Development of a decision-support system
in the primary care sector

Michiel Meulendijk*

Supervisors:
Prof. dr. S. Brinkkemper®, Dr. M.R. Spruit?, Prof. dr. M.E. Numans®*, Dr. P.A.F. Jansen?

!Department of Information and Computing Sciences Utrecht University, The Netherlands
m.c.meulendijk@uu.nl
2Department of Geriatric Medicine and Expertise Centre Pharmacotherapy in Old Persons,
University Medical Center, Utrecht, the Netherlands.
3Department General Practice, VUmc-EMGO, Amsterdam, the Netherlands.
“Julius Center for Health Sciences and Primary Care, University Medical Center, Utrecht, the
Netherlands.

Abstract. The use of multiple drugs by patients increases their risk of hospitali-
zation. The medical Prescribing Optimization Method has been developed to
aid GPs and pharmacists with the process of prescribing for patients using mul-
tiple drugs. This research thesis aims at reporting the results of developing a de-
cision-support system in the primary care sector that facilitates and optimizes
this method. Research questions in this project will encompass decision-support
systems’ optimization in areas including human-computer interaction, technol-
ogy acceptance, semantic interoperability and knowledge discovery. The main
question of researching the proposed system’s effectiveness and efficiency will
be answered as a result of the complete trajectory.
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1 Introduction

In the Netherlands, seventeen percent of the chronically ill use more than five differ-
ent drugs permanently; half of these are over seventy years of age [1]. This polyphar-
macy increases patients’ risks to develop other health issues, which in turn leads to
increased chances of hospitalization.

Recognizing these problems, the Prescribing Optimization Method (POM) was de-
vised. This step-by-step method aims at assisting general practitioners (GPs) and
pharmacists with determining the optimal medication for polypharmacy patients [2].



In this document, a research project is proposed that aims at investigating the devel-
opment of a decision-support system that facilitates and optimizes the POM.

1.1  Problem Statement

The chronic use of multiple drugs increases patients’ risks to experience any of these
problems:

o adverse effects; using multiple drugs may cause patients to suffer their negative
side-effects [3,4,5];

o under-prescription; as GPs become hesitant to prescribe drugs to a patient al-
ready using many, undertreatment becomes a possibility [6,7];

e overtreatment; the risk of patients using drugs that have not been prescribed
(anymore) increases [8,9];

o decreased drug adherence; with the number of drugs increasing, the number of
patients adhering to their medication schedule decreases [10].

Ultimately, using multiple drugs leads to an increased chance of hospitalization [4];
ten percent of hospital admissions of elderly people in the Netherlands is related to
drug use [11].

Many of these problems in drug use are due to avoidable human errors GPs make
during the prescribing process, including use of incomplete patient information, insuf-
ficient communication, and mistakes because of time pressure or carelessness [12,13].

Prescribing Optimization Method To cope with these problems, the Prescribing
Optimization Method was devised, a step-by-step method to aid GPs in optimizing
drug prescriptions for polypharmacy patients. In a preliminary test, this method sig-
nificantly improved their prescriptions’ quality and relevance [2]. The method ad-
dresses all aforementioned issues and is intended to be used by GPs and pharmacists
cooperatively.

POM Platform The development of decision-support systems for the primary health
care sector has seen a great surge in the last decade. Whether or not integrated with
electronic medical records, computerized physician order entry (CPOE) systems have
provided GPs with appropriate tools to facilitate their drug prescriptions. Being
equipped with medical formularies and drug interaction databases, these systems can
be modified to optimize the drug prescription process [14,15,16,17].

In order to fully enable the use of the POM, the POM Platform (POMP) has been
envisioned: a decision-support knowledge system that facilitates the POM and is op-
timally incorporated into caretakers’ systems and workflows.

The decision-support system would advise GPs and pharmacists on-demand with drug
prescriptions and medicine compatibility, based on patients’ specific medical records



and actual use; through a medication review structured by the Prescribing Optimiza-
tion Method they would determine actual use of drugs, identify superfluous ones, and
detect untreated diseases. The system would base its advice on clinical guidelines,

drug interaction rules, and best practices.

2 Research Approach
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Fig. 1. Overview of the research process, including the system components, the research meth-

ods and the resulting publications.



2.1  Research Questions
The following main research question will be investigated in the project:

e To what extent can an electronic version of the Prescribing Optimization Method
contribute to more efficient and more effective geriatric care through integration of
high-end information and communication technology (ICT)?

It will be answered through the investigation of these sub questions:

SQ1 How can an electronic version of the POM be developed that meets all speci-
fications?

SQ2 How can the POM application be integrated transparently into existing in-
formation systems in the primary care?

SQ3 To what extent can the POM application be optimized to improve its effi-
ciency using data mining and social media?

SQ4 To what extent is the POM application more efficient and effective in daily
use than the usual care?

In Figure 1 the system components that will be developed during the process are dis-
played, along with the accompanying research methods and resulting publications;
the publications with dashed lines are either optional or written in close collaboration
with partners to emphasize different (e.g. medical) aspects.

The system will be created according to the principles of the pragmatic strategy of
agile system development, which includes iterative and incremental development and
flexible response to change. Approaches from the methods of Prototyping and Dy-
namic Systems Development Method will be combined to optimally guide the appli-
cation’s design. The agile approach has been preferred over more traditional ap-
proaches such as the Systems Development Life Cycle because it allows for flexibil-
ity and continuous partner collaboration in an evolving field such as polypharmacy
treatment and clinical decision-support systems.

Before the writing of this research proposal, a feasibility study was already employed
to investigate the project’s requirements and create a conceptual model. When the
first prototype has been developed, a pilot amongst potential users will be carried out,
ultimately resulting in several papers. The prototype will be refined with the input
gathered during the pilot, then used for the knowledge discovery phase. Finally, all
knowledge gathered during the process will be worked into a final version of the ap-
plication, which can then be marketed as a software product.

The main research question will be answered as a result of the complete trajectory.
During the feasibility analysis the first sub question was answered by investigating
requirements and developing a conceptual model. The second sub question will be
answered with results from the pilot phase, whereas the third sub question on optimi-
zation will be answered by the knowledge discovery research. Finally, the fourth sub



question on evaluation will be answered both during the pilot phase — the effective-
ness aspect — and when the final product has been deployed — the efficiency aspect.

2.2 Scientific Relevance

Within this research project, several areas of information science will need to be in-
vestigated in order to satisfactorily answer the central question. The three pillars of
the project are:

e exchange of data between the newly proposed system and existing third-party
ones, encompassing areas of data integration and semantic interoperability;

e user interaction with and use of the system, encompassing areas such as human-
computer interaction and technology acceptance; and

o knowledge discovery and management, in order to optimize the advice provided
through analysis of earlier data.

2.3 Societal Relevance

Apart from the scientific value, the results of this research project have vast societal
relevance as well. The project will lead to the creation of a decision-support system
that will aid GPs and pharmacists with prescribing drugs, and as such has the potential
to improve the polypharmacy problems described earlier. In the feasibility study exe-
cuted for this project, calculations were made to estimate the decreased mortality and
morbidity rates, and the reduced financial burden on society; after implementation of
the decision-support system, on a national level mortality can be expected to decrease
by 3 to 19 persons on a yearly basis, morbidity by 4 to 28 persons, and the financial
cost by 10 to 45 million euros per year.

3 Theoretical Foundation

3.1 Technology Acceptance & Human-Computer Interaction

The field dedicated to studying users’ motivations to use software is the one of tech-
nology acceptance. In general, GPs are expected to have conservative attitudes when
it comes towards technology adoption; this would be caused by the individual nature
of their jobs and their lack of time to spend learning new systems’ interfaces [18,19].
In a survey that was conducted during the feasibility study for this project, GPs indi-
cated welcoming the idea of a facilitating method to aid them with prescribing. Espe-
cially quality improvement and time consumption were indicated as important deter-
minants of their motivations whether or not to use the newly proposed system.

One of the most renowned theories in the field of technology adoption is the Technol-
ogy Acceptance Model (TAM) by Davis [20]. It has a long history of being applied in
the field of medical informatics [21,22,23]. When applied to the field of primary care,
it appears that one of the most influential factors common in technology adoption,



users’ perceived ease-of-use of new systems, has no impact on their motivation to use
them. Instead, systems’ perceived usefulness seems to be of greater importance, espe-
cially regarding job relevance and quality improvement [24,25].

In the survey, however, existing decision-support systems in the primary care sector
appeared to be underused. More than half of the respondents who indicated owning
such a system rarely or never use them. This finding was echoed in literature [26].
Pevnick, et al. [27] report that GPs owning decision-support systems use them for
only one quarter of their prescriptions. Additionally, Mclnnes, Saltman, & Kidd [28]
add that, while virtually all of their adopting respondents indicate using decision-
support tools for drug prescriptions, only twenty percent of them actually employ
them during consultations.

Thus, while decision-support systems can potentially optimize GPs’ prescribing be-
havior, their adoption is lacking [14,15,16,17]. To try and explain this phenomenon,
investigating users’ attitudes to the newly proposed system in this project is an objec-
tive. Perceived ease-of-use, being traditionally one of the main determinants of adop-
tion, will be taken into account as well. This will encompass the field of usability
engineering, which is occupied with optimizing user interfaces [29]. Especially the
interface’s integration with existing third-party software will be explored, in order to
find whether users respond differently to interfaces contained within their familiar
systems than completely separate ones, even if those systems have not been optimized
for use performance.

3.2  Data Exchange & Semantic Interoperability

In order to successfully realize a decision-support system in the primary care sector,
relevant data on which to base advice needs to be readily available. In the case of the
proposed system in this research project, the required data encompasses patient in-
formation (such as diseases suffered and medicinal drugs used) and continuously
updated clinical guidelines.

The patient data is stored locally through GPs’ and pharmacists’ computerized physi-
cian order entry (CPOE) systems. An early field study and questionnaire showed that
in the Dutch market alone more than ten different CPOE systems for GPs are in use.
Standardized data exchange formats that can handle all this data do not exist, nor are
the applications’ infrastructures similar. This makes data exchange between the newly
proposed system and third-party software difficult.

Aspects such as data exchange and semantic relations between data units are the ob-
jects of study in the field of semantic interoperability, which strives to optimize data
sharing. Semantic interoperability ensures that the exchange of services and data be-
tween software systems “make sense”, i.e. “that the requester and the provider have a
common understanding of the ‘meanings’ of the requested services and data” [30]. In
the primary care sector researchers have recognized the need for standardized ap-



proaches for data exchange; Shah, et al. [31] stress the importance of “allow[ing] two-
way data exchange between the CDSS and the EMR, which requires the EMR also to
expose a set of interfaces”.

3.3  Knowledge Discovery

The advice provided to GPs by the intended system will be based on patient data,
such as used drugs and diseases, and clinical guidelines. These guidelines comprise
proven interactions between drugs or between drugs and certain diseases.

In order to optimize the advice generated by the software application, techniques from
the area of knowledge discovery will be put to use. Multiple sources of information
are to be consulted, including official guidelines, histories of GPs’ earlier decisions,
and recommendations of expert panels. Additionally, social media can be employed to
optimize the system’s decision-support capabilities. Specified collegial forums or
interactive (micro)blogs such as Twitter can yield relevant information.

The main technique that will be employed in the knowledge discovery process is data
mining. It is the process of discovering new patterns from large data sets by extracting
knowledge in a human-understandable structure [32]. In this research project, espe-
cially association rule mining will be relevant, as it involves the analysis of large
quantities of data to extract previously unknown patterns [33].

The knowledge discovery process will be structured around the Three-phases model
which integrates and extends the CRISP-DM and KDD models into an extensive im-
plementation phase and a clear role distribution. The data mining step within the KD
process revolves around the process of the actual discovery of new patterns from large
data sets by extracting knowledge in a human-understandable structure [32]. This
research project will especially focus on association rule mining, as the output in the
form of symbolic rules are common and thus familiar to MDs.

4 Methods

A wide variety of methods are available to investigate the issues related to the crea-
tion and implementation of a decision-support system in the primary care.

The whole project, as a logical consequence of solving a real-world problem in a
practical environment, is driven by action research. In an early paper on this topic,
action research was defined as “diagnosis of a social problem with a view of helping
improve the situation” [34]. Action research is closely related with the postmodern
school of thought and is based on the assumption that “complex social interactions
cannot be reduced for meaningful study” [35]. Following a holistic approach, human
organizations should be studied within their contexts, not by isolating their parts [36].
When the researcher then intervenes into the research setting, he becomes part of the



study, resulting in “the realignment of the roles of researcher and subject into more
collaborative and synergistic forms” [35]. Consequently, action research is well-suited
to reflectively exploring processes in which the researchers’ and actors’ roles overlap.

Most of the aforementioned research areas require querying of people in various roles,
including potential users of the newly proposed system and manufacturers of CPOE
systems. In order to do that, a selection of traditional and more specific research
methods will be applied. Both quantitative and qualitative approaches can yield useful
results in the areas of interest described above.

In the feasibility study conducted prior to the writing of this proposal, a quantitative
approach has already been employed. A survey among 500 GPs was used to investi-
gate their attitudes towards the newly proposed system, thereby exploring the area of
technology acceptance. Similar questionnaires may be employed at later phases in the
research project, especially in order to answer the last sub question regarding evalua-
tion.

While surveys are well suited to gather large amounts of data or to generalize find-
ings, qualitative research is generally more suited to exploratory research [37]. In this
project, especially semi-structured interviews will be employed, because of the ability
of freely associating they provide the respondents with.

More specific methods will be employed in the field of human-computer interaction
and usability engineering, which are specifically designed to test users’ responses and
attitudes towards systems’ interfaces. Among these are heuristic evaluation and rapid
prototyping, which provide the ability to quickly expose users to interface improve-
ments based on usability guidelines [29].

The data mining step in the knowledge discovery process mentioned earlier will be
employed to discover patterns in the history of advices. The method can analyze large
data sets and discover patterns among variables, which can then be used to optimize
recommendation provided by the decision-support system [32]. For example, in an
early study Agrawal, Imielinski, & Swami [38] employed association rules to discov-
er regularities in customers’ purchasing behavior in supermarkets; this approach of
relating products is comparable to our case in which patterns between drugs and dis-
eases are expected.

Finally, the actual effectiveness of the digital version of the medical POM method
will be measured through a randomized controlled trial, which is common in medical
fields [39]. With this method, possible improvements a new approach may have are
measured by subjecting a group of patients to it, while another group is treated regu-
larly to correct for random results. This method will be applied in close collaboration
with medical project partners.



4.1  Appendix: Progress Report

Prior to the writing of this proposal a feasibility study has already been conducted,
which was mainly concerned with investigating the problem and finding GPs’ atti-
tudes towards the newly proposed system. This resulted in the following papers:

e Meulendijk, M., Drenth-van Maanen, A., Jansen, P., Brinkkemper, S., Numans,
M., & Spruit, M. (forthcoming). Introducing the CORETEST feasibility analysis in
medical informatics: a case study of a decision-supportive knowledge system in the
Dutch primary care sector. In I. Miranda, & M. Cruz-Cunha, Handbook of Re-
search on ICTs for Healthcare and Social Services: Developments and Applica-
tions. 1GI Global.

e Meulendijk, M., Spruit, M., Drenth-van Maanen, A., Numans, M., Brinkkemper,
S., & Jansen, P. (submitted 3/19/2012). General practitioners’ attitudes towards de-
cision-supported prescribing: an analysis of the Dutch primary care sector. Infor-
matics for Health and Social Care.

In this phase of the research project, the feasibility study (as can be seen in Figure 1)
has been completed. Based on the conceptual model that was conceived through it, a
first prototype is being built. This will be tested in a real life environment by GPs and
pharmacists in the pilot phase, which is planned to be held in late 2012. In this pilot,
aspects including the POM’s effectivity, technology acceptance and human-computer
interaction will be investigated.

In later phases, based on the outcomes of the pilot research, an improved prototype
will be developed. Except for measuring its effectiveness and efficiency, its main
purpose is facilitating the process of knowledge discovery, which will result in deci-
sion rules to optimize the application’s performance.

The completion date for the PhD thesis is November 2014.
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