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ABSTRACT

Calls for a more tailored approach to the man-
agement of cardiometabolic and musculoskele-
tal diseases have been increasing. Although
tailored care is a centuries-old concept, it is still
unclear how it should be best practised. The
current paper introduces two phenotype-based
Dutch approaches to support tailored care. One
approach focuses on patients with type 2 dia-
betes, the other on patients undergoing total
joint replacement. Using the patient profiling
approach, both projects propose that care can
be tailored by the assessment of biopsychosocial
patient characteristics, stratification of patients
into subgroups of patients with similar care
needs, abilities, and preferences (so-called
patient profiles) and tailoring of care in con-
cordance with the common care preferences of
these profiles. In this article, the advantages and
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disadvantages of the method are discussed to
enable researchers or clinicians who want to
extend the patient profiling approach to other
patient populations to carefully evaluate these
in relation to their project’s focus and available
resources.
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INTRODUCTION

Tailored care was first described 4000 years BC
in sacred texts from India known as the Vedas
[1]. It was then called Ayurvedic medicine and
its aim was to tailor treatment to each person’s
prakriti (or constitution) in order to maintain a
balance between body, mind and spirit. Nowa-
days, the aim of tailored care is to improve
patients’ health outcomes and care experience
by taking their individual needs and preferences
into account in developing a treatment plan. As
a result of the aging population and associated
growing burden of cardiometabolic and mus-
culoskeletal diseases [2], calls for a more tailored
approach to the management of diseases have
been increasing [3-5]. Although tailored care is
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millennia old, it is still unclear what the best
approach is.

Currently, the majority of patients receive
standardized care, based on evidence-based,
disease-specific guidelines [6, 7]. However, there
is a growing body of evidence that shows the
inherent limitations of this ‘one-size-fits-all’
approach. For example, patients differ in the
amount and type of information they need and
which aspects of care they prioritize [8-10].
While healthcare professionals do tailor com-
munication during medical consultation to
some extent, neither care needs nor preferences
are routinely accommodated [10, 11]. Thus, we
need to think of other ways to deliver care. A
tailored approach based on the phenotyping of
patients may be such an approach. In this
approach, patients’ biopsychosocial character-
istics are used to identify subgroups of patients
with similar care needs, abilities and prefer-
ences, for whom tailored solutions can be
developed.

In the current paper we introduce two phe-
notype-based Dutch approaches to support tai-
lored care. One approach focuses on patients
with type 2 diabetes, the other on patients who
undergo total joint replacement. Both use the
term patient profiles to represent identified sub-
groups of patients, which form the basis for the
development of tailored care, and are set to
deliver final results in 2018-2019. Here, we
outline the common steps in patient profiling,
with a detailed description of their develop-
ment, focusing on the differences in the patient
characteristics assessed to identify the profiles
and the process by which patients were strati-
fied into subgroups.

PATIENT PROFILING

The aim of patient profiling is to enable care
providers to provide the right care, to the right
person, at the right time. It draws on the con-
cept of ‘mass customization’, where goods and
services are delivered to a large number of cli-
ents with enough variety and customization
that nearly everyone finds exactly what they
want [12]. Starbucks, Levi’s and Burger King are
prominent examples of companies that have

implemented this concept of targeting ‘markets
of a few’ [13]. At Starbucks, for example, cus-
tomers can customize their coffee by choosing
from a variety of sizes, flavours and toppings. In
healthcare, mass customization is less well
known, but with many patients with specific
diseases that have varying care needs, abilities
and preferences, it could be a solution for
delivering more tailored healthcare.

Patient profiling uses the individual’s pref-
erences to tailor the content, context and
delivery mode of care to improve care experi-
ence and health outcomes [14-16], including
quality of life, as well as reducing the per capita
costs of care. The development of the tailored
care based on profiles consists of four steps: (1)
identification of the target population, (2)
assessment, (3) stratification, and (4) tailoring
(Fig. 1). After defining the population (e.g.
patients with type 2 diabetes treated in primary
care), care providers assess relevant phenotypic
patient characteristics, such as body weight,
quality of life and self-efficacy, which are pre-
dictive of relevant outcomes, such as glycaemic
control and patient satisfaction. Subsequently,
these characteristics are used to stratify patients
into profiles. This approach results in subgroups
of patients who are more homogeneous than
the population as a whole in terms of care
needs, abilities and preferences, while
acknowledging that a certain amount of
heterogeneity within these subgroups will
remain. In the last step, the patient’s care is
adapted depending on his or her profile.

Comparison of Two Patient Profiles
Studies

In the following section, two ongoing research
projects that use the modus operandi as descri-
bed above are explained. Both projects apply
different techniques to do so. One uses a
quantitative approach and the other a mixed-
method approach. The current conceptual arti-
cle is based on the two projects and does not
directly contain any studies with human par-
ticipants or animals performed by any of the
authors for which ethical approval was
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Step 1 Identification of the target population
Step 2 Assessment of relevant phenotypic patient characteristics
A 4
Step 3 Stratification of patients into patient profiles
|
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Patient profile 1 Patient profile 2 Patient profile 3 | Patient profilei |
| I |
T
Y \ 4 y h 4
Step 4 Tailoring of treatment
|
A \ 4 Y v
Treatment Treatment Treatment I Treatment I
package 1 package 2 package 3 L package i JI

Fig. 1 The patient profiling approach. Treatment packages may differ in frequency of consultations, education material, etc.

required. An overview of both approaches can
be found in Table 1.

Patient Profiles: A Quantitative Approach

The Dutch PROFILe (PROFiling patients’
healthcare needs to support Integrated, person-
centred models for Long-term disease manage-
ment) project started in 2014 and is a 4-year
public—private research collaboration between a
university, hospital, pharmaceutical company
and two diabetes care networks (DCNs). PRO-
FILe aims to develop, validate and test patient
profiles as an instrument for tailored diabetes
management in primary care [17]. The two
DCNs both routinely collect patient data. One
DCN was considered the development cohort
(n = 10,528) and the other the validation cohort
(n=23777).

A quantitative approach was used to develop
the patient profiles. In the first step, the longi-
tudinal electronic health records of the devel-
opment cohort were used to conduct growth
mixture modelling [18]. This technique identi-
fied three subgroups of patients based on

glycaemic control trajectories starting from the
point of diagnosis: (1) stable, adequate gly-
caemic control; (2) improved glycaemic control
and (3) deteriorated glycaemic control. Gly-
caemic control trajectories were chosen as the
outcome, because the researchers hypothesized
that patients with different glycaemic control
trajectories prefer different configurations of
diabetes care and support. The identified sub-
groups were validated in the validation cohort.
Second, to explore which phenotypic patient
characteristics should be assessed to determine a
patient profile and to stratify patients into the
right trajectory, machine learning methods
were applied. Using the most salient character-
istics (baseline body mass index, HbAlc and
triglycerides), an algorithm was built to predict
the identified glycaemic control trajectories,
which was subsequently validated in the vali-
dation cohort. The project is currently on the
third step, ‘tailoring’: the adaption of care per
patient profile. A so-called discrete choice
experiment (DCE) is conducted among 300
patients to provide insight into the patients’
preferences for specific configurations of
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Table 1 Overview of two approaches to develop and use patient profiles

Quantitative approach (PROFILe project)

Mixed-method approach (Tailored
Healthcare project)

Objective

To develop, validate and test patient profiles as

an instrument to support more tailored type

2 diabetes management in primary care

Patient profile development

Target population

Identification of

subgroups

Population size

Prediction of

subgroups

primary care

Growth mixture modelling

~ 10,000 (development cohort)
~ 3000 (validation cohort

Machine learning

Patient profile use in practice

Assessment: which Body mass index
patient Glycated haemoglobin
characteristics are ) )

Triglycerides

assessed?

Stratification: how are
patients stratified

into subgroups?

Tailoring: how is care

tailored?

Healthcare provider enters patients BMI,
HbAlc and triglycerides levels into a tool,
which enables him/her to view the related
subgroup with a similar glycaemic control

trajectory

Daily diabetes care planning, lifestyle
information, help taking medication,
frequency of consultations and emotional
support are tailored according to the

preferences per subgroup

Adult patients with type 2 diabetes treated in

To define and validate patient profiles and to
test the effect of integrating profiles in
healthcare services, materials and systems on
total joint replacement patients’ satisfaction

with care provision

Older adults undergoing lower limb joint

replacement surgery

K-means clustering

~ 200 (retrospective cohort)
~ 30 (qualitative interviews)

Recursive partitioning

Coping style
Anxiety

Communication preferences

Healthcare provider enters the patient’s scores
as determined during the consultation in a
decision tree. Alternatively, patients fill out a
self-reported questionnaire which is scored
according to the decision tree decision rules.
A suggestion for the patient’s subgroup is

provided along with the level of certainty

Preoperative education materials and supportive
systems for postoperative (tele)rehabilitation

are tailored to the preferences per subgroup

diabetes care and support (e.g. frequency of
professional monitoring, involved providers,
information provision). These care preferences
are paired with the corresponding patient pro-
files. To diminish heterogeneity within each
profile, the influence of psychosocial

characteristics, such as self-efficacy and quality
of life, on the preferences is also determined.
In the final step of the PROFILe project, a
clustered randomized controlled trial will be
performed at primary care practices in the
Netherlands to assess the perceived benefits,
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risks and the feasibility of implementing patient
profiles as an instrument to safely and success-
fully provide tailored type 2 diabetes
management.

Patient Profiles: A Mixed-Method
Approach

The Tailored Healthcare Through Customer
Profiling project is a 4-year public—private
research collaboration between a hospital,
medical device manufacturer, technical univer-
sity and the creative industry. Its main aims are
to define a validated set of design-oriented
patient profiles and to test the effect of inte-
grating these profiles in healthcare services (e.g.
educational materials and telerehabilitation
systems) on satisfaction with care provision
following joint replacement surgery.

A mixed-method approach was used to
develop the profiles. As a first step, self-reported
communication preferences, experiences with
pain and stress, self-efficacy, clinical symptoms
and surgical outcomes of patients who had
underwent joint replacement surgery were
assessed. To stratify patients in groups with
similar preferences and experiences, k-means
cluster analysis was used. The resulting sub-
groups were validated by comparing the average
subgroup characteristics to patients’ actual and
ideal hospital experience as expressed in quali-
tative interviews. To ease classification of future
patients into the relevant subgroup by health
professionals, recursive partitioning was used to
build a decision tree [19]. By asking three
questions (which assess active coping skills,
experienced helplessness, information needs)
either during the consultation or via a self-re-
ported questionnaire, health professionals can
quickly stratify future patients to one of the
subgroups and deliver care that is better aligned
to the patient’s preferences, even when con-
strained by time.

The final ‘tailoring’ step in this project con-
sists of developing modular variations of exist-
ing patient education materials and supportive
telerehabilitation systems by design engineers.
From their iterative work, it will be determined
how preferences should be embedded in

tailored design. The envisioned benefit of pro-
file usage (i.e. improved satisfaction) will be
examined in a pilot validation of the developed
tailored prototypes.

DISCUSSION

The current paper describes two ongoing
research projects that develop and use patient
profiles to tailor healthcare. Both propose that
care can be tailored by the assessment of
biopsychosocial patient characteristics, stratifi-
cation of patients into profiles and tailoring of
care in concordance with the common care
preferences of these profiles. Patients stratified
into a high-risk profile could, for example,
receive more intensive disease management, to
address their care needs and preferences. Vice
versa, more emphasis on self-management
could be established for patients of the low-risk
profile. It is expected that such tailored
approaches will benefit clinical practice by effi-
ciently allocating resources to where they are
most needed.

The projects discussed use different methods
of profiling, both of which have important
advantages and disadvantages. The identifica-
tion of patient profiles in each approach was
carried out in different ways: in the quantitative
approach, profiles were identified on the basis
of a disease-related health outcome, assuming
that patients within a profile share the same
preferences for care provision, whereas in the
mixed-method approach, profiles were identi-
fied on the basis of preferences, assuming that
patients within a profile show similar disease-
related health outcomes. If these assumptions
are not met, additional research might be
required to identify separate ‘sub-profiles’ based
on preferences for care provision (quantitative
approach) or disease-related health outcomes
(mixed method approach) within the previ-
ously identified profiles.

Thus, future work on patient profiling
should carefully specify the intended goal of the
patient profiles, as this influences which char-
acteristics should be assessed and consequently
which profiles are identified. The different
methods of data collection also affect the time,
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energy and monetary investments required for
profile development. The mixed-method
approach employed in the Tailored Healthcare
project requires less patients to be enrolled in
the study which curbs the burden. Therefore,
we assume that this approach is more suit-
able for individual clinics that may serve fewer
patients. On the other hand, accurate stratifi-
cation into subgroups tends to be more reliable
in data produced by larger samples, like those
used in the quantitative approach of the PRO-
FILe project. These methods may be most suit-
able for large clinics or multicentre
collaborations. Again, we stress the importance
of clarifying the goals and expected results of
any patient profiling approach in considering
these cost and benefits.

CONCLUSION

The concept of tailored healthcare has been
around for centuries. Still, only recently have
modern techniques emerged to transform raw
data of electronic health records into usable
information for care management [20]. Tech-
niques like these (e.g. machine learning, natural
language processing [20] and neural network
analysis [21]) that enable healthcare profes-
sionals and researchers alike to explore new
approaches such as patient profiling are descri-
bed in this paper.

It is expected that patient profiling will result
in tailored care. As such, it constitutes a
promising method for achieving the so-called
triple aim by (1) improving patient experience,
by including patients’ care needs and prefer-
ences in treatment decisions; (2) improving
population health and quality of life, by sup-
porting tailored care and (3) reducing the per
capita cost of care, by reducing the overuse,
underuse and misuse of healthcare services [22].
Healthcare practitioners who currently provide
care to diabetes type 2 or lower limb joint
replacement patients can soon use insights from
both projects to gain an improved understand-
ing about their patients and to find support in
aligning their practice to their patients’ needs.
Researchers or clinicians who want to extend
the profiling approach to other patient

populations should carefully evaluate these
expected advantages in relation to their focus
and available resources.
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