017 Y N N P Y Y N P O P N M M M N N M Y 3 3

4 Kneale 2017 Y N N P Y N N P O N N M M M N N M N 4 5

5 Powell 2017 Y N N P N N N P O N N M M M N N M Y 4 5

6 Rathert 2017 Y N N P Y N N P N N N M M M N N M Y 4 4

7 Sakaguchi 2017 Y P N P N Y N P O N N M M M N N M Y 3 4

8 Showell 2017 Y N N P N N N N O N N M M M Y N M Y 3 6

9 Vermeir 2017 Y N N P Y N N P O N N M M M N N M Y 4 4

10 Otte-Trojel 2016 Y N Y P Y N N N O N N M M M N N M Y 4 4

11 Thompson 2016 Y N N P Y Y N P N N N M M M N N M N 4 4

12 Turner 2016 Y N N P Y N N N O N N M M M N N M Y 4 5

13 Bush 2015 Y N N P N N N P O N N M M M N N M Y 4 5

14 Irizarry 2015 Y N N P N N N N N N N M M M N N M Y 4 6

15 Kruse1 2015 Y N Y P N Y N N N N N M M M N N M Y 4 4

16 Kruse2 2015 Y N Y P N Y N P N N N M M M N N M Y 4 3

17 Mold 2015 Y P N Y Y Y N N Y N N M M M N N M N 3 5

18 Price 2015 Y N N P Y Y N P N N N M M M N N M N 4 4

19 Sartain 2015 Y N N P N N N P N N N M M M N N M N 4 6

Total 1 2 3 4 5 6 7 8 9a 9b 10 11a 11b 12 13 14 15 16
Yes 19 0 3 1 9 7 0 0 1 0 0 0 0 0 1 0 0 13

Partial Yes - 2 - 17 - - 0 13 0 1 - - - - - - - -

No 0 17* 16 1* 10 12 19* 6 9* 18* 19 0* 0* 0 18* 19 0* 6

Not Applicable - - - - - - - - 9 0 - 19 19 19 - - 19 -

a	 Note that the RefId in this table refers to the RefId column in Table 2.3. The reference to the 
citation is followed in superscript after this RefId in Table 2.3.
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2.8.4	 Appendix D
Determinants and outcomes. Spreadsheet with quotes about determinants and 
outcomes found in each included review. This spreadsheet also contains data on 
the reviews, a pivot table to browse the quotes and mappings, the CAF, and the 
AMSTAR2 scores. See the online version of this paper at https://doi.org/10.1016/j.
ijmedinf.2019.05.014. The data on the reviews and the sheet with determinants 
and outcomes are also available as Google Sheet https://purl.org/hjtvanmens/
patientaccess.

https://doi.org/10.1016/j.ijmedinf.2019.05.014
https://doi.org/10.1016/j.ijmedinf.2019.05.014
https://purl.org/hjtvanmens/patientaccess
https://purl.org/hjtvanmens/patientaccess
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Abstract

Background Patient access to electronic health records (EHRs) is associated 
with increased patient engagement and health care quality outcomes. However, 
the adoption of patient portals and personal health records (PHRs) that facilitate 
this access is impeded by barriers. The Clinical Adoption Framework (CAF) has 
been developed to analyse EHR adoption but this framework does not consider 
the patient as an end-user.

Objectives We aim to extend the scope of the CAF to patient access to EHRs, 
develop guidance documentation for the application of the CAF and assess the 
interrater reliability.

Methods We systematically reviewed existing systematic reviews on patient 
access to EHRs and PHRs. Results of each review were mapped to one of the 43 
CAF categories. Categories were iteratively adapted where needed. We measured 
the interrater reliability with Cohen’s unweighted Kappa and statistics regarding 
the agreements among reviewers on mapping quotes of the reviews to different 
CAF categories.

Results We further defined the framework inclusion and exclusion criteria for 33 
of the 43 CAF categories and achieved a moderate agreement among the raters, 
which varied between categories.

Conclusions In the reviews, categories about people, organization, system 
quality, system use and the net benefits of system use were addressed more 
often than those about international and regional information and communication 
technology infrastructures, standards, politics, incentive programs and social 
trends. Categories that were addressed less might have been underdefined in this 
study. The guidance documentation we developed can be applied to systematic 
literature reviews and implementation studies, patient and informal caregiver 
access to EHRs, and the adoption of PHRs.
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3.1	 Introduction

Patient access to electronic health records (EHRs) is becoming increasingly 
common and is even a legal right in many countries. Patient access to EHRsc 
has been associated with increased patient engagement and improved health 
care quality outcomes.80,81,93-97,156 However, there are also barriers to patients’ 
access to EHRs. For example, some patients have difficulties logging in to patient 
portals and personal health records (PHRs) which facilitate access, due to 
complicated security procedures. 80,81,93-97,156 A framework is needed to assess the 
determinants and outcomes of PHR and EHR adoption that facilitates this access. 
This framework should consider patients and informal caregivers as users rather 
than health care providers alone. This framework would enable the comparison 
and aggregation of evidence, and provide an overview of any important factors 
involved, which can then be used as a guide in implementations and health care 
policies, as well as to address the gaps in knowledge.

‘The Clinical Adoption Framework (CAF) is a general evaluation framework to 
assess the success of health information system (HIS) adoption in health care 
organizations.’99,157 PHRs and EHRs are types of HISs, and thus this framework 
is also applicable to them. ‘As shown in Figure 3.1, it addresses the micro 
level, which encompasses the dimensions of quality, use and net benefits of 
the HIS; the meso level, consisting of the dimensions people, organization and 
implementation; and the macro level, incorporating the dimensions health 
care standards, legislation, policy and governance, funding and incentives, 
and societal, political and economic trends’.157 Within each dimension, several 
categories were distinguished, for example “01. Functionality”, “02. Performance” 
and “03. Security” are categories of the dimension System quality at the micro 
level. ‘It is hence an integrated framework that covers a wide range of aspects 
involved in HIS adoption’.157 The CAF was developed and validated through 
consultation with health information technology professionals, comparisons with 
other survey instruments and a meta-review of 50 systematic reviews on HIS 
implementation.158 Categories, dimensions and levels of the CAF were originally 
described by Lau, Price and Kashevjee.99 Throughout the categories, dimensions, 
and levels there are feedback loops, which are indicated by the arrows in Figure 
3.1, that resembles the interplay between the factors and nondeterministic 
characteristics of HIS adoption and outcomes of HIS use.99,158 The CAF was 
applied in over 30 studies.100,159-164

c	 During copy-editing the journal replaced ‘Patient access to EHRs has’ for ‘EHRs have’ assuming 
EHR to be the abbreviation of ‘Patient access to electronic health records (EHRs)’ from the first 
sentence. In this thesis this formulation was corrected for legibility.

3
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The CAF is a complex framework consisting of 43 categories that belong to 15 
dimensions (illustrated as boxes in Figure 3.1), which are further separated 
into the 3 previously mentioned micro, meso, and macro levels.99 The CAF was 
considered difficult to apply as there was no guidance documentation with 
explicit descriptions and rules regarding its use.158 Consequently, studies100,162-164 
that have applied the CAF differed in their interpretations and applications. 
Furthermore, HIS adoption increasingly involves sharing medical data with 
patients and informal caregivers. Therefore, patients and caregivers should also 
be considered when understanding successful HIS implementation because they 
might value different factors than health care providers. This patient and caregiver 
perspective was not explicitly taken into account during the development of the 
CAF.

The primary objective of this study was to extend the CAF to make it useful 
for evaluating patients’ access to EHRs and the adoption of PHRs. The second 
objective was to improve the consistent application of the CAF in literature and 
implementation studies. For this purpose, we aimed to assess the interrater 
reliability of applying the framework, discuss which areas of the CAF could be 
improved, and develop guidance documentation.

3.2	 Methods

We systematically reviewed existing systematic review papers on determinants 
and outcomes of patients’ access to their personal health data. Results from 
each review paper were mapped to categories in the CAF, which was adapted 
when needed to reach consensus. The protocol for this review study was 
developed using the first 6 review papers56,68,106,113,117,118, which were the most 
recent publications at the beginning of this review study. We used 13 subsequent 
review papers57,58,69,105,107-112,114-116 in this study to refine the CAF and to assess 
the interrater reliability. The review protocol was registered at PROSPERO under 
CRD42018084542.101 We then reported the results of adapting the CAF, including 
its reliability, to make it suitable for an evaluation of the adoption of PHRs and 
patients’ access to EHRs. The results of the review study on the determinants 
and outcomes of patients’ access to medical records were reported separately.157

To improve the CAF and its definitions, one reviewer (HM) extracted quotes 
from the literature that described determinants and outcomes for the adoption 
of EHRs and PHRs, and another reviewer (RD) verified these extracted quotes. 
The two reviewers independently mapped the extracted quotes. The interrater 

3
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reliability for the agreement on the mapping was calculated with Cohen’s 
unweighted Kappa.165,166 Each quote was mapped to two CAF categories: one for 
the determinant of the quote and the other for the outcome. Within each category, 
the quotes were classified into metrics by thematic analysis, as illustrated in 
Figure 3.2. The metrics and categorizations were iteratively revised to ensure 
consistency and meaningful categories for summarizing results, which was 
similar to the process described in Bassi, Lau & Lesperance.162 The mapping 
to two categories is visualized in Figure 3.2. For example, in the quote ‘Online 
record access and service users tended to be slightly older (t-test, P<0.001)’58, the 
determinant metric could be “Age” and the outcome metric “Adoption”. Age would 
be classified as “21. Personal characteristics”, under the dimension “People” at 
the meso level, while adoption would be classified as “07. Use behaviour/pattern”, 
under the dimension “Use” at the micro level. For the sake of the review, we 
added the category ‘44. Other’ to denote when a quote could not be classified 
using the CAF.

Figure 3.2 Example of how a quote58 is mapped to a determinant metric and outcome metric. 
CAF: Clinical Adoption Framework.

The results of this mapping and the differences in quote interpretation and CAF 
categorization were discussed among the two reviewers to achieve consensus. 
When necessary to achieve consensus, the definitions of the CAF were adapted 
and extended with inclusion and exclusion criteria to make them clearer. We 
presented the number of definitions for categories that were introduced, 
extended, or unchanged in each level. For agreements and disagreements 
between reviewers on mapping quotes to categories, we calculated the number 
of times each unique combination was agreed or disagreed upon (i.e., number of 
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times there was agreement on one certain category or disagreement between two 
specific categories). We counted the number of quotes that were classified into 
each category by a reviewer as well as how many quotes could not be mapped 
to the CAF. The level of agreement between reviewers on mapping quotes to 
each category indicated how ambiguous or well-defined the category was. This 
process resulted in defined categories of the CAF with inclusion and exclusion 
criteria and a list of metrics that we distinguished. Statistical analysis was carried 
out in R version 3.5.0 (R Foundation for Statistical Computing, Vienna, Austria) 
with RStudio 1.1.453 (RStudio Inc, Boston, MA). The R script can be found in 
Multimedia appendix 1.

3.3	 Results

In this section, we first list the definitions that were unchanged, extended 
or introduced. Second, we discuss the interrater reliability and the spread of 
mapping quotes to CAF categories.

3.3.1	 Adaptation of CAF categories and found metrics
Definitions were introduced to the CAF for the 19 micro level categories, 
because they were missing in the original publication of the CAF. For example, 
the category “01. Functionality” of the dimension “System quality” was defined 
with the inclusion criteria ‘Actual or missing features/functionalities of the HIS and 
their quality’ and the exclusion criteria ‘If adoption or use of the HIS in general, 
without a particular functionality, then choose 07. Use behaviour/pattern’. Thus, 
the exclusion criteria were made explicit for when a quote must be classified in 
another category. For the 24 meso- and macro level categories, the definitions 
from Lau, Price, and Kashevjee99 were used, either unchanged (9 categories) or 
extended (15 categories), to cover cases of patient and informal caregiver use and 
disambiguate the categories with refinements and exclusion criteria. For example, 
the definition for the category “21. Personal characteristics” of the dimension 
“People” was extended with “socio-economic status, ethnicity, computer skills, 
(health) literacy, health status” and “Behaviour”. These are factors that were 
found to be important for the adoption of a HIS by patients and caregivers, and 
were not included in the original CAF category definition. Table 3.1 shows the 
numbers of categories for each level and how many were introduced, extended 
or unchanged. Table 3.2 shows the categories that were changed and provides 
an example for each level. The resulting definitions for disambiguation for each 
category are listed in Table 3.3. The metrics of each category can be found in 
Table 3.4.

3



58

Chapter 3

Table 3.1 The number of categories with introduced, extended, and unchanged definitions per 
level

Level Introduced Extended Unchanged Total

Micro 19 0 0 19

Meso 0 9 3 12

Macro 0 6 6 12

Table 3.2 Categories where inclusion and exclusion criteria were added

Level Categories changed Example [additions in brackets]

Micro All categories from “01. 
Functionality” to “19. 
Access”

Inclusion criteria introduced for “01. Functionality”:
[Actual or missing features/functionalities of the HIS and 
their quality.]
Exclusion criteria introduced for “01. Functionality”:
[For adoption or use of the HIS in general, not a particular 
functionality, use category “07. Use behaviour/pattern”]

Meso “20. Individuals and 
groups”,
“21. Personal 
characteristics”,
“22. Personal 
expectations”,
“23. Roles and 
responsibilities”, “25. 
Culture”,
“27. Info- and 
infrastructure”, “28. 
Return on value”,
“30. Project”,
“31. HIS-practice fit”

Inclusion criteria extended for “21. Personal 
characteristics”:
“Degree to which an individual’s characteristics, such as 
age, gender, education, [socio-economic status, ethnicity, 
computer skills, (health) literacy, health status,] experience 
and expertise can affect the adoption of an HIS”99. 
[Behaviour.]

Macro “35. Legislative acts”,
“36. Regulations and 
policies”,
“39. Added values”,
“41. Societal trends”,
“42. Political trends”,
“43. Economic trends”

Definition extended with exclusion criteria for “35. 
Legislative acts”:
[For privacy concerns use category “22. Personal 
expectation.”]

3.3.2	 Interrater reliability and spread
From the 13 reviews57,58,69,105,107-112,114-116, we extracted 624 quotes. Each of the 
624 quotes were mapped twice (i.e., to a determinant and an outcome category) 
resulting in 1248 mappings. We achieved a percentage agreement of 67.0% (418) 
and a kappa of 0.58 for the determinant category and a percentage agreement 
of 62.5% (390) and a Kappa of 0.55 for the outcome category. As shown in Table 
3.5 and Table 3.6 in Multimedia appendix 2, the three categories that were least 
ambiguous based on their high agreement score were “16. Efficiency”, “21. 
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Personal characteristics” and “13. Patient safety”. In contrast, categories “09. 
Intention to use”, “04. Content” and “30. Project” showed low agreement scores. 
Some disagreements between two categories occurred more often than others. 
For example, a feature relating to secure messaging or access to medical records 
was interpreted by one reviewer as “01. Functionality” and the other reviewer as 
“07. Use behaviour/pattern” 94 times. This happened for instance with the quote 
‘Patients experienced easier communication and interactive discussion with their 
physician after reading the medical file.’57 There was one quote that did not fit 
into any one of the categories: ‘Two articles proposed achieving data exchange 
by setting up (Regional) Health Information Exchanges that can standardize data 
and facilitate exchange among different organizations.’68 This result referred to 
infrastructure that exists outside of an organization to facilitate data exchange 
between organizations and would, therefore, fall into the macro level.

3.4	 Discussion

3.4.1	 Principal findings
The definitions of the CAF categories were extended to be applicable to patient 
access to EHRs and the adoption of PHRs. This was achieved by adding factors 
that were found in the reviewed literature on patient access to EHRs, but were 
not present in the CAF yet, as was illustrated in the example of “21. Personal 
characteristics” in the results section. In addition, we developed guidance 
documentation in the form of inclusion criteria, exclusion criteria, and a list of 
metrics found. The interrater reliability of the reviewers applying the adapted 
CAF was moderate. However, we found the CAF to be a highly suitable and 
comprehensive framework to address patients’ access to EHRs, as we could 
achieve consensus on the mappings through discussion, and almost all results 
could be categorized in the CAF. The original content for the definitions of the 
CAF were unchanged and only extended with additional inclusion and exclusion 
criteria for disambiguation and for the application to patients’ access to EHRs. The 
number of agreements and disagreements and percentage of agreements varied 
among the CAF categories, just like the number of quotes that were mapped to 
each category. Some categories were not found at all in the reviews, especially 
those on the macro level.

3.4.2	 Strengths and weaknesses of the study
We showed how the CAF can be applied to studies evaluating patient access to 
EHRs and PHRs. Despite many publications on the application of the CAF, we 
are the first, to our knowledge, to provide measures on the interrater reliability. 

3
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However, the unweighted Cohen’s kappa does not consider that categories 
actually reflect an order and results within each review are all correlated and 
come from the same study. Nonetheless, the moderate agreement indicates 
that the extended CAF is applicable in a consistent way. Because this study 
was a systematic review of systematic reviews, we have not investigated how to 
apply these results in primary implementation studies. The categories that were 
mapped to a lesser extent might have been underdefined, especially those at 
the macro level. It is possible that these categories may not have been reported 
in the literature, but also the literature may not have addressed the topics from 
those categories, or those categories could have been reported in other types of 
literature such as in policy, law, or grey literature, rather than scientific medical 
literature. Those categories with relatively high disagreement should also be 
further evaluated and redefined. Furthermore, the CAF could be used in studies to 
present their results in a more structured and standardized way. This will improve 
the ability to compare the results of different studies.

3.4.3	 Results in relation to other studies
The variability in the application of the CAF categories found in previous 
studies100,162-164 can be explained by ambiguities that were addressed by the 
inclusion and exclusion criteria of this study. In addition, we found that mapping 
to a determinant and an outcome CAF category, instead of only one, decreased 
some of the ambiguity. Only one result, concerning regional information exchange, 
could not be mapped in the original CAF. This shows that overall the CAF is 
sufficiently comprehensive. However, we believe that the infrastructure that is 
available in the environment of an organization forms a missing category in the 
framework. This category could be introduced in the framework at the macro 
level to incorporate regional information and communication technologies (ICT) 
infrastructure, which might be more advanced in some regions than in others.

3.4.4	 Implications of the study
This adapted framework can be used in other reviews and in implementation 
studies of HISs, especially when the HIS has patients and informal caregivers as 
users. The definitions and metrics provided will still be of value to implementation 
studies by pointing out several aspects and metrics that have to be considered 
when carrying out HIS implementations.

Furthermore, the results of this study fulfil part of the need for more guidance 
documentation when applying the CAF.158 Our definitions with inclusion and 
exclusion criteria as well as the metrics found may contribute to a more consistent 
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application of the framework. We recommend addressing specific relationships 
between determinants and outcomes using this framework, as we did by mapping 
quotes from the literature to two CAF categories.

3.4.5	 Conclusions
The scope of the CAF was extended to the adoption of PHRs, in addition to EHRs, 
by health care providers, patients, and informal caregivers. Further definitions and 
inclusion and exclusion criteria disambiguate and guide the application of each 
category. We found moderate interrater reliability in applying the framework and 
variance among the categories in the framework. Future research should address 
the application of the CAF in primary implementation studies and studies focusing 
on macro level topics such as international and regional ICT infrastructures, 
standards, politics, incentive programs, and social trends.

3.5	 Appendices

3.5.1	 Multimedia appendix 1
Script.R

R script with syntax for analysis is available in the online version of this paper at 
https://doi.org/10.2196/15150.

3.5.2	 Multimedia appendix 2
Supplementary tables.

3
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3.5.2.1	 Adapted CAF

The purpose of this table is to classify a quote as determinant or outcome factor 
within the CAF. To this end, we defined in- and exclusion criteria. Inclusion criteria 
clarify what factors are included in the particular category and the exclusion 
criteria contain rules on when to classify a factor into another category. This way 
categories were disambiguated. The CAF is only used to classify determinants 
and outcomes of HIS adoption. Therefore, we used the ‘00. Exclude’ category to 
exclude quotes that were mistakenly taken under review, and were found not to 
be actual determinant or outcome factors after further evaluation and discussion. 
Further details on the procedure to apply the adapted CAF to literature studies 
can be found in the review protocol that was registered at PROSPERO under 
CRD42018084542.
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3.5.2.2	 Metrics per CAF category

The purpose of this table is to provide an overview of metrics found in the literature 
that belong to each category. This can be used to classify results in literature 
reviews. It can also be used in implementation studies to help identifying factors 
and metrics to evaluate. Reporting results from evaluation studies in the CAF will 
enable comparison among different studies. This table contains the metrics we 
found from a thematic analysis of the quotes in the reviews and that we classified 
into each category. Further details on the procedure to apply the adapted CAF 
to literature studies can be found in the review protocol that was registered at 
PROSPERO under CRD42018084542.

3
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3.5.2.3	 Agreement per CAF category

Table 3.5 Number of times a category was chosen by a reviewer: with category, the total number 
of times n it was chosen by a reviewer, and the number of times n and percentage % agreement 
and disagreement

Category n total n (%) agree

00. Exclude 22 0 (0)

01. Functionality 376 194 (51.6)

02. Performance 0

03. Security 1 0 (0)

04. Content 40 10 (25)

05. Availability 7 4 (57.1)

06. Service 17 8 (47.1)

07. Use behaviour/pattern 660 474 (71.8)

08. Self-reported use 3 0 (0)

09. Intention to use 10 2 (20)

10. Competency 50 22 (44)

11. Usefulness 73 52 (71.2)

12. Ease of use 38 22 (57.9)

13. Patient safety 20 16 (80)

14. Appropriateness and effectiveness 248 158 (63.7)

15. Health outcomes 34 10 (29.4)

16. Efficiency 81 70 (86.4)

17. Care coordination 9 4 (44.4)

18. Net cost 1 0 (0)

19. Access 109 58 (53.2)

20. Individuals and groups 0

21. Personal characteristics 412 350 (85)

22. Personal expectations 208 144 (69.2)

23. Roles and responsibilities 0

24. Strategy 0

25. Culture 0

26. Structure and processes 7 0 (0)

27. Info- and infrastructure 17 6 (35.3)

28. Return on value 1 0 (0)

29. Stage 0

30. Project 48 12 (25)

31. HIS-practice fit 1 0 (0)

3
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Table 3.5 (continued)

Category n total n (%) agree

32. HIS standards 0

33. Performance standards 0

34. Practice standards 0

35. Legislative acts 0

36. Regulations and policies 0

37. Governance bodies 0

38. Remunerations 0

39. Added values 0

40. Incentive programs 2 0 (0)

41. Societal trends 0

42. Political trends 0

43. Economic trends 0

44. Other 1 0 (0)

3.5.2.4	 Agreement per CAF category sorted by percentage agreement

Table 3.6 Number of times a category was chosen by a reviewer: with category, the total number 
of times n it was chosen by a reviewer, and the number of times n and percentage % agreement 
and disagreement. Sorted by descending percentage agreement.

Category n total n (%) agree

16. Efficiency 81 70 (86.4)

21. Personal characteristics 412 350 (85)

13. Patient safety 20 16 (80)

07. Use behaviour/pattern 660 474 (71.8)

11. Usefulness 73 52 (71.2)

22. Personal expectations 208 144 (69.2)

14. Appropriateness and effectiveness 248 158 (63.7)

12. Ease of use 38 22 (57.9)

05. Availability 7 4 (57.1)

19. Access 109 58 (53.2)

01. Functionality 376 194 (51.6)

06. Service 17 8 (47.1)

17. Care coordination 9 4 (44.4)

10. Competency 50 22 (44)

27. Info- and infrastructure 17 6 (35.3)

15. Health outcomes 34 10 (29.4)
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Table 3.6 (continued)

Category n total n (%) agree

04. Content 40 10 (25)

30. Project 48 12 (25)

09. Intention to use 10 2 (20)

00. Exclude 22 0 (0)

03. Security 1 0 (0)

08. Self-reported use 3 0 (0)

18. Net cost 1 0 (0)

26. Structure and processes 7 0 (0)

28. Return on value 1 0 (0)

31. HIS-practice fit 1 0 (0)

40. Incentive programs 2 0 (0)

44. Other 1 0 (0)

02. Performance 0

20. Individuals and groups 0

23. Roles and responsibilities 0

24. Strategy 0

25. Culture 0

29. Stage 0

32. HIS standards 0

33. Performance standards 0

34. Practice standards 0

35. Legislative acts 0

36. Regulations and policies 0

37. Governance bodies 0

38. Remunerations 0

39. Added values 0

41. Societal trends 0

42. Political trends 0

43. Economic trends 0

3
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Chapter 4

Abstract

Background Patients benefit from access to their medical records. However, 
clinical notes and letters are often difficult to comprehend for most lay 
people. Therefore, functionality was implemented in the patient portal of a 
Dutch university medical centre (UMC) to clarify medical terms in free-text 
data. The clarifications consisted of synonyms and definitions from a Dutch 
medical terminology system. We aimed to evaluate to what extent these lexical 
clarifications match the information needs of the patients. Secondarily, we 
evaluated how the clarifications and the functionality could be improved.

Methods We invited participants from the patient panel of the UMC to read 
their own clinical notes. They marked terms they found difficult and rated the 
ease of these terms. After the functionality was activated, participants rated the 
clarifications provided by the functionality, and the functionality itself regarding 
ease and usefulness. Ratings were on a scale from 0 (very difficult) to 100 (very 
easy). We calculated the median number of terms not understood per participant, 
the number of terms with a clarification, the overlap between these numbers 
(coverage), and the precision and recall.

Results We included 15 participants from the patient panel. They marked a 
median of 21 (IQR: 19.5 – 31) terms as difficult in their text files, while only a 
median of 2 (IQR: 1 – 4) of these terms were clarified by the functionality. The 
median precision was 6.5% (IQR: 2.3% – 14.25%) and the median recall 8.3% 
(IQR: 4.7% – 13.5%) per participant. However, participants rated the functionality 
with median ease of 98 (IQR: 93.5 – 99) and a median usefulness of 79 (IQR: 
52.5 – 97). Participants found that many easy terms were unnecessarily clarified, 
that some clarifications were difficult, and that some clarifications contained 
mistakes.

Conclusions Patients found the functionality easy to use and useful. However, 
in its current form it only helped patients to understand few terms they did not 
understand, patients found some clarifications to be difficult, and some to be 
incorrect. This shows that lexical clarification is feasible even when limited terms 
are available, but needs further development to fully use its potential.
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4.1	 Background

Patient access to electronic health records (EHRs) is facilitated by patient portals 
and personal health records. Patients benefit from reading their clinical notes, as 
it helps them to remember more from what was discussed during consultations 
and supports them to take care of themselves.167-170 However, medical data 
and jargon are difficult to comprehend for most people without a medical 
background.4,56,106,107,171 Previous research on lexical simplification (replacing 
difficult terms with easier terms) and lexical clarification (providing synonyms 
and definitions to terms) has shown that minimising medical jargon and providing 
clarifications in medical records may increase comprehension.172-175 Lexical 
clarification works similar to infobuttons that are inserted into the EHR to provide 
additional information.176,177 However, rather than retrieving external information 
resources to aid decision-making, our work is aimed at patients, clarifying medical 
terminology with a short textual explanation or definition. Therefore, the Dutch 
university medical centre UMC Utrecht developed functionality in its patient portal 
to help clarify medical concepts in free-text data sources, such as discharge 
letters. The functionality used synonyms and definitions from a Dutch thesaurus 
for care and wellbeing (in Dutch: “Thesaurus Zorg & Welzijn”). Nonetheless, this 
thesaurus has not been tailored yet to low literacy levels and is not developed to 
clarify medical concepts to laymen. Previously the terminology had been used as 
a thesaurus for search functionalities on healthcare websites. Previous research 
has evaluated what difficulties patients experience when reading their medical 
records4,171, but has not assessed functionality that provides clarifications of 
difficult terms to patients personal medical records.

We aimed to evaluate to what extent the lexical clarifications match the 
information needs of patients. First, we assessed whether the right terms were 
explained, i.e. terms that patients considered difficult. Second, we evaluated 
whether the terms were explained in the right way, and third, we evaluated how 
the clarifications and functionality can be improved.

4.2	 Study context

The study was carried out at UMC Utrecht, the Netherlands. The functionality was 
developed by the university hospitale itself and implemented in the hospital-wide 

e	 During copy-editing ‘university hospital’ was replaced by ‘university’. For clarity, in this thesis 
we used the original formulation.
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patient portal in January 2019. The functionality matches free text with terms 
and synonyms from the thesaurus by text matching and provides a preferred 
synonym with a definition as a clarification for the matched term. Abbreviations 
were excluded. The functionality underlines terms that could be matched to the 
thesaurus, which users can click to view a pop-up window with the clarification. 
The functionality was activated for treatment reports, medical letters, and test 
results. No formal evaluation had yet been carried out.

4.3	 Methods

4.3.1	 Study design
We carried out an exploratory quasi-experimental before and after interview 
study. Participants were first asked to read their notes without the functionality 
and then again with the functionality activated.

4.3.2	 Participants
Participants were invited through the patient panel of the hospital, which included 
80 patients willing to be contacted for research on diverse topics related to the 
quality of care. We included a convenience sample of the first fifteen positive 
respondents for a 1.5-hour interview. The participants received reimbursement 
for their travel expenses and a gift voucher of 20 euro for their participation.

4.3.3	 Study flow
The interviews were carried out in October and November 2019. The test 
environment and acceptance environment of the patient portal were used for the 
study, the first without the functionality, the second with the functionality. During 
the interviews the participants were asked to read free-text notes from their own 
EHR aloud. We included medical correspondence between clinicians, discharge 
summaries, and treatment reports less than one year old and routinely available in 
the patient portal. We excluded notes that were addressed to the participant. Test 
results were excluded as well, because we did not want to potentially confront 
the participants with unfamiliar test results. We asked the participants to mark 
the terms not understood or for which they wished to see an explanation during 
reading, which we denote as “difficult terms” hereafter. Then, the participants 
rated the ease of these terms. Next, the functionality was activated and we asked 
the participants to read the letter again. For each clarification, participants were 
asked about their thoughts on the clarification and how it could be improved, 
and to rate the ease and usefulness of the clarification. The terms not marked as 
difficult, that did get a clarification we denominate as “easy terms” throughout 
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the text. Furthermore, we asked the participants to provide feedback on the 
functionality, and to rate the ease and usefulness of the functionality. Finally, 
we removed directly identifying data, such as years and names of the patient or 
clinicians, and stored the letters including the participants’ terms selection and 
ratings for further analyses.

4.3.4	 Outcome measures
We collected the following background data from the participants: gender, age, 
education level, treatment duration in the UMC, whether they had work experience 
in healthcare, and their health literacy using the validated Dutch version of the Set 
of Brief Screening Questions (SBSQ)178. The primary outcome measure was the 
number of terms that the participants deemed difficult and that were provided 
with a clarification by the functionality. The secondary outcome measures were 
the usefulness of clarifications of the difficult terms compared to the easy terms, 
the ease and usefulness of the clarification functionality, and the feedback the 
users provided on the clarifications and functionality. Measurements were carried 
out on a 100 mm visual analogue scale (VAS, from 0 to 100) and collected with 
background data on paper case report forms.

4.3.5	 Methods for data acquisition and measurement
The pseudonymized notes were stored. Interviews were audio-recorded, 
transcribed, and pseudonymized. After the interviews the quantitative data were 
entered into the electronic data-capture system Castor EDC v2019.3.10 (Ciwit 
B.V., Amsterdam, The Netherlands).

4.3.6	 Methods for data analysis
We reported the numbers and percentages of the participant characteristics. 
We calculated the precision and recall of the functionality for each participant. 
Precision in this study context was defined as the number of difficult terms 
clarified by the functionality divided by the number of clarifications provided. 
Recall was defined as the number of difficult terms clarified divided by the 
number of difficult terms. For each participant we calculated the median 
number of difficult terms, clarifications provided by the functionality, difficult 
terms clarified, and the VAS score of the ease and usefulness of the terms, of the 
clarifications, and of the functionality. We calculated the median and interquartile 
range (IQR) of the medians per participant. Statistical analysis was carried out 
in R version 3.6.1 (R Foundation for Statistical Computing, Vienna, Austria) with 
RStudio 1.2.1335 (RStudio Inc., Boston, MA, USA). The script can be found in 
Additional file 1.

4
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4.4	 Results

4.4.1	 Demographic and other study coverage data
Table 4.1 lists the characteristics of the fifteen participants. Participants had a 
median age of 57 (ranging from 34 to 70), eight participants had received higher 
education, seven were treated at the UMC for more than ten years, and eight had 
worked in healthcare in the past. None of the participants had inadequate health 
literacy. Participants read a median of 2 (IQR: 2 – 3) letters during the interviews, 
with a median of 214 (IQR: 144 – 395) words per letter, including fourteen 
outpatient clinic letters, two discharge summaries, and sixteen treatment reports. 
The letters covered a wide range of medical specialties: angiology, cardiology, 
dermatology, dietetics, endocrinology, gynaecology, infectiology, nephrology, 
neurology, nursing, oncology, ophthalmology, physiatry, pulmonology, surgery, 
and urology. More detailed data can be found in Additional file 2.

Table 4.1 Participant characteristics with the statistic, category, number n and percentage.

Statistic Category n (%)

Gender Male 8 (53)

Female 7 (47)

Other 0 (0)

Age group 0 - 18 years 0 (0)

19 - 29 years 0 (0)

30 - 39 years 1 (7)

40 - 49 years 0 (0)

50 - 59 years 8 (53)

60 - 69 years 4 (27)

70 - 79 years 2 (13)

≥ 80 0 (0)

Education No education 0 (0)

Elementary school 0 (0)

Lower secondary education 2 (13)

Preparatory vocational secondary education 2 (13)

Vocational education and training 3 (20)

Senior general or university preparatory secondary education 0 (0)

Higher professional education 7 (47)

Research-oriented higher education 1 (7)
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Table 4.1 (continued)

Statistic Category n (%)

Treatment duration < 3 years 3 (20)

3 - 10 years 5 (33)

> 10 years 7 (47)

Works in healthcare Yes, currently 0 (0)

Yes, in the past 8 (53)

Never 7 (47)

Health literacy Inadequate (SBSQ <= 2) 0 (0)

Adequate (SBSQ > 2) 15 (100)

4.4.2	 Study findings and outcome data
Participants marked a median of 21 (IQR: 19.5 – 31) terms in their notes as 
difficult during the interviews. The functionality provided clarifications for a 
median of 26 (IQR: 22 – 44) terms per participant, and a median of 2 (IQR: 1 – 
4) of these clarifications was provided to terms that participants had also marked 
as difficult. The median precision per participant was 6.5% (IQR: 2.3% – 14.25%) 
and the median recall per participant 8.3% (IQR: 4.7% – 13.5%). Two participants 
did not find any of the terms they deemed difficult clarified. See Figure 4.1.

Figure 4.1 Precision and recall per participant. Two participants had zero difficult terms that were 
clarified and thus the precision and recall was zero in these cases.

4
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Participants rated difficult terms with a median ease of 8.5 (IQR: 6.5 – 20.75), 
from 0, very difficult, to 100, very easy, and easy terms with a median ease 
of 99 (IQR: 97 – 100). Difficult term clarifications were rated a median ease 
of 93 (IQR: 72 – 96) and easy term clarifications 96 (IQR: 94.25 – 99.5). See 
Figure 4.2 and Figure 4.3. Difficult term clarifications were rated with a median 
usefulness per participant of 90 (IQR: 76 – 97), from 0, not useful at all, to 100, 
very useful, while clarifications of easy terms were rated with a usefulness of 
4 (IQR: 1.5 – 18.75). See Figure 4.4. The density plot in Figure 4.5 shows the 
distribution of overall ratings of the usefulness of clarifications. Participants 
mostly rated clarifications of easy terms as not useful, because they were not 
necessary for them personally. However, in some cases, participants thought the 
clarification was useful somehow anyway because it provided new information 
and the participants could provide feedback on the clarifications of terms they 
already knew. They rated difficult term clarifications as useful when it helped 
them understand the term, but not when the clarification itself was too difficult 
or incorrect. For example, in a cardiological context, the plaque of blood vessels 
was clarified with dental plaque. Examples of difficult terms, the most common 
terms that were clarified, and errors in clarifications are listed in Table 4.2, Table 
4.3, Table 4.4 respectively. For detailed data, see Additional file 2 and Additional 
file 3. For translations of the examples from Dutch, see Additional file 4.
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Figure 4.2 Median ease (from very easy to 
very difficult) per participant of difficult terms 
compared to easy terms.

Figure 4.3 Median ease per participant (from 
very easy to very difficult) of clarifications of 
difficult terms compared to clarifications of easy 
terms.

Figure 4.4 Median usefulness (from not useful 
at all to very useful) of clarifications of difficult 
terms compared to clarifications of easy terms.

Figure 4.5 Density plot of usefulness (from not 
useful at all to very useful) ratings for all terms.

Table 4.2 Terms marked as difficult by two 
or more participants, with n as the number of 
participants that encountered the term

Difficult term n

eGFR (CKD-EPI) 3

CNS 2

Endocrinology 2

HNP 2

Immune serology 2

Proximal 2

RR 2

Table 4.3 Most common terms clarified by 
the functionality, with n as the number of 
participants that encountered the term

Clarification n

Outpatient clinic 13

Anamnesis 9

Medicine 8

Endocrinology 7

Physical examination 7

4
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Table 4.4 Examples of problems found with some clarifications

Problem with 
clarification

Example term Clarification provided to example

Unnecessary Belly Belly
Part of the trunk between the midriff and the pelvis

Too difficult Intoxication Poisoning
Distortion of the life functions by a too high concentration of 
a certain substance in the body

Circular Neurologists Neurologists
Medical specialists who are specialized in neurology

Homonym 
(context was 
about plaque in 
blood vessels)

Plaque Plaque
White, sticky substance on the teeth and molars in which 
may occur living and dead bacteria, released tissue cells and 
food scraps

Related term Peristaltic Digestive system
Process by which food taken in by the mouth can be made 
ready for absorption in the blood and the residual products 
are excreted and the food is then digested

Most participants found the functionality easy to use, with a median ease of 
98 (IQR: 93.5 – 99). Two outliers found the functionality not easy or difficult 
(scores 40 and 50). One of these participants commented it was not clear that 
the terms were underlined at first and the other found they had to scroll as the 
clarifications sometimes appeared outside of the window. We observed both 
issues with other participants as well. The majority of participants found the 
functionality to be useful, with a median of 79 (IQR: 52.5 – 97), even though 
participants reported that most clarifications were not useful and the coverage 
was very low. In general, participants commented that the functionality was fast, 
easy, inviting to click, well-designed, added value, and liked that it allowed you 
to do something with the notes, and that one could choose to click or not. They 
did not like that misspelled words were not taken into account and found a lack 
of consistency, experienced anxiety, would not use the functionality, thought too 
many words were underlined, or did not like the design. Participants suggested 
to add links to further information on the UMC website, enable asking questions, 
make clarifications more personalized, make the colour of the underlining clearer, 
and to add more clarifications.

4.5	 Discussion

The functionality demonstrated a low precision and recall, which indicates that 
it does not match the information needs of the patients. However, the patients 
found the clarifications of the terms they considered difficult to be useful, with 
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some reservations for incorrect and difficult clarifications. Overall, most patients 
considered the functionality to be easy to use and useful. We observed variance 
among patients in precision, recall, ease, and usefulness.

The patients were not fully representative for patient portal users in general, as 
they were actively involved in the patient panel, half had worked in healthcare 
before, and none of them had inadequate health literacy. We expect the 
precision and recall to be higher for patients with lower health literacy, and for 
patients who are still unfamiliar with the topic of their disease and treatment. 
However, the actively engaged patients from the sample were relatively more 
knowledgeable about their own health status, and were hence more critical about 
the functionality. Therefore, the patients were already familiar with many of the 
terms the functionality clarified, that other persons might not have known, and 
could provide feedback for improvement from their personal experience and 
knowledge.

Provider notes are among the most difficult sections of medical records 171. We 
have not measured whether the functionality improved the comprehension of 
patients, but this first requires a further increase of the recall and quality of the 
clarifications. A strong point of our study is that we read medical correspondence 
from personal EHRs of the patients. Earlier studies did not use the records from 
patients themselves 173-175 and have not reported the precision and recall of the 
functionality that was evaluated. It can be expected that they had a similarly 
low performance that varied among different patients and notes, and that the 
increase in comprehension might be lower, when these studies would have used 
the actual records from patients themselves.

The variance observed between patients is due to multiple factors. On the one 
hand this includes the (health) literacy of the patient, and his or her familiarity with 
medical terminology. On the other hand, this might vary according to the medical 
specialty, writing style of the clinician, and type of free-text source (i.e. treatment 
reports or medical letters). Further research should address how clarifications 
can be tailored to the literacy of patients, and how different types of free-text 
sources can be improved. For example, parts of the free text originate from coded 
and structured fields in the medical record, such as lab tests and diagnoses, but 
have lost their underlying coding by being converted to text. It will be easier to 
clarify the coded data rather than free text, because it is less ambiguous. The 
difficulty of some clarifications and feedback provided by the patients indicates 
that the definitions from the thesaurus have a high level of reading difficulty. We 
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thus recommend to make the definitions easier to read. Rather than providing 
definitions that unambiguously define concepts like dictionaries do, a terminology 
for lexical clarification should provide explanations of the terms that clarify the 
meaning to the reader in an appropriate reading level 175. Further research should 
therefore address tailoring the definitions to patients’ health literacy levels. 
Additionally, evaluation studies on lexical clarification functionality should assess 
the precision and recall of their solutions for different users.

Our results show that in spite of the low recall patients found the clarifications and 
functionality useful. This is promising for smaller languages where little content 
for consumer health vocabularies is available. It indicates that it is possible to 
develop functionality for lexical clarification, starting with a small set of terms and 
basic text-matching functionality, and to improve it gradually. The results were 
reported to the developers of the thesaurus and the functionality and will be used 
for further improvement. This process needs to address the trade-off between 
introducing more clarifications and having less unnecessary clarifications. More 
clarifications might increase the recall and usefulness, but will also decrease 
the precision and may increase the number of incorrect clarifications. For 
example, many of the unknown terms were abbreviations, which are difficult 
to disambiguate, even for clinicians. More advanced techniques from natural 
language processing are required in order to resolve these challenges, that take 
the context and semantics into account.

4.6	 Conclusion

The lexical clarification functionality helped patients to understand terms 
they did not understand, although the coverage was low. Patients found some 
clarifications to be difficult or incorrect. Despite low coverage and some problems 
with available clarifications, patients still found the functionality easy to use and 
useful. This shows that lexical clarification is feasible and of added value even 
with limited terminology and coverage. However, incorrect clarifications should 
be limited to prevent confusion and anxiety.
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4.7.2	 Ethics approval and consent to participate
A waiver from the Medical Research Ethics Committee of UMC Utrecht was 
obtained and filed under reference number WAG/mb/19/033611. It confirmed 
that the Medical Research Involving Human Subjects Act (in Dutch: WMO) does 
not apply to the study and that therefore an official approval of this study by 
the ethics committee was not required under Dutch law. An approval from the 
quality assurance board of UMC Utrecht was obtained regarding the research 
protocol, invitation letter, consent forms, research collaboration agreement, 
and data management plan. Participants provided written informed consent to 
participate in this study.

4.7.3	 Availability of data and materials
The aggregate data are available in the attachments of the manuscript. The 
Dutch transcripts of the interviews, medical letters, paper case report forms, and 
castor data are available from the corresponding author on reasonable request. 
The Dutch interview guide can be obtained from https://purl.org/hjtvanmens/
lexicalclarification/interviewguide.

4.8	 Appendices

4.8.1	 Additional file 1
The R-script used for the analysis is available in the online version of this paper 
at https://doi.org/10.1186/s12911-020-01286-9.

4.8.2	 Additional file 2
The spreadsheet with detailed statistics from the R-script output is available in 
the online version of this paper at https://doi.org/10.1186/s12911-020-01286-9.

4.8.3	 Additional file 3
Additional figures with term and clarification ease and usefulness on term level 
and clarification ease and usefulness per participant.
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4.8.3.1	 Term and clarification ease and usefulness on term level

Figure 4.6 Term ease of difficult terms 
compared to terms not found difficult  
(Easy term).

Figure 4.7 Clarification ease of terms found 
difficult compared to terms not found difficult.

Figure 4.8 Clarification usefulness of terms 
found difficult (Difficult term) compared to not 
found difficult (Easy term).
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4.8.3.2	 Clarification ease and usefulness boxplots per patient

Figure 4.9 Clarification ease of terms found 
difficult per participant.

Figure 4.10 Clarification ease of terms not found 
difficult per participant.

Figure 4.11 Clarification usefulness of terms 
found difficult per participant.

Figure 4.12 Clarification usefulness of terms not 
found difficult per participant.

4.8.4	 Additional file 4
Additional tables with the original Dutch and translated examples of terms marked 
difficult (Table 4.2 in the manuscript), most common terms clarified (Table 4.3 in 
the manuscript) and problems found (Table 4.4 in the manuscript).
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Table 4.5 Terms marked as difficult by two or more 
participants with original Dutch terms

Difficult term English Difficult term Dutch n

eGFR (CKD-EPI) eGFR (CKD-EPI) 3

CNS CNS 2

Endocrinology Endocrinologie 2

HNP HNP 2

Immune serology Immuunserologie 2

Proximal Proximaal 2

RR RR 2

Table 4.6 Most common terms clarified 
with original Dutch terms

English Dutch

Outpatient clinic Polikliniek

Anamnesis Anamnese

Medicine Medicijnen

Endocrinology Endocrinologie

Physical 
examination

Lichamelijk 
onderzoek

Table 4.7 Examples of problems found with some clarifications with original Dutch terms and 
clarifications

English term Dutch term English clarification Dutch clarification

Belly Buik Belly
Part of the trunk between the 
midriff and the pelvis

Buik
Deel van romp tussen middenrif 
en bekken

Intoxication Intoxicatie Poisoning
Distortion of the life functions 
by a too high concentration of a 
certain substance in the body

Vergiftiging
Verstoring van de 
levensfuncties door een te hoge 
concentratie van een bepaalde 
stof in het lichaam

Neurologists Neurologen Neurologists
Medical specialists who are 
specialized in neurology

Neurologen
Medisch specialisten die 
gespecialiseerd zijn in de 
neurologie

Plaque Plaque Plaque
White, sticky substance on the 
teeth and molars in which may 
occur living and dead bacteria, 
released tissue cells and food 
scraps

Plaque
Wittige, kleverige substantie 
op de tanden en kiezen waarin 
levende en dode bacteriën, 
losgelaten weefselcellen en 
voedselresten voorkomen

Peristaltic Peristalstiek Digestive system
Process by which food taken 
in by the mouth can be made 
ready for absorption in the 
blood and the residual products 
are excreted and the food is 
then digested

Spijsvertering
Proces waarmee door de mond 
opgenomen voedsel geschikt 
wordt gemaakt voor opname in 
het bloed en de restproducten 
worden uitgescheiden- het 
voedsel is dan verteerd
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Abstract

Patient access to electronic health records (EHRs) is associated with improved 
efficiency, self-management, and patient engagement. However, the EHR 
contains medical language that can be difficult to comprehend by patients. In 
Dutch hospitals, the Diagnosethesaurus (DT) is used as an interface terminology 
to register diagnoses, but it does not contain patient-friendly terms. Fortunately, 
the DT is partly mapped to SNOMED CT and there is a proportionately small set 
of patient-friendly terms available in the Dutch SNOMED CT release. The purpose 
of this study was, therefore, to investigate if SNOMED CT can be used to generate 
clarifications of diagnoses for patients. Only 1.2% of the DT diagnoses that were 
already mapped to SNOMED CT had patient-friendly synonyms that were different 
from the diagnoses descriptions. However, by generalizing diagnoses to SNOMED 
CT concepts with patient-friendly terms, this number could be increased to 71%. 
In conclusion, we showed that a high percentage of diagnoses could be clarified 
to at least some extent with the relatively small set of patient-friendly terms. 
Future research will involve the further optimization of the clarifications, and 
evaluation with clinicians and patients.
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5.1	 Introduction

There is an increased attention to patient access to electronic health records 
(EHRs), because of associated benefits such as improved patient satisfaction, 
patient-provider communication, patient engagement, self-management, 
efficiency, and patient safety.58,105 However, EHRs contain medical language 
that can be difficult to comprehend by patients. 56,106,107 A patient-friendly 
terminology could help patients to better understand their medical records. 106,107 
Zeng et al. 175,179 showed that the Unified Medical Language System (UMLS) and 
the Consumer Health Vocabulary (CHV) could be used to find synonyms, and 
generate explanations of medical concepts for laymen. However, the UMLS is 
not available for the Dutch medical language. Fortunately, the National Release 
Center of SNOMED CT in the Netherlands published the SNOMED CT Patient-
Friendly Extension Release 180 (PFE) with 301 patient-friendly terms to describe 
288 SNOMED CT concepts. This small initial set was based on the terms that can 
be found on a website of the Dutch patient federation where patient experiences 
about healthcare provider can be shared. 75 SNOMED CT and the PFE can be used 
to clarify diagnoses in the same way as the UMLS and the CHV. Furthermore, 
the Diagnosethesaurus (DT) 181 is becoming the standard interface terminology 
to register diagnoses at the point of care in Dutch hospitals, and this interface 
terminology is currently partly mapped to SNOMED CT (the full mapping was not 
yet finished at the time of writing). Therefore this provides opportunities to make 
descriptions of diagnoses more comprehensible for patients.

A diagnosis can be clarified by providing a patient-friendly synonym or by 
generalizing it to one or more generic concepts that can be described by a patient-
friendly term. 175,179 Table 5.1 illustrates these clarifications methods. For example, 
“agranulocytosis is a type of immune system disorder” is a generalization of a 
diagnosis to a more general concept, where the diagnosis is called the subtype 
and the more general concept the supertype. UMLS and SNOMED CT both contain 
hierarchical relationships that can be used for this purpose. There are also other 
relationships in these terminology systems that can be used to clarify medical 
concepts, such as the “finding site” and “part of” relationship. This enables 
clarifications such as “aortic valve is a part of the heart”. These latter relationships 
were also used in the studies with the UMLS, 175,179 but were out of the scope 
of the current study, where we focused on the hierarchical subtype-supertype 
relationship.

5
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The purpose of this study was thus to investigate if the PFE and the SNOMED CT 
hierarchy can be used to generate Dutch clarifications of diagnoses for patients.

Table 5.1 Three methods to clarify diagnoses illustrated by an example (freely translated)

Clarification method Example of the clarification method

Synonym Trigeminal neuralgia is another word for facial pain.

Generalization to one concept Agranulocytosis is an immune system disorder.

Generalization to multiple 
concepts

Papillon-Lefèvre syndrome is a heritable disorder of bone, 
tooth, and skin.

5.2	 Methods

We combined the DT (version of June 2017) with the SNOMED CT Netherlands 
edition and the PFE (version of March 2017) and investigated how many of 
the diagnoses can be clarified with how many patient-friendly terms. When a 
diagnosis was mapped to a SNOMED CT concept that had a patient-friendly term 
in the PFE, this term was provided as the synonym of the diagnosis. We verified 
whether this term was actually different from the diagnosis description, using 
text matching.

The SNOMED CT hierarchy was used to determine if a diagnosis is a subtype 
of one or more concepts that can be described by a patient-friendly term (see 
Figure 5.1). In order to find the supertypes of a concept in SNOMED CT, the 
transitive closure table was used. 182 This table contains all subtype-supertype 
relationships. This way all supertypes with patient-friendly terms could be found 
for each diagnosis. However, this might provide redundant explanatory terms, 
because supertypes of the supertypes would be found as well. For example, 
“Aortic valve stenosis”, is a “Heart valve disorder”, “Heart disease”, and “Disorder 
of cardiovascular system”. In these cases, we only used the most specific 
generalizations. This would simplify the clarification to “Aortic valve stenosis is a 
heart valve disorder”. In case a diagnosis had multiple supertypes, as is illustrated 
with “Telangiectasia macularis eruptiva perstans” which is an “immune system 
disorder”, “skin disorder” as well as a “disorder of cardiovascular system”, the 
most specific generalizations were used in combination. We counted the number 
of unique combinations of these generalizations, i.e., the number of unique 
clarifications that could be generated with subtype-supertype relationships.

When a supertype was contained in the diagnosis description, it was not regarded 
to add any new information. For example, that “Salmonella infection” is an 
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“infectious disease” is already implied by the word “infection” in “Salmonella 
infection”. For this reason, we disregarded supertypes that are not informative 
and filtered them out by text matching, e.g. matching on “infect” to match both 
“infection” as well as “infectious” when the supertype was “infectious disease”.

Figure 5.1 Simplified example of SNOMED CT concepts in the SNOMED CT hierarchy

5.3	 Results

Of the 21,426 diagnoses in the DT, only 12,453 diagnoses (58.1%) had already 
been mapped to SNOMED CT. In total 288 SNOMED CT concepts had a patient-
friendly term in the PFE, and these described 225 of the diagnoses with a 
SNOMED CT mapping. 75 diagnoses descriptions were already equal to the 
patient-friendly terms, hence, the diagnosis description was actually different 
from the patient-friendly term for 150 diagnoses. Therefore the patient-friendly 
terms could be used to clarify 1.20% of all diagnoses that have a SNOMED CT 
mapping with a synonym.

By generalizing diagnoses to supertypes with patient-friendly terms, 8,797 
diagnoses (70.6% of all that are mapped to SNOMED CT) could potentially be 
clarified with 211 concepts that have patient-friendly terms. These diagnoses 
were described by 1 to 6 different supertypes; as shown in Table 5.2. The 211 
supertypes formed 735 unique combinations of supertypes that can be used for 
clarifications.

There were 110 diagnoses with a patient-friendly term that could also be clarified 
using supertypes. Analogously, 128 patient-friendly terms were also used as a 

5
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supertype. See Figure 5.2. The total numbers are thus 40 + 110 + 8,687 = 8,837 
diagnoses and 22 + 128 + 83 = 233 concepts with patient-friendly terms. As a 
result, 8,837 diagnoses (71.0% of all mapped diagnoses) could be clarified with 
a synonym and/or supertypes using 233 concepts with patient-friendly terms and 
735 unique combinations these terms.

Table 5.2 Number of diagnoses that have a certain number of patient-friendly supertypes to 
clarify the diagnoses (excluding the redundant ones) and the number of unique clarifications with 
a certain number of supertypes

Supertypes Diagnoses Unique clarifications

1 6,329 192

2 2,050 376

3 366 132

4 49 32

5 2 2

6 1 1

Total 8,797 735

Figure 5.2 The overlap between diagnoses that can be clarified with synonyms and supertypes, 
and the overlap between patient-friendly terms used as synonyms or to generalize, and their 
numbers.

5.4	 Discussion

With the relatively small set of SNOMED CT concepts that have one or more 
patient-friendly terms in the PFE, a high percentage of diagnoses could be clarified 
to at least some extent, by using hierarchical subtype-supertype relationships of 
SNOMED CT, and by providing synonyms.

The DT was not completely mapped to SNOMED CT yet, but this is expected to 
be completed in coming releases. 181 We will have to repeat the analysis from this 
paper after this is finished. The earlier studies 175,179 did not mention how much 
content of the terminology systems used could be clarified with their system, 
which makes it difficult to compare their results with those of our study.
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The PFE is quite small compared to the number of diagnoses in the DT, and, 
particularly, compared to the number of concepts in SNOMED CT. Perhaps some 
concepts that could be informative to patients, or could clarify the 29% of the 
diagnoses that were not clarified by the method presented in this study, could 
relatively easily be translated to patient-friendly terms to obtain even better 
results. However, finding patient-friendly synonyms for all diagnoses and other 
types of medical concepts is a costly process and might not be possible for 
some complex diagnoses. Compared to English language, only limited tools are 
available to perform natural language processing for the Dutch language as well 
as many other languages. 183 Therefore our result is of particular interest, showing 
that text simplification might be feasible with a relatively small set of patient-
friendly terms. We believe that this method could be applied to other languages.

Whether the clarifications will increase the comprehension of patients and other 
users, such as caregivers, remains to be evaluated. The clarifications are not yet 
validated by clinicians, although it can be assumed the hierarchical relationships 
are correct, because SNOMED CT is clinically validated. We want to first improve 
the clarification method by utilizing other types of relationships in SNOMED CT, 
such as the “finding site” relationship or “associated morphology” relationship. 
We expect this might be more useful for certain diagnoses, such as malignant 
neoplasms and infections, where the clarification could be e.g. that it is a form of 
cancer (associated morphology) with a certain finding site. The method presented 
in this paper can also be used to determine which concepts could be translated to 
patient-friendly terms to result in a maximum increase of the number of concepts 
that could potentially be clarified.

5.5	 Conclusion

We showed that a relatively small patient-friendly terminology and the SNOMED 
CT hierarchy can be used to generate clarifications of a large proportion of 
diagnoses for patients. Future research will involve the further optimization of 
the clarifications, the utilization of other types of relationships, and evaluation 
with clinicians and patients. Additionally, research should focus on which parts 
of SNOMED CT could be translated to patient-friendly terms in order to clarify the 
highest number of concepts in the most comprehensive manner.
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Abstract

Background Now that patients increasingly get access to their healthcare 
records, its contents require clarification. The use of patient-friendly terms and 
definitions can help patients and their significant others understand their medical 
data. However, it is costly to make patient-friendly descriptions for the myriad of 
terms used in the medical domain. Furthermore, a description in more general 
terms, leaving out some of the details, might already be sufficient for a layperson. 
We developed an algorithm that employs the SNOMED CT hierarchy to generalize 
diagnoses to a limited set of concepts with patient-friendly terms for this purpose. 
However, generalization essentially implies loss of detail and might result in 
errors, hence these generalizations remain to be validated by clinicians. We aim to 
assess the medical validity of diagnosis clarification by generalization to concepts 
with patient-friendly terms and definitions in SNOMED CT. Furthermore, we aim 
to identify the characteristics that render clarifications invalid.

Results Two raters identified errors in 12.7% (95% confidence interval – CI: 
10.7-14.6%) of a random sample of 1,131 clarifications and they considered 
14.3% (CI: 12.3-16.4%) of clarifications to be unacceptable to show to a patient. 
The intraclass correlation coefficient of the interrater reliability was 0.34 for 
correctness and 0.43 for acceptability. Errors were mostly related to the patient-
friendly terms and definitions used in the clarifications themselves, but also to 
terminology mappings, terminology modelling, and the clarification algorithm. 
Clarifications considered to be most unacceptable were those that provide wrong 
information and might cause unnecessary worry.

Conclusions We have identified problems in generalizing diagnoses to concepts 
with patient-friendly terms. Diagnosis generalization can be used to create a 
large amount of correct and acceptable clarifications, reusing patient-friendly 
terms and definitions across many medical concepts. However, the correctness 
and acceptability have a strong dependency on terminology mappings and 
modelling quality, as well as the quality of the terms and definitions themselves. 
Therefore, validation and quality improvement are required to prevent incorrect 
and unacceptable clarifications, before using the generalizations in practice.
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6.1	 Background

6.1.1	 Scientific background
Patients can increasingly access their healthcare data in patient portals and 
personal health records. However, these records are full of jargon with which 
most persons without a medical background are unfamiliar.4,56 Therefore, 
patient-friendly terms and definitions might help patients and their significant 
others understand the medical concepts in their records.172-175 There are, 
however, myriads of terms that are used in the medical domain. SNOMED CT, 
a comprehensive medical terminology system in healthcare, contains terms for 
352,568 concepts (January 2020 release). It is thus not practical, and very costly, 
to manually develop patient-friendly terms and definitions for each concept. 
Furthermore, specialists use very detailed terms that a general practitioner 
might not use. Laypersons may also require fewer details than specialists, general 
practitioners, or chronic patients. Hence, a higher level, general description might 
already be sufficient to clarify the meaning to a layperson.

In a former study, we showed that more than 70% of 12,453 diagnoses in the 
Dutch Diagnosethesaurus (“Diagnosis Thesaurus” in English, referred to as DT 
hereafter) can be generalized to a small set of 211 concepts with patient-friendly 
synonyms from the SNOMED CT Netherlands Patient-Friendly Extension (PFE), 
by employing the SNOMED CT “is-a” hierarchy.184 The PFE language reference 
set ‘states which descriptions are appropriate to show to patients, caregivers 
and other stakeholders who have not received care-related training’ (definition 
of concept ‘15551000146102 |Patient-friendly Dutch language reference 
set|’. For example, ‘reactive perforating collagenosis’ can be generalized to the 
concept of ‘skin disorder’, which we consider more comprehensible to laypersons. 
Similarly, there were 1316 different types of other skin disorders in the DT that 
can be clarified in this manner. The PFE also contains text definitions that can 
be used to further explain the diagnoses with a textual description. For example, 
‘familial periodic paralysis’ can be generalized to ‘myopathy’. Myopathy is not a 
common term, but the definition of myopathy can be provided to further explain 
the concept. See Table 6.1 for examples of diagnosis clarifications based on 
SNOMED CT.

6
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Table 6.1 Examples of types of clarifications with supertypes, synonyms and definitions. The 
supertypes are bolded.

Clarification type Example diagnosis Example clarification

Synonym and definition Phlebitis Another word for “phlebitis” is inflammation of 
the vein: Inflammation of a vein that makes it 
red, swollen, and painful.

Definition Blepharospasm This involves the involuntary contraction of 
the eyelids as a cause of a disorder in muscle 
tension.

Supertype synonym Reactive perforating 
collagenosis

A skin disorder.

Supertype synonym 
and definition

Familial periodic 
paralysis

A type of myopathy. Myopathy: This is an 
abnormality in the structure of the muscle 
tissue.

Multiple supertypes High altitude 
retinopathy

A type of disorder of retina and barotrauma. 
Barotrauma: Damage or pain, mainly in the 
middle ear, because of changes in pressure.

Multiple supertypes 
with text filter

Congenital cyst of 
adrenal gland

A type of inborn abnormality and hormonal 
disorder. Cyst: cavities in the body filled with 
liquid.

Multiple supertypes 
with seven supertypes

Lowe syndrome A type of inborn abnormality, mental disorder, 
and disorder of brain, kidney, eye, and 
metabolism. It is hereditary.

Previous efforts had focused on developing and enriching lists of patient-friendly 
terms, by text mining consumer vocabulary and using frequency measures and 
term similarity to find easier terms. 185-189 However, few studies have focused on 
generating explanations. They were primarily focused on increasing coverage for 
lexical simplification. Zeng et al190 used relationships in the UMLS to generate an 
explanation, such as ‘a type of lung disease’ as the explanation of ‘pulmonary 
emboli’, derived from the “is-a” relationships. They found some problems with 
hierarchical relationships, for instance, that a cyst should not be generalized to 
a type of tumour, because it ‘may falsely alarm or unnecessarily alienate the 
reader’. In a later study elaborating upon these results, Kandula et al175 reported 
32% of hierarchical explanations to be incorrect and therefore evaluated an 
alternative method, using other types of semantic relationships from the UMLS, 
such as the ‘part of’ and ‘a device used in’ relationship. In a similar application 
that linked medical texts to existing lay synonyms and definitions, Chen et al191 
found generalizing drugs to higher level drug class definitions was sometimes 
not accurate to define a drug, because drugs may be used in several treatments 
that were not always applicable to subclasses. However, to our knowledge, 
no extensive evaluations have been published about the issues involved in 
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generalization to concepts with patient-friendly terms and definitions. Moreover, 
these prior studies were primarily focused at lexical simplification of texts rather 
than clarification of concepts with generated clarifications.

6.1.2	 Rationale for the study
Generalization essentially implies a loss of detail, and thus a loss of information. 
The technique we have developed of generalization to concepts with patient-
friendly terms and definitions can also lead to errors. For example, errors arise 
if there are mistakes in the mapping of patient-friendly synonyms and text 
definitions to SNOMED CT concepts, the mapping of diagnoses from the DT 
to SNOMED CT, or in SNOMED CT “is-a” relationships. Our technique has not 
been validated yet by medical doctors and terminologists. Systematic validation 
is necessary before implementing the generalizations in patient portals and 
personal health records. It can also shed light on for which terms, concepts and 
clarifications this technique works and for which it does not, and how it can be 
improved.

6.1.3	 Objectives of the study
We aim to assess the medical validity of diagnosis clarification by generalization 
to supertype concepts with patient-friendly terms and definitions in SNOMED 
CT. Furthermore, we want to identify the characteristics of the clarifications that 
render them invalid.

6.2	 Study context

6.2.1	 Terminology systems
We used the SNOMED CT Netherlands Edition Release (SCT-NL) together with 
the PFE from March 2020 (SNOMED CT Netherlands National Release Center, 
Nictiz, The Hague, The Netherlands; referred to as NRC hereafter), and the DT 
version 3.10 from April 2020 (DHD, Utrecht, The Netherlands). The SCT-NL and 
PFE are dependent upon the SNOMED CT International Release from January 
2020. Table 6.2 shows the number of synonyms, definitions, and diagnoses in 
these terminologies. Only 714 diagnoses in the DT had synonyms or definitions 
in the PFE.

6
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Table 6.2 Terminology statistics: the number of definitions, preferred and acceptable 
synonyms in the SNOMED CT International Release (SCT-Int) and SCT Netherlands Release 
(SCT-NL), SNOMED CT Netherlands Patient-Friendly Extension Release (PFE), the total 
number of diagnoses and the number of diagnoses with terms or definitions in PFE from the 
Diagnosethesaurus (DT).

Terminology Statistic n

SCT-Int Active concepts 352,568

SCT-NL Active concepts 361,835

PFE Preferred synonyms 1,409

PFE Acceptable synonyms 138

PFE Definitions 700

DT Diagnoses 24,966

DT Diagnoses with SNOMED CT mapping 18,579

DT Diagnoses with PFE term 714

DT Diagnoses with PFE definition 361

6.3	 System details

For diagnoses from the DT that did not have a definition in the PFE, we generated 
clarifications by generalizing them to supertypes in SNOMED CT with a patient-
friendly synonym and definition. See Figure 6.1 for an illustration of the algorithm. 
Examples of clarifications are provided in Table 6.1. To find the supertypes, 
we traversed the SNOMED CT “is-a” hierarchy.184 Because SNOMED CT is 
polyhierarchical, this method can produce generalizations to a single supertype 
(e.g., ‘Reactive perforating collagenosis’ in Table 6.1) or to multiple supertypes 
(e.g., ‘High altitude retinopathy’ in Table 6.1). The algorithm removed all redundant 
supertypes that were also supertypes of other supertypes of the concept to be 
clarified. For example, disease is a supertype of cardiovascular disorder, which 
is a supertype of heart disorder, which is a supertype of heart valve disorder, 
which is a supertype of aortic valve stenosis. All these supertypes have PFE 
terms. The clarification of aortic valve stenosis, however, only included the direct 
supertypes (that it is a heart valve disorder), leaving out the redundant supertypes 
of supertypes. The synonyms and definitions of the supertypes of the concept 
were concatenated into a short description that served as the clarification. 
When available, the clarification consisted of the synonym, an enumeration 
of supertypes and an enumeration of the definitions of the supertypes. For 
diagnoses with multiple supertypes that were disorders of body parts, the body 
parts were aggregated to remove redundancy (e.g., ‘Lowe syndrome’ in Table 6.1). 
If a supertype term was already part of the medical description, the algorithm 
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did not use the term as a clarification, but did add its definition (e.g., ‘Congenital 
cyst of adrenal gland’ in Table 6.1). We developed an ASP Core .NET (Microsoft, 
Redmond, WA, USA) web application with a Neo4j graph database (Neo4j, San 
Mateo, CA, USA) to generate the clarifications.

Figure 6.1 The algorithm generates a clarification by generalizing a medical concept to a more 
general, supertype concept with a patient-friendly description from the PFE

6.4	 Materials and methods

6.4.1	 Study design
We performed a validation study with a randomized sample of diagnosis 
clarifications that was evaluated by two raters (SMa and EP). The raters have 
a medical background and had been involved in the translation of SNOMED CT 
concepts to Dutch for the SCT-NL release, at the NRC.

6.4.2	 Study flow

6.4.2.1	 Validation instrument development

We developed a validation instrument to evaluate the quality of the diagnosis 
clarifications. The validation questions were developed in three iterations. Firstly, 
with two medical doctors (MDs) other than the raters in the current study, we 
tested on 45 cases whether the instructions and validation questions were clear. 
Secondly, with one of the MDs other than the raters of the current study, we 
measured the intra-rater reliability. In this second iteration, the MD completed 
twelve cases after receiving the full instructions. Subsequently, he completed the 
same cases again a few days later. The MDs and the first author (HvM) discussed 
the differences in ratings and HvM improved the validation questions accordingly 
to disambiguate them. Additionally, the validation questions were discussed and 
refined after the first 60 cases with the two raters in the current study. Three 
cases were repeated in these first 60 cases to assess the intra-rater reliability. We 
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sampled them randomly from the first 30 cases. We included the three repeated 
cases again and repeated six extra cases in the final 1140 cases (1131 unique 
cases).

6.4.2.2	 Sampling and validation

We took a random sample of 1200 clarifications by supertypes. This was 
constrained by the estimated amount of time of 40 hours of validation work 
made available by the NRC. For each patient-friendly term, we randomly selected 
one subtype that only had that concept as supertype in its clarification (when 
available), and one subtype that also had other supertypes that were used in the 
clarification (when available). In other words, in this way, we could validate all 
concepts with patient-friendly terms or definitions, both as a single supertype 
in the clarification, as well as one of multiple supertypes (see Table 6.1). To 
get a representative set of combinations of supertypes, we sampled by unique 
combinations of supertypes, covering up to one-third of all unique combinations 
of supertypes. Additionally, we sampled from concepts with patient-friendly 
synonyms that had no patient-friendly definitions, to see whether clarifications 
with supertypes can be useful for these cases. Two raters evaluated the clinical 
validity and provided feedback from the perspective of how they would explain 
the diagnosis to a patient. The raters were first provided with instructions on 
carrying out the validation and were provided with six example clarifications and 
how to validate them. They then validated 60 clarifications independently and 
discussed the results with the first author (HvM) to clarify the approach of the 
study and to achieve consensus. Where necessary, the validation questions were 
further refined and made explicit. After that, the raters continued with the rest 
of the clarifications independently. Both raters validated all of the clarifications. 
Finally, we discussed the clarifications in general. See Figure 6.2 for the steps in 
the study flow, Appendix A for the sampling script, Appendix B for the sampling 
procedure, Appendix C for the rating guide including the validation questions, and 
Appendix D for the data dictionary.
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Figure 6.2 Study flow

6.4.3	 Outcome measures and evaluation criteria
The primary outcome measures were the percentage of clarifications with 
identified errors and the percentage of clarifications that were considered 
unacceptable by the raters. Secondary outcomes were the completeness, 
relevance, and clarity of the clarifications and the interrater reliability of 
correctness and acceptability. See Table 6.3 for the description and scale of the 
outcome measures. The acceptability was based on the errors, completeness, 
relevance and clarity. A clarification should not contain errors (correctness), 
generalization should not leave out important information (completeness), the 
information in the clarification should be relevant (relevance) and it should be 
clear (clarity). The raters motivated their ratings in their own words in free text. 
Clarifications could be considered unacceptable without containing any mistakes, 
for example, if they provided irrelevant information. Conversely, mistakes could 
be considered acceptable, if they were considered minor issues to patients. 
Additionally, we categorized problems found and feedback for improvement.

6
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Table 6.3 Outcome measures with a description and the scale used

Outcome measure Description Scale

Error Whether the clarification of the diagnosis contains any mistakes. Boolean
(0 or 1)

Completeness The extent to which important information is present that you 
would use to provide a short clarification of the diagnosis.

Likert
(1 – 5)

Relevance The extent to which the information that is provided in the 
clarification is relevant to clarify a diagnosis to a patient.

Likert
(1 – 5)

Clarity The extent to which the clarification is clear, not vague, not 
confusing and not difficult to understand the diagnosis.

Likert
(1 – 5)

Acceptability The extent to which it is acceptable to show the clarification to a 
patient in the diagnosis list of his or her patient portal.

Likert
(1 – 5)

6.4.4	 Data entry forms
A case report form developed by SMe used for the mapping of code systems to 
SNOMED CT was extended and used to validate the diagnoses. It was developed 
using Python (Python Software Foundation, Delaware, DE, USA), Django (Django 
Software Foundation, Atlanta, GA, USA), and PostgreSQL (The PostgreSQL 
Global Development Group, Berkeley, CA, USA). The results were exported into 
a spreadsheet.

6.4.5	 Methods for data analysis

6.4.5.1	 Quantitative analysis

The intra-rater and interrater reliability were calculated using a two-way, 
agreement, single-measures intraclass correlation coefficient (ICC)192. We 
calculated the ICCs based on the Boolean and Likert rating scales used to score 
the outcome measures, to assess the agreement between the raters on those 
scales. The percentages of clarifications that were considered to contain errors 
and to be unacceptable were reported with their 95-percent confidence intervals 
(CI), similarly for their completeness, relevance, and clarity. We dichotomized 
the Likert scales taking a score of 1 or 2 as falsified (unacceptable, incomplete, 
irrelevant or unclear, respectively). We carried out a subgroup analysis by 
testing whether there were significant differences between clarifications that 
had single or multiple supertypes and compared clarifications with patient-
friendly synonyms with those that did not have a patient-friendly synonym. We 
used the CIs and the Mann-Whitney test to determine whether the differences 
were significant. For this quantitative analysis, we excluded the first 60 cases, 
because they were still used to refine the validation instrument. Statistical data 
analysis was carried out in R (R Foundation for Statistical Computing, Vienna, 
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Austria), using RStudio (RStudio Inc., Boston, MA, USA). The script can be found 
in Appendix E.

6.4.5.2	 Qualitative analysis

Problems found regarding correctness, completeness, relevance, clarity, and 
acceptability, as well as suggestions for improvement were thematically analysed, 
categorized and summarized narratively by the first author (HvM). A qualitative 
subgroup analysis of clarifications was carried out by analysing patterns in 
the correctness, completeness, relevance, clarity, and acceptability. For this 
qualitative analysis, we included all cases (also the first 60). The qualitatively 
derived themes were based on the feedback provided during the validation. The 
themes were discussed with the raters to achieve consensus.

6.5	 Results

6.5.1	 Sampling
We generated clarifications with 2,690 unique combinations of 620 supertypes 
for the 16,124 diagnoses from the DT for which a SNOMED CT mapping was 
available. From these diagnoses, we randomly sampled 1,188 cases for validation 
(7.4% of all cases) with 1,103 unique combinations of supertypes (41.0% of all 
unique combinations). With this sample, we covered all unique 620 supertypes, 
both as single (531) and multiple (512) supertypes. See Table 6.4 for the inclusion 
reasons and types of cases from the random sample.

Table 6.4 Inclusion reasons and the number of included cases n with totals m per inclusion type, 
for clarifications consisting of a single supertype, those consisting out of multiple supertypes, and 
those with synonyms. If there was only one clarification with a particular supertype (only single) 
we took that one, if there were more than one, we sampled one of them. We also took extra 
samples to have a total of 1,188 cases.

Inclusion reason n Inclusion type m

Only single 115 Total single 543

Sampled single 416

Extra single 12

Only multiple 108 Total multiple 522

Sampled multiple 260

Sampled unique 144

Extra multiple 10

Sampled synonyms 123 Total synonyms 123

Total 1,188

6
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6.5.2	 Ratings

6.5.2.1	 Errors

The raters identified errors in 12.7% (CI: 10.7-14.6%) of the clarifications. 
The raters agreed on the correctness of 90.7% of the cases and the ICC of the 
interrater reliability was 0.34 for correctness. Most errors were related to the PFE 
synonyms (36.8%) and definitions (51.3%), but also some were related to the 
mappings between DT and SNOMED CT (5.9%) and the modelling of SNOMED 
CT (16.5%), or were inherent to the algorithm (9.2%). Splitting into supertypes by 
the algorithm introduced errors with metastases and sometimes the “type of”-
explanation was considered to lead to erroneous clarifications. The categorization 
of errors with examples is listed in Table 6.6 and Appendix F.

6.5.2.2	 Acceptability

The raters found 14.3% (CI: 12.3-16.4%) of the clarifications to be unacceptable 
for a patient portal diagnosis list (defined as one or both raters providing 
a score of 1 or 2 for acceptability). The raters agreed on 48.3% of the Likert 
scale acceptability ratings with an ICC of 0.43 and 87.9% of the dichotomized 
acceptability. Table 6.5 shows the percentage of cases that were rated with a 
certain score. Figure 6.3 shows the majority of the clarifications were considered 
complete, relevant, clear and acceptable. A categorization of issues with examples 
is listed in Table 6.7.

6.5.3	 Subgroup analysis
Clarifications with a single supertype were rated significantly higher than those 
with multiple supertypes on correctness, relevance, and acceptability. For 
completeness, this difference was not significant. Clarifications with patient-
friendly synonyms were rated significantly higher on the completeness, but there 
was no significant difference on the other measures, see Appendix G. However, 
in 59% of these cases, a synonym itself, without any supertypes, would have 
been sufficient in clarifying the diagnosis and providing synonyms or definitions 
of supertypes did not add any value. In the other 41%, the synonym itself was 
too difficult and needed further clarification.

6.5.4	 General remarks
Raters suggested adding lexical clarifications, e.g., what malignant or benign 
means. Definitions should not use enumeration with examples, because they 
are only applicable to some of the subtypes and may cause unnecessary worry, 
e.g., the definition pancreatic disorder contains the example of pancreatic cancer. 
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Additionally, raters noted some synonyms and definitions were too difficult to be 
used as a clarification.

Table 6.5 Ratings of dichotomous measures, as a percentage with 95% confidence interval (CI), 
and the interclass coefficient (ICC). * Correctness (whether a clarification contained errors) 
was only measured dichotomously. For the other measures, the dichotomous percentage was 
understood as a score of 1 or 2 (falsified).

Measure ICC Measure Percentage

% CI

Correctness 0.34 Incorrect 12.7 10.7-14.6

Completeness 0.45 Incomplete 14.2 12.1-16.2

Relevance 0.39 Irrelevant 16.7 14.6-18.9

Clarity 0.45 Unclear 18.0 15.7-20.2

Acceptability 0.43 Unacceptable 14.3 12.3-16.4

Figure 6.3 The percentage of clarifications with scores for completeness, relevance, clarity, and 
acceptability. The strictest ratings given by the raters are shown.
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6.6	 Discussion

6.6.1	 Principal findings
We validated diagnosis clarifications that were automatically generated by 
generalizing the diagnoses to patient-friendly synonyms and definitions of 
more general concepts in the PFE. We found the majority of clarifications were 
considered correct, acceptable, complete, relevant, and clear by both raters. 
However, we identified errors and unacceptable results in some clarifications 
that need to be addressed. Clarifications that were considered to be the most 
unacceptable were incorrect and seemed to cause worry. The interrater reliability 
of correctness (ICC: .342) was poor and of acceptability (ICC: .429) was fair193, 
however, which shows that raters had different interpretations. Most problems 
that we found were associated with the patient-friendly synonyms and definitions 
from the PFE themselves, SNOMED CT modelling, and terminology mappings. 
Some identified problems related to the algorithm itself, creating unnecessarily 
complicated clarifications or changing the semantics by splitting the concept 
into its supertypes.

6.6.2	 Results in relation to other studies
Zeng et al190 used the Unified Medical Language System to provide generalizations 
for concepts and encountered similar problems: too general explanations that 
were not helpful ‘nulligravida (a type of finding)’ and some incorrect explanations. 
Zeng et al used a readability score to assess whether a term needed to be 
translated, while we assumed that terms and definitions in the PFE were at the 
right difficulty level. Their system was used to clarify free-text documents and 
was evaluated with a sample of EHR notes. They didn’t address the validity of the 
clarifications on the level of the terminology but rather assessed the performance 
on the level of the text. Research on text simplification175,190,191,194,195, with a focus 
on free-text documents and records, has to address named entity recognition 
and medical concept normalization, to determine which concepts are represented 
in the terms that might contain ambiguity and spelling errors. We avoided this 
by starting from diagnosis data that are coded with terminology systems. This 
way, we could focus on the task of clarifying the specific medical concept, 
using knowledge already available in SNOMED CT ontology. However, we still 
encountered issues in the underlying terminologies our approach was based on.

Studies196-198 on ontology verbalization have aimed to convert SNOMED CT 
ontology into text. This can be used to enable users to understand the formal 
SNOMED CT representations for terminology auditing and to access definitions 

6
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of concepts. These studies have not yet provided information on a patient-
friendly level of detail. Our approach can also be considered a type of ontology 
verbalization, by retrieving knowledge represented in the SNOMED CT hierarchy 
and terminology mappings. Additionally to the challenges of verbalization, we 
found issues in the SNOMED CT hierarchy and the level of detail required to clarify 
concepts to laypersons.

6.6.3	 Implications of the study and recommendations
SNOMED CT logically specifies disorders well that are fully defined, for example 
by morphology and finding site. However, some domains are underspecified, such 
as genetic and metabolic disorders, because SNOMED CT does not contain formal 
specifications of genes and proteins. Furthermore, concepts of syndromes and 
uncertainty are not fully defined in SNOMED CT. The algorithm splits concepts 
along the anatomic hierarchy, which can lead to unexpected results. These 
problems imply that the ontology verbalization approach will work better with fully 
defined concepts, rather than the generalization approach. We will investigate a 
combination of these approaches in further research. In our study, we focused 
on Dutch diagnoses and the PFE, but the algorithm can also be applied to other 
parts of SNOMED CT, and other languages and terminology systems. We expect 
that one would encounter similar issues.

Most problems we identified can be resolved by improvements in the algorithm, 
terms and definitions. They should be taken into account and improvements 
should be made accordingly where possible before implementing the clarifications 
in a patient portal. Most of the errors related to PFE synonyms and definitions 
arose because they did not apply to subtypes. We therefore recommend that, 
when terminologists add synonyms and definitions to SNOMED CT concepts in 
the PFE, the applicability to subtypes is taken into account to ensure the synonym 
or definition is also applicable to its subtypes. This implies excluding examples 
in definitions because those are not always applicable to subtypes. Additionally, 
the PFE should provide terms and definitions at a patient-friendly, low reading 
difficulty level; currently, the PFE still contains some difficult definitions that are 
not easy to read. A readability measure could also be considered, for example 
using frequency scores, to determine whether a term needs a definition. 
In focus groups with several Dutch terminology organizations199, there was 
indeed disagreement on whether the terms and definitions in the PFE should 
be considered “patient-friendly”. Additionally, “patient-friendliness” itself was a 
controversial concept. In one of the focus groups it was agreed that terms and 
definitions should be written at B1 level (in the European Reference Framework, 
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i.e., using more common, plain language terms, and more simple formulations) 
or should be tailored to the user. In future additions and modifications of terms 
and definitions in the PFE this will be taken into account. In our study, we found 
that the experts did not always identify the same errors. The PFE, and results 
from future similar studies, should therefore be validated by more than one 
evaluator, preferably with a background in the particular medical specialty in 
which the concept is used. Although this was not the initial objective of our study, 
the problems with terminology mappings and modelling we found show that this 
method can be used to evaluate the quality of the underlying terminologies.

6.6.4	 Strengths and weaknesses
The selection of clarifications covers all patient-friendly synonyms and definitions 
from the PFE that are supertypes of diagnoses from the DT and a large part 
of the unique combinations of supertypes used in the diagnosis clarifications. 
We, therefore, consider it to be representative of other diagnoses. However, the 
diagnosis clarifications that were not included due to the limited sample size 
still have to be validated. Additionally, clarifications should be revalidated when 
new terminology versions are released that change the relationships, terms and 
definitions used to generate the clarifications. We assumed the patient-friendly 
terms and definitions were included in SNOMED CT on the right level of detail 
and written in a patient-friendly form, but some terms and definitions were too 
difficult. Additionally, the definitions were not created to generalize more specific 
concepts to more general ones. We expect that results can be improved by taking 
this into account when improving or adding terms and definitions to the PFE.

The poor interrater reliability shows that experts identify different errors and 
differ in their opinion on whether patient-friendly clarifications are acceptable, 
which indicates that the validation instrument could be improved and emphasizes 
that more than one rater is needed to identify issues in the clarifications. One 
rater systematically identified more errors and provided lower ratings than the 
other rater. While the agreement between raters on correctness was high (91%), 
the ICC was affected by the skewed distribution of the correctness: there was 
a high a priori probability of agreement because 87% of clarifications were 
considered correct by both raters, which led to a higher penalty by the ICC in 
case of disagreement. The divergent interpretations seemed to be related to 
having a different medical specialization and clinical experience. For example, 
‘steroid responder’ is an ophthalmologic disorder in the DT, but may seem not to 
be a diagnosis from the point of view of another medical specialty.

6
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6.6.5	 Future work
The clarifications have only been medically evaluated in this validation study. 
Ultimately, patients and their significant others are supposed to benefit from 
clarifications and further evaluation by these end-users is planned. However, a 
medical evaluation is a necessary first step to assess the validity of the patient-
friendly terms, as patients are incapable of this assessment. The future validation 
instrument should be improved to increase the reliability and to specifically gauge 
the experience and understanding of the patients. While generalization increases 
the content coverage and reuse of terms and definitions, the dependence upon 
the quality of underlying terminology systems introduces uncertainty about the 
correctness and acceptability of the clarifications. In further research, we thus 
have to address how this approach should be used in practice: whether the 
automatic clarifications can be used in practice directly, with some disclaimer or 
warning, or whether it should only be used as a first draft clarification to develop 
patient-friendly terminology.

6.7	 Conclusion

We found the majority of diagnosis clarifications to be considered correct, 
complete, relevant, clear and acceptable but also identified some problems 
in diagnosis generalization to patient-friendly synonyms and definitions. Most 
of the found problems can be resolved, as they were related to the underlying 
terminologies. This shows generalization using the SNOMED CT hierarchy can be a 
useful and adequate method to increase the content coverage of the PFE. Before 
implementing the clarifications in practice some modifications have to be made 
to the terms and definitions, and this needs to be updated when new terminology 
versions are released. Further research should focus on improving the quality of 
the underlying terminologies, the relevance and clarity of the clarifications, and 
on evaluation with end-users.
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6.9	 Appendices

6.9.1	 Appendix A
Randomization.R sampling script is available in the online version of this paper 
at https://doi.org/10.1016/j.jbi.2022.104071.

6.9.2	 Appendix B
Background about terminologies and sampling procedure.

6.9.2.1	 Terminologies

The Diagnosethesaurus is used in Dutch hospitals to register diagnoses and 
contains multiple synonymous terms for each diagnosis concept. One of the terms 
is the preferred term of the concept, which is shown in the electronic health 
record (EHR). The Diagnosethesaurus is mapped to SNOMED CT concepts. Each 
SNOMED CT concept has multiple descriptions. A description may be a synonym 
or a text definition. Descriptions are referenced again by language reference sets, 
that state whether the description of the term is acceptable or preferred in a 
reference set. SNOMED CT Netherlands particularly releases a Patient-Friendly 
Extension that contains the SNOMED CT Dutch module for patient-friendly 
descriptions and Patient-friendly Dutch language reference set. In this study we 
aimed to clarify diagnoses registered with the Diagnosethesaurus by providing 
patient-friendly terms and definitions from the SNOMED CT Patient-friendly Dutch 
language reference set. Figure 6.4 visualizes the relationships between these 
terminologies.

6
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Figure 6.4 Relationships between Diagnosethesaurus concepts and terms, and SNOMED CT 
concepts, descriptions, and references.

6.9.2.2	 Clarification sampling

For each SNOMED CT concept that was referenced by the Patient-friendly Dutch 
language reference set, we sampled the subtypes that are registered in clinical 
practice in the Netherlands with the Diagnosethesaurus. When available we took 
one random subtype that had a clarification with only that supertype. Additionally, 
we took another random subtype that had a clarification of that supertype, but 
also with other supertypes referenced by the patient-friendly reference set. In 
total we selected 1200 clarifications this way. We excluded concepts that already 
had a patient-friendly definition, and concepts that had no supertype concepts 
that were referenced by the patient-friendly reference set. We registered the 
inclusion reasons for each diagnosis sampled. Some supertypes only have one 
subtype that use the supertype as the only supertype. Some supertypes only 
have one subtype that use supertype together with multiple other supertypes. 
These were all included as ‘Only single’ or ‘Only multiple’.

Table 6.8 Inclusion reasons with their description and rationale, with the number of supertypes s, 
the number of diagnoses sampled n and the number of diagnoses from which was sampled N.

# Reason Description Rationale s n N

1 Only 
single

The only diagnosis with the 
supertype as single supertype

There is only one 
diagnosis with the 
supertype as the 
only supertype. 
In sampling it is 
hence included 
automatically.

115 115 115

2 Sampled 
single

Randomly sampled the diagnosis 
from all diagnoses that had the 
supertype as single supertype

416 416 9571
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Table 6.8 (continued)

# Reason Description Rationale s n N

3 Only 
multiple

The only diagnosis with the 
supertype as one of multiple 
supertypes

There is only one 
diagnosis with 
the supertype as 
one of multiple 
other supertypes. 
In sampling it is 
hence included 
automatically.

111 108 108

4 Extra 
multiple

Contains combinations of the 
other multiple supertypes from 
the included diagnoses in ‘Only 
multiple’

Diagnoses from 
‘Only multiple’ 
also had unique 
supertypes, other 
than the sampled 
ones (because they 
have multiple). These 
thus already have 
been sampled in the 
previous step.

72 0 1725

5 Sampled 
multiple

Randomly sampled the diagnosis 
from all diagnoses that had the 
supertype as one of multiple 
supertypes, for those supertypes 
that were not already included 
earlier during sampling multiples

320 255 -
264

4605

6 Sampled 
uniques

Sampled extra diagnoses with 
2 to 7 supertypes, by increasing 
their coverage to one-third of all 
unique combinations, for each 
number of supertypes (2 to 7)

There are few 
diagnoses with 
many supertypes 
(2, 3, 4, 5, 6 or 7) 
supertypes. During 
sampling they might 
be underrepresented 
otherwise, while 
they result in the 
most complicated 
clarifications.

146 
-154

7 Sampled 
synonyms

Sampled from diagnosis 
with synonyms so all unique 
combinations of supertypes were 
covered

There are few 
diagnoses with 
synonyms, but fewer 
with a text definition.

118 -
119

8 Sampled 
extra

Sampled from diagnoses not yet 
included

To reach the sample 
size some random 
extra diagnosis are 
sampled

9-
22

9 Sampled 
first intra-
rater

Sampled from the first 30 
samples

To calculate the intra-
rater reliability for 
the first 60 (- 3 = 57) 
cases

3

10 Sampled 
second 
intra-
rater

Sampled from samples 99 to 999 To calculate the intra-
rater reliability for the 
last 1140 (- 6 = 1134) 
cases

6

Total 1200

6
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6.9.3	 Appendix C

6.9.3.1	 English translation of Dutch guide for participants

Diagnosis clarifications validation instructions

Background
Patient-friendly terms and definitions can help patients and their significant 
others understand their medical data. There is, however, a myriad of terms that 
is used in the medical domain and it costs a lot of time and effort to make patient-
friendly descriptions for all these terms, in all languages. A description in more 
general terms might already be sufficient for a layperson, leaving out some of 
the specialist details. In this study, we want to ask you to validate clarifications of 
diagnoses. The clarifications are based on the generalization of diagnoses to more 
general terms and definitions. We generate the clarifications with the SNOMED 
CT hierarchy, by generalizing diagnoses to concepts with terms and definitions 
from the patient-friendly extension. The clarifications are to be used to clarify the 
meaning of the diagnoses in patient portals or personal health records, where 
patients and their significant others can view the medical descriptions of the 
diagnoses on their problem list.

Content research
We will start the study with some background questions. Then we illustrate the 
procedure with six examples and discuss the instructions. After completing the 
first 60 clarifications independently from the other participant, we will discuss 
the results together to reach consensus. Then you can continue validating the 
rest of the clarifications. We ask you to keep the time it took to execute the study.

Throughout this research it is important to take the perspective of you as a 
medical doctor. You have to imagine that you registered the diagnoses in the 
medical record of the patient and that the patient can later find the diagnoses 
in the problem list in the patient portal. Next to the medical description of the 
diagnoses as you registered, there will be the clarification to briefly clarify what 
the diagnosis means. This way, the patient and its significant other know what 
the diagnosis is about. The diagnosis has usually already been discussed with the 
patient. The clarification is not a replacement for patient education. The patient 
can view the diagnosis and the clarification after a consultation, or months or 
years later, in the patient portal.
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Background questions
We will ask you to provide this data during the instructions and they will be 
reported in the paper.

�	 Gender
�	 Age group
�	 What is your medical specialty?
�	 How many years of work experience do you have in healthcare, including 

internships?
�	 How many years of work experience do you have with formal terminology 

systems, such as the Diagnosethesaurus and SNOMED CT?

Questions about each diagnosis clarification
You will get to see a diagnosis term, as it is registered in the medical record, 
and a description that contains the clarification that the patient will be able to 
see. You have to answer the questions below about each diagnosis clarification. 
You only get one task at the same time, so you cannot go back to the previous 
task after a task has been completed. You are allowed to look up anything you 
deem necessary to assess the diagnosis clarification. If you have any questions 
or something goes wrong, please contact us. Below you find some explanations 
of the questions. Please read it carefully and use it while answering the 
questions. The last four questions are on a scale from 1 to 5, where, e.g., 1 is very 
unacceptable, 2 unacceptable, 3 not unacceptable or acceptable, 4 acceptable 
and 5 very acceptable. In the last question you evaluate if the clarification can be 
displayed in the patient portal according to your opinion, or if you have objections 
against that.

Question Explanation

Cannot evaluate the 
clarification?

If you believe you cannot evaluate the clarification, because 
something went wrong, because you do not have the expertise, or 
because of some other reason.

Why not? Here you can write why it could not be evaluated.

Does this clarification 
contain mistakes from a 
medical perspective?

The clarifications may not contain clinical mistakes that would 
provide wrong information to a patient, significant other or 
layperson. Also small errors or corrections are relevant. This does 
not address the completeness, relevance, clarity or whether it is 
acceptable, but only mistakes in the clarification of the diagnosis.

If it contains mistakes, what 
are the mistakes exactly?

If there are mistakes, we ask you to specify what is wrong with 
the clarification and how it should be improved.

6
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Question Explanation
When you register this 
diagnosis in the medical 
record of the patient and 
the diagnosis is displayed 
on the patient portal to your 
patient or its significant 
others, what do you think 
about that? When not 
complete, relevant, clear 
or acceptable, can you 
describe what makes it 
incomplete, irrelevant, 
unclear or unacceptable 
and how it can be 
improved?

Here you can provide feedback on the clarification. Here is when 
we ask you to evaluate the completeness, relevance, clarity and 
how acceptable it is.

How complete is the 
clarification from 1 very 
incomplete to 5 very 
complete, where 3 is not 
incomplete or complete?

Up to what extent you miss important information, that you would 
use as a medical doctor in a short clarification of the diagnosis.

How relevant is the 
clarification from 1 
very irrelevant to 5 very 
relevant?

Up to what extent the information that is being provided in the 
clarification is relevant at all, to clarify the diagnosis to a patient 
or significant other.

How clear is the clarification 
from 1 very unclear to 5 
very clear?

Up to what extent you consider the clarification to be clearly 
formulated for the understanding of the diagnosis, because it 
should not be too vague, confusing or difficulty.

When you register this 
diagnosis in the medical 
record of the patient and 
the diagnosis is displayed 
on the problem list of 
your patient or his or her 
significant others:
How acceptable is this 
clarification from 1 very 
unacceptable to 5 very 
acceptable, where 3 
is not unacceptable or 
acceptable?

Up to what extent you consider that this clarification is allowed to 
be displayed for this diagnosis in the problem list of the patient. 
If you really have an objection that this clarification is displayed 
when a patient or significant other clicks on the info button, then 
it should be 1 very unacceptable or 2 unacceptable.

Questions afterwards about the clarifications in general
Afterwards we will discuss the following points.

�	 How many hours did it take in total?
�	 What is or is not acceptable to implement into a patient portal?
�	 What has to be improved to use the clarifications in practice?
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6.9.3.2	 Original Dutch guide for participants

Instructies validatie diagnosetoelichtingen

Achtergrond
Patiëntvriendelijke termen en definities kunnen patiënten en hun naasten helpen 
om hun medische gegevens te begrijpen. Er zijn echter ontzettend veel termen 
die in het medische domein gebruikt worden en het kost veel tijd en moeite om 
patiëntvriendelijke beschrijvingen voor al deze termen te maken, in alle talen. Een 
beschrijving in meer algemene termen zou al genoeg kunnen zijn voor een leek, 
waarbij sommige specialistische details weggelaten worden. In dit onderzoek 
willen we u vragen om toelichtingen op diagnoses valideren. De toelichtingen zijn 
gebaseerd op de generalisering van diagnoses naar meer algemene termen en 
definities. We genereren de toelichtingen met de SNOMED CT hiërarchie, door 
de diagnoses te generaliseren naar concepten met termen en definities uit de 
patiëntvriendelijke extensie. De toelichtingen zouden gebruikt kunnen worden 
om de betekenis van de diagnoses te verduidelijken in patiëntenportalen en 
persoonlijke gezondheidsomgevingen, waarin patiënten en hun naasten de 
medische beschrijvingen van de diagnoses op hun probleemlijst kunnen inzien.

Inhoud onderzoek
We beginnen het onderzoek met enkele achtergrondvragen. Dan illustreren we de 
procedure met zes voorbeelden en bespreken we de instructies daarbij. Na het 
afronden van de eerste 60 toelichtingen onafhankelijk van de andere deelnemer, 
bespreken we de resultaten gezamenlijk om consensus te bereiken. Daarna kunt 
u verder met het valideren van de rest van de toelichtingen. We vragen u om 
steeds de tijd bij te houden die het kostte om het onderzoek uit te voeren.

Tijdens dit onderzoek is het van belang het perspectief van u als arts in te 
nemen. U moet zich voorstellen dat u de diagnose heeft geregistreerd in het 
medisch dossier van de patiënt en dat de patiënt daarna de diagnose op het 
patiëntportaal kan vinden in de probleemlijst. Naast de medische omschrijving 
van de diagnose, zoals u die heeft geregistreerd, staat dan de toelichting om in het 
kort te verduidelijken wat de diagnose betekent. Op deze manier weten de patiënt 
en zijn naasten waarover het gaat. De diagnose is dan doorgaans al besproken 
met de patiënt. De toelichting is geen vervanging voor patiëntvoorlichting. De 
patiënt kan de diagnose en de toelichting na een consult, of maanden of jaren 
later, nog terugzien in het patiëntenportaal.

6
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Achtergrondvragen
Deze gegevens vragen we u tijdens de instructies op te geven en komen ook in 
het paper.

�	 Geslacht
�	 Leeftijdsgroep
�	 Wat is uw medisch specialisme?
�	 Hoeveel jaar werkervaring heeft u in gezondheidszorg, inclusief coschappen?
�	 Hoeveel jaar werkervaring heeft u met formele terminologiesystemen, zoals 

de Diagnosethesaurus en SNOMED CT?

Vragen over elke diagnosetoelichting
U krijgt een diagnoseterm te zien, zoals die in het dossier wordt geregistreerd, 
en een beschrijving waarin de toelichting staat die de patiënt erbij te zien krijgt. 
Bij deze uitleg van de diagnose moet u de onderstaande vragen beantwoorden. 
U krijgt steeds maar één taak tegelijk, u kunt niet meer teruggaan naar de vorige 
taak nadat een taak is voltooid. U mag wel alles opzoeken wat u nodig acht om 
de diagnosetoelichting te beoordelen. Mocht u vragen hebben of er iets misgaan, 
neem dan even contact op. Hieronder de uitleg bij de vragen. Neemt u deze goed 
door en gebruik deze ook tijdens de beantwoording van de vragen. De laatste vier 
vragen zijn op een schaal van 1 tot 5, waarbij dus bijvoorbeeld het gaat om 1 heel 
onacceptabel, 2 onacceptabel, 3 niet onacceptabel of acceptabel, 4 acceptabel 
en 5 heel acceptabel. In de laatste vraag beoordeelt u of de toelichting naar 
uw inzicht in het patiëntenportaal getoond mag worden of dat u daar bezwaren 
tegen heeft.

Vraag Uitleg

Kan toelichting niet beoordelen? Als u vindt dat u de toelichting niet kan 
beoordelen, omdat er iets mis is gegaan, 
omdat u de expertise niet heeft, of om een 
andere reden.

Waarom niet? Hier kunt u aangeven waarom het niet 
beoordeeld kon worden.

Staan er fouten in deze toelichting vanuit een 
medisch perspectief?

De toelichtingen mogen geen klinische 
onjuistheden bevatten die verkeerde 
informatie zouden geven aan een patiënt, 
naaste of leek. Ook kleine fouten of correcties 
zijn relevant. Het gaat hierbij niet over de 
compleetheid, relevantie, duidelijkheid of dat 
het acceptabel is maar echt over fouten in de 
toelichting op de diagnose alleen.
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Vraag Uitleg

Wanneer er fouten in staan, wat zijn dan 
precies de fouten?

Als er fouten in staan, dan vragen we u te 
specificeren wat er mis is met de toelichting en 
hoe het verbeterd zou moeten worden.

Wanneer u deze diagnose registreert in 
het medische dossier van de patiënt en 
de diagnose op de probleemlijst in het 
patiëntenportaal aan uw patiënt en zijn of 
haar naasten wordt getoond, wat vindt u 
daarvan? Wanneer niet compleet, relevant, 
duidelijk of acceptabel: kunt u beschrijven 
wat het incompleet, irrelevant, onduidelijk of 
onacceptabel maakt en hoe zou het verbeterd 
kunnen worden?

Hier kunt u feedback geven op de toelichting. 
Hier vragen we u pas om de compleetheid, 
relevantie, duidelijkheid en hoe acceptabel het 
is te beoordelen.

Hoe compleet is deze toelichting, van 1 heel 
incompleet tot 5 heel compleet, waarbij 3 niet 
incompleet of compleet is?

In hoeverre belangrijke informatie mist, die u 
als arts zou gebruiken in een korte toelichting 
op de diagnose.

Hoe relevant is deze toelichting, van 1 heel 
irrelevant tot 5 heel relevant, waarbij 3 niet 
irrelevant of relevant is?

In hoeverre de informatie die wel gegeven 
wordt in de toelichting überhaupt relevant is 
om de diagnose toe te lichten aan een patiënt 
of naaste.

Hoe duidelijk is deze toelichting, van 1 heel 
onduidelijk tot 5 heel duidelijk, waarbij 3 niet 
onduidelijk of duidelijk is?

In hoeverre u de toelichting duidelijk vindt 
geformuleerd voor het begrip van de diagnose, 
omdat het niet te vaag, verwarrend of moeilijk 
mag zijn.

Wanneer u deze diagnose registreert in 
het medische dossier van de patiënt en 
de diagnose op de probleemlijst in het 
patiëntenportaal aan uw patiënt en zijn of haar 
naasten wordt getoond:
Hoe acceptabel is deze toelichting, van 1 heel 
onacceptabel tot 5 heel acceptabel, waarbij 3 
niet onacceptabel of acceptabel is?

In hoeverre het acceptabel vindt dat deze 
toelichting getoond wordt bij de diagnose 
op de probleemlijst van de patiënt. Als u 
echt een bezwaar heeft dat deze toelichting 
getoond wordt wanneer een patiënt of naaste 
op een infoknop klikt dan zou het dus 1 heel 
onacceptabel of 2 onacceptabel zijn.

Vragen achteraf over de toelichtingen in het algemeen
Achteraf bespreken we de volgende punten.

�	 Hoeveel uur kostte het in totaal?
�	 Wat is wel of niet acceptabel om te implementeren in een patiëntenportaal?
�	 Wat moet er verbeteren om de toelichtingen in de praktijk te gebruiken?

6.9.4	 Appendix D
Data dictionary.
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Table 6.9 Data to be imported into the case report form

Id Variable name Data type

1 SortIndex Int

2 SctConceptId Int (64 bit)

3 DtConceptId Int

4 DtPreferredTerm String

5 Clarification String

Table 6.10 Participant characteristics

Id Variable name Data type Input type

1 ParticipantId Int Autonum

2 Gender Int Radio buttons [Male, female, other]

3 AgeGroup Int Radio buttons [20-29, 30-39, 40-49] etc.

4 MedicalSpecialty String Text area

5 YearsHealthcare Int Number

6 YearsTerminology Int Number

Table 6.11 Clarification validation data

Id Variable name Data type Input type

1 ParticipantId Int Display value

2 SortIndex Int Display value

3 SctConceptId Int (64 bit) Display value

4 CannotValidate Boolean Checkbox

5 WhyNotValidate String Text Area

6 ContainsErrors Boolean Radio buttons [Yes, No]

7 Errors String Text area

8 Completeness Int Radio buttons from 1 to 5

10 Relevance Int Radio buttons from 1 to 5

11 Clarity Int Radio buttons from 1 to 5

12 IsAcceptable Boolean Radio buttons from 1 to 5

13 NotAcceptableNotes String Text area

14 Suggestion String Text area

Table 6.12 Tool evaluation data

Id Variable name Data type Input type

1 ParticipantId Int Autonum

2 HoursTaken Int Number

3 ToolFeedback String Text area
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6.9.5	 Appendix E
Script for statistical analysis is available in the online version of this paper at 
https://doi.org/10.1016/j.jbi.2022.104071.

6.9.6	 Appendix F
Validation results categorization is available in the online version of this paper at 
https://doi.org/10.1016/j.jbi.2022.104071.
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Chapter 7

Abstract

Background Medical data can be difficult to comprehend for patients, but 
only a limited number of patient-friendly terms and definitions are available to 
clarify medical concepts. Therefore, we developed an algorithm that generalizes 
diagnoses to more general concepts that do have patient-friendly terms and 
definitions in SNOMED CT. We implemented the generalizations, and diagnosis 
clarifications with synonyms and definitions that were already available, in the 
problem list of a hospital patient portal.

Objective We aimed to assess the extent to which the clarifications cover the 
diagnoses in the problem list, the extent to which they are used and appreciated 
by actual patient portal users in a real-life setting, and to explore differences in 
viewing problems and clarifications between subgroups of users and diagnoses.

Methods We measured the coverage and usage of the clarifications, and user 
and diagnosis characteristics with aggregated, routinely available EHR and log 
file data. Additionally, quantitative and qualitative feedback from patient portal 
users was collected about the quality of the clarifications.

Results Of all patient portal users that viewed diagnoses on their problem 
list (n = 2,660), 89% had one or more diagnoses with clarifications. We found 
that 55% of patient portal users viewed the clarifications. Users that rated the 
clarifications (n = 108) considered the clarifications to be of good quality on 
average, with a median rating per patient of 6 (interquartile range: 4 – 7; from 1 
very bad to 7 very good). Users commented that they found clarifications to be 
clear and recognized the clarifications from their own experience, but sometimes 
also found the clarifications incomplete or disagreed with the diagnosis itself.

Conclusions This study shows that the clarifications are used and appreciated 
by patient portal users. Further research and development will be dedicated to 
the maintenance and further quality improvement of the clarifications.
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7.1	 Background and Significance

Medical data can be difficult to comprehend for patients4,56,70, but only a limited 
number of patient-friendly terms and definitions are available to clarify medical 
concepts. Patients understand medical data on a more general level, in less detail 
than clinicians.200 To clarify what a medical term means, we hypothesize that a 
short description in more general terms might thus be sufficient if it is at the right 
level of detail. While this does not replace the need to inform patients thoroughly 
during consultations and to provide patient information resources, this can help 
patients understand data in their medical records.

Therefore, we developed a method to generalize diagnoses to more general 
concepts that do have patient-friendly terms and definitions in the SNOMED 
CT Netherlands Patient-Friendly Extension (denoted as “PFE” hereafter), by 
employing the SNOMED CT hierarchy184,201. We showed that this method increases 
the number of diagnoses that can be clarified significantly184. Additionally, more 
than 85% of clarifications were regarded as correct and acceptable to use in 
practice200. We further improved the clarifications based on the input from the 
validation study and updated the clarifications with the latest version of the PFE. 
The final set of clarifications contained clarifications consisting of direct synonyms 
and definitions available in the PFE (e.g. ‘phlebitis’ in Table 7.1) and clarifications 
that were generated by the generalization to concepts that do have PFE synonyms 
and definitions (e.g. ‘pulmonic valve regurgitation’ in Table 7.1).

Table 7.1 Examples of diagnoses registered in Dutch problem lists of medical records and their 
corresponding clarifications that can be displayed after clicking on the diagnosis description or 
info button.

Medical diagnosis 
description

Clarification

Phlebitis Another word for “phlebitis” is inflammation of vein: Inflammation of 
a vein, which makes it red, swollen, and painful.

Pulmonic valve 
regurgitation 

A type of leaky heart valve. Leaky heart valve: This is a heart valve 
that closes poorly so that oxygen-rich blood no longer flows properly 
through the body. This causes complaints such as shortness of 
breath, fatigue after exertion and dizziness.

Congenital cyst of 
adrenal gland 

A type of inborn abnormality and hormonal disorder. Cyst: cavities in 
the body filled with liquid.

Lowe syndrome A type of inborn abnormality, mental disorder, and disorder of brain, 
kidney, eye, and metabolism. It is hereditary.

7
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7.2	 Objective

The clarifications had not been evaluated by actual patient portal users in a 
real-life setting. The current study aims to evaluate the implementation of these 
diagnosis clarifications in a patient portal problem list. First, we aimed to assess 
the coverage of the clarifications and evaluate patient portal users’ information 
needs by analysing to what extent they use the clarification functionality when 
they view their problem list. Second, we evaluated the quality of the clarifications 
from the perspective of the users and explored differences in user and diagnosis 
characteristics between those that only view their problem list and those that use 
the additional clarification functionality.

7.3	 Study Context

7.3.1	 System Details
The study was carried out at the teaching hospital Franciscus Gasthuis & 
Vlietland (Franciscus).202 The hospital used the health information system HiX 
and its patient portal (version 6.2; ChipSoft B.V., Amsterdam, The Netherlands). 
Patients, or their authorized proxies, use the patient portal, for instance, to view 
their medical data, schedule appointments, securely message their health care 
provider, and complete questionnaires. Proxy users can be anyone authorized by 
the hospital or the patients (depending on their age), such as informal caregivers, 
case managers or the parents of a child. The diagnosis clarifications were 
implemented in the problem list, which contains diagnoses, complications and 
attention notes. See Figure 7.1. The description of the diagnosis was highlighted, 
underlined and provided with an info icon if a clarification was available. When 
clicked, the diagnosis description and a clarification of the diagnosis were 
displayed. A warning was displayed for the clarifications with supertypes, stating 
that the clarification was generated automatically and might contain errors. For 
questions about their diagnosis, patients were referred to their doctors. Figure 7.2 
and Figure 7.3 illustrate the clarifications, feedback, information and warnings.
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Figure 7.2 Example of diagnosis clarification 
for the diagnosis ‘Osteoarthritis of knee’. 
This clarification defines the supertype 
osteoarthritis. Users can provide a rating of 
the clarification from (1) very bad to (7) very 
good. Below, a warning is provided that the 
clarification was generated automatically, and 
questions can be addressed to the clinician. 
Additionally, information is provided that the 
feedback is used to improve the clarifications 
and a link is provided to further information 
about the research.

Figure 7.3 Example of diagnosis clarification 
for the diagnosis ‘Obesity’. This clarification 
consists of a definition from the Dutch SNOMED 
CT patient-friendly extension. Users can 
motivate their rating in free text.

7.3.2	 Terminologies
Diagnoses on the problem list were encoded by the Diagnosethesaurus (“DT” 
hereafter; Dutch for “Diagnosis Thesaurus”; DHD, Utrecht, The Netherlands). We 
used the modified supertype clarifications (see Appendix B) from the April 2020 
DT version and the descriptions from the February 2022 DT version. The coverage 
of the diagnoses by clarifications was 9.4 times higher with generalization 
compared to the coverage of diagnoses by clarifications based on descriptions 
from the PFE only. See Table 7.2.



149

Evaluation of patient-friendly diagnosis clarifications in a hospital patient portal

Table 7.2 Diagnosethesaurus coverage

Statistic n % of DT % of SCT

Diagnoses 25,199 100.0

Diagnoses with SNOMED CT id 22,762 90.3 100.0

Diagnoses with clarifications by synonyms and definitions 1,576 6.3 6.9

Diagnoses with clarifications by generalization 13,304 52.8 58.5

Total diagnoses with clarifications 14,880 59.1 65.4

7.4	 Methods

7.4.1	 Study Design
We performed a post-implementation evaluation study with the reuse of routinely 
collected data and prospectively collected quality improvement feedback. The 
protocol was approved by the university hospital medical ethics review board 
(reference W21_259 # 21.285), and the local hospital privacy officer and 
scientific research bureau (reference 2021-109), before commencing the data 
collection and registered at the ISRCTN203.

7.4.2	 Participants and Study Flow
During the nine-week study period from Monday, April 4th to Monday, June 6th, 
2022 all patient portal users were included. We analysed usage data about the 
logins on the patient portal, problem list views, which diagnoses were displayed 
when users view their problem list, the number of diagnoses with clarifications 
and which info buttons were clicked on by users. Users were free to provide 
feedback or not. Users could log in, view the problem list, display clarifications and 
provide ratings and feedback multiple times. This thus resulted in a convenience 
sample with those users that logged in, viewed their problem list, clicked on the 
info buttons to view the clarifications, and took the effort to provide feedback on 
the clarifications. We refer to these steps as “conversion steps” and we call the 
percentage of users that convert from one step (e.g. logging in) to another (e.g. 
view the problem list) conversion rates.

Conversion steps:

1.	 Login into the patient portal
2.	 View the problem list
3.	 Click on the info button to view the clarification
4.	 Provide feedback on the clarification

7
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7.4.3	 Outcome Measures and Evaluation Criteria
The coverage of the clarifications was measured as the diagnosis clarification 
recall: the number of diagnoses with a clarification divided by the total number 
of diagnoses viewed on the problem list. We distinguish this from the problem 
clarification recall: the number of diagnoses with clarifications divided by the 
total number of problems (including diagnosis, complications and attention 
notes) viewed. The use of the clarification functionality was measured as the 
info button click precision: the number of info buttons clicked on divided by the 
total number of info buttons viewed. For each conversion step from login to rating 
the clarifications, we reported the percentage of users that converted to that 
step, the number of actions (i.e. logins, views, clicks, ratings) they carried out and 
the number of unique problems, diagnoses and info buttons where the actions 
were performed on. We aggregated user and diagnosis characteristics for each 
step, to compare differences between subgroups in the conversion rates. User 
characteristics were user type (patient user or proxy account user), age group, 
gender, the patient’s latest diagnosis year, and the number of diagnoses. We 
aggregated diagnoses by DT concept, clarification type and medical specialty.

7.4.4	 Data Acquisition and Measurement
We reused EHR and audit trail data to derive which diagnoses were viewed by 
patients, for which diagnoses users clicked on the info button, and what other 
actions were taken on the patient portal. We also reused diagnoses, age and 
gender already registered in the EHR to explore differences in user and diagnosis 
characteristics.

The two feedback questions asked were simple and minimally invasive: ‘(1) 
Please rate this explanation (1. very bad – 7. very good)? (2) Can you motivate 
your score?’ The questionnaire functionality of the EHR was used for this purpose. 
The feedback was monitored by the hospital staff, to assess whether it contained 
questions that needed to be addressed or whether any issues arose. The hospital 
was able to contact the patients to address their questions and where necessary 
a clarification could have been corrected or removed, or the functionality might 
have been turned off completely if deemed necessary.

Aggregated data on all patient portal users during the study period were exported 
from the EHR. To protect the privacy of the patients, variables such as gender 
and age were aggregated in separate tables so they could not be combined. 
Free text from the feedback provided was anonymized by an authorized hospital 
functionary. Anonymization was carried out by removing directly identifying data, 
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such as dates, places, names of patients, clinicians or others. EHR, audit trail and 
free-text data were made available by the hospital without any directly identifying 
personal information.

7.4.5	 Statistical Analysis
Conversion rates were calculated and aggregated by the different outcome 
measure levels. For the number of actions, the interquartile ranges (IQRs) and 
the maximum number of actions per user were reported. We calculated the 
diagnosis clarification recall and info button click precision for each patient and 
took the median and IQR. For the clarification quality ratings, we used the median 
and interquartile range of the median rating per patient and clarification. The 
difference in ratings for clarifications with synonyms and definitions compared to 
clarifications with generalizations to concepts with synonyms and definitions was 
tested with the Mann-Whitney U test204. We analysed the feedback thematically 
and summarized it narratively. Thematic analysis was carried out by two authors 
(HJTvM and GEGH) and differences were discussed until consensus was achieved. 
The Fisher Exact test205 was used to test differences among users and diagnosis 
characteristics in the proportions of problem list views and info button clicks. 
Odds ratios (ORs) were calculated post hoc of each variable to estimate the 
associations between the characteristics and the views and clicks, comparing 
the odds of the particular variable (e.g., patients of female gender or with age 
between 0 to 9) with a reference group (e.g., male gender or age 30 to 39). We 
took the largest group as the reference group. The p-values were corrected for 
false discovery rate with the Benjamini Yekutieli method206. Data were analysed 
using the R programming language (R Foundation for Statistical Computing, 
Vienna, Austria; Version: 4.2.1, 2022-06-23) in RStudio (RStudio Inc., Boston, 
MA, USA; Version: 2022.07.1). See the R script in Appendix A.

7.5	 Results

7.5.1	 Demographic and Other Study Coverage Data
In total, for 19,961 patients users had logged in at least once during the nine-
week study period. Logins came from all age groups, the largest group logged 
in for patients in their thirties (18.1%), followed by sixties (17.4%) and fifties 
(16.5%). Relatively more logins were for women (61.8%) and few users logged 
in with proxy accounts (0.2%). Table 7.3 shows the user characteristics for each 
step. Appendix D contains the complete results dataset.

7
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7.5.2	 Conversion Rates
Table 7.4 shows the overall conversion and the number of actions carried out for 
each step. The problem list of 6,530 patients was viewed (32.7% of the patients 
for whom users had logged in), 2,660 (13.3%) had viewed DT encoded diagnoses 
on their problem list, and 2,363 (11.8%) had viewed info buttons on their problem 
list that they could have clicked. Therefore, for 88.8% (2,363 / 2,660) of patients 
of whom DT encoded diagnoses on their problem list were viewed, an info button 
was available to view a clarification. When info buttons were available, a median 
of 1 (IQR: 1 – 2; maximum: 10) info button was on their problem list. The median 
problem clarification recall was 0.33 (IQR: 0.00 – 0.67). The median diagnosis 
clarification recall was 1.00 (IQR: 0.75 – 1.00). One or more info buttons were 
clicked on for diagnoses of 1,291 patients, which is 54.6% of the patients for 
whom info buttons were viewed and 6.5% of the patients for whom was logged 
in. On average, users clicked twice (IQR: 1 – 3; maximum: 31) on one info button 
(IQR: 1 – 1; maximum: 8). The median click precision per patient was 0.50 (IQR: 
0.00 – 1.00). Of the patients that clicked on an info button, 108 (8.4%) provided 
a rating (0.5% of the patients that had logged in).
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7.5.3	 Clarification Quality Ratings
108 users provided feedback on 127 diagnoses (103 unique diagnoses with 95 
unique clarifications). Users rated the clarifications with a median of 6 (IQR: 4 – 
7), see Figure 7.4. Clarifications with synonyms and definitions were rated higher 
than clarifications with generalizations to supertypes (median: 6, compared to 
median: 5.5; p = .0379), see Figure 7.5. Users provided a comment on 66 of 
the 127 diagnoses (56%). The most common comments were that they found 
the clarification clear (n = 25; 38%) or incomplete (n = 10; 15%), provided input 
for improvement (n = 10; 15%), found the clarification unclear (n = 5; 8%), or 
disagreed with the diagnosis rather than the clarification (n = 4; 6%). Additionally, 
some users (n ≤ 3; ≤ 5%) commented they recognized the clarification based on 
their own experience, that they found the clarification was right or useful, asked 
for a solution for their health problem, disagreed with the treatment, clarification, 
and/or diagnosis (sometimes not a clear distinction), or mentioned the existence 
of alternative sources of clarifications.

Figure 7.4 Bar plot and box plot of the median ratings per patient. The bar plot shows the median 
ratings per patient for each rating from (1) very bad to (7) very good and the percentage, and the 
number of patients n. The box plot below the bar plot shows the median (median: 6), interquartile 
range (IQR: 4 – 7) and jittered scatter of the ratings.

7
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Figure 7.5 Boxplots of ratings from (1) very bad to (7) very good for all clarifications (“All”, 
left), clarifications with patient-friendly synonyms and definitions (“Descriptions”, centre) and 
clarifications with generalization to supertypes with patient-friendly synonyms and definitions 
(“Generalizations”, right).

7.5.4	 Differences Between Subgroups
After correcting for the false discovery rate (see Table 7.5 in Appendix C), 
differences in the proportion of users that viewed the problem list were found 
significant for gender (p = .0042) and latest diagnosis year (p = .0042). The odds 
of viewing the problem list were lower for male compared to female patients 
(OR: 0.89; CI: 0.84 – 0.95) and higher for patients having the latest diagnosis in 
the year 2022 (when the study was carried out) compared to those having no 
diagnosis (OR: 1.35; CI: 1.20 – 1.53). Differences in the proportion of users that 
clicked on an info button were significant for the latest diagnosis year (p = .0003) 
and medical specialty (p = .0046). The odds of clicking on an info button were 
higher for patients having the latest diagnosis in 2022 (OR: 3.08; CI: 2.30 – 
4.15) and 2021 (OR: 1.33; CI: 1.02 – 1.74) compared to 2020. Compared to 
orthopaedics, the odds of clicking were lower for ear, nose and throat surgery 
(OR: 0.78; CI: 0.61 – 0.99), dermatology (OR: 0.56; CI: 0.42 – 0.74), surgery (OR: 
0.75; CI: 0.56 – 0.99), ophthalmology (OR: 0.64; 0.48 – 0.85), urology (OR: 0.52; 
CI: 0.34 – 0.78), plastic surgery (OR: 0.51; CI: 0.28 – 0.93) and gynaecology (OR: 



157

Evaluation of patient-friendly diagnosis clarifications in a hospital patient portal

0.51; CI: 0.26 – 0.98). See Appendix C for the proportions and odds ratios of the 
subgroup variables.

7.5.5	 Unexpected Observations
During monitoring, we noticed two events that were not expected. One user (rating: 
5) wrote ‘I have this pain already for [x] years, why can they not do anything about 
it, life keeps getting more unbearable’. The hospital verified whether the patient 
required follow-up, but there already was a follow-up scheduled. Therefore, it 
was decided that further action was not necessary. In a second case (rating: 1), a 
user commented he or she did not have the diagnosis and that this was confirmed 
by the clinician.

7.6	 Discussion

This study provided insight into patient portal user information needs by measuring 
and evaluating the actual coverage and use of a clarification functionality for the 
problem list. The coverage of diagnoses by clarifications was high, with almost 
ninety percent of patients having clarifications for one or more diagnoses on their 
problem list. More than half of the users that could use the info buttons clicked 
on them during the study period and on average they clicked on half of the info 
buttons available in their problem list. Overall, clarifications were rated as having 
good quality. Clarifications by synonyms and definitions of supertypes were rated 
relatively lower than clarifications with synonyms and definitions of the diagnoses 
themselves. The odds that the problem list was viewed were relatively higher 
for patients of the female gender and with a more recent diagnosis. The odds 
that info buttons were clicked to view clarifications were relatively higher for 
patients with a recent diagnosis and relatively lower (compared to orthopaedics) 
for diagnoses from the specialties ear, nose and throat surgery, dermatology, 
surgery, ophthalmology, urology, plastic surgery and gynaecology.

Similar studies have not carried out an evaluation study in clinical practice, but 
relied on online surveys173, laboratory situations173,195,207, or only carried out expert 
evaluation191,208,209. Additionally, previous studies did not use personal medical 
data and were focused on notes, rather than encoded diagnoses. Therefore, the 
current study is novel in that we prospectively evaluated clarifications in a real-
time patient portal with patients’ personal medical data, showing that end-users 
use and appreciate clarification functionality. Patients have been reported to 
find errors in their notes and to consider some medical record content to be 
judgmental and offensive5,210. It appears that the clarification helps users to 

7
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verify whether the diagnosis is correct, as our second example in section 7.5.5 
illustrates. Some authors5,6 argue that medical jargon should be replaced by 
language that treats patients less belittling, passive, childish and blameable. 
The evaluated solution in the present study, however, does not require clinicians 
to change the way they register their data. It combines the strength of more 
professional phrasing, as the content was already encoded with terminology 
systems, with clarification by the functionality.

To our knowledge, this is the first study that evaluates clarifications in a patient 
portal. Reusing existing log and EHR data provides a more representative picture 
of users and their behaviour than making patients or laymen fill out surveys and 
using fabricated non-personal data173,195,207, as we were able to include a wide 
variety of users in the convenience samples of each conversion step. The brief 
quality ratings were minimally invasive for end users. Some users disagreed with 
the diagnosis and one with their treatment, and accordingly rated the clarification 
as very bad. Conversely, a user commented that the clarification was a good 
addition to the drawing a clinician made and rated the clarification as very good. 
Where users did not comment, we could not verify whether they based the rating 
on the clarification only or also on the diagnosis or experience with their clinician. 
This might affect the ratings and the ratings thus reflect a mix of the quality of 
the clarification, the data quality and the experience with the clinician. Without 
the permission of the users, we could not obtain individual patient data to run 
a multivariate model. Therefore, this research was limited to aggregate data 
and associations could hence not be corrected for confounders. The aggregate 
data provided insight into different user groups. However, the few differences 
in conversion we found between users and diagnoses were based on sample 
sizes that lowered along the conversion steps. Differences might have resulted 
coincidentally due to multiple testing and confounding. We tried to minimize 
the false discovery rate and might have unnecessarily discarded associations 
such as age and problem list viewing (e.g. the problem list appear to be viewed 
significantly more often for patients in their thirties compared to patients in their 
sixties). However, we still were able to provide some insight for further studies 
with a rich descriptive dataset.

This study shows that generalization is a useful technique to generate clarifications 
from the perspective of actual patient portal users. For terminology developers, 
the approach has the potential to make more maintainable terms and definitions, 
that can be reused among several medical concepts. In further research, tailoring 
clarifications to end-users, especially on a more accessible language difficulty 
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level, and developing clarifications for particular diagnosis classes should be 
investigated, improving the clarifications and functionality. The coverage of the 
current system can be increased by updating the terminology versions, developing 
clarifications for other types of medical data and applying other clarification 
methods, such as using relationships other than is-a relationships in SNOMED 
CT, such as the finding site (e.g. pancreas) and associated morphology (e.g. 
inflammation) to clarify concepts (e.g. deriving ‘inflammation of the pancreas’ from 
‘pancreatitis’). The associations found indicate that there are differences in usage 
between groups, which might reflect that they have different information needs. 
The unexpected observations imply that asking for feedback about diagnoses 
should also involve follow-up, as patients sometimes do not understand or agree 
with the diagnosis. The hospital decided to continue showing the clarifications 
after the study period, but without asking for free-text feedback, because there 
was no solution yet for continuing follow-up and free-text anonymization to share 
the feedback for clarification quality improvement. Healthcare institutions should 
determine how to deal with these issues before implementing such functionality, 
as user input can help improve medical record accuracy and clarification quality.

7.7	 Conclusion

The coverage of diagnoses by clarifications based on an algorithm that generalizes 
diagnoses to concepts with patient-friendly terms and definitions was high and 
the majority of users used the clarification functionality. Overall, users considered 
it good clarifications, but they also identified opportunities for improving the 
clarity and completeness of some clarifications. Future research should address 
the improvement of the clarification coverage and quality, and further investigate 
differences between subgroups to assess specific user group needs and prioritize 
areas of improvement.

7.8	 Clinical Relevance Statement

While medical data had traditionally been registered for clinical purposes and 
clinicians only, patients – who often have not had any medical training – currently 
access their health records. This study presents a generic solution to make 
medical data, in particular diagnoses, more understandable for patients, without 
creating an additional administrative burden for clinicians, because clarifications 
are provided to data that already are routinely registered in health records. The 
functionality is used and appreciated by patient portal users.

7
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7.11	 Appendices

7.11.1	 Appendix A
Appendix A Script.R will be available in the online version of this paper.

7.11.2	 Appendix B

Appendix B Modifications
To minimize the errors and clarifications considered to be unacceptable that 
we had identified in our validation study we made 219 modifications in the 
patient-friendly extension, thus resulting in a local extension that included 
the modifications. We excluded 13 concepts and 22 descriptions from the 
extension, and excluded 20 diagnoses from the Diagnosethesaurus, accepted 
2 descriptions, preferred 23 descriptions, added 20 synonyms and 73 text 
definitions, and replaced 8 synonyms and 38 text definitions. Additionally, we 
decided to provide the same general clarification for all metastases (based on the 
September 2021 edition), to prevent problems with metastases clarifications. The 
coverage of clarifications by supertypes had dropped from 86.79% to 83.13% 
because of the modifications (e.g. excluding the clarification ‘a type of disease’) 
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and dropped further to 65.99%, because of newly introduced concepts in the 
Diagnosethesaurus.

7.11.3	 Appendix C

Appendix C Tables

7.11.3.1	Differences in conversion per user characteristic and diagnosis

Table 7.5 P-values of the Fisher Exact test and adjusted p-values after Benjamini Yekutieli 
correction for the false discovery rate, testing whether the differences in proportions of users that 
viewed their problem list and that clicked on an info button are different

Level Variable Viewed differences Clicked differences

p-value adjusted p p-value adjusted p

Patient Age group .0063 .0567 .4734 1

Age subgroup .5644 1 .8607 1

Gender .0002 .0042 .7965 1

User type .6249 1 .2561 1

Latest diagnosis year .0002 .0042 < .0001 .0003

Number of diagnoses .0094 .0728 .0458 .2753

Diagnosis Diagnosis concept .5228 1 .0048 .0523

Medical specialty .0440 .2753 .0003 .0046

7
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7.11.4	 Appendix D
Appendix D Dataset.xlsx will be available in the online version of this paper.
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This thesis aimed to provide an overview of the determinants and outcomes of 
patients accessing their EHRs and to develop and evaluate applications using 
medical terminology systems to clarify medical data to patients.

8.1	 Principal findings

Using the clinical adoption framework (CAF), we synthesized the results from 
systematic reviews on patient access to electronic health records (EHRs), through 
patient portals and personal health records, which was described in Chapter 2. 
Patient portals and PHRs are types of health information systems (HISs). The 
reviews reported on outcomes of patient access to EHRs regarding care quality, 
productivity and healthcare access. The determinants of HIS quality and HIS 
use were widely reported, as well as associations with people, organization and 
implementation dimensions of the CAF. There were fewer reviews addressing 
healthcare standards, health data infrastructures, legislation, policy, governance, 
funding, incentives, and social, economic and political trends. In Chapter 3, we 
further elaborated on the CAF to include patients as end-users of HISs in the 
evaluation of HIS adoption and to develop more explicit guidance documentation 
for the application of the CAF.

In Chapter 4, we evaluated lexical clarification functionality in a patient portal 
that provided consumer-oriented definitions from the Thesaurus Zorg en Welzijn 
(TZW) to medical terms in patients’ clinical notes. We invited patients to identify 
terms that they did not understand or for which they wanted to view a clarification. 
Fifteen patients with adequate health literacy marked about ten terms as difficult 
per note. The functionality, however, only provided clarifications for less than 
one of those terms per note, and for many other terms that were not considered 
difficult by the patients. Despite this low precision and recall of the functionality, 
most participants found the functionality easy to use and useful.

In Chapter 5 we proposed an algorithm to generate clarifications for diagnoses 
encoded with the Diagnosethesaurus. The clarifications were generated by 
generalizing them to concepts with patient-friendly terms from the SNOMED 
CT Netherlands patient-friendly reference set. We found that this increases the 
coverage of diagnoses by clarifications from 1.2% to 71% (a 59 times increase). 
We assessed the medical validity of the clarifications and identified problems in 
Chapter 6. We found that the room for improvement was mostly related to the 
patient-friendly reference set, terminology mappings and terminology modelling, 
but also the algorithm. We modified the patient-friendly reference set and the 
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clarifications to largely resolve the identified problems and implemented the 
clarifications in a hospital patient portal, which we reported in Chapter 7. 
By including generalizations in addition to clarifications with synonyms and 
definitions, we achieved a significantly larger diagnosis clarification precision, 
although generalizations were rated slightly, but significantly lower compared to 
clarifications with synonyms and definitions. The majority of patients viewed the 
clarifications when they could and they considered most of the clarifications to 
be of good quality. Figure 8.1 summarizes the research carried out on clarifying 
medical data into the CAF.

8
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8.2	 Strengths and weaknesses

We used the CAF to summarize the literature and provide an overview of 
the determinants and outcomes of the adoption of patient portals and PHRs 
in Chapter 2. A strength of using the CAF was that it is a general, integrative 
framework and that it enabled us to relate all the results from the literature to it. 
However, it was difficult to apply the categorization unambiguously and to apply 
it to patient access specifically, rather than HIS adoption in general. Therefore an 
additional strength was that we reported these issues and were able to suggest 
improvements to the CAF definitions and documentation. Admittedly, being a 
general, all-encompassing framework that might risk losing concrete value, our 
CAF-based literature synthesis enables finding reviews on specific topics, such as 
medical terminology. While it was not the primary aim of our systematic review, 
several included reviews reported the issue of difficult medical terminology 
and suggested providing definitions or explanations.56,106-108,114,117 We have not 
assessed the strength of the association between determinants and outcomes 
or assessed the risk of bias in primary studies. A more recent meta-review55 did 
assess bias in primary studies. It confirmed low to moderate evidence on most 
patient portal usage associations between determinants and outcomes. However, 
high evidence was found for ease of use and usefulness, secure messaging, 
prescription refills, medication information, and easy-to-understand information 
in lay language.55 We addressed the latter issue in our research about patient-
friendly terminology, Chapters 4 – 7.

A general issue with text simplification or, more particularly, lexical clarification, 
is that the exact concepts have to be identified in the text to be able to correctly 
clarify them. This can be challenging, because of typos, synonyms, homonyms, 
partial matching and alternative formulations. Conversely, an advantage of our 
focus on clarifying diagnoses is that we did not have to deal with this challenge 
of encoding free text, because we were able to reuse the diagnoses that were 
already encoded. Providing a patient-friendly synonym or a definition was only 
possible for a few terms due to the lack of available patient-friendly or consumer-
oriented terminology. Therefore we introduced the algorithm that uses the 
SNOMED CT hierarchy to generalize diagnoses to supertype concepts with 
patient-friendly terms and definitions. Hence the lack of coverage of the thesaurus 
used in the lexical clarification feature can be partly addressed by generating 
clarifications using the algorithm we developed to clarify diagnoses. Lexical 
clarification compared to text simplification has the advantage of keeping the 
original text and data, while enabling the user to choose to receive clarification for 

8
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certain terms rather than rewriting and simplifying a whole text. An advantage of 
our knowledge-representation-based approach is that it can be easily explained 
how a certain result was derived, which is becoming increasingly more important 
with the requirements for explainable artificial intelligence, especially in critical 
domains such as healthcare.211,212

A strong point of our evaluation studies was that we evaluated functionalities 
with actual patients and their actual EHRs. For the diagnosis clarifications, we 
even went through the full cycle from the development and validation to the 
implementation and evaluation in clinical practice. This was possible thanks 
to a fruitful collaboration between academia (Amsterdam UMC, University of 
Amsterdam and UMC Utrecht, University of Utrecht), a healthcare standards 
organization (Nictiz), industry (ChipSoft) and clinical practice (UMC Utrecht and 
Francicus Gasthuis & Vlietland).

8.3	 Significance and implications

In our research on patient-friendly terminology, we found that the quality of 
clarifications depended largely on the data quality. Clarifying standardized, 
encoded data is more straightforward than clarifying free text. In the review on 
reviews (Chapter 2), we found that policy, healthcare standards and regional 
healthcare infrastructures to support patient access to EHRs were addressed 
by only a few reviews. Recent developments in Europe and the USA, however, 
have shown increased attention to patient access to EHRs. Policymakers have 
tried to accelerate the adoption of EHRs, patient portals and PHRs, and the 
standardization of data and data exchange. In the USA the Meaningful Use 
program was introduced for this reason.105,213 In the Netherlands the VIPP 
(an abbreviation for “Versnellingprogramma Informatieuitwisseling Patiënt en 
Professional” in Dutch or “acceleration program information exchange patient and 
professional” in English) incentivised many hospitals to adopt certain standards 
for data exchange between healthcare institutions and open up their EHRs for 
patients through patient portals and personal health records (PHRs, sometimes 
also referred to as patient-held records).214 In 2022 a new law (Wegiz, an 
abbreviation for “Wet elektronische gegevensuitwisseling in de zorg” in Dutch or 
“Electronic Data Exchange in Healthcare Act” in English) was passed by the House 
of Representatives (but still needs to be approved by the Senate). This law will 
further enable standards-based data exchange between healthcare providers, 
and between healthcare providers and patients.215 It also anticipates the level 
of the European Union (EU), where the European Health Data Space regulation 
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is being developed, to enable reuse for secondary usage purposes.216-218 In the 
research community, the FAIR-data guidelines are widely acknowledged among 
research data managers. The FAIR principles state that research data should 
be findable, accessible, interoperable and reusable (FAIR) for humans and 
machines.219,220 These developments in policy and trends in research practice 
will hopefully additionally enable more accessible and reusable health data for 
patients.

Despite the limited quality and coverage of the lexical clarification functionality 
evaluated in Chapter 4, the participants appreciated the functionality even for 
those few terms that were easily and usefully clarified. Since its implementation 
in the hospital-wide patient portal several years ago at UMC Utrecht no problems 
have been reported to our knowledge, such as anxious patients contacting their 
healthcare provider about the clarifications from the functionality. Similarly, 
we did not know in advance what to expect from the patient’s interaction with 
diagnosis clarifications derived from SNOMED CTs hierarchy (Chapter 7) and we 
closely monitored any problems. Clinicians were afraid that this might increase 
the number of questions from patients or that errors might occur because not 
all clarifications had been validated. However, no problems have been reported, 
neither have questions been asked about the clarifications particularly since the 
functionality was implemented. This shows that the implementation of these 
functionalities is feasible.

Healthcare standards or terminology development organizations should consider 
adopting the generalization method presented in this thesis. Translating each 
medical concept manually is labour-intensive and might result in inconsistencies. 
We believe our method will enable them to make patient-friendly terminology 
better maintainable by being able to reuse parts of clarifications across medical 
concepts. Validation of the resulting clarifications can be carried out to find errors 
in terminology mappings and modelling, as we found in the validation study, 
and thus can be used to perform terminology auditing and quality improvement. 
Furthermore, while sometimes definitions from TZW and SNOMED CT were 
considered to be quite difficult to read, patients with adequate health literacy 
still found them useful. This shows that tailoring depends on the literacy level 
of end-users. A more general, plain language clarification may be sufficient for 
some users in some contexts, while others may prefer more details and specific 

8
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language use. In the September 2022 releasef, a B1-level reference set was 
added to the SNOMED CT Netherlands edition. This will enable tailoring to end-
user preferences.

8.4	 Further research

Research on patient access to EHRs can apply the adapted CAF to identify areas 
to address in HIS implementation and evaluation, structure their results and make 
results more comparable. Additionally, the developed guidance documentation 
may help in the application of the categories.

To further improve the text-matching algorithm of the lexical clarification 
functionality, natural language processing techniques, such as named entity 
linking and medical concept normalization should be applied.221,222 The other 
way around, machine learning approaches can be improved by incorporating 
knowledge represented in ontologies such as SNOMED CT. As they are generally 
based on large text corpora, terms and concepts that are not common might be 
problematic for these models; while this knowledge might be readily available 
in domain-specific ontologies.223 Clinical notes contain data that might be 
copied from other places and lose their original encodings. The EHR copy-paste 
functionality should be improved to prevent this and maintain the provenance 
of the data.

We used several methods to generate clarifications using SNOMED CT: providing 
synonyms, definitions and generalizations. In further research, defining 
relationships additional to hierarchical relationships in SNOMED CT should be 
considered to generate clarifications, similar to earlier efforts by Zeng et al179, 
who used relationships from the UMLS. The defining relationships in SNOMED 
CT represent knowledge about those medical concepts. By deriving clarifications 
from the SNOMED CT ontology, parts of the text can be reused among more 
concepts. For example, Staphylococcus epidermidis ventriculitis can be 
generalized to bacterial infection and brain disorder using our generalization 
algorithm. However, this way some information is lost from its definition, such 
as the particular bacteria that caused the infection and that it involves an 
inflammation of the brain ventricles. From the defining relationships, it can 
be derived that it concerns a disorder with inflamed (associated morphology 

f	 Note that the SNOMED CT Patient-friendly extension was merged with the SNOMED CT Nether-
lands edition and thus the Patient-friendly extension referred to in this thesis no longer exists, 
because the Patient-friendly reference set is now part of the Netherlands edition itself.
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relationship) brain ventricles (finding site) caused by an infection (pathological 
process) with a bacteria called Staphylococcus epidermidis (causative agent).9 
See Figure 8.2. These relationships fully define the semantics of the concept. 
Hence, some of the problems with generalization, such as the loss of detail, can 
be overcome by utilizing additional defining relationships. Furthermore, natural 
language generation techniques should be employed to improve the current 
modular rule-based approach.224

Figure 8.2 Diagram of stated defining relationships of 371031006 |Staphylococcus epidermidis 
ventriculitis|, from the SNOMED CT International browser9

Similarly, illustrations of anatomy and patient education leaflets can automatically 
be provided to patients or suggested to be used by clinicians if they are annotated 
with SNOMED CT concepts. For example, for all types of malignant neoplasms 
of the colon, a general patient education leaflet might be provided. An additional 
opportunity to clarify encoded data is to translate them to other languages using 
existing terminology content available, for those users that do not have English 
(or Dutch) as their primary language. For languages other than English, and for 
minority languages, fewer materials are available for language processing.183 
The approach we presented can potentially be a more efficient method of 
modelling and creating patient-friendly terminology, reducing effort and cost. 
This might lower the threshold to create clarifications for minority languages 
in the Netherlands such as local languages Frisian and Low Saxon, or foreign 
languages such as Turkish, Arabic, Chinese and Polish.225 For the United States, 
Spanish, Chinese, Tagalog, Vietnamese and Arabic could be targeted.226 Table 8.1 
lists the methods to clarify medical diagnoses and provides examples of each.

8
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Table 8.1 Methods to clarify medical diagnoses, with example diagnoses and clarifications

Method Example diagnosis Example clarification

Synonym Dorsalgia Another word for dorsalgia is back pain.78

Definition Aortic valve stenosis Narrowing of the aortic valve, making it difficult 
for blood to flow through the heart.78

Translation Cerebrovascular accident Beroerte (Dutch; “stroke” in English)78

Generalization Hereditary factor IX 
deficiency disease 

A blood clotting disorder. It is inborn and 
hereditary.78

Derivation Staphylococcus 
epidermidis ventriculitis 

An inflammation of the brain ventricles due to 
an infection with the bacteria Staphylococcus 
epidermidis.78

Illustration Pancreatitis Illustration of the pancreas, e.g. from 
Wikimedia.227

Education Malignant neoplasm of 
colon 

Link to patient information website medlineplus.
gov228, to specific patient information leaflets 
used locally by the healthcare provider, or to 
multimedia such as videos or interactive patient 
education applications.

8.5	 Conclusions

This thesis contributes to the reuse of EHRs by patients and clarifying medical data 
to patients and their significant others. We created an overview of determinants 
and outcomes of patient access to EHRs, facilitated by patient portals and 
personal health records. The associations between determinants and outcomes 
of patient access to EHRs through patient portals and PHRs have been widely 
reported in systematic reviews, but the evidence was weak for most reviews.

We evaluated a lexical clarification tool that provides clarifications to medical 
terms in clinical notes in a patient portal. Although the consumer-oriented 
thesaurus from the tool provided limited coverage and quality, patient portal 
users still considered it easy to use and useful. We suggest the coverage could 
be increased by using the generalization method proposed in this thesis to 
generate clarifications for more medical concepts. Additionally, there are some 
challenges in lexical clarification related to natural language processing. To 
further improve the text-matching algorithm, named entity linking and medical 
concept normalization should be applied.
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We developed an algorithm to generate diagnosis clarifications by using patient-
friendly terms, definitions and generalizations. By generalization, we were able 
to increase the coverage of diagnoses by clarifications significantly. We identified 
problems in the clarifications and improved the patient-friendly terms used, to 
implement the clarifications in a hospital patient portal. The majority of patient 
portal users were found to use the clarifications when they could and rated 
most of the clarifications as having good quality. This shows that knowledge 
represented in SNOMED CT can be utilized to generate and reuse clarifications 
across medical concepts. Further work will be dedicated to extending the method 
by using non-hierarchical relationships, the adoption of this technology by 
terminology standards developers, quality improvement and the implementation 
in clinical practice.
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From jargon to clarity: On patient access to electronic health records and 
patient-friendly terminology
Personal health records (PHRs) and patient portals enable patients and their 
significant others to access their electronic health records (EHRs). This is 
supposed to help them learn more about their medical condition, prepare for 
consultations, remember what had been discussed and take care of themselves. 
Thus it is important to facilitate the adoption of patient portals and PHRs. 
However, several reviews on this topic addressed different aspects from different 
perspectives, which makes it difficult to get an overview of the determinants 
and outcomes patient access to EHRs, patient portals and PHRs. In particular, 
medical data are difficult to comprehend. Especially persons with limited health 
literacy experience barriers accessing their EHRs and using medical data and 
information to the benefit of their health. Most data in EHRs are hidden in free 
text, but increasingly data are encoded with standardized terminology systems, 
which makes it easier to reuse data for secondary purposes, such as obtaining 
statistics on morbidity and mortality. Consumer-oriented terminology bridges 
the gap between medical and consumer language, such as the Dutch Thesaurus 
Zorg en Welzijn (TZW, in English “Thesaurus Care and Well-being”). Additionally, 
the SNOMED CT Netherlands edition, a comprehensive standardized medical 
terminology system, includes patient-friendly terms and definitions. However, 
only a few medical concepts could be clarified with these terms and definitions. 
This thesis provides an overview of determinants and outcomes of patient access 
to EHRs and proposes and evaluates applications to clarify medical terms to 
patients using terminology systems.

In Chapter 2, we systematically reviewed systematic reviews on patient access 
to EHRs, patient portals and PHRs, which are types of health information systems 
(HISs). We synthesized the determinants and outcomes from these reviews 
into the Clinical Adoption Framework (CAF) and assessed their risk of bias with 
the AMSTAR2 checklist. The CAF is an integrative framework to evaluate HIS 
adoption. The reviews had several critical flaws according to the AMSTAR2 
checklist, and therefore quality restrictions should be taken into account when 
interpreting their results. Reviews reported on the CAF dimensions of people, 
organization, implementation, HIS quality, HIS use, and benefits of HIS use. 
Few reviews found associations on the macro level of healthcare standards, 
legislation, policy, government, funding, incentives and social, political and 
economic trends, which indicates more research is needed on those levels. 
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There was little guidance documentation about applying the CAF and it was not 
specifically designed to consider patients as end-users of HISs. Therefore, in 
Chapter 3, we reported how we elaborated upon the CAF to include patients as 
users of HISs and defined inclusion and exclusion criteria for the CAF categories. 
We found that the interrater reliability was modest. The guidance documentation 
can be used in further research on patient access to EHRs.

In the patient portals of the university hospital UMC Utrecht, lexical clarification 
functionality was implemented to clarify medical terms in free-text clinical notes. 
The clarifications consisted of synonyms and definitions from the TZW. In Chapter 
4, we evaluated this functionality to assess whether it met the information needs 
of the patients and how the functionality could be improved. We included fifteen 
patients. They had adequate health literacy. The participants marked and rated 
the ease of the terms they found difficult in a selection of clinical notes from their 
EHRs. Next, the clinical notes were read again but with the clarifications provided 
by the functionality. The participants rated the terms and clarifications on their 
ease and the clarifications on their usefulness. We found that the functionality 
had a median precision of 6.5% (interquartile range, IQR: 2.3 – 14.3%) and recall 
of 8.3% (IQR: 4.7 – 13.5%) per patient. This means that the functionality only 
clarified few terms that the patients found difficult and many other terms that they 
did not consider to be difficult. Despite this low precision and recall, the patients 
considered the functionality to be easy to use and useful.

In the Netherlands, diagnoses are registered with the coding system 
Diagnosethesaurus (“Diagnosis Thesaurus” in English). Because the 
Diagnosethesaurus is mapped to SNOMED CT, the patient-friendly terms from 
SNOMED CT could be used to clarify diagnoses to patients. However, the coverage 
of diagnoses by patient-friendly terms was only 1.2%. In Chapter 5, we proposed 
to generalize diagnoses to one or more concepts with patient-friendly terms, by 
using the SNOMED CT subtype-supertype hierarchy. This increased the coverage 
of diagnoses by clarifications to 71%. Therefore thousands of diagnoses could 
potentially be clarified using only a few hundred patient-friendly terms. In Chapter 
6 we aimed to assess the medical validity and to identify problems with these 
diagnosis clarifications. Next to patient-friendly terms of more general, supertype 
concepts, we also included patient-friendly definitions in the clarifications. We 
took a representative random sample from the clarifications that covered all 
the supertype concepts with patient-friendly terms. Two raters with a medical 
and terminological background identified errors in 13% of the clarifications and 
considered 14% of the clarifications to be unacceptable to use in a hospital 



221

Summary

patient portal. We found that the problems were related to patient-friendly 
synonyms and definitions, terminology mappings between the Diagnosethesaurus 
and SNOMED CT, SNOMED CT modelling and the algorithm. Subsequently, we 
adapted the patient-friendly reference set and the algorithm to address the issues 
that had been identified in the validation study. We implemented clarifications 
with synonyms, definitions and generalizations into the Franciscus Gasthuis & 
Vlietland hospital patient portal problem list. In Chapter 7, we evaluated the 
coverage, use and quality of the clarifications from the perspective of patient 
portal users. We found that clarifications were viewed by 55% of the users that 
viewed their problem list. The clarifications largely were considered to be of good 
quality, being rated with a median of 6 (interquartile range: 4 – 7) per patient 
from (1) very bad to (7) very good. See Figure 1 for an overview of the results.

In conclusion, this thesis contributes to the reuse of EHRs by patients and clarifying 
medical data. Patient access to EHRs is becoming increasingly more common 
and important, with new regulations being developed to standardize and facilitate 
data exchange such as the Wegiz (Wet op elektronische gegevensuitwisseling in 
de zorg” in Dutch, which means law on electronic data exchange in healthcare in 
English) in the Netherlands and the European Health Data Space in the European 
Union. Clarifications can be provided to data already routinely registered in 
EHRs and enable the user to choose to receive a clarification without clinicians 
having to change the way they record data in EHRs. We recommend terminology 
developers to apply the generalization method presented in this thesis to reuse 
patient-friendly terminology across medical concepts. In further research clinical 
language processing technologies for free-text encoding should be considered to 
improve lexical clarification performance. Additionally, relationships additional 
to the hierarchical relationships from SNOMED CT could be utilized to generate 
clarifications of medical concepts.
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Van jargon naar duidelijkheid: Over toegang tot elektronische 
patiëntendossiers voor patiënten en patiëntvriendelijke terminologie
Persoonlijke gezondheidsomgevingen (PGO’s) en patiëntenportalen stellen 
patiënten en hun naasten in staat om toegang te krijgen tot hun elektronische 
patiëntendossier (EPD). Dit zou hen moeten helpen meer te weten te komen over 
hun medische toestand, zich voor te bereiden op consulten, te onthouden wat 
er is besproken en voor zichzelf te zorgen. Het is dus belangrijk om de adoptie 
van patiëntenportalen en PGO’s te faciliteren. Verschillende reviews over dit 
onderwerp behandelden echter verschillende aspecten vanuit verschillende 
perspectieven, waardoor het moeilijk is om een overzicht te krijgen van 
de determinanten en uitkomsten van de toegang van patiënten tot EPD’s, 
patiëntenportalen en PGO’s. In het bijzonder zijn medische gegevens moeilijk 
te begrijpen. Vooral personen met beperkte gezondheidsvaardigheden ervaren 
belemmeringen om toegang te krijgen tot hun EPD’s en om medische gegevens en 
informatie te gebruiken ten behoeve van hun gezondheid. De meeste gegevens in 
EPD’s zijn verborgen in vrije tekst, maar steeds meer gegevens worden gecodeerd 
met gestandaardiseerde terminologiesystemen, waardoor het makkelijker wordt 
om gegevens te hergebruiken voor secundaire doeleinden, zoals het verkrijgen 
van statistieken over morbiditeit en mortaliteit. Consumentgerichte terminologie 
overbrugt de kloof tussen medische en consumententaal, zoals de Nederlandse 
Thesaurus Zorg en Welzijn (TZW). Daarnaast bevat de SNOMED CT Nederlandse 
editie, een uitgebreid gestandaardiseerd medisch terminologiesysteem, 
patiëntvriendelijke termen en definities. Met deze termen en definities konden 
echter slechts enkele medische begrippen worden verduidelijkt. Dit proefschrift 
geeft een overzicht van determinanten en uitkomsten van de toegang van 
patiënten tot EPD’s en stelt toepassingen voor en evalueert deze om medische 
termen toe te lichten voor patiënten met behulp van terminologiesystemen.

In Hoofdstuk 2 hebben we systematisch systematische reviews beoordeeld 
over de toegang van patiënten tot EPD’s, patiëntenportalen en PGO’s, die 
allemaal soorten zorginformatiesystemen (ZIS’en) zijn. We synthetiseerden de 
determinanten en uitkomsten van deze reviews in het Clinical Adoption Framework 
(CAF) en beoordeelden hun risico op bias met de AMSTAR2-checklist. Het CAF 
is een integratief raamwerk om de adoptie van ZIS’en te evalueren. De reviews 
hadden volgens de AMSTAR2-checklist verschillende kritieke tekortkomingen en 
daarom moet bij de interpretatie van de resultaten rekening worden gehouden 
met kwaliteitsbeperkingen. Reviews rapporteerden over de CAF-dimensies van 
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mensen, organisatie, implementatie, ZIS-kwaliteit, ZIS-gebruik en voordelen 
van ZIS-gebruik. Weinig reviews vonden associaties op het macroniveau van 
zorgstandaarden, wetgeving, beleid, overheid, financiering, prikkels en sociale, 
politieke en economische trends, wat aangeeft dat er meer onderzoek nodig is 
op die niveaus. Er was weinig begeleidende documentatie over het toepassen van 
het CAF en het was niet specifiek ontworpen om patiënten als eindgebruikers van 
ZIS’en te beschouwen. Daarom hebben we in hoofdstuk 3 gerapporteerd hoe we 
de CAF hebben uitgewerkt om patiënten op te nemen als gebruikers van ZIS’en 
en hebben we in- en exclusiecriteria voor de CAF-categorieën gedefinieerd. 
We vonden dat de interbeoordelaarsbetrouwbaarheid bescheiden was. De 
begeleidende documentatie kan worden gebruikt bij verder onderzoek naar de 
toegang van patiënten tot EPD’s.

In het patiëntenportaal van het UMC Utrecht is de lexicale toelichtingsfunctionaliteit 
geïmplementeerd om medische termen in vrije tekst klinische aantekeningen toe 
te lichten. De toelichtingen bestonden uit synoniemen en definities uit de TZW. 
In hoofdstuk 4 hebben we deze functionaliteit geëvalueerd om te beoordelen of 
deze voorziet in de informatiebehoeftes van de patiënten en hoe de functionaliteit 
verbeterd kon worden. We includeerden vijftien patiënten. Ze hadden voldoende 
gezondheidsvaardigheden. De deelnemers markeerden en beoordeelden het 
gemak van de termen die ze moeilijk vonden in een selectie van klinische 
aantekeningen uit hun EPD’s. Vervolgens werden de klinische aantekeningen 
opnieuw gelezen, maar dan met de toelichtingen die de functionaliteit bood. De 
deelnemers beoordeelden de termen en toelichtingen op de makkelijkheid en 
de toelichtingen op het nut. We stelden vast dat de functionaliteit een mediane 
precisie had van 6,5% (interkwartielafstand: 2,3 – 14,3%) en een sensitiviteit 
van 8,3% (interkwartielafstand: 4,7 – 13,5%) per patiënt. Dit betekent dat de 
functionaliteit slechts enkele termen toelichtte die de patiënten moeilijk vonden 
en veel andere termen die ze niet als moeilijk beschouwden. Ondanks deze lage 
precisie en sensitiviteit vonden de patiënten de functionaliteit gebruiksvriendelijk 
en nuttig.

In Nederland worden diagnoses geregistreerd met het coderingssysteem 
Diagnosethesaurus. Omdat de Diagnosethesaurus is gekoppeld aan SNOMED 
CT, kunnen de patiëntvriendelijke termen van SNOMED CT worden gebruikt 
om diagnoses voor patiënten toe te lichten. De dekking van diagnoses met 
patiëntvriendelijke termen was echter slechts 1,2%. In Hoofdstuk 5 stelden 
we voor om diagnoses te generaliseren naar een of meer begrippen met 
patiëntvriendelijke termen, door gebruik te maken van de SNOMED CT 
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subtype-supertype hiërarchie. Dit verhoogde de dekking van diagnoses met 
toelichtingen tot 71%. Er zouden dus in potentie duizenden diagnoses kunnen 
worden toegelicht met slechts een paar honderd patiëntvriendelijke termen. In 
hoofdstuk 6 wilden we de medische validiteit beoordelen en problemen met 
deze diagnosetoelichtingen identificeren. Naast patiëntvriendelijke termen 
van meer algemene, supertypebegrippen, hebben we in de toelichtingen ook 
patiëntvriendelijke definities opgenomen. We hebben een representatieve 
steekproef getrokken uit de toelichtingen die alle supertype-concepten met 
patiëntvriendelijke termen omvat. Twee beoordelaars met een medische en 
terminologische achtergrond identificeerden fouten in 13% van de toelichtingen 
en vonden 14% van de toelichtingen onaanvaardbaar voor gebruik in een 
patiëntenportaal van een ziekenhuis. We ontdekten dat de problemen verband 
hielden met patiëntvriendelijke synoniemen en definities, koppelingen tussen 
de Diagnosethesaurus en SNOMED CT, SNOMED CT-modellering en het 
algoritme. Vervolgens hebben we de patiëntvriendelijke referentieset en het 
algoritme aangepast om de problemen aan te pakken die in de validatiestudie 
waren geïdentificeerd. We hebben toelichtingen met synoniemen, definities 
en generalisaties geïmplementeerd in de probleemlijst Franciscus Gasthuis & 
Vlietland ziekenhuispatiëntenportaal. In hoofdstuk 7 evalueerden we de dekking, 
het gebruik en de kwaliteit van de toelichtingen vanuit het perspectief van 
patiëntenportaalgebruikers. We ontdekten dat toelichtingen werden bekeken 
door 55% van de gebruikers die hun probleemlijst bekeken. De toelichtingen 
werden grotendeels als van goede kwaliteit beschouwd en werden beoordeeld 
met een mediaan van 6 (interkwartielafstand: 4 – 7) per patiënt van (1) zeer 
slecht tot (7) zeer goed. Zie Figuur 1 voor een overzicht van de resultaten.

Concluderend draagt dit proefschrift bij aan het hergebruik van EPD’s door 
patiënten en het toelichten van medische gegevens. Toegang van patiënten tot 
EPD’s wordt steeds gangbaarder en belangrijker, met nieuwe regelgeving die 
wordt ontwikkeld om gegevensuitwisseling te standaardiseren en te faciliteren, 
zoals de Wegiz (Wet op elektronische gegevensuitwisseling in de zorg) in 
Nederland en de European Health Data Space in de Europese Unie. Er kunnen 
toelichtingen worden gegeven aan gegevens die al routinematig in EPD’s worden 
geregistreerd, zodat de gebruiker zelf ervoor kan kiezen om een toelichting 
te ontvangen zonder dat clinici de manier hoeven te veranderen waarop ze 
gegevens in EPD’s vastleggen. We raden terminologieontwikkelaars aan om 
de in dit proefschrift gepresenteerde generalisatiemethode toe te passen om 
patiëntvriendelijke terminologie te hergebruiken voor medische begrippen. 
In vervolgonderzoek zouden klinische taalverwerkingstechnologieën (natural 
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language processing) voor de codering van vrije tekst moeten worden overwogen 
om de lexicale toelichting te verbeteren. Daarnaast kunnen relaties aanvullend 
op de hiërarchische relaties van SNOMED CT worden gebruikt om medische 
begrippen toe te lichten.
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Patient access to electronic health records (EHRs) is 
facilitated by patient portals and personal health record 
systems. However, medical data are difficult to comprehend. 
In this thesis, we systematically reviewed systematic reviews 
on patient access to records and elaborated upon an adoption 
framework to include patients as users of EHRs. Furthermore, 
we showed that a tool to clarify medical terms in free-text EHR 
content to patients was appreciated by patients even when 
the coverage and quality of the clarifications was limited. 
Additionally, we developed and validated a novel approach 
to generate clarifications of medical diagnoses that increases 
the coverage of diagnoses by clarifications significantly. 
Finally, we implemented the clarifications into a hospital 
patient portal problem list and found that the clarifications 
were actually used and that most of the clarifications were 
considered to be of good quality by actual patient portal 
users. The presented work contributes to the (re)use of EHRs 
by patients and clarifying medical data to laymen.




