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Abstract - Nowadays diseases tend to chronicle,
mainly due to the increase in life expectancy and this
leads to a state of polypharmacy. More than 1.5% of
Spain's GDP is spent on pharmaceuticals and
healthcare products. Complex chronic patients
(pluripathological and polymedicated) account for
most of the expenditure. The "Action Group Al" of
the European Innovation Partnership develops in the
"Active and Healthy Ageing" programme actions to
improve the quality of life and health outcomes of
these patients. On the other hand, the PITeS TIiSS
project develops decision support tools to improve
this scenario. An ontology has been developed as a
tool on adherence. The domain of this ontology is
mainly focused on medication adherence and
measurement methods. This ontology gathers the
necessary knowledge about the domain allowing the
use of the ontology as part for is possible.
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I. INTRODUCTION

Adherence to medication defines as the process
by which the patients take their medication as
prescribed [1] and is divided into three phases:
initiation, implementation, and interruption.

Today, there is an increase in life expectancy.
This causes an older population. This situation is
related to an increase in multimorbidities and chronic
diseases, leading to a state of polypharmacy [2].

There are studies such as Onder et al. [3] that
evaluate the prescribing patterns in older patients.
They conclude that male patients are prescribed more
doses and those female patients are much more
sensitive to medications.
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Only 50% of patients with chronic diseases have
adherence to treatment [4].

More than 1,5% of the Spanish GDP is spent on
pharmaceuticals and healthcare products. Complex
chronic patients (pluripathological and
polymedicated) account for most of the expenditure.
The “Action Group Al” of the “European Innovation
Partnership on Active and Healthy Ageing” is
working to improve adherence to therapeutic plans
for pluripathological patients and other chronically ill
patients [5].

There are many studies to improve adherence.
Some of these studies propose tools that monitor
medication may be the one proposed by Hale et al.
[6] called MedSentry. They found that adherence was
greatly improved in patients with complex heart
failure treatments. It also reduced the number of
hospitalizations and the use of the emergency system.
Karanasiou et al. [7] propose a tool for predicting
patient adherence based on the HEARTEN project.

In the sphere of mobile apps, there is a proposal
by Davies et al. [8], for more exhaustive monitoring.
They concluded that the adhesion depends very much
on the daily routine.

In addition, several studies have been done such
as Marchionni et al. [9] in reference to the adherence
of serotonin reuptake inhibitors in older patients.
They concluded that patients who are adherents to
this type of medications are more adherents to other
medications with the exception of anticoagulants.
Wuyts et al. [10] did a study on treatment adherence
in Belgium primary care. This helped to increase
adherence as it made it possible to detect the
problems for which treatment adherence does not
occur and thus to find solutions to them.

The SYMPATHY project, proposed by
Mclntosh et al. [2], believe it's necessary to improve
the efficiency in the health system and to prepare
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healthcare professionals for a good approach to
population aging. Also in this area is the EMERGE
guide presented by Grounded et al. [11] to improve
the adherence.

Zaugg et al. [12] reviewed nine studies in this
area and concluded that if healthcare professionals

were informed about their patients’ actual
compliance, adherence would be significantly
improved.

With respect to the most commonly used tools
for adherence control, Giardini et al. [13] describe
their advantages and disadvantages.

In recent years, the ontologies development
(explicit formal specifications of terms in a
knowledge domain and their relationships [14]) has
moved from the realm of Artificial Intelligence
laboratories to that of the desks of domain experts.
Many disciplines are now developing standardized
ontologies that subject matter experts can use to
share, enrich and annotate information in their fields.
In biomedicine, the best examples are the large
standardized and structured vocabularies such as
SNOMED [15] and the semantic network of the
Unified Medical Language System (UMLS) [16].

In the adherence domain, there are important
taxonomy definition works such as the project
experience “Ascertaining Barriers to Compliance”
(ABC) [1]. Even a specific computing experience to
predict the adherence level based on ABC concepts
and applying the ISPOR recommendations [17].
Although in this case the models are based on
conventional statistics, they are sophisticated models.

The biomedicine and healthcare have already
been demonstrated that the use of ontologies has a
high level of maturity for the knowledge
representation and management such as the artificial
intelligence application pillar in these domains [18].

Il. METHODOLOGY

Ontologies, therefore, can help to knowledge
management. Their uses are very varied:

e They are used as vocabulary sources to
annotate data or index documents,
which serves primarily for accurate

retrieval.
e Integrate heterogeneous data from
disparate  sources  (essential  for

translational research)

e Study definition groups and their
characteristics.

e Help standardize and
sources.

integrate data
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e They are computable domain knowledge
sources.
e Help in language processing [19].

The adherence ontology proposed in the PITeS
TIiSS project (1) defines adherence and its phases by
alluding to persistence and its measurement, (2)
develops which factors influence the patient
adherence degree, (3) includes methods and
indicators used and validated by the scientific
community to measure the therapeutic compliance of
a patient and (4) allows the classification of the
adherence level of a patient based on the methods
collected.

The objective for which this ontology was
constructed was to gather the knowledge about the
therapeutic regimen adherence of complex patients
and the existing validated methods to know the
accuracy degree to the prescribed treatment of each
patient. The reason why it has been decided to use
ontology is that it uses a language easily interpretable
by the human-machine system, which also allows
inference between concepts.

In order to create the ontology, a bibliographic
review of scientific articles on adherence to
medication has been carried out, as well as the
methods for its measurement. This review has been
done constantly to keep always updated the
information entered. The free software "Protégé" has
been used as editor of the ontology. This has a simple
interface and allows to generate the ontology in Web
Ontology Language (.OWL) or other forms of
representation automatically. Concepts related to
patient context factors that influence adherence have
been strategically included in a negative way so that
it is possible to deduce that the higher the number of
factors, the lower the degree of adherence.

The strategy for capturing concepts and
proposing a coherent hierarchy has been based on
defining the types of adherence. Within the
adherence to medication, influential factors,
adherence phases to mediation and indicators have
been defined, as well as types of indicators. In each
of these concepts, it has continued to expand with
concepts associated. It is in the section on indicators
that the logic of the results that the indicators can
give has been introduced. In order to have traceability
of the concepts introduced, the reference articles have
been incorporated as annotations of each concept.

Once the concepts have been obtained, they have
been mapped with SNOMED CT and the code has
been added in the ontology. Thanks to this, we have
been able to identify 66 of the concepts of the
proposed ontology with SNOMED CT codes. In
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addition, the concepts have been mapped with FHIR
terminology in a tabulated document.

Other elements that complete the proposed
ontology are concepts definitions with the Royal
Academy of Medicine dictionary.

In addition to scientific articles, clinical
guidelines such as the PAI of pluripathological
patients [20] and the Personalised Action Plan in
pluripathological patients or patients with complex
health needs [21] have been revised.

I1l. RESULTS

The ontology has been created by collecting
relevant information on the concept of adherence

Fig. 1. Adherence ontology

(adherence to diet, lifestyle, and medication),
developing an adherence to medication including its
phases, as well as factors pertaining to the patient's
context (patient conditions, health system, socio-
demographic, therapeutic, etc.) and illness that may
influence the level of adherence to medical treatment
(biological). In the current version of the ontology
1096 axioms, 121 classes and 89 members have been
included (the members are characteristics within each
class and subclass that complete the information in a
more detailed way). After reviewing a large number
of references, 86 of them have been introduced to
complete this ontology (Figure 1).

In addition, it has been classified according to
their inherent characteristics those existing methods
that are considered validated by the scientific
community to assess the patient's degree of
adherence, including the concepts necessary for the
application of the methods.

The developed ontology is capable of classifying
the patient adherence degree from the input
information corresponding to the result obtained by
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the patient after completing one of the collected
adherence assessment methods.

IV. DISCUSSION
series of

Ontologies are tools with a
characteristics that make them very useful:

e They provide definitions of terms.

e They provide a set of labels associated
with the classes and relationships in the
ontology.

e Its main components are classes and
relationships.

e They provide machine-readable axioms
and formal definitions.

Thanks to these features, many tools and
methods make use of ontologies such as data
annotation and integration, vocabularies, formalized
definition and axioms, and multimodal data analysis
[22].

An example of the use of ontology is that
proposed by Bandrowski et al. [23]. It provides terms
with precisely defined meanings to describe all
aspects of biological and medical research. They
cover the whole process of planning, execution, and
reporting.

One of the major problems affecting patient
adherence is also the lack of clarity in terminology.
This issue leads to inconsistencies and disagreements
between publications and healthcare professionals
and further decreases communication between doctor
and patient. This situation occurs above all with the
terms compliance, adherence, persistence and
concordance [24].

In the field of decision support tools is the one
proposed by Galopin et al. [25]. They justify that,
with ontological reasoning, the tool works much
better. In this way, it is possible to model several
Clinical Practice Guides at the same time and relate
all concepts to the ontology. On the other hand,
Zhang et al. [26] propose a tool to support clinical
decision making during follow-up evaluations of
patients with chronic diseases at home. They use the
ontology to enter patient data, medical knowledge,
and evaluation criteria.

In this sense and as future work, we intend to
use ontology as part of a semantic infrastructure that
will be combined with other automatic learning
methods, decision rules, prediction and classification,
and other Atrtificial Intelligence algorithms. All these
components will form a System to Support the
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Personalized Clinical Decision to Complex Chronic
Patients.

V. CONCLUSION

Lack of adherence to medication is one of the
significant health problems. It affects the health of
patients, the work and outcomes of health
professionals and the economic sphere. This
consequence is why it must be faced from all possible
scenarios to try to reduce this problem.

A negative situation affecting 50% of patients
should be studied and analyzed intensively.

Ontologies are useful tools for identifying the
elements involved in patient adherence from all
points of view. This allows to obtain a lot of
information in a very short time and well organized.

A system has been constructed that brings
together the main factors that make it possible to
understand the degree of adherence that a patient has.
Knowing these factors allows the health professional
to act accordingly in search of improvement in
adherence. It is also a tool capable of classifying the
level of adherence of a patient on the basis of the
common methods of evaluation of adherence used in
clinical practice. This allows it to be implemented in
a clinical decision support system as well as semantic
interoperability between systems.
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