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General Introduction



Chapter1

A CASE TO CONSIDER

Mrs. Jansen is 74 years old and lives with her husband in a ground-floor flat. She remains fairly active:
she walks daily, performs light household tasks, and enjoys working in her small vegetable garden.
However, she starts to notice that standing up from a chair requires more effort than before, and she
recently gave up cycling after a near fall. Although she does not (yet) need assistance, she begins
to avoid certain activities out of fear of losing her balance. While her general practitioner does not
identify any immediate problems, Mrs. Jansen is clearly at risk of functional decline, a gradual process

that may lead to a loss of functional independence.

(GLOBAL) AGEING

The World Health Organization (WHO) has identified ageing of the population as one of the most
significant medical and socio-demographic challenges. Addressing this issue is considered a key
priority in senior care worldwide (1). Population ageing refers to the increase in the number and
percentage of persons aged 65 years and over. At the same time, the number and percentage of the
young population, aged 15 years and under, decrease in the population structure (2). There will be
more people aged 60 and over than adolescents aged 10-24 (2.1 billion compared to 2.0 billion), with
population ageing reaching 38 percent globally. This demographic shift changes the way societies
function. It affects not only the economy, but also politics and social structures. For instance, there
is increasing concern about the sustainability of intergenerational social support systems, which
are vital for the well-being of both older and younger generations (3). This issue is exacerbated by
shrinking family sizes and the rise in female workforce participation. Traditionally, women have
been the main caregivers (4). In South European countries, informal care is more common due to
cultural expectations and lower rates of full-time female employment. In contrast, the Netherlands
relies more heavily on formal care (5). These demographic and societal shifts contribute to rising
healthcare costs, reduced quality of care, and persistent labour market shortages. As life expectancy
increases, retirement periods need to be extended. This puts pressure on social security systems,
which must adapt to remain sustainable (6). Currently, Japan, Finland, and Italy have the world’s
oldest populations, while countries such as Greece, Portugal, China, and Korea are experiencing
the fastest ageing rates (6). Although the pace varies, almost all countries are already experiencing
population ageing. These global trends are also evident in the Netherlands, where ageing is already
affecting levels of independence and increasing the demand for long-term care (7).

A consequence of the demographic shift is that it leads to declining Functional Independence
(F1) and places increasing pressure on long-term care services (8). In the Netherlands, healthcare
expenditure is expected to grow from €12.7 billion in 2014 to €22.1 billion by 2030 (9). In response
to the ageing population, both the demand for residential care and community-based services is
expected to rise. While the cost of residential care will likely continue to grow due to increasing
care intensity and staffing needs, the demand for home-based care is also increasing. For example,
the number of people receiving community nursing is expected to grow by 2.6% per year, reaching
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nearly 800,000 by 2033 (10). These trends underscore the growing pressure on the primary care
system and the importance of timely, function-oriented support to help older people maintain their

independence and avoid unnecessary institutionalisation (11).

The ageing individual
In addition to the societal and financial impacts of aging, there are direct consequences for the

individual. Biologists define aging as a continuous process that begins at conception and continues
until death (12). In Figure 1, the continuous process of aging is presented in a simplified model.

Chronic diseases
&
Multimorbidity

Geriatric
Giants

The combination of aging,
chronic conditions, and
multimorbidity creates a

complex and frail situation for
older adults

Reduced Mobility

Figure 1: A cascade of aging processes and the increased likelihood of chronic conditions affect the level of Functional
Independence. Adapted from Clegg et al. (2013) (13).

Although there is no uniform definition of biological ageing to date, the natural ageing process
is generally characterised by loss of muscle strength, reduction in cardiovascular capacity, joint
mobility, a decline in cognitive capacity, and reduced neurological function. Over time, this leads
to an increasing incidence of physical, mental, and functional problems, as well as age-specific
mortality rates (14,15). These changes may manifest as increased levels of central and peripheral
fatigue, decreased flexibility, and a decline in quality of life due to loss of function and inability to

manage daily activities (16).
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With advancing age, the likelihood of developing chronic diseases significantly increases
due to the cumulative effects of biological ageing processes and long-term exposure to
various risk factors. Many studies agree that chronic diseases are characterised by a non-
self-limiting nature, persistent and recurring health problems, anatomical and functional
limitations, and a prolonged duration (months or years rather than days or weeks)(17) . In
the Netherlands, over 10.4 million people (59% of the population) had a chronic condition
in 2022 (17). Among those aged 75 and older, this percentage was as high as 96% (18).
Multimorbidity involves the presence of two or more chronic diseases in the same person, with
conditions that often interact and exacerbate each other (19). In the Netherlands, the percentage of
people registered with two or more chronic conditions is projected to increase from nearly 25% in
2015 to 30% by 2040. This rise is largely attributable to the growing number of people aged 80 and
older (20).

In addition to the increasing prevalence of chronic conditions and multimorbidity, there is also a
rise in the number of older persons affected by so-called geriatric giants — chronic, multisystem,
progressive disorders that lead to functional limitations and reduce quality of life (21). These
include mobility disorders and falls, visual and auditory impairments, depression, dementia, and

incontinence (22).

Chronic conditions, multimorbidity, and geriatric giants contribute to higher levels of frailty and more
complex care needs among older persons. These conditions often require extensive treatments,
involvement of multiple healthcare providers, and the use of various medications, which further
complicates care. Frailty, in turn, can both result from and exacerbate these conditions. According
to Gobbens et al. (2010), frailty in older persons arises from physical, psychological, and/or social
deficits in functioning, which increase the likelihood of negative health outcomes (23). This common
geriatric syndrome is linked to adverse outcomes such as chronic diseases, reduced mobility, and a
heightened risk of falls (24).

Furthermore, frailty and underlying chronic conditions often lead to reduced mobility, which
encompasses aspects such as bed mobility, transfers, and walking ability (25). The loss of mobility
can significantly impact the daily functioning and quality of life of older people (26). Maintaining
mobility helps older people to preserve their independence longer, thus reducing their reliance
on others for daily activities (27). These physical and functional consequences of ageing are both
common and gradual, making them difficult to detect. Yet they pose a serious threat to older people’s
ability to live independently. Early identification and support are essential to maintaining this ability,
referred to as Functional Independence (Fl), which is key to health, autonomy, and quality of life in
later life (28).
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FOCUS ON FUNCTIONAL INDEPENDENCE

Increasingly, governments incorporate strategies into their healthcare policies to help older
individuals maintain their (functional) independence. In the Netherlands, this is visible in national
policy initiatives such as the Living, Support and Care for Older People programme (Wonen,
Ondersteuning en Zorg voor Ouderen, WOZO0), the Right Care in the Right Place initiative (De Juiste
Zorgopde Juiste Plek), and the Integrated Care Agreement (Integraal Zorgakkoord, IZA) (29). Together,
they offer a long-term transition plan to prepare the Netherlands for demographic and healthcare
challenges. This transition is called Appropriate Care and has four underlying principles (Figure 2).
It aims to ensure that individuals receive the care they need, tailored to their specific conditions and
circumstances, including those related to chronic diseases and geriatric giants (30). Appropriate care
goes beyond treatment; it equally prioritizes health promotion and disease prevention. Appropriate
care focuses on effective, affordable care close to the patient’s living environment, encourages the
use of digital tools, and fosters collaboration between healthcare and social service professionals
(31). By involving patients in shared decision-making and supporting their autonomy, appropriate
care supports people’s autonomy and independence. For individuals with (or at risk of) functional

impairments, this means care will primarily aim to maintain and optimize Fl (32).

Where possible,

Care that works at a =
organized close to

reasonable cost

the patient
L
-l
Patients decide Not only about illness but
together with also about health and
their health care attention to what
professional someone can do

Figure 2: Four principles of appropriate care according to the Kader Passende Zorg of the Zorginstituut Nederland
(33).

11
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The concept of Functional Independence

Functional Independence (FI) is a dynamic concept that reflects how chronic conditions,
multimorbidity, and frailty interact with a person’s behaviour, needs, and abilities. It refers to the
ability to adapt physically and maintain personal autonomy (34). This encompasses skills related to
Activities of Daily Living (ADL), such as dressing, bathing, and basic mobility, as well as Instrumental
Activities of Daily Living (IADL), including tasks like grocery shopping and cycling, with or without
technological support. Currently, interpretations of FI predominantly emphasise physical aspects
(34-37). Although FI is significantly influenced by physical capabilities, it extends beyond the
physical domain and should be understood from an integrated perspective. Conceptual models
such as the International Classification of Functioning, Disability and Health (ICF) emphasise that,
in addition to physical abilities, personal and environmental factors are essential to maintain Fl in
older people (38,39). Therefore, understanding, operationalising, and maintaining Fl in older people
calls for collaboration between various clinical experts and underlying knowledge areas. To improve
collaboration across disciplines and reduce the risk of functional decline, a shared definition of FI
is needed: one that integrates physical, personal, and environmental factors. Such a definition is
currently lacking (40).

This lack of conceptual clarity also makes it difficult to translate personalised care into daily practice.
Delivering personalised care in the context of Fl is widely regarded as essential, but difficult to
operationalise in daily practice (41). While tailored support, attuned to an individual’s health status,
preferences, and living context, is key to achieving personalised outcomes, its implementation is
often constrained by limited resources, workforce capacity, and scalability. Standardised care
models, by contrast, offer efficiency and consistency but often fail to address individual needs (42).
A promising intermediate approach is profile-based care: grouping older people based on shared
characteristics or levels of need (43). This offers a structured yet responsive approach for individual
care delivery and may be particularly relevant in supporting FI.

Measuring Functional Independence

Once thereis consensus on the concept of FI, professionals need a clear and consistent way to assess
the level of Fl in individual older persons. Such measurement is essential for determining whether
someone can maintain orimprove theirindependence and whether professional support is needed.
Reliable and standardised assessment enables timely interventions and supports appropriate care
planning (44,45). Several instruments are currently used by healthcare professionals to assess the
level of FI. Common examples include the Functional Independence Measure, the Barthel Index, and
the Katz Index of Independence in Activities of Daily Living (46-48). These tools are primarily used by
physiotherapists, occupational therapists, nurses, and physicians to evaluate physical functioning,
for instance, the ability to rise from a chair or walk short distances. Since the concept of FI exceeds

the borders of the physical domain, its measurement also requires an integrated perspective.
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To support multidisciplinary and integrated care, there is a need for a reliable and broadly applicable
measurement tool that extends beyond the physical domain (39). Such a tool should be easy to use
in daily practice across professional roles, and ideally include a digital component to facilitate data
sharing and coordination of care (49). Operationalising Fl in this way is essential to enable timely and

appropriate support care at the right place and at the right time.

Maintaining & Improving Functional Independence

After assessing the level of Fl in an older individual, the next challenge is to tailor support to their
individual needs (39). Given the dynamic, complex, and highly individual nature of FI, a personalised
approach is essential, one that aligns with the principles of appropriate care (30). Clustering older
people with similar levels of FI may help translate this principle into practice (50,51). To achieve
this, we first need insight into the variation within this population and to identify distinct subgroups
(52). These insights can inform timely and personalised interventions to match care strategies to FI
profiles (53).

To effectively support older people in maintaining Fl, it is not enough to assess their level of Fl once.
Commonly used instruments such as the Katz Index and the Barthel Index are primarily diagnostic
and not intended to support ongoing monitoring (47,48). What is needed is a practical, broadly
applicable instrument that enables professionals to measure, monitor, and act upon changes in
FI over time. Such a tool should support not only initial assessment, but also follow-up and care
planning, integrating physical, personal, and contextual factors. This creates the foundation for a

more proactive, personalised, and interdisciplinary approach to FI.

The Need for a Decision Tool

Decision-support tools offer a promising way to translate a proactive, personalised, and
interdisciplinary approach to Functional Independence (Fl) into everyday practice (54,55). These
tools can guide professionals in classifying older people into relevant Fl profiles and in selecting
care strategies tailored to their needs. Prior research has shown that decision-making tools such as
decision trees can support clinical reasoning, improve the delivery of personalised care, and enhance
adherence to care standards (56-58). Moreover, they are particularly valuable in interdisciplinary
contexts (59,60).

There is a strong demand among professionals for the development of a Decision Support Tool
for Functional Independence (DST-FI) (Figure 3). This proposed tool is intended to support
multidisciplinary teams by covering all relevant domains of Fl and facilitating coordinated care

across disciplines.

13
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The DST-FI will comprise three subsequent steps:

(1) measuring a person’s level of Fl,

(I1) matching to one of the FI profiles, and

(1) generating tailored treatment recommendations.

By way of this composition, the DST-FI can guide professionals in classifying older people into
relevant Fl profiles and in selecting care strategies tailored to their needs.

The level of The best fitting Appropriate
Functional profile treatment-
Independence recommendations
Using the: Well Literated For maintenance of
Core Outcome Set Achievers Functional
Functional Good Copers Independence
Independence Receivers
Level Profile Recommendations

Figure 3: Mechanism of action of the Decision Support Tool for Functional Independence; The DST-FI will comprise
three subsequent steps: (1) measurement of a person’s level of Fl, (Il) allocation to one of the FI profiles, and (I11)
generation of tailored treatment recommendations.

Ensuring Validity and Practical Value of the Decision Support Tool- Functional Independence

The DST-FI, developed within the timeframe of the current thesis, serves as a practical tool to help
professionals monitor and promote Fl in older people. While it builds on validated assessments
and prior research, the tool itself, including its subgroup classifications and corresponding
recommendations, has not yet been psychometrically evaluated.

14
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To support its use in daily practice and build trust among healthcare professionals, it is crucial
to assess whether the tool provides accurate and clinically relevant guidance. Specifically, the
credibility of the FI profiles and the validity of the associated care recommendations should be
examined to determine their applicability in primary care.

Implementation of the Decision Support Tool for Functional Independence

Developing a tool such as the DST-Fl is an essential step toward enabling appropriate care for older
people. However, its actual impact will depend on successful and sustainable implementation in
daily practice. Literature on the implementation of healthcare innovations emphasises the need for
a systematic and evidence-based approach, especially in the context of primary care (61,62). A key
factor in this process is the perceived added value for end users. For instance, if professionals do
not experience the tool as useful or usable, implementation is unlikely to succeed (63). To prepare
for the implementation of the DST-FI in daily practice, it is important to gain early insights into its
usability, fit with existing care routines, and perceived relevance will help refine the tool and adapt
it to professional needs.

In addition, attention must be given to broader contextual factors that affectimplementation beyond
the tool itself. These include organisational readiness, interprofessional collaboration, financial
structures, and the wider policy environment. Mapping such barriers and facilitators is a necessary
step toward future integration of the DST-FI in primary care, and toward realising its potential to

support appropriate, personalised care for older people.

Objectives and outline of this thesis

The primary objective of this thesis is to improve the understanding of Fl in older people and to
develop tools that support healthcare professionals in optimising and maintaining Fl.

Chapter 2 presents a scoping review and expert consultation aimed at developing a comprehensive
and integrated definition of FI. This chapter addresses a conceptual gap: although the term is widely
used, a clear and shared understanding of Fl is lacking in both research and professional practice.

Chapter 3 focuses on the measurement of Fl. It describes the validation of the Core Outcome Set
for Functional Independence (COSFI), a tool designed to support consistent, interdisciplinary
assessment of Fl in older people. This chapter addresses the methodological gap of lacking valid

and interpretable outcome sets that can be used across professional boundaries.

Chapter 4 presents a cluster analysis of Fl in community-dwelling older people. Identified, distinct
FI profiles serve as the basis for developing a Decision Support Tool for Functional Independence
(DST-FI). This chapter addresses the need for tailored guidance by distinguishing meaningful profiles
within the older population, which is essential for delivering personalised and appropriate care.
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Chapter 5 reports on a psychometric evaluation of the DST-FI. The chapter examines the validity
and reliability of the tool’s recommendations based on the previously identified FI profiles. It aims to
determine whether the DST-FI can be responsibly used to support clinical reasoning and decision-

making in primary care.

In between Chapters 5 and 6, an intermezzo is included. This intermezzo consists of two parts. The
first illustrates how the DST-FI can be applied in clinical scenarios, while the second reflects on the
development process of the tool, from conceptualisation to implementation. Together, they provide
additional context to better understand the practical relevance and development of the DST-FI.

Chapter 6 explores the perceived usability and feasibility of the DST-FI in clinical practice, based on
first experiences of healthcare professionals. It addresses the need to understand how the tool fits
into existing workflows and how professionals assess its added value in supporting their care for

older people.

Chapter 7 investigates broader implementation conditions for the DST-FI by mapping context-
specific barriers and facilitators. This includes factors related to the organization, interprofessional
collaboration, and external policy and financing structures. This chapter addresses the gap in
understanding what is needed to integrate a tool like the DST-FI sustainably and effectively into daily

practice.

Chapter 8, the general discussion, discusses the main findings, methodological considerations, and

implications for research, clinical practice, and policy.
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ABSTRACT

Ageing potentially poses a threat to independent functioning of older adults. Although clinicians
commonly focus on physical factors limiting Functional Independence (Fl), it is likely that personal
and environmental interactions also seem important to maintain Fl. Herewith, FI exceeds several
professional borders and calls for a uniform, multi-disciplinary interdisciplinary supported definition
of Fl. This study aims to provide such a definition of FI in community dwelling older people. A
scoping review was performed. Pubmed/Medline, Psychinfo and CINAHL were searched for studies
describing aspects of FI. A literature-based definition of FI was discussed by experts (n = 7), resulting
in a formulated final definition of FI and insight into contributing factors to Fl. A multidisciplinairy
focusgroup a stakeholder consultation (n = 15) ensured clinical relevance for daily practice. Data from
the focusgroup stakeholder consultation were analyzed by using Atlas.ti (version 8). Based on the
literature search, 25 studies were included. Fl was finally defined as “Functioning physically safely and
independent from another person, within one’s own context”. The contributing factors of FI comprised
physical capacity combined with coping, empowerment and health literacy. Moreover, the level of Fl
isinfluenced by someone’s own context. This study confirms the relevance of the physical aspect of Fl,
but additionally stresses the importance of psychological factors. In addition, this study shows that
one’s context may affect the level of FI as well. This underlines the importance of a holistic view and
calls for multidisciplinary interdisciplinary collaboration in community-dwelling older people.

Keywords: Functionalindependence- Olderadults- Independence - Interprofessional relations - Patient
centered care - Prevention - Holisticcare



Functional Independence in Community-Dwelling Older Adults

INTRODUCTION

Ageing and the accompanying long-term diseases in the older population potentially pose a threat
to self-sufficient functioning of older adults in their own environment. Following a downward spiral,
the progressive deterioration in physical capacity associated with ageing may lead to physical frailty
and for instance a higher risk on falling. Subsequently, this physical decline causes limitations both
in functional performance and (instrumental) daily life activities. In the end, someone’s ‘Functional
Independence’ (Fl), is at stake (1,2,3). Fl has been described as the ability of an individual to perform
activities of daily living (4). Several studies have shown that older adults with limitations in their Fl
make disproportionate use of hospital services (5). Early insight into factors limiting individuals’ FI
may contribute to better preservation of daily life activities and to use less of health care services.
It may also facilitate older people in living independently, in their own environment for as long
as possible (6). Moreover, monitoring Fl is in line with current health care policy promoting self-
sufficiency to maintain quality of life in older people. Finally, focusing on patient’s FI may include a
shift from the relatively expensive secondary health care towards less expensive primary care (3,7-9).

At this moment, different instruments are already available for clinical healthcare professionals
to asses factors limiting FI and to evaluate someone’s Fl in daily life activities (10). Examples are
the Functional Independence Measure, the Barthel index and the Katz Index of independence in
activities of daily living (11-13). Those instruments are commonly used in clinical practice by several
professionals who are involved in the issue of FI. Physiotherapists, occupational therapists, nurses
and physicians use those instruments to specifically assess the physical aspect of FI. However, from
an integrated health care perspective, it is likely that Fl exceeds the physical domain. According to
such an integrated health care model as the International Classification of Functioning, Disability
and Health (ICF) it is likely that in addition to physical capabilities, personal and environmental
interactions are equally important in maintaining Fl of older people (14,15). At this moment, a
clear definition of such an integrated concept of Fl is lacking (16). To optimize interprofessional
collaboration to prevent a decline in Fl, a uniform, integral definition is required (17). We report the
results of a scoping review and present an interprofessionally supported definition of Fl and an ICF-
structured overview of factors influencing Fl in community dwelling older people.

METHODS

A scoping review was conducted, combining an explorative literature search with expert
consultations, to develop a broad, interdisciplinary definition of Fl. The five-stage framework for
producing a scoping literature review, proposed by Arksey and O’Malley, was used as guidance
(18,19). The subsequent steps will be described below.
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1) Identifying the research question

The research questions were twofold: 1; to determine a clinically applicable, interprofessionally
supported definition of Fl in the community dwelling older people. 2; to determine which factors
help to identify FI and the relationship between these factors. The overall aim was to create a

comprehensive overview of Fl for clinical practice, fitting to the integrative ICF framework.

2) Identifying relevant studies

To create a literature based definition of FI, a medical information specialist (LS) performed an
extensive search in medical electronic databases MEDLINE, CINAHL and PsycINFO. The extended
search strategy was presented in Table 1. Databases were searched from the date of database start
until May 2017, an update of the search in MEDLINE was conducted in July 2019. Clinicians seem to
commonly focus on physical factors limiting independence. Hence to get insight into the relationship
and contributing factors the term “physical” needed to be combined with “independence” or a
related term. In addition, the search was carried out for a vulnerable population. ‘Vulnerable’ was
attributed by people with several chronic diseases who are at risk for diminished FI. The search was
limited to publications written in English, Dutch or German.

3) Selecting the studies

Articles were considered eligible forinclusion when both anindependence componentand a physical
component were described. Moreover, potentially eligible studies included a vulnerable population
for losing Fl as in suffering from a long-term disease, frailty or older of age. The operationalization
of the independence component, physical component and vulnerability was presented in Table 1.
Considering the explorative aspect of the review, all research papers were considered for inclusion.
In general no exclusion criteria were applied. Prior to the selection process, duplicates were
removed. Selection of eligible studies was performed following a drop-out procedure, starting with
scanning of the study titles only, (20) followed by screening of the abstracts and in the end of the full-
text articles against the selection criteria. The selection procedure was performed independently by
two authors (EM and JAB). After each selection stage, differences in inclusion between the authors
were resolved in a consensus meeting. Articles not available as full text were excluded, although
corresponding authors were contacted when full text was not available online.
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Functional Independence in Community-Dwelling Older Adults

4) Charting the data

To provide an overview of the included studies, study characteristics were extracted by identifying
a study’s authors, publishing date, study type, research design and the description or definition of
FI (Table 2). Subsequently, the first author identified text fragments concerning FI by extensively
reading the text, extracting the fragmentsfrom the included articles and identifying terms concerning
FI by open coding and axial coding the text fragments according to the grounded theory (45). The
gathered codes were plotted in a wordcloud (Fig. 2) to identify the most commonly mentioned
codes. Subsequently, these codes were used to form a preliminary, literature-based definition of FI.
Furthermore, a list of key-terms related to Fl was gathered, mentioned in the medical literature, to

detect potential factors contributing to FI.

5) Adding a clinical view and analyzing the data

To enhance the preliminary definition and to ensure its applicability in clinical practice, relevant
stakeholders in the community were consulted. Prior to consultation of stakeholders, the results
of the literature review were structured by researchers and lecturers who are involved in the
domain of functional independence (n = 7). Initially, this group was asked to reach consensus on
the definition of FI in a guided focus-group discussion facilitated by the first author. Second, to
gain insights into related factors of Fl, the list of key-terms found in the literature was presented
to the group. To involve the participants in developing an overview of related factors we used two
different Participatory Learning Action techniques. With the direct ranking technique we asked
participants which terms they thought contributed mostly to the definition of FlI (46). Participants
were allowed to skip terms from and add terms to the list. To categorize these key terms, we
used the card sort method, to democratically let the participants divide the key-terms into
different main themes (47). This eventually led to a first overview of related factors influencing FI.

Subsequently, a stakeholder consultation was organized to assure the clinical relevance of the FI
concept for clinical daily practice. This online consultation took place in the autumn of 2019 and
involved community dwelling older persons (N = 4) and varying healthcare providers in community
care such as occupational therapists (n = 2), physical therapists (n = 2), (district) nurses (n = 4),
physician (n = 1). Participants were recruited by inviting professionals who are linked to two local
networks of community-care professionals through a personal e-mail. In addition, social media
was used to recruit community-care professionals as well. Professionals were eligible to participate
when they were involved in treatment of older people in the community. Participating professionals
were requested to recruit community-dwelling older people from their professional practice. After
agreement on participation participants received a personal link to provide access to the online
environment which required a password. Participants were asked what their personal association
was with each contributing factor to the concept of FI. Answers were discussed in the group until
consensus was reached. Finally, they were asked if the factors influencing Fl were adequate and if
they found factors missing. Data-analyses were performed by using Atlas.ti. (version 8). First open
source labeling (45) was done by the first author. Second, the first two authors separately categorized
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these labels, outcomes were compared and discussed. Finally, the categories were added to the
already obtained results and a graphic representation of FI was formed by these authors. The
graphical representation adhered to the ICF framework where possible.

RESULTS

Study Selection

The search strategy initially resulted in a total of 1905 unique articles. After the screening process,
25 studies were eligible for inclusion. The most common exclusion criterion was a single focus on
independence in general or physical output, instead of describing a physical component in relation

to independence (Fig. 1).

Fig.2 Wordcloud search results from the scoping review on Functional Independence
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Functional Independence in Community-Dwelling Older Adults

Charting the Data

Ten studies were published over the last decade, 11 between 2000 and 2010 and only one of the
studies was performed during the 90’s. Most studies (N = 12) were cross-sectional, almost half of
the included studies (n = 11) focused on older adults (>65 years). The most commonly used words
for describing the combination of the physical component and independence in the literature were
‘independency’, ‘ability’, ‘functional’ and ‘participation’ (Fig. 2). Further categorization by the first
author, led to a preliminary definition of Fl as “functioning physicallyindependentin activities of daily
life”. Furthermore, the list of key-terms (available on request) mentioned in relation to the definition
of Fl gathered from the literature, showed terms concerning different domains as physical capacity,
social participation, psychological functioning and personal environment. By way of illustration:
“Mobility” (33), “Self-management” (44), “Psychological state” (38) and “Circumstances” (29).
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Fig.2 Wordcloud search results fromthe scoping review on Functional Independence

Adding a Clinical View and Analyzing the Data
Definition of FI

In addition to the preliminary definition of FI based on literature review, stakeholders mentioned
the importance to include a safety-component with respect to Fl based on their clinical expertise.
Furthermore, participants asked for a further specification of ‘independent’; it raised questions
on the classification of independence when a medical instrument was used. Also the term ‘daily
functioning’ was considered to be liable to personal interpretation. Participants finally agreed on the
following definition of FI: “Functioning physically safe and independent from other persons, within
one’s own context”.
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The Comprehensive Overview of Fi

Elaborating on the definition of Fl, stakeholders categorized and prioritized the key terms from the
literature that were associated with Fl. Asaresult, three domains considered to be ofequalimportance
to FI: “physical capacity”, “coping” and “context”. Next to these domains, stakeholders suggested
adding “empowerment” and “health literacy” as additional factors contributing to Fl. Furthermore,
stakeholders recommended to operationalize the factor “context” into home environment, social
environment and neighborhood. With respect to the sustainability of Fl, participants emphasized
that FI seems to be a dynamic condition as persons can suddenly become dependent from another
person due to for instance a traumatic event but then again regain their independent functioning
by recovery or rehabilitation. Finally, FI should be seen as a disease-independent construct, which
focusses on the ability of persons to stay independent, apart from disorders or diseases demanding
salutogenesis (48). The comprehensive overview of Fl is graphically presented in Fig. 3.

empowerment

health literacy

coping
PERSONAL FACTORS

CAN DO DO DO

physical capacity Actual behaviour

' activities

Fig. 3 The graphic presentation shows the contributing factors of Functional Independence

DISCUSSION

This scoping review aimed to determine a clinical relevant definition of FI and an overview of
influencing factors of FI in community-dwelling older people. As a result from the literature review
and stakeholder consultation, FI could be interpreted as an interplay of physical capacity and
behavioral and cognitive factors such as coping, empowerment and health literacy, that enables
an older person to function physically safe and independent from other persons, within one’s own
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context. Therewith, Fl could not be seen as a discriminant outcome (functional independent versus
functional dependent) but rather as a sliding scale. Someone’s level of FI depends on someone’s
level of physical capacity influenced by personal and environmental factors. One important part of
the definition of Fl is ‘safety’. As prior studies in older adults reported that falls are a major public
health issue among community dwelling older adults worldwide (49-51), this study stresses the
importance of safety when considering one’s FI (16). Second, we have identified personal factors
like coping, empowerment and health literacy as relevant to the concept Fl. Although insufficient
empowerment skills and poor health literacy are not directly associated with a loss of independent
functioning they are associated with poorer health outcomes (52,53). In addition coping,
empowerment and health literacy interact: poor health literacy causes a lack of empowerment (54).

Results from this study are in agreement with the holistic view on a persons’ health related disability’s
(9,55). It enriches previous views on Fl, which focused exclusively on the physical component of FI
(56). Although we mentioned physical capacity as one of the most important contributing factors
to Fl, aligned with other multi-component concepts focusing on independency as the ICF (14) and
Integrated Care for Older People (ICOPE) guidelines (57), the graphical presentation shows Fl itself
should be seen as physical performance being influenced by contextual factors, both personal and
environmental factors. Furthermore the identified domains associated with Fl are comparable to,
for example, the physical literacy statement which also mentions the influence of cognitive and
behavioral factors as knowledge and motivation besides physical competence as influencers of
maintaining an active lifestyle (58).

Strengths and Limitations

One of the strengths of the current study was the design of the study. The scoping review design
combined a literature search with a clinical view of relevant stakeholders, which is particularly
suitable to explore a quite new concept like Fl. Moreover, development in co-creation with the
end users increases the chance of implementation in daily practice (18). The fact that Fl was an
unrecognized term gave the study a broad explorative character, with a broad search strategy and
lacking exclusion criteria. Though, a number of limitations should be mentioned. First, as we did
not filter on type of research paper, a significant amount of ‘grey’ literature was considered for
inclusion. Unfortunately, a part of the identified articles were unavailable as full-text articles and
consequently should have been excluded. Due to practical restrictions the stakeholder consultation
had to be held online instead of in person, this limits the expression of emotions and can emerge
misunderstanding. However, this was convenient, participants could provide input at the time which
suited best, it made interaction between participants possible while not all persons had to be in a
discussion simultaneously. Previous research on independency of community dwelling older people
confirms the influence of contextual factors, mentioning spouses as caregivers and environmental
obstacles in the home environment and neighborhood (59,60).
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Recommendations

This scoping review delivers a clinical and scientifically relevant definition of Fl and an overview of
factors contributing to Fl in older people. This has several implications for clinical practice, health
policy, health education and further research. The most important recommendation concerns
interprofessionalism as the construct exceeds the border of a single profession and single ICF
domain. Maintaining Fl asks for a sufficient level of physical capacity, adequate coping, sufficient
health literacy and empowerment, adapted to an older adult’s context, and, therefore, professionals
are recommended to look for interprofessional collaboration when supporting community-dwelling
older people. This recommendation suits to current health policy which focuses on providing
patient-centered care from a holistic perspective (61-64). As at this moment interprofessional
collaboration in the community care is still in its infancy, there is a call for financial investment,
theoretical development and practical facilitation of this concept. One of the ways to facilitate
interprofessionalism both in an educational setting and clinical setting is developing a generic

measurement tool to determine and monitor the level of FI in community dwelling older people.

Conclusion

This scoping review resulted in an interprofessionally supported definition of Fl as “Functioning
physically safely and independent from another person, within one’s own context”. For maintaining
functional independent, sufficient physical capacities are needed but also personal and
environmental factors like an adequate coping style, empowerment skills and a sufficient level of
health literacy. Future research is recommended on operationalizing those factors in measurable
quantities to facilitate professionals in community care to determine and monitor older people’s Fi

inajoint manner.
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ABSTRACT

Background: Clinicians are currently challenged to support older adults to maintain a certain level of Functional
Independence (Fl). Fl is defined as “functioning physically safely and independent from another person, within
one’s own context”. A Core Outcome Set was developed to measure Fl. The purpose of this study was to assess
discriminative validity of the Core Outcome Set FI (COSFI) in a population of Dutch older adults (= 65 years)
with different levels of FI. Secondary objective was to assess to what extent the underlying domains ‘coping’,
‘empowerment’ and ‘health literacy’ contribute to the COSFI in addition to the domain ‘physical capacity’.

Methods: A population of 200 community-dwelling older adults and older adults living in residential
care facilities were evaluated by the COSFI. The COSFI contains measurements on the four domains of
FI: physical capacity, coping, empowerment and health literacy. In line with the COSMIN Study Design
checklist for Patient-reported outcome measurement instruments, predefined hypotheses regarding
prediction accuracy and differences between three subgroups of Fl were tested. Testing included ordinal
logistic regression analysis, with main outcome prediction accuracy of the COSFI on a proxy indicator for Fl.

Results: Overall, the prediction accuracy of the COSFI was 68%. For older adults living at home
and depending on help in (i)ADL, prediction accuracy was 58%. 60% of the preset hypotheses
were confirmed. Only physical capacity measured with Short Physical Performance Battery
was significantly associated with group membership. Adding health literacy with coping or

empowerment to a model with physical capacity improved the model significantly (p < 0.01).

Conclusions: The current composition of the COSFI, did not yet meet the COSMIN criteria for discriminative
validity. However, with some adjustments, the COSFI potentially becomes a valuable instrument for
clinical practice. Context-related factors, like the presence of a spouse, also may be a determining
factorin this population. It is recommended to include context-related factors in further research on
determining Fl in subgroups of older people.

Keywords: Functional Independence - Core outcome set - Elderly - Validity



BACKGROUND

When physical limitations increase, participating in activities of daily living becomes harder and living
safely in the own home environment becomes challenging [1]. Problems in physical functioning potentially
cause diminished self-sufficiency, loss of independence, and reduced quality of life [2]. Given the ageing
society, which is commonly associated with an increase in physical limitations, one of the goals of the
present healthcare system is to facilitate self-sufficiency and independent living as long as possible
[3]. Thisis obviously reflected in clinical practice: clinicians are currently challenged to support older
people in maintaining their ‘Functional Independence’ [4, 5]. Previous studies on FI mainly focused on
physical aspects when referring to Fl (Molenaar et al. 2019, under review). However, ‘independence’
is a complex construct on itself, which certainly exceeds the physical domain. Baltes described the
concept of ‘behavioral induced dependency’ in which environmental circumstances and especially social
interactions are determinative forindependent functioning [6]. There are several mechanisms explaining
the development of dependent behaviors, assuming a learned dependency influenced by behaviors of
caregivers. Thisimplies independence in daily activities cannot be seen apart of independency of other
people. A recent scoping review combining a literature review with expert consultations in the field of
(community) care for older adults, confirmed the assumed wider look on the construct of FI, especially
regarding the importance of older people’s context. In addition to the relevance of their social context,
expertsin the field of community care stressed the relevance of a safe home environment and neighborhood.

Furthermore, literature suggests that coping style, health literacy and empowerment skills influence the level
of Flin older people besides physical capacity [7-10]. Thus, physical, physiological and social aspects jointly
represent the complex construct of FI. As a result, FI could be seen as a complex interaction between physical,
psychological and social aspects respecting one’s home environment, social environment and neighborhood
(Molenaar et al. 2019, under review). Fl is defined as the ability of people to function physically safe and

independent from another person, within their own context (Fig. 1) (Molenaar et al. 2019 under review).

Adifference is expected in level of FI between people living in the community with and without support
in daily activities and people living in a residential care facility. The main reason for admission to a
residential care facility is the presence of substantial limitations in activities of daily living [3]. These
are influenced by multi-morbidity, physical impairments, a low sense of self-management, and

diminished social support [3]. A substantial part of this influencing factors is related to the concept of FI.

Fl often exceed the borders of one specific profession; understanding, operationalizing and maintaining
Flin older people calls for collaboration between various clinical expertises and underlying knowledge
areas. To facilitate clinicians in adhering an unambiguous approach with respect to maintenance
of Fl in older adults, clinicians would increasingly benefit from an easy to use, interprofessionally
interpretable instrument which supports them in precisely determining someone’s level of FI.
An instrument to objectify FI has recently been developed in a population of older adults: the Core

Outcome Set Functional Independence (Molenaar et al. 2019, in progress). This Core Outcome Set
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theoretically comprises each of the domains of Fl and is designed to assist clinicians in identifying,
monitoring and supporting older adults who have (or are at risk for) limitations in Fl. To enable clinicians
to use the Core Outcome Set FI (COSFI) in clinical practice, the psychometric properties of the COSFI

need to be assessed [11].

METHODS

Aim

The primary objective of this study was to assess the discriminative validity of the COSFl in a population
of Dutch, older adults (= 65 years of age) with different levels of FI. The secondary aim was to assess to
what extent the non-physical related domains of the Fl construct (coping, empowerment and health

literacy) contributed to the classification in different levels of FI by the COSFI in addition to the domain
‘physical capacity’ in a population of Dutch older adults (= 65 years of age).

Study design

This study was a cross-sectional validation study.

Population and setting

Participants were community-dwelling older adults as well as older adults, living in residential care
facilities in the Netherlands. Data were collected from February until May 2019. Identification of eligible
older adults was done by district nurses and physical therapists. Also, recruitment took place by
inviting older adults to participate through local newspapers and social media. Older adults could be
included if they were 65 years or over and were able to understand verbal and written instructions in
Dutch. Older adults with severe cognitive impairments which hindered completing the questionnaires,

were excluded.

Study procedure

Older adults were asked to come to a local test location or were offered a home visit to complete the
measurements consisting of physical examinations and questionnaires. After giving written informed
consent, they were guided through the approximately 60-min test-procedure. Physical examinations
were conducted by trained researchers and students with different (clinical) expertise and background,
forexample physical therapy, occupational therapy and human movement sciences. Participants could
complete the questionnaires themselves but were offered help from a member of the research team
when needed. The test-procedure included (1) the measurements of the COSFI, (2) measurement of
reference variable ‘membership of subgroup representing level of independence in daily living’ to
validate the Core Outcome Set, and (3) a general questionnaire for demographic characteristics. The

following section contains a description of the Core Outcome Set.



Measurements of the Core outcome set functional Independence

As no single instrument covered the total construct of FI, the COSFI was recently developed following
recommendations from the Guideline for Selecting Outcome Measurement Instruments for Outcomes
included in a Core Outcome Set [12]. The choice of specific measurement tools was determined by
clinimetric properties of existing instruments representing the domains, their usability in the home-
environment, availability in Dutch and multiple consensus meetings of the research group. Adjustments
were made after pilot testing, based on the experiences of the researchers and the older adults who

were tested. The COSFI contains four domains:

Physical capacity

Physical capacity was defined as the composite of all the physical capacities a person can draw on
(generally described in terms of body system functions such as strength, balance) [13]. Physical capacity
was measured by four physical tests. The Short Physical Performance Battery (SPPB) is recommended
to assess physical capacity in older adults [14, 15]. The SPPB consists of three subscales: balance,
gait speed and lower extremity strength [14, 15]. To test static balance more extensively, the Frailty
and Injuries Cooperative Studies of Intervention Techniques (FICSIT-study) measurement instrument
FICSIT-4 was added to the SPPB. It measures the ability to maintain balance over a diminishing base
of support [16]. Because dynamic balance during walking is also an important component of physical
capacity [17], the Timed Up and Go test (TUG) was added to the measurements. The TUG measures the
time needed to stand up from a chair, walk three meters, turn, walk back and sit down. Furthermore,
hand grip strength was measured three times for each hand with a JAMAR hand-held dynamometer,
because this reflects overall muscle strength in older adults [18]. The maximum value in kilograms

was administered [19].

Coping

For coping the Coping Flexibility questionnaire (COFLEX) was used, based on the following definition
of the domain: Ability of the individual to use both assimilative and accommodative coping strategies
to deal with stressors in different situations (versatility and reflective coping) [20]. While using
assimilative coping strategies a person actively influences his or her situation to reach personal goals.
With accommodative coping strategies personal goals are tailored to restrictions of a given situation.
The versatility scale measures the ability to switch between assimilative and accommodative coping
strategies, depending on personal goals and environmental circumstances. The reflective coping
scale measures the ability to choose a coping strategy that fits the circumstances. This results in two
scores, one for each aspect. Both scales provide a number of statements with four answer possibilities:
seldom or never, sometimes, often, almost always [20]. These correspond with scores of respectively
one to four. The total scale-score is the sum of scores on that scale and a higher score indicates better
coping skills. For versatility an example of a statement is ‘| can easily change my approach if necessary’
and for reflective coping ‘I question myself whether my approach to the problem is the best solution’.
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Empowerment

Empowerment was seen as the discovery and development of one’s inherent capacity to be responsible
for one’s own life [21]. People are empowered when they have sufficient knowledge to make rational
decisions, sufficient control and resources to implement their decisions, and sufficient experience to
evaluate the effectiveness of their decisions [21]. The Patient Activation Measure (PAM) is recommended
to measure the concept of empowerment [22]. The PAM-13 consists of thirteen statements, for example
‘lam confident that | can take actions that will help prevent or minimize some symptoms or problems
associated with my health condition’. These are scored on a four-point Likert scale ranging from
‘totally disagree’ to ‘totally agree’ and ‘non applicable’. Based on this an activation score is computed
between 0 (no activation) and 100 (high activation). On this continuum four levels of patient activation
can be distinguished [23]. These levels are ‘disengaged and overwhelmed’, ‘becoming aware, but still
struggling’, ‘taking action and gaining control’, ‘maintaining behaviors and pushing further’.

Health literacy

Health literacy was defined as people’s knowledge, motivation and competences to access, understand,
appraise and apply health information [24]. This enables them to make judgements and take decisions
in everyday life concerning healthcare, disease prevention and health promotion to maintain orimprove
quality of life during the life course. The Newest Vital Sign (NVS-D) is a six-question tool to assess
one’s level of health literacy by determining an individual’s ability to find and interpret information
on an ice-cream nutrition label [25]. One of the questions asks people to calculate how many ice-
cream they can eat when there is a restriction on intake of calories. For each right answer one point
is administered, resulting in a score between zero and six. Cut-off point for adequate health literacy
is a score of four or more.

Clinimetric properties of the included measurement instruments are described in Table 1.
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Table 1 Clinimetric properties Core Outcome Set Functional Independence

Domain

Instrument

Target population

Clinimetric properties

Physical capacity ~ SPPB

Older adults®

Predictive for developing disability and identifies
subgroups who have high and low risk of disability
(AUC .75).122 Cut-off points are scores of four and
nine.” Good intrarater reliability (ICC .88 -.92) and
high construct and concurrent validity.*

FICSIT-4 Older adults* Moderate to good reliability (Interclass Pearson
correlations .25 to .74). Good concurrent
validity.*

TUG People with hip and knee Good reliability (ICC .75 to .99).°*’Good construct
osteoarthritis, patients with and convergent validity.”? The cut-off point for
stroke and older adults with independent walking is 20 seconds.”” When it is
dementia®*?’ impossible to complete the TUG, a fictive score of

240 seconds is registered.”

JAMAR General population and Excellent intra- and interrater reliability (ICC .98
community-dwelling older and .94).% Good test-retest reliability (ICC .91 for
adults®* right and .95 for left hand).* MCID is 6.5 kilogram.*

Coping COFLEX Patients with chronic Acceptable internal consistency (Crohnbach’s a
reumatoid arthritis'® of respectively .88 and .70 for the subscales).*®
Construct validity good for the versatility scale.*
Empowerment PAM-13 Older adults and older adults ~ Good internal consistency (Crohnbach’s a of

with multimorbidity
Older adults

.88).2% Good construct validity.**

Health literacy NVS-D Good internal consistency (Chronbach’s a of .76).%
Cut-off point between adequate and inadequate

health literacy is a score of four or more.”

SPPB Short Physical Performance Battery; FICSIT Frailty and Injuries Cooperative Studies of Intervention Techniques; TUG Timed Up and Go test;
COFLEX Coping Flexibility questionnaire; PAM Patient Activation Measure; NVS-D Dutch Newest Vital Sign; AUC Area Under the Curve; ICC Intraclass
Correlation Coefficient; MCID Minimal Clinically Important Difference

Outcome

Discriminative validity of the COSFI was determined following the COSMIN Study Design checklist for
Patient-reported outcome measurement instruments [37]. Respecting this checklist, discriminative
validity of the COSFlimplies the degree to which the scores on the COSFI are consistent with hypotheses
with regard to differences between relevant subgroups, based on the assumption that the COSFI
validly measures the construct of FI [38]. With 75% of hypotheses reached, discriminative validity
would be considered as confirmed [39]. In this study, three distinctive subgroups were compared
which differed in level of independence in daily living: community-dwelling older adults independent
in ())ADL, community-dwelling older adults, dependent on help of others in (i))ADL and older adults
living in a residential care facility (Fig. 1). The subgroups were composed by way of a proxy indicator,
based on two conditions. First, as the definition of Fl includes ‘independent from another person’,

help needed in (instrumental) activities of daily living ((i)ADL) was included in the proxy indicator.

N
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This was determined by the Groningen Activity Restriction Scale (GARS-3), since GARS3 showed adequate
discriminative validity in a population of older adults [40]. This eighteen item questionnaire gives
an indication of disabilities in the domains of personal care and domestic activities by registering
if a person can do activities in three categories: fully independently with no effort (score one), fully
independently with effort (score two) or only with help of others (score three) [40]. Any score on the
GARS-3 other than “fully independently’ represented a diminished level of independency [40]. Second,
as the definition of Fl includes ‘functioning physically safe, within the own context’, living situation
was part of the proxy indicator. When not functioning physically safe, falls are more likely to occur.
Falls are a strong predictor for dependence in ADL-activities and for admission to a residential care
facility [41-43]. A difference was made between living in the community (own context) and living in
a residential care facility.

The following hypotheses were set regarding COSFI scores in relation to the distinctive subgroups
of independence:

1. The model based on the COSFI correctly classifies at least 70% of the participants for each of the

three subgroups.

2. There s a significant difference between groups on all domains of the COSFI with best scores for the
group of older adults living in the community without help in (i)ADL and worst scores for the group

of older adults living in a residential care facility.

3. Meaningful differences between these groups were expected on the scores of the measurement
instruments in the physical domain of the COSFI, since it is known there is a difference in the amount
of physical limitations between older adults living in their own environment and older adults living
in a residential care facility [3]. For SPPB older adults living in their own environment were expected
to score above the cut-off point of 9 and older adults living in a residential care facility below. For
TUG older adults living in their own environment were expected to score below the cut-off point of
20 s and older adults living in a residential care facility above. For JAMAR a difference of at least 6.5
kg was expected between older adults living in their own environment and older adults living in a
residential care facility.

4. Ameaningful difference, reflected by a different level of patient activation on the PAM, was expected
on the domain of empowerment between older adults living in their own environment and older
adults living in a residential care facility. It is known that a low sense of self-management is related to
admission to a residential care facility [3] and the concept of self-management is part of the definition

of empowerment.

5. It was expected that the level of health literacy would be highest in the group of older adults, living
in their own environment and independent of others (on or above the cut-off score of 4) and lowest
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in the group of older adults living in a residential care facility (below the cut-off score of 4), because
literature shows people with lower health literacy skills show poorer overall health status [44].

Statistical analyses

Descriptive statistical analyses were conducted on participant’s age, gender, educational level, presence
of morbidities and type of residence. Demographic characteristics and scores on the Core Outcome
Set were calculated by mean and standard deviation or median and interquartile range for continuous
variables and proportions for categorical variables. To test the formulated hypotheses determining
discriminative validity of the COSFI several statistic techniques were used. The ability of the COSFI to
predict the level of FI for three different subgroups was determined using ordinal logistic regression.
First, the assumptions for logistic regression were tested. After that a model was built with group
membership as dependent variable. All scores of the COSFI were entered as predictor variables in
the ordinal regression model using ‘forced entry terms’. Based on the rule of thumb of ten events per
variable for logistic regression analysis and eight included variables, a sample size of a minimum of
80 people in each group was optimal [45]. Differences between groups were calculated by Oneway
ANOVA for normally distributed continuous variables, Kruskal-Wallis for not normally distributed
variables and Chi-square test for categorical variables. To meet the second objective of the study,
likelihood statistics of subsequently a null-model, a model with only physical capacity (SPPB, JAMAR)
and models with physical capacity and respectively coping (COFLEX versatility, COFLEX reflective
coping), empowerment (PAM) or health literacy (NVS-D) were tested for improvement of the model.
Forward, stepwise ordinal regression analysis was applied, using a likelihood ratio (LR) test (X2 test) to
determine to best fit. P-value < 0.05 was considered significant. When missing values occurred in the
dependent or one of the predictor variables, these cases were excluded from the analysis. Statistical
analyses were performed using IBM Statistical Package for the Social Sciences (SPSS, version 24,0
Armork, New York, USA).

RESULTS

Population

In total, 200 older adults were recruited to participate in this study. Eight persons were excluded
because of severe cognitive impairments. One person living alone in the community, did not complete
the GARS questionnaire and therefore, could not be included in one of the groups. Thirteen older
adults had missing values on predictor variables and were excluded from the analyses. Finally, a
total of 178 persons were included for analyses. Demographic characteristics are presented in Table
2. Sixty-six persons lived independently without help in activities of daily living. In the second group,
independently living older adults who were dependent on help in at least some daily activities, sixty-
nine persons were included. Forty-three older adults living in a residential care facility became the third
group. Mean age was 80.2 years. Age significantly differed between the three groups. Independently
living people without help had significantly fewer medical conditions, compared to the other groups.

Gender and educational level did not differ between groups.
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empowerment
health literacy

coping

PERSONAL FACTORS

CAN DO DO DO
physical capacity

Actual behaviour

Fig. 1 Graphicalillustration of the concept of Functional Independence
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Table 2 Demographic characteristics of older adults measured for Functional Independence

Participant Characteristic Total Independent Independent Living in
n=178 living living residential care
No help with (i) Help with (i)ADL facility
ADL n=69 n=43
n=66
Age in years at study 80.19 76.50 (6.40)* 80.77 (7.30)* 84.93(8.85)*
participation (mean, sd) (8.05)

Gender (n, %)

male 2 32 26 14
40.4 48.5 37.7 326

female 106 34 43 29
59.6 515 62.3 67.4

Educational level (n, %)

none 1 1 0 0
0.6 15 0.0 0.0
primary 121 42 47 32
68.0 63.3 68.2 4.4
secondary 38 15 13 10
21.3 227 18.8 233
tertiary 18 8 9 1
10.1 12.1 13.0 23

Type of residence in case
of living in the community

(n,%)
alone 80 39 41 na
59.3 59.1 59.4
with other(s) 55 27 28 na
40.7 40.9 40.6
No. of medical conditions
(n, %)
none 12 9%, 1 2" 11
6.7 13.6 29 23
one or two 73 38,1 23" 121
41.1 57.6 333 27.9
three or more 93 19%1 44* 30t
52.2 28.8 63.8 69.8

(I)ADL (instrumental) activities of daily living; n number of participants; sd standard deviation; no. number; % = percentage; *,1 = significant

difference between groups p <0.05

Discriminative validity Core outcome set functional Independence

While testing the assumptions for ordinal logistic regression, the FICSIT-4 was excluded from the
analysis due to multicollinearity. The TUG was also excluded from analyses, as fictitious scores of 240 s
were assigned to people who were unable to perform the test. This resulted in unjustified outliers. All
remaining measurement instruments of the COSFI were included as predictor variables. Only physical
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capacity measured with the SPPB was significantly associated with group membership. The odds of
classification into the group of community-dwelling older adults depending on help instead of the
group of independent community-dwelling older adults and of classification into the group of older
adults living in a residential care facility instead of community-dwelling older adults depending on
help increased by a factor 1.64 for each point decline on the SPPB (Table 3). Table 4 shows that this
final model was able to correctly classify 68% of the participants into one of the predefined groups.
In the group of independently living older adults without help and the group of older adults living
in a residential care facility more than 70% was classified correctly. A percentage of 58% correctly
classified is shown in the older adults living at home, needing help with (i))ADL. As we did not reach
a 70% prediction accuracy for all three groups, hypothesis 1 was rejected. Results on instruments of
the Core Outcome Set are presented in Table 5, both for the total sample as well as for the different
subgroups. Significant differences between all three groups were found on all instruments for physical
capacity and health literacy. For COFLEX Versatility and PAM-13 a significant difference was found
between both groups living independently and the group living in a residential care facility. This
confirmed hypothesis 2 about significant differences between subgroups on all domains (Table 5).

Table 3 Ordinal logistic regression prediction on group membership Functional Independence

Wald p OR 95% Cl

Physical capacity

SPPB 49.909 0.000 1.64 1.43-1.88

JAMAR 3.377 0.066 1.03 1.00 - 1.06
Coping

COFLEX versatility 0.989 0.320 1.04 0.96-1.12

COFLEX reflective coping 0.000 0.983 1.00 0.88-1.14
Empowerment

PAM 0.246 0.620 0.99 0.97-1.02
Health literacy

NVS-D 2.619 0.106 1.03 0.97-1.36

Wald = Wald statistic; p = p-value; OR = Odds Ratio; CI = Confidence Interval; SPPB = Short Physical Performance Battery; TUG = Timed Up and Go
test; COFLEX = Coping Flexibility questionnaire; PAM = Patient Activity Measure; NVS-D = Dutch Newest Vital Sign
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Table 4 Prediction accuracy of the model based on the Core Outcome Set

Observed Independent Independent Living in % correct
living; no help living; help with residential care
with (i)ADL (n) (i)ADL (n) facility (n)
Independent living; 48 18 0 3%
no help with (i)ADL (n)
Independent living; 18 40 11 58%
help with ()ADL (n)
Living in residential care 2 9 32 4%
facility
Overall percentage 38% 38% 24% 68%

i)ADL (instrumental) Activities of Daily Living
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Discriminative validity of the COSFI

Finally, meaningful differences on the different measurement instruments were evaluated regarding
the preset hypotheses. For SPPB, TUG and JAMAR in the domain of physical capacity, hypothesis 3
was confirmed. On the PAM all three groups showed the same level of patient activation, meaning
hypothesis 4 was rejected. On NVS-D older adults living at home and independent from others scored
highest (4) and older adults living in a residential care facility scored lowest (1), which confirmed

hypothesis 5. Overall 60% of our hypotheses were confirmed.

Contribution of domains coping, empowerment and health literacy to the model

To meet the secondary objective of this study, the additional value of non-physical related domains
to the Fl-construct were investigated by model building. The best fitting model compared to a model
with only physical capacity, was a model with health-literacy (LR 17.240; df 1) and coping (LR 21.736;
df 2) orempowerment (LR 20.962; df 1) (p < 0.01). Adding both empowerment and coping instead of
only empowerment or coping did not show a significant difference. (See Additional file 1).

DISCUSSION

The aim of this study was to determine discriminative validity of the COSFI in a population of older
adults. With 60% of the hypotheses confirmed, discriminative validity of the COSFI did not meet the
COSMIN criteria yet. However, the model based on the COSFI had an overall prediction accuracy of
68%, which is fairly good. Independently living older adults who did not need help in (i)ADL-activities
and older adults living in a residential care facility are even better distinguished by the COSFI (73%
respectively 74%). The model performed less in the group of older adults living at home and dependent
on help, despite the fact that significant differences between groups were shown on most variables.
In this group the prediction accuracy was just 58%. This means the model has insufficient ability to
distinguish between people living at home with help of others and people living at home completely

independently or people living in a residential care facility.

The difference in prediction accuracy between groups can be explained by several reasons. First, the
group of older adults living at home, dependent on help, represents a broad range of Fl. In this category
the dependency on help varied from just periodical help from a pedicure to almost complete help in
all (i)ADL activities. Second, the role of an informal caregiver might have influenced the relationship
between the COSFI and our proxy. People living at home and dependent on help were often supported
by an informal caregiver. This informal caregiver, for instance a spouse, enables older people to maintain
living in their home setting instead of being institutionalized. Thus, some people in the group of
independently living older adults with help seem to function at a comparable level as people in one
of the other groups [46]. Involvement of an informal care giver might be a precondition for living at
home instead of in an assisted living facility.

Our study revealed that Fl is mostly determined by physical capacity, measured with the SPPB. This
isin line with existing knowledge on the relationship between independent functioning and physical
capacity [13, 27, 47]. However, this study adds that other domains also contribute to the construct of
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FI. Based on the current composite of measurements, a model with physical capacity, coping and one
of the domains health literacy or empowerment performed equally good as a model with all domains.
Thisimplies that one of the domains health literacy or empowerment can be removed from the COSFI
without losing discriminative value. Despite the fact that the NVS-D did not show to be a discriminative
factor in distinguishing someone’s level of FI, differences in health literacy levels between groups
were both significant and clinically relevant [25]. Health literacy is known to be associated with age,
physical activity and participating in social activities [48, 49]. In line with these results from earlier
studies, the oldest group in this study showed the lowest health literacy skills. On empowerment, no
clinically relevant differences between groups were found [50]. All scores belonged to the same level
of patient activation and measurement of empowerment did not contribute significantly to a model
with all other domains. Therefore, a final modelincluding physical capacity, health literacy and coping
seems to perform optimally. The hypothesis about meaningful differences between subgroups on the
domain empowerment was not confirmed. However, this hypothesis seems no longer relevant, as the
domain empowerment does not significantly contribute to the best fitting model. For the remaining
hypotheses 75% was confirmed, indicating good discriminative validity of the COSFI without PAM.

Some strengths of this study could be mentioned. It was the first study which measured a multidimensional
concept of Fl in older adults. Prior studies were limited to only the physical aspect of FI. Moreover,
since the COSFl is intended for interprofessional use in clinical practice, another strength of this study
was the cooperation of professionals and students from different backgrounds in the measurement
procedure. Third, to determine discriminative validity, older adults with a broad range in levels of
physical functioning were measured. This was an adequate representation of the Dutch population of
olderadults [3]. Finally, the limited amount of missing data could be indicated as a strength of this study.

There were some limitations as well. First, we insufficiently took into account the gradually decline of
the level of FI. Currently, we only determined strict cut-off points for the proxy of FI. These cut-off points
divided the older adults in three groups, representing a different level of FI. As previously mentioned,
the middle group represented a broad range of levels of physical functioning, varying from almost
no help to almost complete help in (i)ADL. With a good prediction accuracy for the other groups, the
model shows ability to distinguish between older adults with different levels of FI, provided that
differences are large enough. Another limitation concerns the influence of environmental factors on
one’s Fl. Literature shows an association between social support and home or social participation,
which is closely linked to the definition of FI [51, 52]. In particular the presence of an informal caregiver
oranother person who provides social support is key for living at home respectively living necessarily in
aresidential care facility [3, 53]. The amount of social participation and the diversity in social relations
influence decline in functional ability, measured on items like walking outside and walking stairs [52].
Although these items were to some extent objectified by the GARS-3, the involvement of (informal)

caregivers was insufficiently determined.



Dependency can be caused by several mechanisms, involving the social environment and interventions
aiming to reduce dependency should acknowledge this [6]. The behaviors of caregivers are essential
to enhance or decline independency in older adults. (Informal) caregivers can cause dependency by
underestimating what an older adult can do and provide overcare or they can support independency
by adjusting their behavior to the needs and possibilities of the older adult. In other cases, older
adults choose for compensation and selection of activities by themselves. In that case, they are able
to complete activities, but focus on goals and activities with high priority, asking for help in activities
with low priority and as a result become dependent on others. In this study, only the activities which
older adults were able to do were measured and not the activities they were actually performing in
daily life. Third, although patient reported outcome measures (PROMs) were the only feasible option
to measure coping, empowerment and help needed in (i)ADL, the use of PROMs is accompanied by
some limitations. PROMs provide subjective data and the outcome is influenced by how the participant
perceives his or her situation [54]. The perceived level of coping, empowerment or help needed may
not reflect the actual behavior of the participant. Also, these questionnaires were not feasible for older
adults with severe cognitive impairments. Therefore, older adults with limitations in their cognitive
functioning were excluded from this study. Finally, with 178 participants optimal sample size was not
obtained. The difference between actual and optimal sample size is small and probably did not have

large impact on the results, because the smallest group is still distinctive.

Prior to implementation in clinical practice, it is recommended to revise the COSFI to some extent.
Based on our results, the FICSIT-4 can be removed from the Core Outcome Set because its’ high
correlation with the SPPB. Despite significant differences between groups, the TUG was not included
in the analysis. Because a relatively large group participants was not able to perform the TUG, another
instrument to measure dynamic balance possibly would have been more appropriate. As dynamic
balance control is an important component of physical capacity and an indicator for risk of falls, this
seems relevant to measure additionally to the SPPB. For instance, the Floor Transfer Test may be a
good alternative for TUG as well as SPPB, because of high correlation with both instruments [55].
Besides that, it is recommended to remove the PAM from the COSFI. Without the PAM, a large part of
the definition of empowerment is still covered in this model as the PAM did not measure all aspects
of empowerment. Empowerment aspects were also represented by the NVS-D and COFLEX, because
the constructs of health literacy and coping are associated with empowerment [21, 56]. Furthermore,
it seems important to incorporate the influence of (social) environmental factors in the COSFI, such
as the presence of an informal caregiver who facilitates an older person in performing activities of
(instrumental) daily living. Although people with severe cognitive impairments are more likely to lose
self-sufficiency, the questionnaires of the COSFI were not feasible for them [57]. In clinical practice
however, this is a relevant group of older adults. For future studies and use in clinical practice, it is
recommended to assess which adjustments to the Core Outcome Set or measurement procedure can

be made to include this vulnerable group.
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Conclusion

In this study discriminative validity of the COSFI was assessed in a population of Dutch, older adults
(= 65 years of age) with different levels of FI. The current composition of the COSFI, did not yet meet
the COSMIN criteria for discriminative validity. However, with some adjustments, the COSFI has the
potential to become a valuable instrument for clinical practice. This study indicates that the COSFl is
moderately able to discriminate older people with different levels of Functional Independence. For 68%
of older adults, the prediction of group membership by the COSFI is accurate. The COSFI has limited
ability to distinguish between older adults living at home and dependent on help in (i)ADL and other
groups. Itis recommended to preserve the domains ‘physical capacity’, ‘coping’ and ‘health literacy’
as core elements of the COSFI. Complementary, in further research a measurement of environmental

factors should be incorporated in the COSFI to improve clinical relevance in daily practice.
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Cluster Analysis of Functional Independence

in Community-Dwelling Older People



Chapter 4

ABSTRACT

Background: The concept of Functional Independence (Fl), defined as ‘functioning physically safe
and independent from other persons, within one’s context”, plays an important role in maintaining
the functional ability to enable well-being in older age. Fl is a dynamic and complex concept covering
four clinical outcomes: physical capacity, empowerment, coping flexibility, and health literacy. As
the level of FI differs widely between older adults, healthcare professionals must gain insight into
how to best support older people in maintaining their level of Fl in a personalized manner. Insight
into subgroups of Fl could be a first step in providing personalized support This study aims to
identify clinically relevant, distinct subgroups of Fl in Dutch community-dwelling older people and
subsequently describe them according to individual characteristics.

Results: One hundred fifty-three community-dwelling older persons were included for participation.
Cluster analysis identified four distinctive clusters: (1) Performers — Well-informed; this subgroup
is physically strong, well-informed and educated, independent, non-falling, with limited reflective
coping style. (2) Performers - Achievers: physically strong people with a limited coping style and
health literacy level. (3) The reliant- Good Coper representing physically somewhat limited people
with sufficient coping styles who receive professional help. (4) The reliant - Receivers: physically
limited people with insufficient coping styles who receive professional help. These subgroups
showed significant differences in demographic characteristics and clinical FI outcomes.

Conclusions: Community-dwelling older persons can be allocated to four distinct and clinically
relevant subgroups based on their level of FI. This subgrouping provides insight into the complex
holistic concept of FI by pointing out for each subgroup which FI domain is affected. This way, it
helps to better target interventions to prevent the decline of Fl in the community-dwelling older
population.

Keywords: Functional independence - Older persons - Subgrouping



Cluster Analysis of Functional Independence in Older Adults

BACKGROUND

The global aging of the population causes an increase in the prevalence of associated diseases (1).
This increased burden of most chronic diseases results in a vicious circle of limitations in physical
performancefollowed by constraintsin (instrumental) daily life activities (2). To prevent these medical
and social consequences and to respond to the accompanying increased pressure on healthcare
professionals and the healthcare system, a conceptual change in care for older people is urgently
needed. In line with the approach to healthy aging, it is advocated that future care for older people
should aim to maintain the functional ability to enable well-being in older age (3, 4). It is advocated
that preserving functional ability, with proactive instead of reactive care for older people, will lead
to the prevention of limitations in daily life activities and maintaining ‘Functional Independence‘ for
as long as possible (5). Functional Independence (Fl) is defined as ‘Functioning physically safe and
independent from other persons, within one’s context (6)’. The conceptual model of Fl, aligned with
the International Classification of Functioning, disability, and health (ICF), consists, as interpreted
by Molenaar et al., of both physical and personal features such as coping, empowerment, and health
literacy. In addition safety and contextual factors of the individual contribute to FI. Figure 1 shows
the complexity of the individual Fl state influenced by the different constructs (6). This aligns with the
definition of health being a dynamic state, in which the emphasis is on the ability to adapt and self-
manage, expressed in Fig. 1 by the considerable part of the personal factors (coping, empowerment,
and health literacy) (7).

empowerment
health literacy

coping

PERSONAL FACTORS

CAN DO DO DO
physical capacity Actual behaviour

| participation

| activities |

Fig. 1 Graphical display of the concept of Functional Independence in community-dwelling older persons. It shows

the complexity of compromising the concept of Functional Independence which consists of different constructs.

67



Chapter 4

Proactive care in older people and healthy aging include early recognition of older persons at risk of
losing their FI (8). This can be facilitated by monitoring FI among community-dwelling older people
and timely referral to an appropriate care professional (9). However, Fl is a dynamic and complex
concept in which large individual differences exist. Therefore, it is likely that dividing this population
into subgroups will give insight into the domain or domains affected in each group. This may lead to
enabling tailored engagement of particular healthcare professionals. In this way, identifying clinical
subgroups may lead to better treatment and prevention of decline in FI (9, 10). Therefore, to help
healthcare professionals to timely recognize persons at risk of losing Fl, and to develop healthcare
policy, the identification of subgroups is necessary (10). In this study, we aimed to identify distinct
subgroups of Flin Dutch community-dwelling older adults and describe them according to individual
characteristics.

METHODS

Design and setting

This study has an observational, cross-sectional design (6). A retrospective analysis of previously
collected data for validation of a Core Outcome Set measuring FI (COSFI), in community-dwelling
older people in the city of Utrecht, The Netherlands, was carried out (11). Measurements took place
in two different districts of Utrecht. Public locations, in the community, that were easily accessible
for older persons, such as community centers, fitness centers, and physical therapy practices, were
used as test locations; persons who were unable to visit the test location were offered a home
assessment.

Participants

Older people were eligible for participation if they met the following inclusion criteria: (a) = 65
years of age and (b) living in the community. As this study focuses specifically on retaining FI and
preventing Fl decline, we excluded people living in care homes that received institutional care (c).
In addition, persons were excluded when they: (d) were unable to understand verbal and written
instructionsin Dutch or (e) had aninsufficient cognitive level to independently complete the required
questionnaires. Eligibility of cognitive level was established by the clinical view of the research
team; older adults who experienced such severe cognitive problems that hindered the appropriate
completion of the questionnaires were excluded. Participants were recruited in different ways.
District nurses, physical therapists, social workers, and neighbourhood sports coaches from the two
districts were asked to promote the study among older clients. Additionally, public promotional
activities were used to recruit participants for the study (e.g. spreading flyers at supermarkets and
community centers, hanging posters in public places, and advertising on local and social media).

Study outcome

The primary outcome of this study is the validated subgrouping of FI in community-dwelling older
people based on COSFI scores. As mentioned previously, Fl represents a complex, personalized



Cluster Analysis of Functional Independence in Older Adults

construct that comprises different domains, including a person’s physical capacity, coping style,
health literacy, independence, and fall history (6). Discriminative validity of the COSFI is moderate
for predicting the different levels of FI but good for differentiating Fl according to the living situation
(i.e., older people in residential care and community-dwelling older people) (11). The secondary
outcome is a description in detail of the derived subgroups of FI, combining the COSFI outcomes

and demographic characteristics. The COSFI covers specific domains of Fl, also presented in Table 1:

Table 1 Content of the specific domains of Functional Independence covered by the Core Outcome Set Functional
Independence

Domain of FI Measurement Target population
Physical capacity SPPB Older adults
FICSIT-4 Older adults
JAMAR General population and community-dwelling older
adults
Coping COFLEX: The COFLEX versatility scale and  Patients with chronic reumatoid arthritis
COFLEX reflective scale
Health literacy NVS-D Older adults
Independence Received professional help; Yes or No n/a
Fall history 1 or more falls in the past; Yes or No n/a

SPPB = Short Physical Performance Battery; FICSIT = Frailty and Injuries Cooperative Studies of Intervention Techniques; JAMAR; JAMAR Hand Held
Dynamometer; TUG = Timed Up and Go test; COFLEX = Coping Flexibility questionnaire; NVS-D = Dutch Newest Vital Sign; AUC = Area Under the

Curve; ICC = Intraclass Correlation Coefficient; MCID = Minimal Clinically Important Difference

Measurements
Physical capacity

Physical capacity was operationalized as ‘the ability to perform daily life activities ’ (12). It was
measured by four different measurement instruments, that are complemental in covering the
essential components of physical capacity related to the ability to safely perform daily life activities.
Furthermore, these instruments are validated in the targeted population of older adults and are
feasible in daily practice: The Short Physical Performance Battery (SPPB); this instrument is highly
recommended to assess physical capacity in terms of validity, reliability, and responsiveness in
community-dwelling older persons (13, 14). It contains three subscales: balance, gait speed, and
lower extremity strength (15). As a supplement to the SPPB, the Frailty and Injuries Cooperative
Studies of Intervention Techniques (FICSIT-4) measurement instrument was added to test static
balance more extensively (16). Additionally, hand-grip strength was assessed by using the hand-grip
strength procedure of the JAMAR Hand-Held Dynamometer (JAMAR) (17). Hand-grip strength is a
reliable and valid characteristic to get insight into overall muscle strength in older people (18, 19).
Furthermore, the Timed Up and Go test (TUG) is a valid tool for screening balance deficits in senior
citizens (20). It is an important part of the physical capacity domain of Fl since the dynamic balance
during walking also plays an important part in functioning independently (21). The amount of time
needed to stand up from a chair, walk 3 meters, walk back to a chair, and sit down again is scored; a
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maximum score of 240 seconds is registered when participants are not capable to execute the TUG
test.

Coping

Coping concerning Fl was interpreted as dynamic cognitive and behavioral efforts to manage
a decline in physical function or physical disability (22). The COping FLEX- ibility questionnaire
(COFLEX) was used to assess coping in the current study. The COFLEX is a tool to measure one’s
ability to use both assimilative and accommodative coping strategies to deal with stressors in
different situations (23). The COFLEX is divided into two subscales that were analyzed separately:
coping versatility (9 items) and reflective coping (4 items). Coping versatility refers to the ability
to switch between using existing knowledge and skills or adapting existing skills and knowledge
to deal with a new situation, following personal goals and situational demands (23). For instance,
adjustment of physical goals when a chronic disease causes constraints in physical functioning and
the existing goal isn’t obtainable anymore (24). Reflective coping represents someone’s ability to
generate different coping options and to make a considered choice of the most suitable coping
strategy in a given situation. For example, when the balance of an older person is affected, this
person should take this into account in his or her choice of coping strategy, in which he or she has to

make a considered decision concerning safety in a certain situation.

Health literacy

Health literacyisaninteraction between the skills of the individual to obtain, process, and understand
health information and services necessary to make appropriate health decisions and a requirement
of the health system (25). Health literacy was assessed with the Dutch version of the Newest Vital Sign
(NVS-D) (23). The NVS-D is a valid and reliable screening tool that identifies patients at risk for low
health literacy (26). It contains six questions to assess one’s level of health literacy by determining an
individual’s ability to find and interpret information on an ice cream nutrition label.

Independence

To monitor the level of independence, a variable concerning receiving help from other persons
was added. Because this help can also be convenient and not necessary, we specifically asked if
professional help, by which we mean paid help in a person’s home, was received by asking the
following question: “ Do you receive professional help?”. This question could be answered by ‘yes’

or‘no’.

Fall history

Safetyisanimportant feature of FI (8). Functioning safely in the context of daily life includes a minimal
risk of falling. As falling in the past year is an important predictor of the risk of falling in the future, we
added a question concerning falling in the past, which is widely used in fall screening of older people:
“Have you fallen in the past year?” This question could be answered by ‘yes’ or ‘no’ (27).
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Additional characteristics

Demographic data of the participating older people were collected on age (years), gender (male,
female, unknown), and educational level according to the Dutch Central Bureau of Statistics; High
(associate degree programs, higher education bachelor programs; Master degree programs, Middle
(upper secondary education, (basic) vocational training and middle management and specialist
education) and Low (primary and special primary education), multimorbidity (i.e., the presence of
more than one chronic disease in an individual) (0-2, > 2 chronic diseases) (28), and living situation.
The living situation was subdivided into community-dwelling; living alone, community-dwelling;
with someone else, and living in a supported house. This last subgroup refers to a group of older
persons whose accommodation is provided alongside support, supervision, or care to help them live
as independently as possible in the community (community-dwelling alone, community-dwelling

with a partner, living in a supported house).

Statistical analyses

Agglomerative hierarchical binary cluster analysis, applying Ward’s method and between-group
linkage with squared Euclidean Distance measure, was used to identify clusters of FI in community-
dwelling older people (30).

Data transforming

In preparation for the cluster analysis, the ordinal and continuous outcome scales of the COSFI
(JAMAR, SPPB, NSVD, and the COFLEX versatility scale and COFLEX reflective scale) used in the
cluster analysis were first converted to binary variables to meet the assumption for similar outcome
scales (29). For a transition from ratio and ordinal variables to binary variables, we used the clinical
cut-off point; (0 = beneath the cut-off point) (1 = above the cut-off point) (15, 18, 30). For a transition
of the JAMAR outcomes, a subdivision between men and women was made as proposed by Arvandit
etal. (31). When a clinical cut-off point was not available, we used the mean score as a proxy variable;

(0 = beneath the mean score 1 = above the mean score).

Handling missing data

Participants were excluded in case of missing values on one of the clustering variables since the
analysis did not allow missing values. Imputation was not performed because the missingness was

not severe (< 5%) and the data was Missing Completely at Random (MCAR) (32).

Assumptions for cluster analysis

Subsequently, assumptions for agglomerative hierarchical binary cluster analysis were investigated.
Theclusteringvariablesfromthe COSFlwere checked on multicollinearity. Ifthe correlation coefficient
(Pearson r) was = 0.90, the variable was excluded from the cluster analysis (33). Furthermore, the
assumption for similar outcome scales was met as we converted the different outcome scales to

binary variables.
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Model fitting

To identify distinct clusters, first, a visual assessment of the dendrogram and the agglomeration
schedule was performed by two researchers (EM, JB). The visual representations of the cluster
analysis, the hierarchical dendrogram, and the agglomeration schedule were inspected individually.
The results from the dendrogram and the agglomerative schedule showed the change in the
agglomerative coefficient, indicating possible cluster solutions in which clusters indicated the best
similarities and deviations on domains of Fl. The graphical display shows the distance within the
clustering algorithm until joining the next cluster. Possible plausible numbers of cluster solutions

were selected by the two first authors.

Validation of the cluster solution

To determine to what extent the derived clusters are distinguishing, we examined scores on domains
of FI per derived cluster. This analysis comprised a between-cluster comparison of COSFI scores on
each domain to examine if the number of clusters chosen by the researchers has resulted in clinically
distinctive groups concerning the results of the measurements included in the COSFI. Chi-square
tests were used to examine differences in scores on domains of FI between the different clusters.

Sensitivity analyses

This analysis comprised a between-cluster comparison of participant demographics to examine
differences in population characteristics between subgroups of FI. One-way ANOVA was used
to compare the mean age and BMI between different subgroups of Fl. If data were not normally
distributed, an alternate parametric test was obliged. The categorical outcomes (educational level
and living situation) were compared by using the Kruskal-Wallis test and Chi-square tests were used

for nominal data (gender and co-morbidity).

An overview of participant demographics and outcomes of the cluster analysis was created to display
the different subgroups in FI.

All statistical analyses were performed in IBM SPSS Statistics (version 25, IBM Corp., Armonk, N.Y.,
USA).

Sample size

Because this study was a retrospective analysis of existing data within an overarching research
project, we used a convenience sample of all participants available meeting the inclusion criteria
(N = 153). Clear guidelines regarding the minimum sample size in cluster analysis are lacking (32).
The goal of this cluster analysis is to construct clinically relevant clusters, so the number of variables
should be proportional to the sample size. We used a commonly accepted rule of thumb to estimate
the desired number of participants (34). The use of eight different clustervariables led to an estimated
number of 28= 256 Participants. When a variable is excluded due to a correlation coefficient of = 0.90
an estimated number of 27 leads to an estimated number of 128 (35).

N
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Ethics

Ethical approval forthe study was obtained by the Research Ethics Committee of Utrecht University of
Applied Sciences (reference number85_000_2019). No personally identifying data were incorporated
into the dataset. Informed consent forms were signed by participants before study participation. The
whole test procedure took 60 min, participants were guided through the test procedure and were
offered help filling in the questionnaires. Participants were allowed to rest or take a break whenever
they wanted.
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RESULTS

Participant demographics

A total of 153 community-dwelling older persons were included for participation in the study.

Participants’ age ranged from 65 to 95 years (79 + 7.5 years), with 67% identified as female.

Demographic characteristics and outcomes of COSFI measures are shown in Table 2.

Table 2 Characteristics of participants

Characteristics (n=153)
Age (yr.), mean (SD) 79 (7.5)
Gender (%)

Male 41

Female 59

Unknown 0
Receiving professional help, yes (%) 54
Educational level (%)

High 17

Middle 35

Low 48
Number of Falls, mean (SD) 1.5(0.7)
BMI (kg/m2); mean (SD) 289(7.1)
Co-morbidities (% >2) 73
Living situation (%)

Community-dwelling alone 63

Community-dwelling with a partner 37
JAMAR, mean (SD) 29.6 (11.7)

Male 38.9(11.3)
Female 23.3(6.7)

NVSD, median (IQR) 3(3)
TUG, median (IQR) 9.9(8.9)
COFLEX V, median (IQR) 27(9)
COFLEX R, median (IQR) 11.5 (4)
SPPB, median (IQR) 9(4)
FICSIT-4, mean (SD) 18.4 (7.3)

SD= Standard Deviation; IQR= InterQuartile Range; JAMAR= JAMAR hand held dynamometer; NVS-D = Dutch Newest Vital Sign; TUG = Timed Up
and Go test; SPPB = Short Physical Performance Battery; COFLEX = Coping Flexibility questionnaire; COFLEX versatility scale and COFLEX reflective
scale; FICSIT = The Frailty and Injuries Cooperative Studies of Intervention Techniques
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Identified subgroups of Fl in community-dwelling older people

The pre-analysis check for multicollinearity showed a high correlation between the outcomes of the
FICSIT-4 instrument and the SPPB (r = 0.90). We chose to include the SPPB since the SPPB is more
extensive and covers multiple domains in contrast to the FICSIT-4 which only covers the balance
domain. Therefore, we excluded the FICSIT 4 outcome from the hierarchical cluster analysis.

The visual inspection of the dendrogram of the hierarchical cluster analysis showed from top-down
two large clusters. The research team considered two clusters not to be clinically feasible since
the dichotomy would not be specific enough to guide clinical follow-up. Therefore consensus was
reached on a 4-cluster solution derived from the first two clusters being the most appropriate cluster
solution (35) (Fig. 2); a horizontal line through the dendrogram on the number of options shows the
most clinically plausible solution considering diversity between persons in aspects of Fl.



Chapter 4

uonn|os Ja1snd ayendoidde 3sow ay3 Jo sisisn|d
JInoy ay3 saosaid aul) jejuoziioy v *suosiad Jap|o Suljlemp-AHUNWLWOD Ul 9duapuadapu] |eUOIdUNS JO 39S SW02INQ 210D 33 JO SISAjeuU. Jaisn|d |edlydlessly weldoipuaq z *Si4

AR NN RN AR T NN N

= i R LR
L o -
_ _ il
: i}
Lit
1§
i

76



Cluster Analysis of Functional Independence in Older Adults

Clusters are rated from highest to lowest Fl level and labelled according to characteristics (Fig. 3 and
Table 3).

Fig. 3 Graphical display of achieved scores on cluster variable per subgroup. It shows the percentage of participants
in the cluster that scores above the cut-off point on the cluster variables from the Core Outcome Set of Functional
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Table 3 Description and names of the different subgroups as a result of the hierarchical cluster analysis on variables
concerning Functional Independence

Cluster Characteristics Name

Cluster1 Physically strong, Well Informed and educated, independent, non-faller, ~ The Performers - Well Informed
limited reflective coping style

Cluster2 Physically strong however a limited versatility coping style and health The Performers - Achievers
literacy level.
Cluster 3 Physically somewhat limited, sufficient coping styles, however, do receive  The reliant- Good Copers

professional help

Cluster 4 Physically limited, insufficient coping styles, receives professional help. The reliant - Receivers
Least level of functional independence in total.

Subgroups 1 and 2: the Performers

Persons in cluster 1 score overall the best on all aspects of FI, they show scores above the mean or
cut-off point on all measurements except for the COFLEX versatility scale. The average older person
in cluster 1 does not fall or receive professional help in addition, there are only male older personsin
this subgroup. Both clusters 1 and 2 score well on the physical outcome measures, and therefore are
mentioned as The Performers, however, this group has an average sufficient health literacy level and
therefore is named the Well informed.

T
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The average scores on the physical measurements in cluster 2 are above the cut-off points.
Furthermore, most persons in cluster 2 like in subgroup 1 do not fall nor receive help. Also, there are
more male older people than females in this group. However, they score below the mean score of
the COFLEX reflective scale and the cut- off point of the NVSD measurement tool for health literacy.
Because of the overall adequate achievements on the physical performance measurement tools,
this group is called the Achievers.

Subgroups 3 and 4: the Reliant

In cluster 3, the SPPB is scored mostly below the cut-off point. Furthermore, more than 97% of the
persons in this cluster receive professional help, and therefore, this group is mentioned together
with subgroup 4 as The Reliant. On the other hand, the average person in cluster 3 scores above the
mean score on the COFLEX reflective scale. Hence, the name of the subgroup is The Good Copers.

Cluster 4 is characterized by the large number of persons receiving professional help. Furthermore,
scores are mostly below the average and cut-off points, which makes it the cluster with the lowest
level of FI of the four clusters. As they are most likely to receive professional help at the moment and
in the future, this subgroup is named The Receivers.

Validation of the cluster solution

To determine to what extent the derived clusters are distinct, we examined significant differences in
COSFI outcomes between subgroups of Fl. This analysis showed a significant difference between the
established clusters in COSFI measurement scores. Table 4 shows significant (p < 0.05) differences
for 7 out of 8 measurement outcomes of the COSFI. Only the Timed Up and Go test did not differ
significantly between the four groups.
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Table 4 Differences between groups in measurement outcomes of the Core Outcome Set Functional Independence

Domain of FI Measurement Cut-off Well The The good The receivers
points informed achievers copers
N=38 N=33 N=37 N=36
Physical capacity ~ JAMAR* Above 38 33 28 26
Below 0 0 9 10
SPPB* Above 31 33 16 10
Below 7 0 21 26
TUG Above 38 33 35 33
Below 0 0 2 3
Coping COFLEXV* Above 17 18 31 6
Below 21 15 6 30
COFLEXR* Above 8 21 8 34
Below 30 12 29 2
Health literacy NVSD* Above 32 0 4 6
Below 6 33 33 30
Independence Receiving No 29 33 6 1
professional
help*
Yes 9 0 31 35
Fall history Falling* No 33 26 23 23
Yes 5 7 14 13

NVS-D = Dutch Newest Vital Sign; TUG = Timed Up and Go test; COFLEX = Coping Flexibility questionnaire; V= versatility scale and R=reflective scale;

SPPB = Short Physical Performance Battery; *= significant difference between groups p =<0.05

Table 5 Differences in participant demographics between the four clusters of Functional Independence

Demographics Well Informed The achievers The good The receivers
copers
n=38 n=33 n=37 n=36

Age (yr), mean (SD) 75.6 (6.7)" 76.7 (6.6)" 81.8(6.3)" 82.8(7.3)"
Gender (% Male) 100 74 54 50
BMI (kg/m2), mean (SD) 29.1(6.3) 29.8(7.0) 26.7(6.2) 30.5(8.4)
Educational level (%)

High 42 11 8 8™

Middle 32" 24** 49 36"

Low 26" 64" 43 56"
Co-morbidities, yes (%) 55* 67" 76" 89*
Living situation (%)

Community-dwelling alone 50 55 65 50

Community-dwelling with a partner 48 45 30 31

Community-dwelling living in a 2 0 5 19

supported house

*=significant difference between groups p=<0.05; **= educational level differs significantly (p=0.05) between clusters 1 and 2, and 1 and 4
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Sensitivity analyses

Significant differences (p <0.05), in participant demographics, between all groups, were found in age
and co-comorbidities. In addition, a significant difference (p < 0.05) was found in the education level
between clusters 1 and 2, and 1 and 4 (Table 5).

DISCUSSION

The primary aim of the study was to identify clinically relevant subgroups of functional
independence in community-dwelling older adults. As FI consists of different domains in which
different professionals are required, the division into subgroups could provide insight into who
might need help in which domain. Hierarchical cluster analysis identified four distinctive subgroups
of Flin community-dwelling older adults. These sub-groups showed significant differences in clinical
COSFI outcomes and were distinct from each other regarding demographic characteristics like age,
gender, educational level, and presence of co-morbidity, which makes the subdivision also clinically
relevant.

Comparison with literature

The results of our study and the established subgroups are in line with recent literature determining
the relation between age, falling, co-morbidities, and increased demand for help (36, 37). In
addition, other studies show similarities between the reliant groups and frail older people. In
particular, the group that is most dependent on assistance shows similarities in terms of physical
outcomes as well as coping and health literacy outcomes in comparison with frail older people (38).
It underlines the important role of physical status in the concept of FI (11). In addition, the absence
of female persons in the Well-informed group is remarkable. However, as female older persons show
a larger decrease in functional status decline, it is likely that this group, which scores the best on the
functional performance tests, is dominated by males (39). Moreover, earlier studies demonstrated
the relationship between educational level and health literacy level, as older female persons are
overall less educated this could also explain the diminished presence in addition low health literacy

is associated with poorer health outcomes (40).

Clinical implications

Furthermore, this study shows the complex interaction between physical and cognitive or behavioral
factors in maintaining FI. For instance, results show that persons scoring better on health literacy
outcomes, but lower on the SPPB (the Well-informed group) are less likely to fall than personsin the
Achievers’ group who score better on all physical outcomes. Moreover, the Performers-achievers
scoreso wellonthe physical performance tests that they may not need help with physical functioning.
However, this group might benefit from help in coping when limitations are experienced. A different
kind of health care professional will therefore have to be involved with persons in this group instead
of persons as in the reliant-Good Coper group in which physical limitations are the most important
issue. These differences between subgroups in performance on clinical outcomes underline the
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importance of the holistic view of the FI concept and the relevance of establishing subgroups in Fl
based on the COSFI outcomes. Furthermore, it encourages inter-professional collaboration around
this topic (6).

Strengths & limitations

Although a larger sample size is preferable, we made a well-considered choice of using hierarchical
cluster analysis with Ward’s method as this analysis is most suitable and frequently used in a small
sample size (33,34, 41). In addition, we converted variables to a similar binary scale to prevent one of
the outcome measures from being a dominant factor in the analysis. To convert these variables, we
utilized clinical cut-off values (42). By choosing a clinical cut-off point, we argue that the outcomes
became clinically interpretable which makes it a study strength. However, the COFLEX did not have
a clinical cut-off point, we chose the pragmatic solution by dividing persons scoring above and
below the mean value on both the subscales of this measurement instrument to create a binary
scale. It could be argued that this was the right solution. The mean value does indicate the result for
the overall group. Though by using the mean value we created a fictive cut-off value that does not
indicate persons scoring below the mean have inadequate coping behavior. These outcomes should
be interpreted with caution, therefore.

Furthermore, the process of choosing the most appropriate number of clusters based on the
dendrogram is a subjective matter. Authors could have had a preference for a practical, appropriate
number of clusters to be feasible in healthcare practice. However, they analyzed the dendrogram
individually and came to a similar choice. We found significant differences in all COSFI outcome
measurements in the cluster analysis: JAMAR, SPPB, COFLEX V, COFLEX R, and the NVSD, between
the different subgroups. This strengthens the choice for the four-cluster solution. The only exception
was outcomes on the TUG. However, the choice of the cut-off point for these measurements could
be debated. The participants in our study generally did not reach this cut-off point (only 5 out of 121
did ) which may have caused bias in the interpretation of this outcome measure when treated as a
binary measurement (43, 44). However it should be part of the COSFI considering the COSFI could
also be used for measuring older persons with fewer Fl levels, for instance, not community-dwelling.

Finally, as older persons with cognitive impairment were not able to complete the COSFI we chose
to exclude these persons from participation in the study. However, we are aware of the influence of
cognitive impairments on a person’s level of independence and thus on the level of FI. As physical
status and performance are centralized in Fl, cognitive impairment is disregarded in this specific
study.

Recommendations

Fl is a complex concept, resulting from the interaction between physical, cognitive, and behavioral
elements, with different outcome measures (6). To estimate prognosis and to personalize

interventions, it is helpful and practical to allocate persons in subgroups according to differences in
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outcome measures. In this way, the targets for interventions are better defined and consequently, it
helps to decide which healthcare professional should be engaged (45). Further research investigates
the practical relevance and recognizability of the four clusters and which cluster matches which
caregiver (46).

The next step is to develop appropriate recommendations for the follow-up of each subgroup,
in collaboration with multidisciplinary professionals and the target population. These
recommendations could be used as guidance for decisionsin the cure and care of individual persons
to provide patient-centered care. In addition, these should be added to the needs of the individual

and tailored by the attending care professional (47).

Furthermore, longitudinal studies are indicated to track the change of functional independence over
time, validate the cluster results, and monitor the development of the different variables. This could
give us insight into the most important indicator(s) for losing FI, which would allow us to intervene
rapidly when the risk of losing Fl occurs.

Conclusion

Community-dwelling older persons can be allocated to four distinct and clinically relevant
subgroups based on their level of Functional Independence. This subgrouping provides insight into
the complex holistic concept of Function Independence and helps to better target interventions to
prevent the decline of functional independence in the community-dwelling older population.

Abbreviations

Fl: Functional Independence; COSFI: Core Outcome Set Functional Independence; SPPB: The Short
Physical Performance Battery; FICSIT-4: The Frailty and Injuries Cooperative Studies of Intervention
Techniques; TUG: The Timed Up and Go Test; COFLEX: The Coping Flexibility questionnaire; NVS-D:
The Dutch version of the Newest Vital Sign; MCAR: Missing Completely at Random; ICF: International

Classification of Functioning, Disability and Health.



REFERENCES

1

10.

11

12.

13.

Christensen K, Doblhammer G, Rau R, Vaupel JW.
Ageing populations: the challenges ahead. The
lancet. 2009;374(9696):1196-208.

Clarke P, Smith J. Aging in a cultural context:
cross-national differences in disability and the
moderating role of personal control among older
adults in the United States and England. J Gerontol
B Psychol Sci Soc Sci. 2011;66(4):457-67.

Rudnicka E, Napierala P, Podfigurna A, Meczekalski
B, Smolarczyk R, Grymowicz M. The World Health
Organization (WHO) approach to healthy ageing.
Maturitas. 2020;139:6-11.

de Wit NJ, Schuurmans MJ. Future care for older
people in general prac- tice: paradigm shifts are
needed. Br J Gen Pract. 2017;67(664):500-501.

Mortenson WB, Fuhrer MJ, Bilkey J, Jutai J,
Alkadri J, Aziz J, et al. Compar- ing assessments of
physical functional independence in older adults
with mobility limitations. Am J Phys Med Rehabil.
2019;98(8):637-41.

Molenaar EALM, Barten JA, te Velde S, van der
Schoot L, Bleijenberg N, de Wit NJ, et al. Functional
Independence in the Community Dwelling Older
People: a Scoping Review. Journal of Population
Ageing. 2020.

Huber M, Knottnerus JA, Green L, van der Horst H,
Jadad AR, Kromhout D, et al. How should we define
health? BMJ. 2011;343:d4163.

van Blijswijk SCE, Blom JW, de Craen AJM, den
Elzen WPJ, Gussekloo J. Prediction of functional
decline in community-dwelling older persons
in general practice: a cohort study. BMC Geriatr.
2018;18(1):140-018.

Speizer FE, Ware, James H - Ware JH. Exploring
Different Phenotypes of COPD. N Engl J Med.
2015;373(2):185-186.

Han MK, Agusti A, Calverley PM, Celli BR, Criner
G, Curtis JL, et al. Chronic obstructive pulmonary
disease phenotypes: the future of COPD. Am J Respir
Crit Care Med. 2010;182(5):598-604.

Dockx YJC, Molenaar, E A L M, Barten DJA, Veenhof
C. Discriminative valid- ity of the Core outcome set
functional independence in a population of older
adults. BMC Geriatr. 2020 August;26(1):309-020. 20(.

Lamb SE, Keene DJ. Measuring physical capacity
and performance in older people. Best Pract Res Clin
Rheumatol. 2017;31(2):243-54.

Freiberger E, de Vreede P, Schoene D, Rydwik E,

Cluster Analysis of Functional Independence in Older Adults

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

Mueller V, Frandin K, et al. Performance-based
physical function in older community-dwelling
persons: a systematic review of instruments. Age
Ageing. 2012November 01;41(6):712-21.

Guralnik JM, Ferrucci L, Simonsick EM, Salive ME,
Wallace RB. Lower- extremity function in persons
over the age of 70 years as a predictor of subsequent
disability. N Engl J Med. 1995;332(9):556-61.

Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ,
Berkman LF, Blazer DG, et al. A short physical
performance battery assessing lower extrem-

ity function: association with self-reported disability
and prediction of mortality and nursing home
admission. J Gerontol. 1994:49(2):M85-94.

Rossiter-Fornoff JE, Wolf SL, Wolfson LI, Buchner
DM. A cross-sectional validation study of the
FICSIT common data base static balance meas-
ures. Frailty and Injuries: Cooperative Studies of
Intervention Techniques. J Gerontol A Biol Sci Med
Sci. 1995;50(6):M291-7.

Desrosiers J, Hebert R, Bravo G, Dutil E. Comparison
of the Jamar dynamometer and the Martin
vigorimeter for grip strength meas- urements in a
healthy elderly population. Scand J Rehabil Med.
1995;27(3):137-143.

Bohannon  RW. reliability — of
measurements of Hand-Grip Strength obtained
by Dynamometry from older adults: a system- atic
review of Research in the PubMed Database. J Frailty
Aging. 2017;6(2):83-7.

Test-retest

Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall
H, Cooper C, et al. A review of the measurement
of grip strength in clinical and epide- miological
studies: towards a standardised approach. Age
Ageing. 2011;40(4):423-9.

von Wagner C, Knight K, Steptoe A, Wardle J.
Functional health literacy and health-promoting
behaviour in a national sample of british adults. J
Epidemiol Community Health. 2007;61(12):1086-90.

Kim JC, Chon J, Kim HS, Lee JH, Yoo SD, Kim DH, et
al. The Association between fall history and physical
performance tests in the Commu- nity-Dwelling
Elderly: a cross-sectional analysis. Ann Rehabil Med.
2017;41(2):239-47.

Folkman S, Lazarus RS. The coping process: an
alternative to traditional formulations.
Springer Co.; 1984. pp. 141-221.

Stress:

Vriezekolk JE, van Lankveld WG, Eijsbouts AM,
van Helmond T, Geenen R, van den Ende CH. The
coping flexibility questionnaire: development and
initial validation in patients with chronic rheumatic

83



Chapter 4

25.

26.

27.

28.

29.

30.

3L

32.

33

34.

35.

36.

37.

38.

84

diseases. Rheumatol Int. 2012;32(8):2383-91.

Wettstein M, Wahl H, Heyl V. Assimilative and
accommodative coping in older adults with and
without sensory impairment: four-year change
and prospective relations with affective well-being.
2019;23(9):1255-62.

Sorensen K, Van den Broucke S, Fullam J, Doyle G,
Pelikan J, Slonska Z, et al. Health literacy and public
health: a systematic review and integra-

tion of definitions and models. BMC Public Health.
2012;25(12):80-2458.

Weiss BD, Mays MZ, Martz W, Castro KM, DeWalt DA,
Pignone MP, et al. Quick assessment of literacy in
primary care: the newest vital sign. Ann Fam Med.
2005;3(6):514-22.

Panel on Prevention of Falls in Older Persons,
American Geriatrics Society and British Geriatrics
Society. Summary of the Updated American
Geriatrics Society/British Geriatrics Society clinical
practice guideline for prevention of falls in older
persons. J Am Geriatr Soc. 2011;59(1):148-157.

Johnston MC, Crilly M, Black C, Prescott GJ, Mercer
SW. Defining and measuring multimorbidity: a
systematic review of systematic reviews. Eur J Public
Health. 2019;29(1):182-189.

Garson GD. Hierarchical Linear modeling: guide and
applications; pages 3-26. Thousand Oaks: SAGE
Publications, Inc; 2022.

Nightingale CJ, Mitchell SN, Butterfield SA. Validation
of the timed up and go test for assessing balance
variables in adults aged 65 and older. J Aging Phys
Act. 2019;27(2):230-3.

Arvandi M, Strasser B, Meisinger C, Volaklis K, Gothe
RM, Siebert U,

et al. Gender differences in the association
between grip strength and mortality in older adults:
results from the KORA-age study. BMC Geriatrics.
2016;16(1):201.

Jakobsen JC, Gluud C, Wetterslev Jg, Winkel P. When
and how should multiple imputation be used for
handling missing data in randomised clinical trials
- a practical guide with flowcharts. BMC Med Res
Methodol. 2017;17(1):162.

Garson GD. Cluster analysis. Asheboro: Statistical
Associates Publishers; 2012.

Ward JH. Hierarchical grouping to optimize an
objective function. 1963;58(301):236-44.

Guojun G, Chaogun M, and Jianhong W. Data
Clustering. Data Cluster- ing: Theory, Algorithms, and
Applications U.S.: Society for Industrial and Applied
Mathematics; 2007. p. 3-17.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Cuevas-Trisan R. Balance Problems and Fall
Risks in the Elderly. Phys Med Rehabil Clin N Am.
2017;28(4):727-737.

Lehnert T, Heider D, Leicht H, Heinrich S, Corrieri
S, Luppa M, et al. Review: health care utilization
and costs of elderly persons with multiple chronic
conditions. Med Care Res Rev. 2011;68(4):387-420.

Huang CH, Lai Y, Lee YC, Teong XT, Kuzuya M,
Kuo K. Impact of health literacy on Frailty among
Community-Dwelling seniors. Journal of Clinical
Medicine. 2018;7(12):481.

Liang J, Bennett JM, Shaw BA, Quinones AR, Ye W,
Xu X, et al. Gender differences in functional status in
middle and older age: are there any age variations? J
Gerontol B Psychol Sci Soc Sci. 2008;63(5):5282-92.

Berkman ND, Sheridan SL, Donahue KE, Halpern DJ,
Crotty K. Low health literacy and health outcomes:
an updated systematic review. Ann Intern Med.
2011;155(2):97-107.

Guojun G, Chaoqun M, Jianhong W. Hierarchical
Clustering Techniques. Data Clustering: Theory,
Algorithms, and Applications U.S.: Society for
Industrial and Applied Mathematics; 2007. p. 109-
149.

Guojun G, Chaoqun M, Jianhong W. Scale
Conversion. Data Clustering: Theory, Algorithms,
and Applications U.S.: Society for Industrial and
Applied Mathematics; 2007. p. 25-41.

Podsiadlo D, Richardson S. The timed “Up & Go™
a test of basic functional mobility for frail elderly
persons. J Am Geriatr Soc. 1991;39(2):142-8.

Schoene D, Wu SM, Mikolaizak AS, Menant JC, Smith
ST, Delbaere K, et al. Discriminative ability and
predictive validity of the timed up and go test in
identifying older people who fall: systematic review
and meta-analysis. J Am Geriatr Soc. 2013;61(2):202—
8.

Guojun G, Chaoqun M, Jianhong W. Scale
Conversion. Data Clustering: Theory, Algorithms,
and Applications U.S.: Society for Industrial and
Applied Mathematics; 2007. p. 25-41.

van Bijsterveld SC, Barten JA, Molenaar EALM,
Bleijenberg N, de Wit NJ, Veenhof C. Psychometric
evaluation of the Decision Support Tool for
Functional Independence in community-dwelling
older people. J Popul Ageing. 2022:1-23.

Constand MK, MacDermid JC, Dal Bello-Haas V,
Law M. Scoping review of patient-centered care
approaches in healthcare. BMC Health Serv Res.
2014;14:271-6963.



Cluster Analysis of Functional Independence in Older Adults

85






Chapter 5

Psychometric Evaluation of the Decision Support
Tool for Functional Independence in

Community-Dwelling Older People



CHAPTER5

ABSTRACT

Background: The aging population is increasingly faced with daily life limitations, threatening their
Functional Independence (Fl). These limitations extend different life domains and require a broad
range of community-care professionals to be addressed. The Decision Support Tool for Functional
Independence (DST-FI) facilitates community-care professionals in providing uncontradictory
recommendations regarding the maintenance of Fl in community-dwelling older people. The
current study aims to determine the validity and reliability properties of the DST-FI.

Methods: Sixty community-care professionals completed a twofold assessment. To assess construct
validity, participants were asked to assign predefined recommendations to fifty cases of older people
to maintain their level of FI. Hypotheses were tested regarding the expected recommendations
per case. Content validity was assessed by questions on relevance, comprehensiveness, and
comprehensibility of the current set of recommendations. Twelve participants repeated the
assessment after two weeks to enable both intra- and interrater reliability properties, expressed by
an Intraclass Correlation Coefficient.

Results: Seven out of eight predefined hypotheses confirmed expectations, indicating high construct
validity. As the recommendations were indicated ‘relevant’ and ‘complete’, content validity was high
as well. Intra-rater reliability was poor to moderate while interrater reliability was moderate tot

excellent, , resulting in moderate overall reliability.

Conclusion: The DST-FI suggests high validity and moderate reliability properties when used
in a population of community-dwelling older people. The tool could facilitate community-
care professionals in their task to preserve Fl in older people. Future research should focus on
psychometric properties like feasibility, acceptability, and developing and piloting strategies for
implementation in community-care.

Keywords: Functional Independence - Psychometric Evaluation - Ageing - Community-Care - Older
People - Prevention
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INTRODUCTION

With the population aged 65 and over growing faster than all other age groups, the world’s
population is ageing. By the year 2050, one in four people living in North America and Europe is
expected to be aged 65 or over (1). With 26% of its inhabitants expected to be over 65 years of age
by the year 2040, the country of the Netherlands is no exception to this international trend (2). As
age rises, so do impairments that hinder functioning in daily life. The Dutch National Institute for
Public Health and the Environment estimated that in two decades, one in every three inhabitants
will suffer from at least two chronic conditions (3). The ageing population, the rising demand for
care, and the decreasing number of informal caregivers will challenge both Dutch society and its
healthcare system for at least the next twenty years (2). To manage those challenges, a different
approach has been implemented over the last years. This approach follows the renewed definition
of health, which aims for maintaining capabilities and independence, instead of mainly focusing on
curing chronic diseases. (4). The combination of this more holistic view on health and the future
healthcare challenges will have the focus of healthcare shift increasingly towards maintaining and

facilitating older people as ‘functionally independent’ as long as possible (4-6).

The definition of functional independence has first been described by Kidd et al. in 1995 (7). The
current study uses the revised definition (8) for Functional Independence (Fl) in community-
dwelling older people as “Functioning physically safe and independent from other persons, within
one’s own context” (8). The construct of FI comprises a complex interaction of both individual and
social domains. In addition to physical capacity, empowerment, coping, health literacy and actual
behavior act like building blocks that coherently with contextual factors add up to the construct
of Fl. Previous research has identified the most influential factors and has established four profiles
representing distinct and gradually decreasing levels of FI (9). The characteristics of each profile are
shown in figure 1. For instance, the profile of the ‘Well Literated’ older people distinguishes itself by
having above-average health literacy. Older people belonging to the ‘Achievers’ profile stand out for
having relatively good physical capacity. The older people related to the ‘Good Copers’ profile stand
out for well-developed coping strategies, despite their inferior physical capacity and health literacy.
Finally, older people representing the ‘Receivers’ profile have poor scores on most of the domains
of FI. Similarly, the ‘Receivers’ receive the greatest amount of professional support from healthcare
professionals, more so than the other profiles. In short, as the characteristics of each profile of Fl
differ, so do the required community-care professionals needed for maintaining Fl. Moreover, as Fl
reflects a multidimensional construct, professional support will often transcend the expertise of one
particular professional. Although all community-care professionals may be considered capable of
getting a first impression of an older adult’s level of Fl, specific expertise is needed to support such
an adult adequately. For example, a physical therapist or movement coach could be involved for
physical capacity impairments. The social worker or welfare worker might be relevant for coping
challenges. Professionals such as the general practitioner, practice-nurse, dietician or district nurse
could support health literacy in a positive way. Lastly, among others, the occupational therapist and
physical therapist might be of added value for people that often fall (10). Ultimately, FI can rather be
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interpreted as an interdisciplinary responsibility calling for interdisciplinary collaboration. However,
at this moment, interdisciplinary collaboration seems to be insufficient, as current community-
care has older people sometimes receive different or even contradictory advice, depending on the
healthcare professional they visit.

The Well Literated

@

0 20 40 60 80 100 *

= Physical capacity e Coping » Health Literacy e Frequency of Falling - Professional Support

Fig. 1 Characteristics of Profiles of Functional Independence. Note. * Figure indicating the percentage of people
within each profile that score above cut-of points for every outcome. A low percentage on Frequency of Falling implies
more people within that profile recently fell. A low percentage on Professional Support implies more people within
that profile receive some form of care

Improved interdisciplinary collaboration regarding the maintenance of FI in community-dwelling
older people requires a semantic unification among all the participants in the community-care
playing field (11). Improving the unity in language between healthcare professionals and narrowing
gaps in knowledge on each specific healthcare professional could be accomplished by using a co-
created, generally accepted tool that represents all relevant interdisciplinary views. In short, a
tool is needed to provide healthcare professionals, especially community-care professionals, with
recommendations regarding maintaining Fl in community-dwelling older people. Prior research
has shown that decision-making tools or decision-making trees can support transparency in clinical
decisions, improve the delivery of personalized care and improve adherence to standards of care
(12-14). Moreover, those tools have proven to be especially useful when multiple areas of expertise
are included since it promotes shared decision-making (15,16). Given the evidence and need to
support community-care professionals who aim to preserve Fl in community-dwelling older people,
the Decision Support Tool for Functional Independence (DST-FI) was recently developed in co-
creation with potential users of this tool (e.g. community-care professionals) (10). The DST-FI aims
to assist community-care professionals by providing uncontradictory recommendations regarding
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what older people need for preserving their level of FI. This tool covers all interdisciplinary aspects of
Fl'and can be used by a broad range of community-care professionals. Figure 2 graphically outlines
the mechanism of action of the DST-FI.

The level of The best fitting Appropriate
Functional profile treatment-
Independence recommendations
Using the: Well Literated For maintenance of
Core Outcome Set Achievers Functional
Functional Good Copers Independence
Independence Receivers
Level Profile Recommendations

Fig 2 Mechanism of action of the Decision Support Tool for Functional Independence

The content of the DST-FI has been established by way of representative interdisciplinary focus
groups and, subsequently, a consensus meeting (10). A more extended, external validation of these
treatment-recommendations to be used by community-care professionals to preserve the level of FI
incommunity-dwelling older people, is currently lacking. In orderto use the DST-Fl as both a valid and
clinically relevant tool in a broad population of Dutch community-care professionals, psychometric
evaluation of the DST over a wide spectrum of community-care professionals is required. Knowledge
of validity and reliability measures is expected to promote the use and implementation of the DST-FI
for the assessment of Fl in community-dwelling older people (17).

Therefore, the objective of this study was to assess validity and reliability of the Decision Support
Tool for Functional Independence (DST-FI) when used by community-care professionals in order
to provide personalized recommendations regarding maintaining Fl in community-dwelling older
people, above 65 years of age.
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METHODS
Study design

A cross-sectional descriptive psychometric evaluation study was conducted to determine the validity
and reliability of the DST-FI (Part Ill) when used by community-care professionals in a population
of community-dwelling older people. More specifically, this study focused on assessing content-
validity, construct-validity, inter-professional reliability in several community-care professionals.
Lastly, intra-professional reliability was determined particularly for physical therapists as they are

the leading professionals in maintaining Fl in community-dwelling older people.

This study followed, where applicable, the guidelines of the Consensus-based Standards for the
selection of health Measurement Instruments (COSMIN-initiative) (18).

Population

Participants were community-care professionals involved in attaining and sustaining the health
of community-dwelling older people in the Netherlands. Since Fl is an interdisciplinary construct,
different types of health professionals were invited to ensure a broad psychometric evaluation of the
DST-FI. Participants needed to either act as a general practitioner, practice-nurse, physical therapist,
occupational therapist or as a district nurse. Exclusion criteria were; insufficiently digitally skilled,
insufficient knowledge of the Dutch language or having no access to a laptop or pc with an internet

connection.

The intended sample size of this psychometric study reflected the recommendations of the COSMIN
initiative, thus aiming to analyze data of more than fifty community-care professionals to acquire
adequate psychometric measures (18). As physical functioning is a key domain of Fl, recruitment
specifically focused on physical therapists (8). Potential participants were approached by contacting
professional-associations, community-care practices and individual professionals throughout the
Netherlands. Recruitment took place via email, phone calls, and social media posts, in March and
April of 2020. The originally planned on-site recruitment through presentations of the project leader
was not possible due to social-distance regulations during the COVID-19 pandemic (19). Therefore,

online flyers were distributed instead.
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Explanatory - Decision Support Tool Functional Independence

The DST-FI comprises three subsequent parts. The first part concerns the measurement of older
people’s level of FI by way of the Core Outcome Set Functional Independence (COSFI). The COSFI
covers seven commonly used validated instruments and represents all separate domains of Fl.
The COSFI has shown to be able to distinguish between different levels of FI (20). In addition to
the COSFI, insight into the received level of professional caregiver support was acquired, and a
screening of history of falling was performed. In the second part of the DST-FI, an older person will
be matched to one of four profiles of Fl, based on dichotomized outcomes of the COSFI. The profile
which matches the most to an older person’s COSFI scores will be adopted. The third and final part
of the DST-FI comprises generating appropriate treatment recommendations based on the profile
assigned in step two, which could then be used by community-care professionals. An example of

such a generated recommendation contains the involvement of an occupational therapist.

Study procedures

The complete procedure of this study was graphically outlined in figure 3. All participants were asked

to perform a one-time, online assessment consisting of two parts.

In the first part, participants were asked to recommend which community-care professionals should
be involved in treating fifty unique cases of older people. These cases represented community-
dwelling older people who have previously undergone COSFI-testing (20). In the context of the
current study, these cases of community-dwelling older people were anonymized!. To ensure
participants were able to form a picture of each older adult, every case of older adults comprised
demographic data and information on the older people’s level of FI. More specifically, the following
demographics were given: age (years), sex (male/ female), and living situation (alone/ with partner/
in a residential care center). Furthermore, information on the different domains of FI (physical
capacity, health literacy, coping, frequency of falling and professional support) was given on a
3-point scale; either below average, average, or above average. See Appendix 1 for an example
case of the online assessment. Based on this information, participants were asked to recommend a
minimum of one and a maximum of four pre-defined community-care professionals that most suited
the needs of each specific case. Participants selected up to four but did not need to put them into
order. For example: when participants wanted only one professional to be involved, they needed
to select ‘no further recommendations’ three times for analytical purposes. Possible community-
care professionals to be recommended were: general practitioner, practice-nurse, district nurse,
occupational therapist, physical therapist, welfare worker, movement coach, an interdisciplinary
community-care team or a dietician.

In the second part of the assessment, participants completed questions on the relevance,
comprehensiveness, and comprehensibility of the pre-defined set of community-care professionals

1. The study described by Dockx et al. has obtained written informed consent from participants to join in the overarching research project. Ethics

approval was performed by the ethical committee of the Utrecht University of Applied Sciences (Ref nr. 85-000-2019).
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(the recommendations) to be involved. For relevance, participants were asked to assign social
roles to each professional that could be chosen during the first part of the assessment. Roles to
choose from were: identify, initiate, execute, refer, and coordinate. Each professional could have
multiple roles assigned. For comprehensiveness, participants were asked whether the current set
of recommendations was complete. They answered on a five-point Likert scale (very incomplete,
incomplete, mediocre, complete, very complete). Lastly, for comprehensibility of the response set,
participants were asked which potentially involved professionals they would like to be added to the
set. Furthermore, participants had the chance to make comments on the procedure of assigning

community-care professionals to cases based on Fl deficiencies.

In addition to the primary assessment, for intra-rater reliability purposes, participants working as
physical therapists were again asked to recommend which community-care professionals should be
involved in maintaining older people’s Fl. Instead of the complete set of fifty unique cases of older
people, physical therapists completed the repeating assessment for the first 25 cases of the prior
assessment. A minimum sample of 22 measurement units is required to determine an ICC of >0.5
(21). On top of that, a short questionnaire decreases the probability of missing data and thus was a
pragmatic choice as well. The online assessment was pilot-tested by community-care professionals
and physical therapy students before the data collection took place. During this phase, the form was
tested on clarity, interim saving, and time-to-complete (22). The main findings of the pilot-testing
were: unclear instructions on the assignment and inadequate description of the community-care
professionals whose involvement could be recommended. Due to the COVID-19 restrictions, data-

collection proceeded exclusively online.

REGISTRATION
PHASE

REPEATED
Part 1: ASSESSMENT
Assignment of
recommendations Part1:
Assignment of

Antl

< @ QJ Online environment
Screened for Information Letter
eligibility

— rec

Part2:
INFORMED Content surve:
RECRUITMENT SO
PHASE I

Fig 3 Flowchart of Study Procedures
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Outcomes

Outcomes of this study were four psychometric properties, priorly defined by the COSMIN group (23).

Construct validity

In the light of the DST-FI, construct validity refers to the degree to which treatment-recommendations
generated by the DST-FI reflect the recommendations provided by the study participants. Assessing
construct validity requires a-priori stated hypotheses about differences between groups to be tested.
In this study, eight hypotheses were defined a-priori by the research team through a consensus
meeting. These hypotheses were based on the characteristics of the four profiles (see table 1) and
included the expected direction of differences in recommended professionals to be involved per
profile. Construct validity is considered ‘good’ when more than 50% of predefined hypotheses are
confirmed (24).

Table 1 Hypotheses regarding the expected distribution of recommended professionals to maintain functional
independence in older people

Expected (direction of) differences Motivation

... the Achievers will receive more recommendations concerning the Their lower health literacy
social worker than the Well Literated

... the Good Copers will receive more recommendations concerning an Their higher frequency of falling
occupational therapist than the Well Literated

... the Well Literated will receive more recommendations concerningthe  Their slightly lower physical capacity
movement coach than the Achievers

... the Receivers will receive more recommendations concerning the Their higher healthcare usage
district nurse than the Achievers and the Well Literated

... the Good Copers will receive more recommendations concerning a Their lower physical capacity
physical therapist than the Achievers

... the Receivers will receive more recommendations concerning a general ~ Their higher healthcare usage and lower
practitioner than the Well Literated health literacy

... the Receivers will receive more recommendations concerning an Their higher frequency of falling
occupational therapist than the Well Literated

... the Receivers will receive more recommendations concerning the Their lower physical capacity
physical therapist than the Achievers

Content validity

Content validity covers the extent to which the current set of treatment-recommendations covers
all domains of the Fl-construct. The content validity of an instrument is made up of the degree of
relevance, comprehensiveness, and comprehensibility (25). However, the current study focused
solely on the content of the set of professionals that could be involved. This study had participants
complete a survey on the quality of the set of recommendations used in the DST-FI (i.e. the possible
community-care professionals that could be chosen to be involved). Survey results were judged
resulting in a descriptive rating of the content validity (regarding relevance, comprehensiveness,

and comprehensibility of the set of recommendations). In summary, the aim was to make an
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objective description of whether participants agreed that the professionals incorporated in the DST
adequately covered the treatment of older people with decreased FI.

Reliability

Reliability refers to the degree to which the recommended professionals differ between participants
in this psychometric evaluation. The difference between participants is referred to as interrater
reliability and the difference within participants over time is referred to as intra-rater reliability (23).
The assessment of validity- and reliability measures of the DST-FI reflected the methodological
guidelines of the COSMIN study design checklist (18). Assessing reliability measures required the
results of individual participants to be compared. Briefly, if most participants independently from
one another recommend more or less the same professionals to be involved, good reliability
measures are to be expected (23). Assessment results of individual participants were compared per
profile of FI. Therefore, recommended professionals to cases of the same profile were cumulated.
For interrater reliability, the intraclass correlation coefficient (ICC) was used as a measure of
similarity between participants (26). Interrater reliability was determined 1) between raters with the
same profession and 2) between all raters. Both were determined in the assumption that interrater
agreement limited to one profession would be greater than the agreement between the entire group
of raters since they had different areas of expertise. Thereafter, intra-rater reliability was determined
as ICC. The ICC ranges from 0 to 1 and uses the following classification: values <0.5 representing
poor, 0.5-0.75 indicate moderate, 0.75-0.9 indicate good and values >0.9 indicate excellent reliability
(26). As physical therapists are key professionals in maintaining Fl in older people, these participants

have been selected to determine intra-rater reliability.

Statistical analyses

Although only entirely completed assessments were used for further analysis, descriptive statistics
were used to get insight into the number of participants that either attempted or completed the
analysis. These statistics were then stratified per profession. Partially completed assessments could
not be used since analytical methods required an assumption to be met stating that all participants
needed to have an equal number of ratings performed for every case rated (26,27). Imputation of
incomplete assessments was not suitable because all cases of older people were unique and their
input contained multiple-response sets of answers (28). To get insight into which community-care
professionals were recommended to get involved for each case, thus for each profile, multiple-
response sets were defined and frequency tables were generated (29,30). Analysis for construct
validity started with getting insight into whether or not significant deviations occurred in the
distribution of recommendations between different profiles of Fl. Pearson Chi-Square tests were
used to test the null hypotheses of no relationship between profiles and assigned recommendations
(31). To correct for multiple testing and get insight into the between-group differences, adjusted
standardized residuals were acquired and used for post-hoc cellwise residual analysis (32). The
Bonferroni-corrected significance values combined with multiple-response frequency tables
provided the information needed to either confirm or reject the a-priori stated hypotheses. A
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significance value of a = 0.05 was used. Analysis for content validity started with describing answers
to the survey’s questions regarding relevance, comprehensiveness, and comprehensibility.
Answers to the two open questions were recited using straightforward codebook analysis. The
questions on completeness of the current set of possible professionals to be involved and on social
roles to be assigned to each professional were analyzed using frequency cross-tables. Lastly, the
output of all four questions was used for the descriptive rating of the content validity of the DST-
FI (25). Analysis for reliability measures required the frequencies of individual community-care
professionals recommended to each profile to be compared among all participants. The similarity
in recommended professionals between participants was determined for all participants and per
profession. For interrater reliability, a two-way random-effects model was used, and a consistency
ICC was calculated (26). For intra-rater reliability, a two-way mixed-effects model was used, and an
absolute agreement ICC was calculated, resulting in separate ICC values for each participant. (26).
All data were analyzed using Statistical Package for the Social Sciences (SPSS version 26.0, IBM Inc.,
Armonk NY, USA).

Ethics

An online informed consent was collected by a checked-box prior to the online assessment. All
personal data entered by participants was handled according to the rules of the General Data
Protection Regulation (GDPR) (33).

RESULTS

Population

Recruitment resulted in 88 professionals participating in the online assessment. Due to not-at-
random missing data, assessments of 60 participants were included for analyses. This group
consisted of seven general practitioners, ten occupational therapists, seven practice-nurses,
23 physical therapists, and thirteen district nurses. All five professions had a completion rate
of 71% to 87% except for the district nurses which had a completion rate of 45%. As intended,
physical therapists were the best-represented group of participants with a total of 23 completed
assessments. Moreover, twelve physical therapists repeated the (shortened) assessment two weeks
after completion of the primary assessment to assess intra-rater reliability.

Construct validity

Table 2 shows absolute and relative frequencies of recommended professionals to be involved and
the profiles to whom the assessed cases belonged. When a-priori stated hypotheses (see methods
section) regarding the expected distribution of recommended professionals to profiles were
compared with the findings in table 2, seven of the eight hypotheses were confirming expectations.
Only hypothesis no. 3 concerning the distribution of movement coach recommendations was
rejected, as shown in table 3. Bonferroni corrected Pearson Chi-square tests showed no significant
differences regarding the recommendation of movement coach involvementamong the four profiles.
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Table 3 Overview of tested hypotheses regarding recommendations of professionals to cases of older people

Hypothesis Confirmed
the Achievers will receive more recommendations concerning the social worker than the Well Literated Yes

the Good Copers will receive more recommendations concerning an occupational therapist than the Well  Yes
Literated

the Well Literated will receive more recommendations concerning the movement coach than the Achievers  No

the Receivers will receive more recommendations concerning the district nurse than the Achievers and the ~ Yes
Well Literated

the Good Copers will receive more recommendations concerning a physical therapist than the Achievers Yes

the Receivers will receive more recommendations concerning a general practitioner than the Well Literated ~ Yes

the Receivers will receive more recommendations concerning an occupational therapist than the Well Yes

Literated

the Receivers will receive more recommendations concerning the physical therapist than the Achievers Yes
Content validity

Results of the survey on the quality of the response-set are shown in figure 4 and table 4. In terms of
relevance, all professionals were assigned multiple roles by participants. The general practitioner
was mostly seen as coordinator and referrer. As shown in figure 4, multiple professionals were seen
as identifiers, initiators or as executors. For comprehensiveness, a total of 51 out of 60 participants
reported that the current set of recommendations is either complete or very complete. Lastly, for
comprehensibility, several suggestions for additional professionals to be recommended and case-
related information to be included were given, as shown in table 4. For example, one participant has
advised to make cognitive function part of the DST-FI and four participants have advised to include

the psychologist as a recommendable professional.
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Reliability

Reliability measures are shown in table 5. Interrater reliability coefficients were poor to moderate
and the mean intra-rater reliability coefficient was good. All findings were statistically significant.
Although the mean intra-rater coefficient was classified as good, individual values ranged from
moderate to excellent.

Table 5 Reliability measures - intra- and interrater

Interrater Reliability

Rater Group Intraclass 95% CI 95% CI F Test P-value Agreement
Correlation  Lower Upper Classification
Coefficient Bound Bound

Overall Agreement .520 A18 .643 66.025 <.000* Moderate

(60 raters)

General practitioners  .602 480 27 11.604 <.000* Moderate

(7 raters)

District nurses (13 523 409 653 15.246 <.000* Moderate

raters)

Practice-nurses (7 656 540 769 14.347 <.000* Moderate

raters)

Occupational .595 480 17 15.687 <.000* Moderate

therapists (10 raters)

Physical therapists 491 .384 .620 23.152 <.000" Poor
(23 raters)

Intra-rater Reliability

N Minimum Maximum Mean Standard Agreement Classification
Deviation
12 637 .963 .839 .104 Moderate to Excellent

N = absolute number of repeated assessments by physical therapists. An asterisk implies a significant finding.

DISCUSSION

This study aimed to assess the validity and reliability of the DST-FI (Part 11l) when used by community-
care professionals in a population of community-dwelling older people. Overall, the DST-FI has high
validity measures. Regarding construct validity, seven out of eight hypotheses stating expected
differences in the distribution of recommended professionals were accepted. For content validity,
the current set of recommendations was rated as relevant and complete. Lastly, reliability measures
showed to be moderate. However, it has to be mentioned that profession-specific interrater and
intra-rater sample sizes did not meet COSMIN standards required for obtaining adequate measures.

An unexpected finding concerned the construct validity of the DST-FI. As opposed to our expectation
stated in hypothesis no. 3, the Achievers (physically strong, older people) were more often associated
with a movement coach than people represented by the Well Literated profile (high health-literacy

level). Participants might have selected the movement coach to be involved in some cases from a
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preventive point of view. This corresponds to what is known about the role and context of movement
coachesin The Netherlands, which states that the movement coach could help people maintain their
level of physical activities (34,35). Unfortunately, movement coaches were not participating in the
current study for clarification of this issue. Furthermore, these results may suggest that many older
people do not yet need community-care professional involvement and can maintain or improve
their level of FI themselves. Moreover, a regularly scheduled Fl-check might help a considerable
group of older people to prevent future healthcare costs.

Another interesting finding concerned the interrater reliability measures. Most are classified as
moderate and are therewith in line with previous, comparable psychometric evaluation studies
(12, 14). The interrater reliability in physical therapists however, as best represented group of
participants and key players in maintaining Fl in older people, appeared to be classified as poor.
Unfortunately, it is difficult to explain these findings as we collected demographic data of the
participants to a limited extent. In general, moderate scores on interrater reliability measures of the
current study can be explained by several reasons. First and foremost, participants probably had
different levels of experience and different areas of expertise. In addition, views on the added value
of other, sometimes unknown professions might have differed among participants (36). Moreover,
the exposed differences in views between different professionals may reflect everyday clinical
practice and its barriers (37, 38). Differences in views between professionals do not disqualify the use
of the DST-FI because the tool as a whole seems to reflect the community’s view very well. Finally, the
DST-FI will not replace the expertise of community-care professionals but facilitate their decision-

making process, thus will always be used with a specific older adult in mind.

Regarding the content of the DST-FI, the pre-defined set of professionals to be involved was mostly
rated as complete by the participating community-care professionals. Although participants
suggested adding other professions to the set, current professions were all rated as relevant
professions to treat older people with a (risk of) decreased level of FI. Furthermore, the current study
shows each profile requires various professionals to get involved, therewith providing evidence for
the interdisciplinary character of the construct of Fl. This resembles previous studies stressing the

importance of a multidisciplinary approach in the care for community-dwelling older people (39-41).

Strengths and Limitations

A strength of this study was the inclusion of a very diverse group of community-care professionals
ensuring a wide clinical view on how to facilitate community-dwelling older people in maintaining
their Fl. Spread over five professions, sixty participants have completed the assessment which,
according to COSMIN is an adequate representation. The proportion of physical therapists was
quite higher than the other professionals. Although this may have influenced the outcome of the
assignments, it does reflect the situation in clinical practice. Physical therapists are key players
in maintaining FI in community-dwelling older people. For that reason, we did not account for
the overrepresentation of physical therapists in our sample of community-care professionals.
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Furthermore, it should be mentioned that the completion rate was quite lower in the group of
district nurses compared to the other groups of participants. This could be a consequence of
the timing of the data-collection: COVID-19 had just made its appearance, which increased the
workload of specifically district-nurses largely. Another strength comprised the applied procedure
of psychometric evaluation. Psychometric evaluation of the DST-FI applied a rigorous procedure of
testing eight priorly stated hypotheses that contained the expected direction of the results when
comparing the different profiles of FI.

This study had some limitations that need to be considered. First and foremost, the hypotheses on
expected differences in recommendations assigned to cases of the four profiles of Fl only included
the direction of expected differences between these profiles, whereas COSMIN calls for hypotheses
including both a direction and a magnitude. Despite that we tried to argue specific magnitudes
using existing data on characteristics per profile of Fl, determining the magnitude of expected
differences failed. Although cases within the same profile were similar in their shortcomings, they
were not identical. Therefore, specific statements on the magnitude of inter-profile differences in
recommendations assigned were nearly impossible to sufficiently substantiate. Further, the limited
personal- and contextual information shown in the case description during the online assessment
may have been a limitation in this study. By way of illustration, participants were able to recommend
a dietician to get involved although they had no information on comorbidities, bodyweight or body-
mass-index (BMI) of a specific case. Similarly, information on cognitive functioning was not given,
despite cognitive function is known to have impact on an older adult’s level of FI (42). Related to this,
mental health professionals, such as a psychologist or case-manager dementia, may be added to the
current set of recommendable professionals in an updated version of the DST-FI. Furthermore, the
fact that no demographics of participating professionals were collected other than their profession,
limits the ability to make statements on differences in their views. In hindsight, factors as age, sex,
years of practice and workplace (rural or urban) might have explained some of the differences found,
such asthe poorinterraterreliability measuresin physical therapists. Data about these demographics
could also have provided insight into the generalizability of the study findings.

Recommendations

In this study, the DST-FI seems to be an appropriate instrument to adequately generate broadly-
based recommendations regarding the involvement of community-care professionals to maintain
FI in community-dwelling older people with a (risk of) decreased level of FI. However, several
recommendations should be considered before starting to use the DST-Fl in clinical practice.

First, although a moderate reliability trend held true for reliability in individual professions, sample
sizes were too small to obtain adequate results. Therefore future studies on specific professionals
are needed to confirm the findings of the current study. Secondly, in response to participants that
advised to incorporate more information and additional community-care professionals, the current
scope of health domains of the DST-FI could be enriched. For instance, additional information that
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providesinsightinto body composition could aid the DST-Fl in adequately recommending a dietician
(43, 44). Similarly, ifinformation on cognitive function would be given, this could assist the DST-Fl in
recommending a psychologist or case-manager dementia when required to sustain Fl (45-47). On the
other hand, the community-care professional using the DST-FI will usually have more information
about their client than just the recommendations generated by the DST-FI. Thirdly, to ensure optimal
applicability of the DST-FI, future research could focus on investigating the most feasible mode of
use. Perhaps a digitally approachable form with a user-friendly graphical user interface will ease
the use in clinical practice and enlarge opportunities for updating the DST-FI in the future (48).
Aside from feasibility, acceptability, and small-scale pilot testing should be considered. Moreover,
the subsequent implementation process should involve several community-care professionals.
Similar to the stages of development and validation, having a broad group of professions and older
people themselves will benefit implementation in the care for community-dwelling older people
(49). Fourthly, although the current study provides considerable evidence for DST-FI usage in
community-care, all participants were community-care professionals already involved in attaining
and sustaining the health of community-dwelling older people. Therefore, further research should
focus on assessing feasibility among a more diverse, group of community-care professionals who
are less frequently involved in the care for older people. Ultimately, if the DST-FI proves to be suitable
for professionals with varying experience working with community-dwelling older people, the DST

will be of great value for the growing aging population.

Conclusion

The DST-FI is suggested to be a highly valid and moderately reliable tool to generate treatment-
recommendations regarding the maintenance of Fl in community-dwelling older people. Future
research is recommended on confirming the current result in larger samples of community-care
professionals. To optimize its use in clinical practice, future research may be focused on widening
the scope of included health-domains, assessing feasibility in less experienced community-care

professionals and developing a user-friendly mode of use.
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Intermezzo

From conceptualisation to implementation:
Development and application of the DST-FI
This intermezzo marks the transition from the
conceptual development of the DST-FI to its

practical application and implementation.



Intermezzo

Application of the DST-FI in Clinical Practice

Tailored Treatment
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Together, they discuss
and adjust the
recommendations to fit
the older person's context,
goals, and preferences.
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DST-FI Tool: From Concept to Practice

From Conceptualisation to Implementation:

Development of the DST-FI

Co-developed with professionals and older adults

Chapter 2 Chapter 3
Functional Independence in Validation of the Core
the Community-Dwelling Outcome Set for Functional
Older People Independence (COSFI)
This chapter establishes a shared and COSFI predicted Fl with 68% accuracy.
multidimensional definition of Fl, based on

literature and expert input.

Cluster Analysis of
Functional Independence

Four clinically relevant Fl
subgroups were identified
among community-dwelling
older adults:

(1) Performers - Well
informed physically strong,
well-informed and independent,
but with limited reflective coping;

Webtool

The web tool complies with
relevant laws and regulations,

(2) Performers - Achievers
including the General Data

physically strong with
Protection Regulation (GDPR). limited coping and health literacy
Therefore, a Data Protection
lmp“::““;"rgggpw Chapter § (3) The Reliant - Good Copers
w“;‘;gﬂ:‘é’pr‘m 5 n.sfsm Psychometric evaluation of physically somewhat limited,
related to data processing and, the Decision Support Tool h::;v:?:uff;;::;;::ni?rtd
where necessary, to for Functional Independence &h s
implement measures to in community-dwellin
mitigate these risks, aide n:o le 2 (4) The Reliant - Receivers
Based on the DPIA findings, i:peop physically limited, insufficient
adjustments were made to coping, and dependent on care,
the web tool. Subsequently,
the tool was;eviewzd and Chapter 6 ' Chapter 7/ These profiles provide
D;{’{f::s;::i:?jly Implementation of the DST-FI a foundation for
completed. The DST-Fl was vafueld for squumng : person-ce ntred support
person-centred care, but limited by time constraints, d atad Fl
unclear roles, and integration challenges. Organisational a'n targ z
and policy conditions for sustainable use were identified. interventions.
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Exploring Feasibility and Acceptance of the Functional
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ABSTRACT

Introduction: The aging population in the Netherlands is growing rapidly, with 4.7 million people
aged 65 and older expected by 2040. Many face challenges in maintaining functional independence
(F1), a key factor for aging in place. A prototype tool was developed to support physical therapists in
promoting Fl through integrated assessments and tailored advice. This study explores the feasibility
of implementing the tool in clinical practice.

Methods: A mixed-methods feasibility study was conducted, examining demand, acceptance, and
implementation. Quantitative data were collected from physical therapists and older adults using
the AIM, IAM, MISII, and CSQ, and analyzed descriptively. Qualitative interview data from both groups
were thematically analyzed.

Results: Fifteen physical therapists and 14 older adults participated. Both groups recognized the
tool’s value in assessing Fl, though usability perceptions varied. Therapists reported concerns about
time constraints, integration into workflows, and interpreting results. Older adults found the tool

beneficial for awareness and decision-making and were willing to recommend it to others.

Discussion: The tool shows potential but requires refinement. Enhancing usability, minimizing
administrative burden, and embedding the tool into practice may improve feasibility. Older adults

responded positively, indicating a clear need for such support.

Conclusion: The tool appears feasible for assessing Fl. Further development and research are
needed to support its effective clinical implementation.

CONTRIBUTION OF THE PAPER

This study provides first-time insights into the feasibility of the Decision Support Tool for Functional
Independence (DST-FI) in primary care physiotherapy, based on perspectives of both physiotherapists
and older adults.

The results highlight both the perceived value and the practical barriers to implementing the DST-FI,
such as time constraints, workflow integration, and the need for clearer guidance.

The study emphasizes the potential of the DST-FI to support generalist physiotherapists in delivering
structured, person-centred care to older adults, and offers direction for further development and
implementation strategies.

Keywords: Functional Independence - Older adults - Physiotherapy - Feasibility study - Primary care
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INTRODUCTION

The number of persons aged 65 and above is expected to rise sharply, accompanied by an increase
in the proportion of older persons experiencing physical functioning problems. In 2023, 20.2%
of the Dutch population—approximately 3.6 million people—were aged 65 or older. This number
is projected to grow to 4.8 million by 2040, representing about 25% of the total population (1).
Currently, 96% of individuals aged 75 and older have at least one chronic disease, and 86% suffer
from multimorbidity, meaning they have two or more chronic conditions (2). Furthermore, people
aged 65 and older now represent over one-third of all patients seen in primary care.

Physical functioning is a key requirement for maintaining Functional Independence (Fl). In line with
the global focus on enabling people to age in place and to support those with limitations in physical
functioning, the emphasis is increasingly placed on preserving Fl. Fl is defined as “the ability to
function safely and independently in one’s own context” and is a complex, multidimensional
construct encompassing physical capacity, coping mechanisms, empowerment, and health literacy
(3). Currently, there is no standardized approach in primary care to assess and support Fl in older
adults. As a result, signs of declining independence may go unnoticed until more severe limitations
arise, often leading to avoidable loss of autonomy or increased healthcare needs. The Decision
Support Tool for Functional Independence (DST-FI) addresses this gap by providing structured,
practical guidance for healthcare professionals. It integrates validated assessments with tailored
recommendations, allowing for early identification of support needs and facilitating timely, person-
centered interventions (4). By offering insights into the complex factors influencing Fl, the DST-FI
aims to provide informed decisions and support older adults in maintaining or improving their
independence for as long as possible (4).

The DST-Fl is a valid and reliable measurement tool to support physical therapists in monitoring Fl
and coaching or advising community-dwelling older persons aged 65 years and older to maintain
their functional independence (4,5). However, implementing the DST-FI in clinical practice proves
to be complex. Physical therapists, in particular, are well-suited to use this tool given their expertise
in administering physical assessments essential for evaluating Fl (6). With the growing population
of older persons, the physiotherapy profession faces increasing demands, as older persons with
challenges in physical functioning are expected to constitute the largest proportion of physical
therapy patients across various practice settings (7). However, a shortage of physical therapists
specializing in geriatrics poses significant challenges in meeting this demand (7). Consequently,
many older persons are receiving care from non-specialized physical therapists (8). Physical
therapists’ expertise uniquely positions them to administer the physical assessments necessary for
accurately evaluating functional independence (9). However, gaining a complete understanding of
the broader, multidimensional nature of FI can be challenging—particularly for generalist physical
therapists. The DST-FI can support them by providing structure and insight into this complexity,
helping to identify care needs more precisely and guiding appropriate interventions.
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Previous research has highlighted the important role of facilitators and barriers in influencing
the adoption and effectiveness of such tools (blinded for review). The most important facilitators
focus on the potential for collaboration, well-informed decision-making, and addressing societal
pressures. Conversely, four identified barriers encompass limited applicability, time constraints,
ownership issues, and challenges in preventive outreach. Conducting a feasibility study and
exploring the acceptance is a logical next step and provides valuable preparation for implementing
the toolin clinical practice (10). This process gathers insights to adapt the tool to local clinical needs,
identify necessary modifications, and ensure input from diverse perspectives, enabling context-

specific customization and increasing implementation success (11).

The primary objective of this study is to explore the feasibility of the DST-FI in physical therapy
practice, from the perspectives of both physical therapists and community-dwelling older persons.
With the insights obtained, we intend to offer specific recommendations for the tool’s practical use,
enabling its effective utilization and preparation for implementation.

METHOD

Design

We designed a feasibility study guided by the Medical Research Council (MRC) framework and
employing a basic Mixed-Methods Design with a convergent parallel design to validate findings
and gain a deeper, context-rich understanding of the feasibility outcomes (12,13). This approach
combines quantitative and qualitative methodologies, enabling a comprehensive evaluation of
feasibility outcomes while capturing contextual insights to refine the intervention (14-16).

Study Participants

The study population consisted of physical therapists as the primary target group and community-
dwelling older adults as the secondary group. Given the pragmatic nature of this feasibility study,
a convenience sampling method was used for the inclusion of both physical therapists and older
adults (17). Physical therapists were the main focus, as they are the intended users of the DST-FI
in clinical practice. Older adults were included to assess their perspectives on the tool’s relevance,
usability, and impact on their functional independence.

Physical therapists

Physical therapists were the primary target group forthis study. The inclusion criteria for participation
was working with community-dwelling older persons aged 65 years and older. Physical therapists
were recruited in two ways: a flyer with a call for action to participate in the study was distributed
by email to physical therapists from the research group network and displayed on the research
group’s (social) media channels. Additionally, the flyer was distributed to students of the master’s
program in geriatric physical therapy at the University of applied sciences (blinded for review),
and the call was included in the newsletter of the Dutch Association for Geriatric Physiotherapy

(NVFG). The recruitment efforts aimed to include physical therapists from diverse work regions and
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environments, from monodisciplinary primary care practices and multidisciplinary health centers
in the Netherlands.

Older persons

The secondary target group consisted of community-dwelling older persons aged 65 and older
who had completed a Functional Independence assessment using the DST-FI. They were invited
to participate in the study to assess its feasibility from an end-user perspective. Recruitment was
facilitated through the participating physical therapists, who informed patients about the study when
they intended to use the DST-FI tool as part of their treatment. Older persons were then provided
with leaflet materials containing the researcher’s contact information. The study enrolled persons
aged 65 years or older, residing at home, who had received advice from their physical therapist
based on the DST-FI assessment and were able to understand verbal and written instructions in
Dutch. Older persons with cognitive impairment preventing independent completion of the required
questionnaires, as determined by the clinical judgment of the physical therapist, were excluded
from the study. A purposive sample of at least 12 older adults was targeted for interviews. Research
suggests that within such a sample, key themes and diverse perspectives can be identified early,
providing a comprehensive understanding of participants’ experiences and viewpoints (18,19). This
sample size was expected to capture a broad range of insights regarding the usability and perceived
value of the DST-FI.

Decision Tool Functional Independence

The DST-FI was developed as a digital tool (The tool is digitally accessible (link blinded for review)
and consists of three sequential parts: (1) Measuring: A cross-disciplinary measurement set designed
to assess the Fl level of persons aged 65 years and older living in the community (Core Outcome
Set Functional Independence (5); (Il) Matching: Based on the outcomes of the measurement set,
persons aged 65 years and older living in the community are classified into one of the four validated
subgroups of Functional Independence: Well-Informed, Achievers, Good Copers, and Receivers (20);
(1) Generating: Selecting appropriate (healthcare) professional(s) based on the most appropriate
subgroup, to maintain orimprove the level of FI for community-dwelling older persons aged 65 years
and older (4).
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Figure 1. Graphical illustration of the operation of the DST-FI.

Study Outcomes

The primary outcome was the feasibility of the DST-FI. Following the framework of Bowen et al. (11),
feasibility was conceptualized as a multidimensional construct and operationalized through three
specific domains: demand, acceptance, and implementation (11). Demand refers to ‘the extent to
which the DST-FI was likely to be utilized’. Acceptance pertains to ‘the perceived acceptability of the
DST-Fl, including its suitability, appropriateness, and whether it was viewed positively or negatively
by the two stakeholder groups’ Implementation examines ‘the effectiveness of implementing
the DST-FI, the resources required for sustained implementation, and the factors influencing its

continuity’.

Data Collection
Physical therapists

For the construct Demand, quantitative data collection included the percentage of patients aged 65
and older for whom participating physical therapists used the DST-FI tool and a question from the
Technology Acceptance Measurement (TAM), which evaluates users’ acceptance of technology. The
specific question used in this context relates to ‘behavioral intention to use, which, although part of
TAM, provides valuable insight into the demand for the tool. Specifically, behavioral intention was
assessed with the statement: / presently intend to use the DST-FI tool regularly at work’ (Likert scale
1-5)(21). This question reflects not only the acceptance of the tool but also the users’ intention and
willingness to use it in the future, serving as an indirect measure of demand.
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For Acceptance, quantitative data were gathered using validated instruments, including the
Acceptability of Intervention Measure (AIM)(22), which evaluates the perceived acceptability of
an intervention, the Measure of Innovation-Specific Implementation Intentions (MISII)(23), which
assesses the strength of implementation intentions for a specific innovation, and the Intervention
Appropriateness Measure (IAM)(22), which examines the perceived fit of an intervention within a

given context. All instruments employed Likert scale responses.

For Implementation, open-ended questions captured detailed insights into various factors such as
the degree of implementation, resource requirements, and participants’ ability to engage with the
intervention.

To complement the quantitative findings, open-ended questions were included in the surveys
among physical therapists. These questions allowed participants to elaborate on their responses,
providing additional context and a more nuanced understanding of the feasibility outcomes.For a
detailed specification of the feasibility objectives and related data collection methods for the DST-FI,
please refer to Table 1.



Chapter 6

Table 1. Feasibility Goals for Data Collection on the Decision Tool Functional Independence (DST-FI) by Physical

Therapists, Structured According to Bowen et al. (11).

Construct of
feasibility

Operationalization

Demand The actual usage of the DST-FI by
participating Physical therapists in the
population of community-dwelling

persons aged 65 and older.

The intention to use the DST-FI tool

in practice by Physical therapists for
community-dwelling persons aged 65
and older.

Quantitative data

Qualitative data

Question: Percentage of
patients over the age of 65 for
whom participating Physical
therapists used the tool.

Question from the Technology
Acceptance Measurement
(TAM) about the Behavioral
Intention to use (Bl) (21).

“I presently intend to use the
DST-Fl tool regularly at work.”
Question Likert scale 1-5

Additional open-
ended question.

Additional open-
ended question

Acceptance General Acceptance

Intention to continue use

Perceived appropriateness

Connection to organizational culture

Acceptability of Intervention
Measure (AIM)(22)
Questionnaire (4 items, Likert
scale 1-5)

Measure of Innovation-Specific
Implementation Intentions
(MISII) (23).

Questionnaire (9 items, Likert
Scale 1-5)

Intervention Appropriateness
Measure

(IAM) Questionnaire (4 items,
Likert Scale 1-5)

Additional open-
ended question

Additional open-
ended question

Additional open-
ended question

Open question: based
on the CFIR interview

guide tool (24)

Implementation .

. Success or failure of
implementation

. Amount and type of
resources needed for
implementation

. Factors affecting
ease or difficulty of
implementation

. Efficiency, speed, or quality

of implementation
. Positive/negative effects
onintended participants,

Degree of implementation

Open-ended
questions

Participants’ ability to carry
outintervention activities
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Older persons

The data collection among older persons consisted of both quantitative and qualitative data. The
qualitative interview data collected from participants aged 65 and older informed the feasibility
outcomes; demand, acceptance, and implementation, as well as considerations forimplementation.
To assess the overall acceptance, demand, and implementation of the DST-FI among persons aged
65 years and older, the Dutch translation of the Client Satisfaction Questionnaire was used (CSQ)
(25). In addition, we conducted structured interviews, guided by an interview guide, to evaluate the
demand, acceptance, and implementation of the tool among persons of 65 years and older. The
interview guide is based on topics described by Bowen et al. (11) (Appendix A). For a more detailed
specification of the feasibility objectives related to data collection among people over 65 regarding
the DST-FI, please refer to Table 2.

Table 2. Feasibility Goals for Data Collection Among Adults Aged 65 and Older on the Decision Tool Functional
Independence (DST-FI), Structured According to Bowen et al (11).

Construct of Operationalization Instrument
feasibility
Quantitative data Qualitative data
Acceptance/ The acceptance of the use of The Client Satisfaction Interview
demand the DST-Fl and accompanying ~ Questionnaire (CSQ) (15)
advice by the physical Questionnaire, (8items, Likert

therapist and Satisfaction with ~ Scale 1-5)
the use of the DST-FI.

Implementation Opinion on received advice Interview
from the DST-FI.

Quantitative data analysis

Descriptive statistics were applied to characterize the demographic features of the study population.
Analyses were conducted on participants’ gender (M/F/X), years of work experience (0-5, 5-10, 10-
20, >20), specialization in geriatrics (yes/no), and work setting (private practice/health center/
nursing home/hospital/health organization). Demographic data were summarized using means and
standard deviations or medians and interquartile ranges for continuous variables, and proportions
for categorical variables.

Furthermore, outcomes on the feasibility questionnaires (AIM, MISII, IAM, CSQ) were presented with
medians with interquartile ranges. Statistical analyses were performed using IBM Statistical Package
for the Social Sciences (SPSS, version 24,0 Armonk, New York, USA).

Qualitative data analysis

The interviews with older persons were audio-recorded and subsequently transcribed verbatim.
After pseudonymization, where each participant was assigned a unique pseudonym, personal
information was de-identified, preserving data integrity for analysis and reporting purposes. The
pseudonyms, known only to the research team, were securely stored separately from the collected
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data to ensure anonymity. Inductive thematic analysis (TA) was applied to both the open-ended
survey responses and interview data to identify emergent themes and subthemes (26,27). TA
facilitated the organization, analysis, and conceptualization of patterns or themes within the
dataset (28). The qualitative data from interviews among older persons and open-ended questions
of the surveys among physical therapists were analyzed through the six stages of TA to inductively

organize, interrogate, and interpret the data.

To ensure consistency among reviewers, a second reviewer independently coded 10% of the
transcripts. A consensus approach was used to build agreement on emerging themes, with any
disagreements resolved through discussion and review of the data and coding. Discussions with
members of the research team on the developing analysis furtherenhanced the rigor of the qualitative
process. When participants agreed to this, a member check was conducted, and relevant information
suggested by the participants was incorporated into the analysis to enhance its comprehensiveness.

Coding was conducted using Atlas. ti software (version 23.3.4).

Ethical considerations

Before participation, all persons received detailed information about the study through a participant
information letter at least one week in advance. They were then screened for eligibility by the
researcher. After confirming their understanding of the study details and addressing any questions,
participants provided written informed consent by signing a consent form. This procedure applies to
both physical therapists and persons aged 65 years and older. The study protocol was approved by
the the Research Ethics Committee (blinded for review)(reference number 277-000-2024).

RESULTS

Study population
Physical therapists

Twenty physical therapists were approached, of whom 15 completed all questionnaires. Participant
characteristics are presented in Table 1. Most were female and specialized in geriatric physical
therapy, with varied years of professional experience. They worked in diverse settings, including

private practices, nursing-/care homes, and healthcare organizations.
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Table 3. Demographic information: Descriptive statistics were used to describe the demographic characteristics of

theincluded physical therapists.

Demographic information
No. of respondents

Years of Work experience (N(%))

0-5

5-10

10-20

>20
Gender, female (N (%))
Specialized in Geriatrics (N (%))
Work setting (N (%))

Private practice

Nursing home/Care home

Hospital
Health care organization

6 (40%)
8 (53%)
0 (0%)
1 (7%)

Older persons

Fourteen participants were approached, all of whom completed the questionnaires. Between

February 2024 and August 2024, semi-structured interviews were conducted with participants

aged 65 years and older. The interviews lasted an average of 33 minutes, ranging from 13 to 48

minutes. A maximum duration of 45 minutes was established to minimize participant burden. The

characteristics of the older persons are shown in Table 2, which also outlines the profiles of the older

persons as determined by the DST-FI tool. These profiles—Well-Informed/ Achievers, Good Copers,

and Receivers—are derived from cluster analyses established in a previous study (blinded for review).

This framework categorizes community-dwelling older persons into four distinct and clinically

relevant subgroups based on their level of functional independence (Fl). Each subgroup highlights

differences in functional independence by identifying which domain (e.g., physical strength, coping

ability, or resource use) is most affected.
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Table 4. Demographic Characteristics of Participants Aged 65 and Older

Participant Age (y) Gender (M/F) Education level* Level of FI **
pseudonym

Older Person 1 81 M High Achiever

Older Person 2 73 M Middle Achiever

Older Person 3 79 M High Good Coper/Receiver
Older Person 4 87 F Middle Good Coper

Older Person 5 77 F Middle Good Coper/Receiver
Older Person 6 78 F High Good Coper/Receiver
Older Person 7 84 F Middle Receiver

Older Person 8 85 F Middle Receiver

Older Person 9 65 F Middle Well Informed

Older Person 10 65 M Middle Well Informed

Older Person 11 65 F High Well Informed

Older Person 12 86 M High Receiver

Older Person 13 80 F Middle Good Coper

Older Person 14 7 F Middle Good Coper/Receiver

*Educational level according to the Dutch Central Bureau of Statistics; High (associate degree programs, higher education bachelor programs;
Master degree programs, Avarage (upper secondary education, (basic) vocational training and middle management and specialist education) and
Low (primary and special primary education).

** Persons classified as “Well informed” or “Achiever” do not fall or require assistance and are therefore considered functional independent. Those
marked as “Good copers” or “Receivers” are categorized, based on previous research, into clusters that are less or not functional independent

based on earlier cluster analyses (blinded for review).

Demand
Physical therapists

All participating physical therapists used the DST-FI tool in 10% or less of their patients aged 65 and
older, with a range from 0 to 10%. The tool was primarily used to assess the measurementinstrument

for this study and to explore its functionality and added value for physical therapy care.

Physical therapists expressed overall mixed views on the intended use of the DST-FI, highlighting
reasons for both continued use and discontinuation. Firstly, reasons for continued use include the
valuable insights the tool provides into the physical and cognitive outcomes of vulnerable, older
persons particularly in cases where the origins of limitations in Fl are uncertain. Additionally, its user-
friendliness and quick access to actionable data enhance the willingness for repeated application.

Secondly, reasons for the potential discontinuation of the DST-FI in the future include the time
required to use the tool, which some physical therapists find burdensome. For example, in busy
clinical settings, therapists may feel that the tool takes too much time away from direct patient
care. Additionally, for patients who have been in treatment for an extended period, the tool may be
perceived as unnecessary, especially when they are already receiving ongoing care. Some therapists
report that the tool offers limited value, particularly in cases where patients are receiving care from
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multiple providers, which can make the addition of another tool seem redundant. Further challenges
include language barriers, especially in diverse patient populations, and cognitive or digital
limitations that hinder the tool’s accessibility for certain groups. A significant barrier to consistent
use is the lack of clear guidance on interpreting the scores and norms of the various measurement
instruments included in the DST-FI. This uncertainty can lead to confusion among both therapists
and patients, causing hesitation in using the tool and ultimately contributing to reluctance in its

adoption.

Table 5 presents the outcomes of the feasibility questions related to the construct of Demand.
The table includes results from one developed question addressing perceived demand and one
question derived from the Technology Acceptance Model-Behavioral Intention (TAM-BI) scale.
These results are presented as medians with interquartile ranges (IQR) to provide a robust summary

of the data distribution and variability.

Table 5. Outcomes of Feasibility Questions on the Construct of Demand, Assessed Among Physical Therapists. These
Findings Provide Insights into the Perceived Demand for and Intent to Use the DST-FI Tool in Clinical Practice.

Demand

N 14

Percentage of patients over the age of 65 for whom participating Physical
therapists used the tool.
(M (SD)) 4.1(3.73)

TAM- BI: (M (Range))
“I presently intend to use the DST-FI tool regularly at work.” 3(1-5) "

*Question Likert scale 1-5: extremely agree- extremely disagree

Persons 65 years and older

Concerning demand, the findings from the Client Satisfaction Questionnaire (CSQ), shown in Table
6, reveal that the majority of older persons felt the DST-FI tool met their needs and provided valuable
help in managing their health issues. Most participants were satisfied with the quality of the tool, the
help they received, and the extent to which the tool addressed their concerns. A significant number
of older persons indicated they would recommend the DST-FI to others, highlighting its perceived
utility. Additionally, a high level of satisfaction was reflected in the overall scores, with respondents

expressing a strong likelihood of using the tool again if needed.

In line with these quantitative findings, qualitative interviews also highlighted the added value of the
tool. Older persons expressed satisfaction with their physical therapist’s use of the DST-FI tool, with
many stating that the tool has been helpful and would recommend the decision tool to others. Similar
to the physical therapists, older persons in the interviews highlighted the added value of the tool:
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OP 9: “It’s really about assessing how fit you still are. I find that important. So if | have any issues,

I can seek help.”

OP 13: ““I definitely find it valuable. It can help you better address future things and say: I still need
to work on this and that.”

Table 6. Client Satisfaction Questionnaire (CSQ) Outcomes on Demand and Acceptance Among Persons Aged 65
and Older

Demand/acceptance
N 12
Question: scale 1-5 (M (Range))
Item 1: “What do you think of the quality of the Functional Independence Decision Tool?” 4(1-4)
Item 2: “Did you receive the type of help you were hoping for?” 3(2-4)
Item 3: “To what extent has the decision tool met your needs?” 2 (1-4)
Item 4: “If one of your friends or acquaintances needed the same kind of help, would you 3(1-4)
recommend the Functional Independence Decision Tool?”

e . . 2(1-4
Item 5: “How satisfied are you with the amount of help you received?” (1-4)
Item 6: “Has the Functional Independence Decision Tool (DST-FI) helped you better manage 2(22)
your issues?”
Item 7: “Overall, how satisfied are you with the Functional Independence Decision Tool (DST- 4(1-9)
FI)?”

4(1-5)

Item 8: “Would you retake the tests associated with the Functional Independence Decision
Aid (DST-FI) if needed?”

Integrated Results on Demand for the DST-FI Tool

Both physical therapists and persons aged 65 and older recognize the DST-FI’s potential to
improve understanding of FI, which could positively influence future use of the application by
physical therapists. However, physical therapists also report practical challenges, such as the time
commitment required, which may negatively influence their intention to use the DST-FI tool in

practice.

Acceptance
Physical therapists

As seen in Table 7, physical therapists expressed moderate approval of the tool’s suitability and
usefulness, but the perceived attractiveness and enjoyment of the tool scored lower. There is
some uncertainty among physical therapists about using the tool with older persons in the future.
However, they indicate that they would primarily use the tool to meet patient needs and when it is
appropriate for the specific patient. Overall, using the tool is not a priority, and physical therapists
generally do not intend to use it regularly because it cannot be applied to every client or may not

be suitable for all cases. However, they do express interest in using certain components of the tool.
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PT: “I plan to use parts of the DST-FI like handgrip strength, SPPB, assistance, and falls. I’ll skip the
coping questionnaire, as | find it too time-consuming and potentially unreliable for older patients.
I might use the health literacy questionnaire selectively but would prefer more focus on physical

activity rather than just nutrition, literacy, and numeracy.”

Persons aged 65 and older

As shown in Table 6, a significant portion of persons aged 65 and older reported that the tool
meets their needs, that the decision tool was helpful, and that they would recommend others in
their age group. However, they rated different components of the DST-FI tool variably. In addition
to the outcomes on the CSQ, during the interviews, some respondents indicated having difficulty
understanding the purpose of the Coping Flexibility Questionnaire (CO-FLEX) and The Newest Vital
Sign-D (NVS-D), finding them challenging to complete:

OP8: “It [NSV-D] just doesn’t interest me, so it doesn’t sink in.”

OP6: “It [CO-FLEX] felt repetitive, like a chant, and you had to be careful not to respond
automatically.”

Integrated Results on Acceptance for the DST-FI Tool

Both physical therapists and persons aged 65 and older indicated that they accept the tool as
appropriate and suitable. However, they rated its different components variably. Both groups
expressed reservations about fully embracing the questionnaires. The results from the AIM, MISII,
and IAM questionnaires highlight that while physical therapists approve of the DST-FI tool and
acknowledge its relevance, they are less enthusiastic about using all its components, particularly
the questionnaires themselves.
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Table 7. Scores from the AIM, MISII, and IAM Questionnaires on the Acceptance of the DST-FI Tool Among Physical
Therapists

Acceptance
N 15
AIM (General Acceptance) (M (Range))

Item 1: “: “The DST-FI has my approval.” 4(1-5)
Item 2: “: ‘“The use of the DST-Fl is attractive to me.” 3(1-5)
[tem 3: “I find the DST-FI tool enjoyable.” 4(2-5)
Item 4: “: ‘| approve of the DST-FI tool’ 4(1-5)
MislI (intentions to use) (M (Range))

Item 1: “I consider using the DST-FI tool with new patients.” 4

(1
Item 2: ““I plan to use the DST-Fl with my patients.” 4(1-5)
Item 3: “I will apply the DST-FI to meet the needs of my patients.” 4(1-5)
Item 4: ““l am planning to use the DST-FI when it is appropriate for my patients.” 4(1-5)
[tem 5: ““The use of the DST-Fl is a high priority for me.” 3(1-5)
Item 6: ““| strive to apply the principles of the DST-FI when working with my patients.” 4(1-5)
Item 7: ““I will use all aspects of the DST-FI with my patients.” 4(1-5)
Item 8: “I will use parts of the DST-FI with my patients.” 4(3-5)
Item 9: “I will use certain strategies from the DST-FI with my patients.” 4(3-5)
1AM (Intervention Appropriateness Measure) (M (Range))
Item 1: “The DST-Fl seems appropriate.” 4(2-5)
Item 2: “The DST-FI seems suitable.” 4(2-5)
Item 3: “The DST-Fl seems applicable.” 4(2-5)
Item 4: “The DST-Fl seems to fit well” 4(2-5)

*Question Likert scale 1-5: extremely agree- extremely disagree

Implementation

Physical therapists

Based on the open-ended questions, the tool was generally perceived as both feasible and user-
friendly, which supports its practical implementation. Physical therapists appreciated the tool’s
clear structure and valued the fact that the assessment set can be completed within a single
treatment session. This efficiency was seen as a key strength. At the same time, time constraints in
daily practice remain a broader barrier to adoption, as integrating a new tool—even if concise—still

requires adjustment and prioritization.

Additionally, many older persons may face limitations in digital access or lack the technical skills
needed to effectively engage with digital tools, which presents a practical challenge. This digital
component may also place an additional burden on healthcare providers, potentially hindering
wider implementation of the DST-FI, in the current version of the tool.

PT: “The tests are easy to perform. However, the absence of an email address for patients makes

digital entry impossible.”
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Furthermore, healthcare providers noted that some questionnaires within the tool, can be overly
complex or confusing for certain patients. This may lead to incomplete responses. Physical therapists
suggest that additional support or adjustments to these questionnaires may be beneficial to make
the tool easier to use and to facilitate its implementation. Furthermore, they also suggest providing

additional instructions for this component could assist patients in completing it more confidently.

PT: “The tool can be implemented within the treatment time. However, the patient felt uncertain
about the coping questionnaire and the health literacy questionnaire. The patient was unsure
how to answer the coping questions and couldn’t provide any answers for the health literacy

questions”.

Persons aged 65 and older

Implementation of the advice provided by the tool was mixed, according to interviews with
participants aged older than 65. While respondents generally found the advice understandable, they
reported several barriers to following it, including unclear guidance on how to practically implement
the recommendations, lack of motivation, perceived irrelevance, and a lack of clear necessity for
adhering to the advice. Respondents emphasized the key role of physical therapists in supporting

adherence to the advice.

For example, some participants felt that the recommendations were too vague or generic to be
actionable.

OP11: “The recommendations in the leaflet, like ‘get in touch with,” are quite vague. It might help
if it was clearly explained how and through whom to do that.”

Others highlighted that the advice needed to be personally relevant and well-explained to feel

motivating:

OP6: “Well, this is, of course, stated very generally. | don’t think that increases motivation. So there
needs to be a clear message tied to it. You have to explain why it’s useful. And you also need to find

it useful yourself. If | do, I’'m very motivated.”

OP3: “No, that’s not for me at all, occupational therapy. No. Maybe in a year or so, | don’t know,

but definitely not right now.”

Integrated Results on Implementation for the DST-FI Tool

The tool s generally suitable for daily use, as it offers a clear structure and aligns well with treatment
timelines, making it accessible for physical therapists to implement. However, persons aged 65
and older reported barriers to following the advice, such as unclear instructions for contacting
recommended healthcare providers, limited motivation, perceived irrelevance, and a lack of
necessity. They emphasized that physical therapists play a crucial role in helping them engage with
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the guidance, underscoring the need for additional support from healthcare providers. Practical
adjustments—like removing the email requirement and simplifying certain components—could
improve the tool’s integration into practice and make it more user-friendly for older patients.

DISCUSSION

This study assessed the feasibility, acceptance, and implementation of the DST-FI tool among
physical therapists and older adults aged 65 and above. The majority of physical therapists reported
using the tool in less than 10% of their patients, with its application primarily limited to the context
of this study to evaluate its functionality. While therapists recognized the tool’s value, particularly
for assessing vulnerable individuals, challenges such as time constraints, complexity of certain
components, and unclear guidance for interpretation were highlighted. Older adults generally found
the tool helpful, with most expressing satisfaction and willingness to recommend it, although some
faced difficulties with specific questionnaires. The implementation of the tool’s recommendations
was mixed, with physical therapists playing a crucial role in supporting adherence and motivation.

Demand

Our findings indicate that there is mixed enthusiasm for the DST-FI tool. While physical therapists
acknowledged its potential to assess Fl in older persons, the demand for its adoption varied
significantly. The primary concern was the time investment required to utilize the tool in a busy
clinical setting properly. Although therapists recognized the potential benefits of the tool, including
its ability to provide additional insights into older persons’ Fl, the administrative burden posed
a significant challenge to regular use. This variation in demand aligns with prior research, which
suggests that the willingness of stakeholders to adopt innovations is often influenced by factors
such as time and effort required for implementation. Creating an innovation-friendly climate,
including providing funding or compensating the time required for the tool’s use, could positively
affect demand by easing the perceived barriers and improving its overall feasibility (30). In contrast,
older persons demonstrated a higher level of demand, as most persons reported finding the DST-FI
tool helpful in understanding their capabilities and guiding their care planning. The tool’s utility for
empowering persons and enhancing patient engagement was a recurring theme, positive for using
the tool among this group (31).

Acceptance

The acceptance of the DST-FI tool varied across stakeholders, particularly among physical
therapists. Some recognized its potential to enhance patient-centered care and provided a detailed
assessment of functional independence. However, others expressed reservations because of the
tool’s complexity and the challenges of interpreting the results. A common concern was the need
for additional training to ensure effective use of the tool, which was frequently cited as a critical
factorinincreasing acceptance. This reflects previous research indicating that an innovation-friendly
environment, including enhanced training and development opportunities, can help address these
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concerns and support wider adoption. Addressing the demand for such support can be crucial in
fostering positive attitudes toward innovation and improving its feasibility (32).

Older persons, on the other hand, were generally positive about the DST-FI tool. Feedback indicated
that participants considered it straightforward and valuable, and they were willing to recommend
it to others. These findings are in line with previous research on decision aids, which shows that
they can enhance understanding, reduce passivity in decision-making, and lower decisional conflict
stemming from feeling uninformed (33). This positive reception may significantly influence the
acceptance of the DST-FI tool, as it meets older adults’ need for clearer and more informed decision-
making (34).

Implementation

The practical implementation of the DST-FI tool presented challenges such as significant time and
resource demands for physical therapists to integrate it into clinical workflows. Organizational
support, training, and concerns over the tool’s applicability to all patients were identified as key
factors for successful implementation. These challenges align with common barriers reported
in related studies, such as time constraints, lack of applicability due to patient characteristics,
and clinical circumstances (35). These findings underline the importance of considering not only
the tool itself, but also the broader context of its use — a point explored further in the following
methodological reflection.

Methodological considerations

Reflecting on the study design, it is important to note that this was a mixed-methods pilot study.
This approach allowed for a comprehensive exploration of both quantitative and qualitative
aspects of feasibility. However, due to the small sample size inherent in pilot studies, the findings
are preliminary and primarily intended to inform further refinements of the DST-FI and guide future
research (11). Despite the limited sample size, the study provided valuable insights into the DST-FI
tool’s potential, aligning with its focus on feasibility rather than generalizability. A significant number
of physical therapists declined participation, primarily citing time constraints rather than substantial
bias against the DST-FI tool itself. However, this may still have influenced the study’s results by
skewing the sample toward therapists more open to innovation or with manageable workloads.
Furthermore, older persons were recruited through their physical therapists, which may have
influenced their decision to participate. Additionally, as the DST-FI was administered by their own
physical therapists, there is a potential for social desirability bias, which could have led participants
to provide more favorable feedback on the tool (36). These factors could have positively influenced
the study’s findings and should be considered when interpreting the results (37).

Implications for Practice

For successful use in daily practice, several lessons can be learned from our results . First, the DST-
FI tool should be better integrated in the existing workflow and treatment approaches for older
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clients (38). Additionally, physical therapists should be supported in interpretation of the results of
the tool (39,40). Given the positive response from older persons, there might be potential for the
DST-FI tool to contribute to patient-centered care when implemented with the appropriate support
and modifications.

Implications for Future Research

In addition to refining the DST-FI tool for integration into clinical practice, future research should
focus on assessing its (cost) effectiveness compared to current methods used to assess Functional
Independence (Fl) in older adults. This would involve evaluating whether the DST-FI tool leads to
better outcomes in monitoring and managing functional independence. Research could explore
whether the tool facilitates more timely interventions, improves decision-making, and enhances the
management of Fl. Furthermore, additional studies should investigate how effectively older adults
are able to follow the advice provided by the DST-FI tool and the impact this has on their functional

independence.

Conclusion

The DST-FI tool shows potential as a feasible means of assessing Functional Independence in older
persons. While physical therapists have reservations related to time and complexity, older persons
have generally expressed positive responses, indicating a demand for its use. Enhancements to
further optimize the tool, reduce the administrative burden, and provide comprehensive training
could improve both its acceptance and implementation, fostering wider adoption in clinical practice.
After adjustments, the tool should be further investigated for its effectiveness.
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APPENDIX A

INTERVIEW GUIDE BASED ON BOWEN ET AL.

ance of the Functional Indeper

1 Tool

This interview guide was developed using the feasibility framework described by Bowen et al.’

The selected focus areas, Acceptability, Demand and Implementation, were considered most

appropriate given the current phase of the implementation process and the outcomes of interest.

The table below presents the key focus areas for feasibility studies and their potential outcomes, as

outlined by Bowen et al.’

Area of focus The feasibility study asks ...

Sample outcomes of interest

Acceptability To what extent is a new idea, program, process
or measure judged as suitable, satisfying, or
attractive to program deliverers? To program
recipients?

Demand To what extent is a new idea, program,
process, or measure likely to be used (i.e., how
much demand is likely to exist?)

Implementation  To what extent can a new idea, program,
process, or measure be successfully delivered
to intended participants in some defined, but
not fully controlled, context?

Practicality To what extent can an idea, program, process,
or measure be carried out with intended
participants using existing means, resources,
and circumstances and without outside
intervention?

Adaptation To what extent does an existing idea, program,
process, or measure perform when changes
are made for a new format or with a different
population?

Integration To what extent can a new idea, program,
process, or measure be integrated within an
existing system?

Expansion To what extent can a previously tested
program, process, approach, or system
be expanded to provide a new program or
service?

° Satisfaction

Intent to continue use
Perceived appropriateness

Fit within organizational culture
Perceived positive or negative
effects on organization

Actual use

Expressed interest or intention
touse

Perceived demand
Degree of execution
Success or failure of execution

Amount, type of resources

needed to implement

o Factors affecting implementation
ease or difficulty

o Efficiency, speed, or quality of
implementation

° Positive/negative effects on
target participants

o Ability of participants to carry
out intervention activities

o Cost analysis

b Degree to which similar
outcomes are obtained in new
format

° Process outcomes comparison
between intervention use in two
populations

b Perceived fit with infrastructure

o Perceived sustainability

° Costs to organization and policy
bodies

o Fit with organizational goals and
culture

° Positive or negative effects on
organization

° Disruption due to expansion

component
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Area of focus The feasibility study asks ... Sample outcomes of interest
Limited efficacy  Does the a new idea, program, process, or b Intended effects of program or
measure show promise of being successful process on key intermediate
with the intended population, even in a highly variables
controlled setting? ° Effect-size estimation
° Maintenance of changes from
initial change

! Reference 11 in the main reference list:

Bowen DJ, Kreuter M, Spring B, Cofta-Woerpel L, Linnan L, Weiner D, et al. How we design feasibility studies. Am J Prev Med. 2009;36(5):452-457.
doi:10.1016/j.amepre.2009.02.002.
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ABSTRACT

Background: The aging population presents challenges for healthcare, particularly in maintaining
thefunctionalindependence of olderadults. The Decision Support Tool for Functional Independence
was developed to identify declines in functional independence and promote collaboration between
healthcareprofessionals. The DST-Flisspecificallydesignedtosupportinterprofessionalcollaboration
between medical and social care providers, such as GPs, physiotherapists, nurses, and social
workers. This study examines the barriers and facilitators to implementing the tool in primary care.
Methods: ThisstudywasconductedintheNetherlandsandincludedthirteenhealthcareprofessionals:
general practitioners, physiotherapists, practice nurses, community nurses, occupational therapists,
and social workers, as well as two focus groups with older adults. The study was guided by the
Consolidated Framework for Implementation Research (CFIR). A combination of deductive and
inductivethematicanalysiswasusedtoidentifyandexplorebarriersandfacilitatorstoimplementation.
Results: Key facilitators included the tool’s potential to enhance collaboration,
support informed decision-making, and address societal pressures related to aging.
However, four main barriers emerged: limited applicability for specific client groups
(e.g., individuals with cognitive impairments or low health literacy), time constraints,
issues of ownership among stakeholders, and challenges in preventive outreach.
Conclusions: The diversity and complexity of factors influencing the implementation of the Decision
Support Tool for Functional Independence highlight the need for multifaceted, tailored strategies.
Future research should focus on developing customized approaches to overcome identified
barriers, exploring adaptations for a broader audience, and determining the appropriate healthcare
professionals for the tool’s practical application. The potential of the tool to foster interprofessional
collaboration between general practitioners, physiotherapists, nurses, and social workers. and

alleviate societal challenges, emphasizing its relevance in primary care.

Keywords: Functional Independence - older persons - interprofessional collaboration

implementation
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BACKGROUND

The aging of the population has significant implications for healthcare systems worldwide
(1). As individuals age, they often experience a decline in physical functioning, resulting in
decreased Functional Independence (FI) (2). Fl is defined as functioning physically safely and
independently from another person (3). This definition was developed through a scoping review and
multidisciplinary stakeholder consultation to capture the full range of factors influencing Fl. It aims
to provide a shared understanding across professional domains. Fl is a complex concept that not
only depends on the level of physical capacity but also on personal factors such as health literacy
and coping flexibility (4). Furthermore, contextual factors and safety, specifically addressing the risk
of falls, also contribute to FI. In addition, community-dwelling older people want to stay in their
own homes and make their living arrangements for as long as possible, instead of being relocated to
supported housing (5,6). However, the decrease in Fl often leads to increased dependency and the

need for care and support services, causing major pressure on the healthcare system (7).

In addressing the challenges of the decreasing level of Flin older adults, a proactive focus on healthy
aging is required (8). This includes early recognition of older persons at risk of losing their FI (9),
which can be facilitated by monitoring FI over time among community-dwelling older people. To
support this process and stimulate interprofessional collaboration, the Decision Support Tool for
Functional Independence (DST-FI) was recently developed. Monitoring Functional Independence (FI)
necessitates interprofessional collaboration, as Fl is a multidimensional construct that transcends
the boundaries of a single discipline. While its domains can be addressed independently by different
professionals, effective coordination and collaboration are essential to meet the needs of older
individuals (10)(11). At present, there is still room for improvement in interprofessional and multi-
professional collaboration to further enhance the quality of care for older individuals (11).

The DST-FI was specifically designed for use by general practitioners, physiotherapists, practice
nurses, and social workersin Dutch primary care. By providing a shared framework, the tool supports
coordinated actions across these disciplines. In the Netherlands, primary care is characterized by
the central role of general practitioners (GPs) as gatekeepers and coordinators, supported by allied
health professionals and community-based services (12). Recently, the Decision Support Tool for
Functional Independence (DST-FI), an interprofessional instrument for personalized assessment of
FI, hasbeen developed and validated. The DST-FI can help to betteridentify people with decreased Fl,
support tailored professionalinterventions, and stimulate interprofessional collaboration to prevent
further decline of FI (13). The DST-FI tool shows promise in addressing barriers in interprofessional
collaboration through facilitation of communication, clarification of roles and responsibilities,
fostering mutual respect, and promoting a shared understanding of goals and objectives (16). The
tool incorporates three essential components. First, measurement involves the use of the validated
Core Outcome Set Functional Independence (COSFI), which determines the level of FI (14). Second,
through matching, individuals are categorized into one of four established FI subgroups based on
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their COSFI scores (13). Third, in the generation phase, tailored recommendations are provided,
suggesting the most suitable healthcare professional(s) for their specific situation (15) (Figure 1).

The level of The best fitting Appropriate
Functional profile treatment-
Independence recommendations
Using the: Well Literated For maintenance of
Core Outcome Set  J Achievers Functional
Functional Good Copers Independence
Independence Receivers
Level Profile Recommendations

Figure 1 The Decision Support Tool for Functional Independence (DST-FI), designed for assessing Functional
Independence (Fl), incorporates three essential components: Measuring, Matching, and Generating.

The development of the DST-FI was part of a multi-phase research project, including a scoping
review, expert consultations, psychometric validation of the COSFI, and co-design sessions with
stakeholders. These steps provided the foundation for the current study, which focuses on the
potential implementation of the tool in practice (3,14-16). Despite the potential of the DST-FI to
facilitate professionals in supporting older adults in maintaining their FI, implementation has
proven challenging so far. Prior studies emphasize the need for a systematic, evidence-based
approach when implementing innovative tools such as the DST-Fl in primary healthcare (17,18). In
this process, mapping context-specific barriers and facilitators indicated by relevant stakeholders is
the first crucial step for effective implementation. One of the most important factors influencing the
implementation of decision tools such as the DST-Fl in primary healthcare isindividual professionals’
motivation to incorporate the tool within their organizational setting. This is determined by the
perceived added value of using the tool (19). This added value may be perceived in, for instance,
improved work efficiency, allowing them to perform the same tasks with less effort or time. Another
crucial factor is the perceived value to improve the quality of care for the patient (20). Moreover,
an important condition for effective implementation is organizational support for the innovation,
which includes alignment with the mission and management support (21). Lastly, financial and
logistical support are the main facilitators for implementing prevention programs in Dutch primary
care (22). While the mentioned requirements are generic, there are distinctive features of the DST-
FI that demand specific attention. Firstly, the tool aims to encourage the involvement of multiple
disciplines, fostering interprofessional collaboration. Secondly, it targets individual-level functional
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independence (FI) decline and appropriate care. However, little is known about the practical
conditions for implementing the DST-FI in primary care. Previous studies have not examined the
perceived barriers and facilitators among the intended user groups. Therefore, make it the goal of
the present study is to identify barriers and facilitators for the successful implementation of the DST-

Fl tool in Dutch primary care.

METHODS

Research Setting and Design

We used a qualitative exploratory design to gain insights into the barriers and facilitators experienced
by multiple stakeholders regarding the use of the DST-FI tool in primary care (22). The study was
part of an overarching research project (13) (4,13-15) aiming at the early identification of Fl decline
among community-dwelling older persons and the development, evaluation, and implementation
of the DST-FI in a community (health)care setting in the Netherlands. At the time of the study, the
DST-Fl was still under development and not yet available for routine clinical use.

Participants and sampling
Healthcare professionals

Healthcare professionals were purposefully sampled based on a stakeholder analysis using the
Interactive Systems Framework for Dissemination and Implementation (ISF)(23). The ISF describes
three systems involved in implementation: Synthesis and Translation, Support, and Delivery. In
previous projects, the research team has primarily operated within the Synthesis and Translation
system. For this study, however, the focus shifted to understanding the roles and needs within the
Delivery and Support systems, as these are most relevant for implementing the DST-FI in daily
practice. Various primary care professionals from different settings, including mono-disciplinary
primary care practices and multidisciplinary healthcare centers, were recruited. This included
general practitioners, nurses, social workers, therapists, and sports coaches. Based on prior research
and the Interactive Systems Framework (ISF), managers from the social domain and physiotherapy
were specifically recruited due to their key roles in facilitating implementation processes (21). A flyer
with a call to participate in the study, addressing Health Care and Social Care professionals and
managers, was spread by e-mail within the network of the research group. In addition, the social
media channels of the research group displayed the flyer.

Inclusion criteria for care professionals were: (1) working as a healthcare or social professional in
primary care, and (2) working with the target group of individuals aged 65 and older. For healthcare
management professionals, it was required that they be managers of care professionals treating
individuals aged 65 and older. Eligible professionals who responded to the call received an
information letter about the study at least one week before the interview took place, followed by a
telephone call to schedule the interview appointment. Before the onset of the interview, participants
signed informed consent.
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Older adults

Additionally, two specific groups of individuals aged 65 and older were purposefully sampled.
Physiotherapists within the researchers’ network were requested to identify interested participants
for one group and distribute the research invitations to them. In the case of the other group,
invitations were sent directly to members of the Utrecht Elderly Care Network (NUZO). NUZO is a
network comprising seniors and representatives from institutions in the fields of care and well-being
(www.nuzo-utrecht.nl). It aims to stimulate and enhance the quality of life for seniors in the province
of Utrecht, Netherlands. Inclusion criteria were: 1) age 65 or older and 2) sufficient understanding of
the Dutch language. This approach was crucial for validating barriers and facilitators for instrument
use among the target population. Similar to the professionals who participated in the study, eligible
older adults signed informed consent before the onset of the focus group.

Data collection
Interview Framework

In this study, we used the Consolidated Framework for Implementation Research (CFIR) as the
basis for our interview framework, as it offers a structured and comprehensive approach to
assessing factors that influence implementation processes (24). CFIR consists of five domains:
Innovation, Outer Setting, Inner Setting, Characteristics of Individuals, and Implementation
Process. Each domain includes a range of constructs that help explore barriers and facilitators
at different levels of an implementation environment. Based on existing literature on the
implementation of similar decision support tools, we selected three domains: Innovation,
Outer Setting, and Individual, as the most relevant for this study context. This focused
selection was made to ensure content relevance while minimizing respondent burden (25)
The selected domains and constructs informed both the design of our interview guide and the
subsequent analysis. In our study, the Innovation domain referred to perceived characteristics of
the DST-FI itself (e.g., usability, adaptability); the Outer Setting captured contextual factors such
as patient needs and inter-organizational collaboration; and the Individual Characteristics domain
focused on professionals’ knowledge, attitudes, and self-efficacy regarding the tool. (19-22).
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Table 1 Selected domains and associated constructs from The Consolidated Framework for Implementation Research
Consolidation Framework (CFIR), including its definitions (Interview Guide Tool (available at https://cfirguide.org/

guide/app/#/).

Implementation
domains

Implementation Construct

Definition

Innovation domain Innovation Relative advantage
Innovation Evidence Base

Innovation Adaptability

Innovation Complexity

Innovation Design

Innovation Cost

Individuals domain Roles

Knowledge & Beliefs about the
Intervention

Self-efficacy

Individual Stage of Change

Other Personal Attributes

Outer Setting Patient Needs & Resources

domain

Tension for Change

Relative Advantage

Needs and Resources

Stakeholders’ perception of the advantage of
implementing the intervention versus an alternative
solution.

The degree to which an intervention can be adapted,
tailored, refined, or reinvented to meet local needs.

Perceived excellence in how the intervention is bundled,
presented, and assembled.

Costs of the intervention and costs associated with
implementing that intervention including investment,
supply, and opportunity costs.

The roles applicable to the project and their location in
the Inner setting or Outer setting

Individuals’ attitudes toward and value placed on the
intervention as well as familiarity with facts, truths, and
principles related to the intervention.

Individual belief in their own capabilities to execute
courses of action to achieve implementation goals.

Characterization of the phase an individual is in, as
he or she progresses toward skilled, enthusiastic, and
sustained use of the intervention.

Coding between Tension for Change, Relative
Advantage, and Needs and Resources of Those Served
by the Organization.

Statements that demonstrate a strong need for the
intervention and/or that the current situation is
untenable.

Statements that demonstrate the intervention is better
(or worse) than existing programs.

Statements regarding specific needs of individuals that
demonstrate a need for the intervention but do not
necessarily represent a strong need or an untenable
status quo.

The interview guide for all participants utilized questions derived from the CFIR Interview Guide

Tool (IGT)(26). The interview questions were translated into Dutch and culturally adapted to suit the

specific stakeholder context by the first author. Additionally, the questions underwent peer review

by the other authors. The interview guide is presented in Appendix A.



Chapter7

Interviews with professionals

Structured interviews according to the prepared interview guide explored participants’ perceptions
of barriers and facilitators to the use of the DST-FI tool in usual care. Guided prompts enabled
gathering more information. These prompts consisted of sections from the DST-FI prototype, and
a demonstration model of the prototype was presented to clarify the usage of the DST-FI tool.
The main focus of each interview varied depending on the participant’s role; Interviews with
professionals in management positions focused on identifying barriers and facilitators at the
management level and explored the integration of the innovation within the organizational context
(CFIR outer setting and innovation domain). Conversely, interviews with healthcare professionals
highlighted individual motivation, the role of the individual, and the perceived added value of
the innovation for both the individual and their patients (CFIR individual domain and innovation

domain).

Iterative adaptation of the interview guide after each interview allowed for a deeper understanding
of facilitators and barriers, as adjustments were made to enhance contextual responsiveness
and collect more comprehensive and relevant data (27). The process of participant inclusion was
concluded when theoretical saturation was reached, indicating that no new information was
obtained from subsequent interviews (28). This applied to the overall participant group; saturation
could not be claimed for the small subgroup of managers. Face-to-face interviews, both online and
in-person, lasted approximately one hour and were audio-recorded.

Focus groups with older individuals

Additionally, structured focus group meetings were conducted with the two groups of older
individuals. These focus group discussions, lasting approximately one hour each, were audio
recorded. The focus of these group conversations primarily centered on the practical perspectives
of utilizing the tool within the target population of community-dwelling older people. This
encompassed aspects such as the measurement process and the referral process, both aimed at
promoting functional independence among community-dwelling older individuals.

The first author (EM), with prior experience in conducting interviews, conducted all the interviews.
Additionally, before commencing the interviews, a test interview was conducted to assess the
translation of the questions into Dutch. To further enhance the interviewing skills of the first author,
feedback was sought from two experienced colleagues regarding the questioning style and probing
techniques. The interviewer had no prior acquaintance with the professionals or involvement in the

care of older persons.

Analysis

Audio recordings of both interviews with professionals and focus groups with older adults were
first transcribed verbatim. After pseudonymization, where each participant was assigned a unique
pseudonym, personal information was de-identified, preserving data integrity for analysis and
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reporting purposes. The pseudonyms, known only to the research team, were securely stored
separately from the collected data to ensure anonymity. When participants agreed to this, a member
check was conducted, and relevant information suggested by the participants was incorporated into
the analysis to enhance its comprehensiveness.

We used a combination of inductive and deductive methods to analyze the derived data. Data
collection and analysis occurred in an iterative manner, allowing insights from early interviews to
inform subsequent data collection and interpretation. Although the coding was partly guided by
three predefined CFIR constructs: intervention characteristics, inner setting, and characteristics
of individuals, the overall analytic approach was interpretive in nature. This allowed for the
identification of additional CFIR constructs as well as factors beyond the CFIR framework, enabling a
richer understanding of underlying meanings and patterns. The process of data analysis is presented
in Figure 2.
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Figure 2 Schematic representation of the analysis process, involving a combination of inductive and deductive
analysis methods, aimed at mapping barriers and facilitators associated with the implementation of the DST-FI tool.

Initially, a deductive analysis to identify emerging themes and sub-themes from the data was
performed (29,30). When data fragments appeared significant but did not directly align with the
domains from the CFIR-based code tree, they were analyzed inductively. Based on this analysis,
themes from the deductive and inductive analyses were merged, and new themes were added.
This approach allows themes to emerge directly from the data and accommodates themes that
fall outside the scope of CFIR but are still relevant to the implementation of the DST-FI. It also
considers the broader context of the literature by utilizing the CFIR framework. To ensure interrater
agreement, the second coder (DB) independently coded 10% of the transcripts. Discussions with
members of the research team on the emerging analysis further validated the rigor of the qualitative
analysis. A consensus approach was used to build agreement about the emerging themes, with any
disagreements resolved by discussion and review of the data and coding. During team discussions,
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the emerging thematic analysis was considered to CFIR and deductively organized by the relevant
CFIR domain areas. Subsequently, the potential themes were reviewed and reorganized. The first
and second authors refined and named the themes and subthemes, resulting in a final overview of
potential barriers and facilitators. Only the themes relevant to the development and implementation
of the DST-FI tool in the current context of older persons in primary care were retained for the final
selective presentation and analysis. This selective approach allowed for a more comprehensive and
nuanced exploration of the identified barriers and facilitators concerning the context of interest (30)

The qualitative data were analyzed using Atlas. ti software (version 23.3.4) (31).

Ethical considerations

The Medical Research Involving Humans Act (Dutch: WMO) did not apply to this research because
it does not relate to medical scientific research, participants are not subjected to procedures or
required to follow rules of conduct, and there is no violation of the physical and/or psychological
integrity of the subjects. Written informed consent from respondents was obtained before they
participated in the interviews, which were conducted between March and September 2023.

RESULTS

Characteristics of participants

The study included thirteen healthcare professionals. Participants were one general practitioner,
four (geriatric) physiotherapists, three (district) nurses, three occupational therapists, one manager
in the social domain, and one in the health care domain. Additionally, two focus groups were
conducted, with a total of eight participants aged 65 and above (N=4 and N=4). Years of experience
were not part of the formal inclusion criteria, but were considered during recruitment to ensure
diversity of perspectives. A comprehensive overview of participant characteristics is available in
Tables 2a and 2b.
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Table2a: Overview of health care professionalsincludedin the study on barriers and facilitators forthe implementation
of the Decision Support Tool - Functional Independence.

Participant Profession Work experience Work setting Gender
pseudonym
GPT 1 Physical therapist specialized in geriatrics 5-10 years Primary care Male
and board member Professional Association
Geriatric Physiotherapy
PN Practice nurse for general practitioner >10 years Primary care Female
CN1 Community nurse <5years Primary care Female
GPT 2 Physical therapist specialized in geriatrics >10 years Secondary care Female
GP General practitioner 5-10 years Primary care Female
PT1 Physical therapist and Manager of >10years Primary care Male

Physiotherapy

MSW Manager in social work >10 years Primary care Male
PT2 Physical Therapist <5years Secondary care Female
PT3 Physical Therapist <5years Primary care Male
oT1 Occupational therapist >10years Primary care Female
oT2 Occupational therapist <5years Primary and Female
Secondary care
0oT3 Occupational therapist 5-10 years Primary care Female
CN2 Community nurse specialist >10years Primary care Female

Abbreviations: GPT = Geriatric Physical Therapist; PT = Physical Therapist; PN = Practice Nurse; GP = General Practitioner; CN = Community Nurse;
OT = Occupational Therapist; MSW = Manager in Social Work

Table 2b: Overview of older persons included in the study on barriers and facilitators for the implementation of the
Decision Support Tool - Functional Independence.

Group Setting Male/Female Age (years)

OP group 1 Therapeutic Exercise Group in a Physio- 0/4 70-91
therapy Practice

OP group 2 Utrecht Elderly Care Network 1/3 70-75

Abbreviation: OP = Older persons

Study outcomes

A diverse range of themes emerged from the interviews with professionals and older individuals
as barriers or facilitators for the implementation of the DST-FI, encompassing virtually the entire
spectrum of constructs within the CFIR domains. While our interview framework was initially based
on three selected CFIR domains, additional domains, such as Inner Setting, emerged inductively
during analysis and were therefore incorporated into the final results. To improve clarity, Figure
3 presents only the identified themes categorized within the three CFIR domains selected for this
study: Innovation, Outer Setting, and Individual Characteristics. Additional themes that emerged in

relation to other domains (e.g., Inner Setting and Process) are included in Appendix B.
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Figure 3: Overview of barriers and facilitators categorized by the selected CFIR domains.

To provide a focused and practically relevant overview, we selected three key barriers and three

key facilitators to present in detail. This selection was based on a matrix developed by the first two

authors, in which all identified themes were scored on relevance to current practice, frequency

across stakeholder groups, and perceived urgency as expressed by participants. The highest-scoring
themes were discussed with the research team, and final selection was based on group consensus.
Facilitating themes included the tool’s potential to support well-informed decision-making and
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enhance multi- and interprofessional collaboration. While these are characteristics of the DST-
Fl itself, participants perceived them as potentially supportive of implementation. In addition,
alignment with societal and policy developments was identified as a broader facilitating factor.
Reported barriersincluded the lack of a concrete follow-up step, time constraints, unclear ownership
among stakeholders, and challenges in reaching the target population preventively. These themes
were further explored in detail, meaning that we analyzed their position within the CFIR and
attempted to establish relationships with other domains and themes. Additionally, to illustrate these

themes corresponding to the CFIR constructs, we provide quotes from different participants.

Facilitators to the implementation of the DST-FI tool
Addressing Associated Societal Pressures

A facilitating theme for the potential implementation of the DST-FI instrument encompasses a
large portion of the constructs within the outer setting domain, such as local attitudes, policies
and laws, and societal/external market pressure. Participants indicate that FI aligns with societal
developments, healthcare policy, and institutional policy, and is considered relevant within care
for older persons. This conviction of the participants emphasizes the relative advantage of the
innovation, which could motivate them to use the tool in practice.

Older persons group 1: “There should be more attention from the government for ageing and
prevention. It’s time we take this seriously.”

Geriatric Physical Therapist 1: “ | believe that obtaining Functional Independence or maintaining
Functional Independence is of vital importance in current societal developments, as long as we
can help individuals retain or regain their Functional Independence.” “This significantly reduces
the demand on the healthcare sector.”

Moreover, participants expressed a belief that through the use of the tool, they can contribute to
what they consider a significant societal issue.

Physical Therapist 3: “I think it’s very useful that there is consideration given to addressing this
issue, as I believe it’s a common problem for older individuals to remain in a situation that is not
safe or okay for too long, and that could potentially have been prevented. | believe this tool could
contribute to the prevention of such situations.”

Potential for Multi and Interprofessional Collaboration

Another theme that could enhance the implementation of the DST-Fl tool is its potential contribution
to interprofessional collaboration. Several participants highlighted the need for improvement in
this collaboration area and acknowledged its urgency in their current work situation. The overview
(Figure 3) illustrates an interaction between the Inner Setting: Tension for Change, Relational
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Connections, and the Relative Priority. Prioritizing the improvement of multi- and interprofessional

collaboration could facilitate the implementation process.

General Practitioner: “Yes, the Community Sports Coordinator, we do know who it is, but at the
moment, we don’t have sufficient contact with them, I think. It’s something we’re working on to

improve.”

Physical Therapist 3: “l also work in another department, and there we actually have no meetings or
coordination, and we often work in isolation, which sometimes results in longer patient stays due to
the delay in decision-making. You have to wait for an available spot, incurring additional healthcare
costs and burdening the patient.”

Older Persons Group 1: “Collaboration. ‘Those professionals should be able to work together

.....right now it’s going in different directions.”

Well-informed Decision-Making

Participants highlighted the importance of using an evidence-based innovation, offering a clear
advantage compared to current practices. The innovation’s design presents various options and
the rationale behind choices, fostering ‘the right care at the right place’ and enhancing overall
care quality. Moreover, the tool’s evidence-based content informs professionals about different
possibilities, promoting shared decision-making. This multifaceted function not only highlights
a relative advantage over existing practices but also emphasizes the tool’s potential to enhance
patient care, thereby motivating professionals to adopt it, driven by the added value for the patient
in the individual domain.

Occupational therapist 1: “I think the decision support tool can provide valuable guidance in

determining the relevance of various healthcare professionals for the patient”.

Physical Therapist 1: “Yes, the tool certainly makes things clearer and more concrete in terms of
the basis for your decisions. | believe that, at the moment, we come up with many things implicitly

or in our minds, but we likely have blind spots.”

Older Persons Group 1: “I think it really adds value, because it’s a structured assessment. That

makes it feel more serious and useful.”

Older Persons Group 2: “| think the added value lies in that, you know. That you have multiple sub-
areas. So, you conduct a systematic investigation. Consequently, you get a realistic representation
at that moment of the situation the older person is in. I think that’s the beauty of it. The coherence.”
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Barriers to the implementation of the DST-FI tool

Limited Applicability

Atheme that emerged from both the innovation domain (adaptability) and the inner setting domain
(compatibility) isthat professionals considered the tool less applicable fora portion of the population
they encounter in practice, for instance, individuals with cognitive problems or diminished health
literacy skills. To increase the practical feasibility of the DST-FI’s recommendations for these groups,
participants proposed incorporating a concrete follow-up step. This refers to including clear,
actionable next steps, such as the name and contact details of a relevant professional (e.g., a local
physical activity coach), or even facilitating the referral process directly. They indicate that the added
value of using the tool in practice is related to the number of individuals for whom they can employ
the tool. They believe this adjustment would make it more likely for them to use the tool, as it could

then be applied to a larger portion of the population.

Physical Therapist 3: “If you want to stimulate Functional Independence, you would naturally say:
make the appointment yourself and call the physiotherapist yourself, maybe providing a phone
number for one nearby or suitable. But if you want to reach the more passive population, it might
be better to arrange it for someone because they might otherwise think more quickly: well, I’'m not
interested in that, | can’t do it all.”

Time

Professionals express a negative stance toward the use of an additional tool, emphasizing the
necessity for integrating the DST-FI tool into existing healthcare processes and systems to ensure its
efficiency. From both the inner and outer settings, the constraint of time was mentioned. External
pressures and local conditions in the outer setting create time and workload pressure on healthcare
professionals. Similarly, within the inner setting, a culture prevails where there is a substantial
amount of work with limited time available. This contributes to tension for change, indicating a need

for a more effective way of working

Physical Therapist 1: “General practitioners are simply terribly busy. Occasionally, we do more
frequent, shorter visits. But, in reality, we don’t have time to add these kinds of extensive things
to our workload’. ...... Well, in terms of time, it can help to carefully examine what is already

included in the existing screening tools and what is here”.

Ownership

Another theme that could negatively impact the potential use of the DST-FI tool is identified in the
individuals’ domain, encompassing both individual characteristics and innovation deliverers. The
findings reveal uncertainty about the intended professional for administering the DST-FI tool. The
results distinctly show a divergence between professionals in the field of physical therapy and other
disciplines, with physical therapists feeling capable of administering the DST-FI tool, while those in

other disciplines do not feel capable and consider the administration of the associated tests outside
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their scope. Many participants expressed that physical therapists are perceived as the intended
professionals for administering the tool. If participants do not see themselves as the intended
professionals forimplementing the DST-FI tool, they are less likely to adopt it.

Physical therapist specialized in geriatrics 1: “Which professional should use this decision support
tool?”

Occupational therapist 2: “... those tests, that’s physiotherapy, | cannot administer them, am not

allowed to administer them, or it should be specifically done by a physiotherapist.”

Potential for Preventive Population Outreach

Participants expressed the value of using the tool preventively to maintain Functional Independence
in older adults in the community. However, they expressed concerns about reaching this target
population, which could be associated with the Innovation Recipients domain (figure 3). They voiced
doubts about the preventive use of the tool, as this group might be resistant to its adoption. Quotes
concerning this theme emerged from the data and could not directly be coded using the deductive
coding approach but were eventually added to the comprehensive model through inductive analysis

(Figure 3).

Practice nurse: “How do we identify these people? That’s really what we’re busy with here”.

Physical Therapist 1: “Of course, we also have older persons who are very stubborn and refuse to
accept any advice. While you’re thinking, this is clearly not going well, and it’s going to be a major
crisis if help doesn’t arrive sooner.

DISCUSSION

This exploratory qualitative study aimed to map potential barriers and facilitators relevant to
implementing the novel DST-FI tool in the specific Dutch primary care context. A total of seven
themes emerged, with 3 themes indicating potential facilitators and 4 themes pointing to potential
barriers to the implementation of the tool. This study highlights the complexity of implementing this
tool, where determinants across different domains are interconnected and mutually influence one
another, furthermore emphasizing the challenge of successful implementation in the community

since there is not one single theme that can be identified as a key barrier or facilitator (39).

Potential facilitators

Two facilitators found in this study, i.e., “potential for multi- and interprofessional collaboration”
and “well-informed decision-making”, originated from the CFIR domain “Innovation” based on
the constructs of relative advantage, evidence base, and design. These findings highlight how
aspects of the healthcare innovation may influence potential implementation. Characteristics

that offer a relative advantage compared to the current situation are considered incentives for the
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implementation of the innovation (32). Our findings on the importance of these different aspects
of the DST-FI tool are consistent with studies that have examined how intervention features, such
as evidence-based action based on measurement data, could positively influence implementation
(33,34). Additionally, the third facilitator identified in this study, which was addressing associated
societal pressures, aligns with the literature suggesting that characteristics in the ‘Outer Setting,
including ‘Patient Needs’ and ‘External Policy, may positively influence the utilization of a tool like
the DST-FI tool in practice (33,35). Overall, these facilitators may influence individual healthcare
professionals to consider adopting the tool. This is consistent with existing literature, emphasizing
the significant influence of individuals’ motivation throughout the implementation process of
healthcare innovations (36). In addition, Cooper et al. identified in their review on implementing
community-based physical activity interventions several studies emphasizing that positive attitudes
and beliefs contribute to successful implementation (37-39). When individuals implementing
the intervention recognize the value of the intervention, they act as key facilitators for successful

implementation (40).

Potential barriers

Although the CFIR domain “Innovation” revealed several facilitating themes, respondents indicated
that there are also aspects of the innovation that may harm the practical use of the tool. The absence
of a concrete follow-up step in the design of the tool could hinder its broad applicability in practice.
This undermines the potential added value of the innovation in practice, whereas this added value
is considered a crucial facilitator for implementation (41). In addition, an important barrier is time
(inner setting domain). The tool’s integration within the work processes of healthcare professionals
emerges as a crucial theme for successful implementation. This is in line with existing literature
indicating that an implementation strategy, involving the adaptation and integration of a health
innovation into the established work organization, is more likely to be successful compared to an
approach where such integration is lacking (42,43). This is necessary due to the increased workloads
recognized in this study for healthcare professionals and the limited time available, specifically in
the care of older patients (44). Furthermore, the barriers associated with the ‘ownership’ theme,
within the CFIR ‘Individuals’ domain, could be minimized by integrating them into the regular care
provided by the physical therapist. Participants indicate that this professional is already familiar with
the physical tests included in the DST-FI tool, making them the most feasible option in terms of both
time and cost efficiency. The significance of time as a potential barrier in the implementation process
within the healthcare landscape is consistent with previous research conducted by Pratt et al., who
investigated the implementation of a web-based clinical decision support tool designed to identify
and provide care recommendations in primary care. (19). Lastly, a barrier encompassing multiple
CFIR domains is “preventive population outreach.” This means that professionals emphasize the
importance of being able to use the tool preventively; however, they point out that they do not come
across this segment of the target population in practice. This poses a challenge in implementing
the tool for these individuals, as reaching the target group for preventive measures is known to be
difficult, as highlighted in the literature (8).
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Strengths and limitations

This explorative qualitative study using the CFIR has two noteworthy methodological concerns,
and, conversely, it possesses three strengths. The first strength of the study lies in using the CFIR to
guide our analysis. The framework was instrumental in efficiently identifying and organizing data
across domains that evidence shows have a significantimpact on implementation effectiveness (45).
Therefore, our research emphasizes the usefulness of employing the CFIR for a systematic evaluation
of facilitators and barriers to implementing innovations in primary care. A methodological concern
relates to the comprehensive nature of the CFIR domains, which may have contributed to a more
abstract level of analysis. This broad scope may, at times, make it difficult to capture highly specific,
context-dependent insights related to the studied innovation. Rather than interpreting this as a
limitation of the framework itself, we regard it as a reflection of the way in which the framework was
applied in this particular context. The second strength results from integrating the coding with the
derived CFIR codebook and incorporating inductive analysis of themes not directly aligning with
the CFIR-guided codebook. This approach contributed to expanding our findings by comparing
interpretations from diverse perspectives. The second methodological consideration relates
to the fact that the CFIR does not prescribe which domains or constructs are most relevant for a
particularimplementation context(46). As a result, the research team made deliberate choices about
which themes to highlight in the findings, based on relevance and consensus (47). Lastly, the third
strength of the study lies in the composition of the study population. To enhance objectivity and
mitigate potential bias, we deliberately included diverse representatives from the ISF. Prior research
underscores the pivotal role of end-users as stakeholders for healthcare professionals, emphasizing
their focus on patient satisfaction and the personal goal of delivering optimal care (47). In line with
this, we incorporated a group of older individuals to validate the barriers identified by healthcare
professionals and explore the potential use of the tool in clinical practice. This approach allowed us
to confirm whetherthe barriersindicated by healthcare professionals were realistic when considering
the perspective of older individuals, providing valuable insights into the potential challenges (48).
While efforts were made to recruit older adults, we were able to include only a small number,
divided across two diverse focus groups. Moreover, participants were recruited via the researchers’
professional network, which may have introduced a degree of selection bias and limited diversity
withinthe sample. These factors mayrestrict the generalizability of findings related to this stakeholder
group. At the same time, we emphasize that older adults were included to validate and contextualize
the perspectives of healthcare professionals. Their input provided valuable insights into whether
the barriers identified by professionals were realistic and relevant from the user’s perspective. In a
later stage of the implementation process, policymakers and institutional board members should
be involved, especially when exploring options to use the DST-FI tool outside the regular treatment
provided by physiotherapists. In addition to the involvement of relevant stakeholders, itisimportant
to consider the broader healthcare context in which the DST-FI is to be implemented. The Dutch
primary care system is characterized by a fragmented organization of services and varying levels
of interprofessional collaboration across regions. While national policy increasingly emphasizes
prevention and the promotion of functional independence, actual implementation often depends
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on local networks, professional ownership, and available resources (12). The DST-Fl appears to align
well with these policy goals, but regional variability may pose challenges to uniform implementation
(49). This highlights the importance of tailoring implementation efforts to local conditions and
contexts. Finally, it should be noted that the transferability of these findings may be limited. They are
closely tied to the structure and organization of Dutch primary care and to the specific composition
of the study population. As such, caution is advised when applying these insights to different
healthcare systems or international settings.

Recommendations

Future research should focus on selecting and designing implementation strategies tailored to the
specific barriers and facilitators identified in this study. For example, strategies emphasizing the
distinct benefits for professionals in practice, such as the tool’s potential to foster interprofessional
collaboration, could be strengthened through approaches like “Promote network weaving”
or “Identify and prepare champions”, as described in the ERIC (Expert Recommendations for
Implementing Change) taxonomy (50). Additionally, the tool should be adapted to apply to a
broad target audience, for example, by incorporating a concrete follow-up step, such as providing
contact information or initiating direct referrals. This adjustment would enhance the tool’s usability
for healthcare professionals in practice. A final recommendation would be to select the most
appropriate healthcare professional for using the tool and to develop further policies based on this
choice. Strategies like “Clarify professional roles” and “Revise professional workflows” may aid in
this process (50).

Conclusions

This study outlines barriers and facilitators specifically relevant to the implementation of the DST-
FI tool in the current context of older persons in primary care. The most important facilitators
focused on the potential for collaboration, well-informed decision-making, and addressing societal
pressures. Four identified barriers encompassed limited applicability, time constraints, ownership
issues, and challenges in preventive outreach. The diversity and complexity of themes affecting
the implementation of the DST-FI tool underscore the need for multifaceted strategies tailored to
the barriers and facilitators present in the specific context. Future research should focus on tailored
implementation strategies, adaptation for a broader audience, and selecting suitable healthcare
professionals for using the DST-FI tool in practice, given its potential to stimulate collaboration
between professionals and address societal pressures.
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List of abbreviations

COSFI: Core Outcome Set Functional Independence

DST-FI: Decision Support Tool for Functional Independence

Fl: Functional Independence

CFIR: Consolidated Framework for Implementation Research

DST-FI: Decision Support Tool for Functional Independence

ISF: Interactive Systems Framework for Dissemination and Implementation
NUZO: Utrecht Elderly Care Network
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APPENDIX A
INTERVIEW GUIDE

Exploring Barriers and Facilitators for the Potential Implementation of the Decision Tool-
Functional Independence in Primary Care

Introduction and explanation

Thank you for wanting to participate in this Q&A today. With this interview, we want to gain insight
into promoting and hindering factors for the use of the Decision tool Functional Independence
(DST-FI). My name is Esther Molenaar, | am a researcher on the project “Samen sterk voor Fysieke
Zelfredzaamheid”. Because the decision tool is still under development, I will show you some
images later to explain how the decision tool works and you can ask any questions you may have.
You also received information about the decision tool before this interview. We hope you were able
to review the information and if you still have questions about it after the explanation, there is still
time to answer the questions before we start the interview. The interview takes a maximum of 60
minutes, for research purposes we record the interview with an audio recorder. After analysis and

transcription, the data is stored anonymously.
Decision tool Functional Independence (DST-FI)

The decision toolis an instrument to support the care or welfare professional in the decision-making
around needed care in Functional Independence. Functional Independence is the ability to function
independently of another person in one’s own environment. The purpose of the tool is to optimize
care around older persons. In doing so, the tool stimulates inter- and multidisciplinary cooperation
for the benefit of this target group.

The decision tool works as follows:.............c...... (show images of the decision aid and go through the

steps).

After visualizing the use of the decision tool and reading the information, do you still have questions

about using the decision aid?
Have all questions been answered?

Interview

The interview will focus on 3 themes* that we have selected based on recent scientific literature:
Characteristics of the Choice Tool

Characteristics of the people who will work with the Choice Aid

The environment in which the Choice Aid will be applied.

If there are no further questions we start the interview.
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Start recording:

My name is Esther Molenaar, today’s date is....., in front of me is......... Are you clear that you are
voluntarily participating in the study and you may stop the interview at any time without giving a

reason?

Start with an open-ended question:

This study is about promoting and hindering factors for using this Choice Tool. What do you think are

important factors that may play a role in your and/or colleagues’ use of the Choice Aid?

Characteristics of the Choice Aid:

How does the decision aid (Physical Self-Efficacy) compare to other similar/similar existing
interventions/choice aids in your practice?

How does the decision aid compare to other alternatives that may have been considered in decision-
making around this target population or that you are aware of?

Is there another intervention/tool that people prefer to use?

Adaptations:

What kinds of changes or adaptations do you think you need to make to the decision aid so that it

will work effectively in your setting?

Who will decide (or what is the process for deciding) whether changes are needed to the decision
aid so that it will work well in your setting? Which people are important for this and what are their
roles (CFIR 2.0 roles).

Are there things/parts that should not be changed at all?

Design quality & packaging:

How do you feel about how the decision aid is presented?

Is what you need to use the decision aid available? Is this difficult or just easily available? Does this
influence you think the use of the decision aid and to what extent?

Costs:

What costs are incurred to implement the intervention do you think?
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Characteristics of the people who will work with the Choice Help:

Start with an open question: This research focuses on the commissioning of the Choice Help physical
self-sufficiency. How do you see your role/function in relation to the commissioning of the physical
self-sufficiency decision aid?

What do you know about the Choice Aid or its use?

Do you think the decision aid will make an effective contribution in your setting?

How do you feel about using the Choice Aid in your setting?

Self-confidence:

How confident are you that you can successfully implement the decision aid?

How confident are you that you can use the decision aid appropriately?

How much confidence do you think your colleagues have in implementing the decision aid?
How much confidence do you think your colleagues have in implementing the decision aid?
How (self)confident(d) do you think your colleagues are in using the decision aid?

Stage of change:

How prepared are you to start using the decision aid?
The environment/setting in which the decision aid is applied:

Start with open question: Can you tell what your work setting looks like/what kind of setting are you

working in?

The setting/setting in which the decision aid will be used.

How aware are you and/or your colleagues, of the preferences and needs of people over 65 visiting

the practice?

Are there specific actions aimed at identifying the needs of people over 65? Can you give an
example of this?

Do you and/or your colleagues see the value of the decision aids for those over 65 that you see in
practice?

If, yes: What do you think is the added value to the older person/client?
If no: Why do you think there is no added value?
Could you explain this using a case study of an older person visiting the practice?

To what extent are the needs and preferences of the over-65s, who visit your practice, considered

when deciding to implement such innovations?

Can you describe specific examples?
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When implemented, will the decision aid be tailored to their needs and preferences?

How well do you think the decision aid will meet the needs of the older persons coming into your

practice?

In what ways will the decision aid meet their needs? E.g. improved care delivery, more insight into
possible next steps, more insight into future perspective, help with self-management, help with

communication with caregivers etc.

Can you give an example of this?

How do you think people over 65 will react to the decision aid?

Why do you think so?

What barriers will these over-65s face to having the associated measurement battery taken?
Why do you think so? Can you explain this with an example?

And what barriers will these over-65s encounter when they want to follow the advice from the
decision aid?
Why do you think so? How do you think this could be remedied? How aware are you and/or

your colleagues, of the preferences and needs of people 65 and older who visit the practice?

Do you and/or your colleagues see the value of the decision aid for people aged 65 and older that

you see in practice?

Wrap-up

After a maximum of 60 minutes, the interview is concluded. The participant is thanked for their
valuable contribution to the study and is invited to express interest in receiving the study results.
Additionally, they are asked if they are open to participating in a potential follow-up member check.

166



APPENDIX B.

Full mapping of identified themes across all CFIR domains, including emergent findings beyond the selected domains.

Exploring Barriers and Facilitators for the Implementation of the DST-FI

167






Chapter 8

Genera [ Discuss ion



Chapter8

GENERAL DISCUSSION

Maintaining and enhancing Functional Independence (FI) in older people has become a top
priority in many healthcare systems worldwide (1). This growing urgency is driven by demographic
ageing and the increasing prevalence of chronic diseases, multimorbidity, and geriatric syndromes
such as frailty, all of which contribute to a higher risk of dependency (2,3). In the Dutch context,
these challenges are further intensified by a shift towards greater reliance on informal care, while
traditional caregiving roles, often fulfilled by women, are increasingly difficult to sustain due to
growing female workforce participation (4). However, translating this policy priority into daily
clinical practice remains challenging. Healthcare professionals often lack a shared language, timely
recognition of declining functioning, and practical tools to systematically assess and support Fl.
Against this background, this thesis aimed to advance the understanding of Fl in older people and
to develop tools that help professionals monitor, interpret, and support independent functioning in
this population.

This chapter aims to provide a comprehensive perspective on optimizing Fl in older adults, with the
ultimate ambition of contributing to improved quality of life and more effective healthcare strategies.
The discussion is structured around a reflection on the main findings, followed by methodological
considerations and implications for practice, education, and future research.

Main findings

A better understanding of Functional Independence (Fl) starts with a clear and shared understanding
of what Fl entails. Chapter 2 presents a working definition of Fl as physically safe and independent
functioning, determined by physical capacity, coping, empowerment, and health literacy. The results
of the cross-sectional study in Chapter 3 demonstrate that the Core Outcome Set Functional
Independence (COSFI) can predict the level of FI with 68% accuracy. Adding the domains of
health literacy and coping to physical capacity significantly improved the model, underlining the
importance of a multidimensional approach. Chapter 4 presents a cluster analysis that identified
four distinct FI profiles among community-dwelling older people. Each of these subgroups benefits
from tailored advice, care, or support to maintain their level of FI. Chapter5 assesses the validity and
reliability of the DST-FI when used by community-care professionals to provide recommendations
for maintaining Flin older people. Results showed high construct and content validity, and moderate
interrater reliability. These findings support the DST-FI’s potential to assist professionals in
preserving Fl, while highlighting the need for further optimisation. Chapter 6 describes the feasibility
of implementing the Decision Support Tool for Functional Independence (DST-FI) in clinical practice.
Older adults found the tool useful for increasing awareness and supporting decision-making, and
would recommend its use. Physical therapists appreciated the concept but reported concerns
about time constraints, integration into existing workflows, and interpretation of results. Chapter
7 explores barriers and facilitators to implementing the DST-FI in primary care, based on insights
from a broad group of healthcare professionals and older adults. Key facilitators included the tool’s
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potential to support informed decision-making and foster interprofessional collaboration. Major
barriers included time constraints, unclear ownership, limited applicability for certain groups, and

challenges in preventive outreach.

Reflection on the main findings

Based on the main findings presented in this thesis, four overarching themes were identified
that form the structure of this discussion. First, the concept of Functional Independence (Fl)
itself is examined, highlighting its relevance in the context of an ageing population. Second, the
multidimensional nature of Fl and its implications for professional practice are discussed. Third,
the heterogeneity among older persons is addressed, underscoring the importance of personalised
and timely care. Fourth, the role of prevention and the challenges it presents are explored. These
reflections are followed by methodological considerations and implications for the organisation of

primary care and for education.

Functional Independence as a fundament of care for older people

This thesis explored strategies to enhance Functional Independence (FI) among older persons,
recognising its value in promoting autonomy, quality of life, and reducing dependency on formal
care. Supporting Fl can help individuals maintain daily functioning, delay institutionalisation, and
reduce pressure on healthcare systems (1,5). The Fl definition and accompanying conceptual model
developed in this thesis offer a practical and structured foundation for professionals to support
older persons through targeted assessments and interventions (6). By offering a shared language
and clear framework, the model enables consistent care strategies and supports both preventive
and rehabilitative approaches (7,8). The focus on Fl also aligns with international trends such as
the re-ablement movement and with current Dutch policy that encourages older persons to live

independently at home for as long as possible (9).

At the same time, several important considerations must be taken into account. First, although
the concept of Fl is internationally relevant, the interpretation and application of Fl, as defined and
modelled in this thesis, are rooted in the Dutch context. Cross-cultural research shows that views
on independence and caregiving differ: while individualistic societies in northwestern Europe
emphasise self-reliance, collectivist cultures tend to value communal caregiving (10,11). This calls
for caution when applying these results in other contexts, where societal values and healthcare
structures may differ (12-14). Second, based on the findings from Chapter 2, the promotion of FI
may place increased demands on community-based healthcare services, necessitating a shift
towards more neighbourhood-oriented and extramural care. This direction aligns with current
Dutch policy, which strongly promotes ageing in place and supporting older persons to live
independently at home for as long as possible (12). However, despite this policy emphasis, the
current care infrastructure is not yet fully equipped to meet these demands. A more proactive and
integrated primary care approach is needed, one that can identify early signs of decline, mitigate
health risks, and prevent unsustainable conditions in the home environment (15). Third, while the FI
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definition and conceptual model introduced in Chapter 2 encompass multiple domains, including
coping, empowerment, and health literacy, the operational focus of the COSFI and DST-FI remains
primarily on physical functioning. Cognitive decline, although frequently co-occurring and highly
relevant to daily independence, is not currently addressed (16,17). This was a deliberate choice
to ensure usability and feasibility in daily practice. However, in practice, it remains important to
consider cognitive functioning alongside Fl, particularly when interpreting results or deciding on
interventions. Mild cognitive impairment can significantly influence a person’s ability to function
independently, even when physical functioning appears intact (18). Therefore, future versions of the
tool could benefit from including a brief cognitive screening component. This would enable a more
holistic assessment of Fl and support better tailoring of care strategies, particularly in cases where
cognitive and physical factors interact. Until such integration is realised, professionals interpreting
COSFI or DST-FI outcomes should remain alert to possible cognitive problems and, where relevant,

complement Fl assessment by consulting a specialist in cognitive functioning.

Altogether, the FI definition and conceptual model offer professionals a meaningful foundation to
strengthen the independence and quality of life of older persons within a complex and evolving care

landscape.

The importance of Interprofessional Collaboration and T-shaped professionals

Findings from Chapters 6 and 7 show that interprofessional collaboration is essential
for the effective use of the DST-FI. Professionals indicated that responsibilities are often
unclear, communication between sectors is limited, and collaboration does not always
happen as intended. At the same time, the DST-FI appears to support collaboration by
providing a shared language and structure that professionals can use to coordinate care.
In this context, the role of healthcare professionalsis evolving. Increasingly, professionals are expected
not only to master their own discipline but also to collaborate effectively across domains. One way to
support thisis through the development of T-shaped skills: professionals who combine deep expertise
in one area with a broad understanding of related domains. This skill profile is intended to promote
integrated, person-centred care by fostering adaptability and communication across disciplines.
Such cross-disciplinary competencies can reduce fragmentation and strengthen collaboration
in healthcare settings (19). However, prioritising breadth over depth in educational programmes
may come at the expense of specialised expertise (20,21). Finding the right balance
between disciplinary depth and cross-domain understanding will therefore be essential.
In addition, interprofessional collaboration does not occur automatically and must be actively
supported (22). This requires structural conditions such as sufficient time, clear communication
channels, and organisational support. Without these, even well-intentioned professionals may struggle

to collaborate effectively in daily practice.

This thesis contributes to this discussion by showing how a shared framework, such as the DST-FI,
can help bridge professional boundaries. Rather than replacing specialist knowledge or disciplinary
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depth, the tool encourages professionals to align their perspectives and combine their expertise
with broader, cross-disciplinary understanding. In this way, the DST-FI both requires and reinforces
interprofessional collaboration, which is essential for delivering high-quality, integrated care in
ageing societies (23).

Balancing Personalised Care and Feasibility

A promising way to balance personalised care with practical delivery lies in the use of care
profiles: groupings based on shared characteristics or levels of need (24). In mental healthcare, for
example, stepped care models have been used to match treatment intensity to patient profiles,
improving both outcomes and resource use (25). Similarly, in geriatric rehabilitation, functional
profiles can help guide treatment goals and team coordination (26). These studies illustrate how
profile-based care can support responsiveness within a structured framework. When combined
with decision-support tools, this approach can facilitate complex decision-making and promote
consistency in care delivery (26). While, several studies have noted that such tools may also
risk oversimplifying care or reducing professional autonomy when applied too rigidly (27).
However, putting personalised care into practice remains difficult, given workforce
limitations, scalability issues, and resource constraints (28). In contrast, standardised
models offer consistency and cost-effectiveness, but often at the expense of person-
centeredness  (29). Profile-based care can help reconcile these tensions (30).
This thesis contributes to this discussion by developing and evaluating the DST-FI: a decision-
support tool that provides tailored recommendations based on four distinct FI profiles
(Chapter 4). The DST-FI helps professionals structure their decisions while preserving space
for clinical reasoning and individualisation. In Chapter 5, professionals described the tool
as a helpful guide, especially for interdisciplinary collaboration and care planning. At the
same time, they reported challenges in applying it consistently, particularly when it did
not fully align with existing routines or when patient needs fell between profile categories.
These findings align with earlier concerns that decision aids must support, rather
than replace, professional judgement (31,32). The success of tools like the DST-
FI depends on their ability to adapt to real-world contexts, support reflective
practice, and remain flexible enough to accommodate individual variation (33,34).
In this way, the DST-FI offers a concrete and practice-based contribution to personalised care:
it supports profile-based decision-making while respecting the complexity of individual cases.
However, its successful integration into routine care still requires deliberate implementation efforts.
Generating the knowledge and tools is only the first step; embedding them into daily practice
remains a key challenge for the coming years.

Preserving Functional Independence: From Barriers to Opportunities

Although the DST-FI may help tailor treatments to the individual needs of older people, the
challenge lies in proactively supporting Functional Independence (FI) over the long term (29,32).
Preventive strategies, such as those explored in this thesis, are often considered complex to
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implement, especially in healthcare systems traditionally geared towards reactive, curative
care models (28,35). Yet this complexity does not diminish the importance of prevention; it
reinforces the urgency to redesign care systems that currently prioritise cure over prevention (36).
Preserving Fl is not only vital for enhancing the quality of life and promoting social participation
in older people, but also aligns with broader societal and policy ambitions for healthy ageing
(37,38). For example, the Dutch National Prevention Agreement explicitly promotes the integration
of preventive approaches within the healthcare system (39). Although implementation faces
challenges, such as reaching and motivating the target population, there are clear opportunities
to shift the focus (40). Findings from Chapters 6 and 7 show that the DST-FI is considered
feasible in practice. While its preventive use remains underutilised, participants pointed to
opportunities to enhance its deployment. These include embedding the tool within routine
assessments, linking it to existing funding mechanisms for preventive home visits, and using
community-based outreach to improve engagement. Moreover, there is growing knowledge
about what makes preventive implementation successful: early involvement of stakeholders,
alignment with local policy frameworks, and flexible, personalised delivery models (41,42).
Thus, while implementation remains complex, the current momentum in national policy and
growing attention to healthy ageing provide fertile ground for rebalancing the system. The key lies in
translating policy ambition into practical, scalable models that put Fl at the centre of care.

Methodological considerations:

The methodology applied in this thesis, which includes a combination of scoping review,
instrument validation, cluster analysis, qualitative research, and pilot-feasibility methods,
was aligned with the innovative nature of the research questions (43-46). By integrating
a variety of approaches, a more comprehensive and multidimensional perspective was
achieved, enriching the insights obtained and enhancing the validity of the findings (47).
A strength of this thesis is its participatory approach, particularly the focus on co-creation and
engagement with relevant stakeholders, such as healthcare professionals and older persons in the
different studies (Chapters 2, 6, and 7) (48). Nevertheless, the diversity of methods ranging from
quantitativeanalysestoqualitativeinputfromstakeholders,madeitchallengingtosynthesisefindings
into a single, cohesive interpretation of Functional Independence (49). In addition, the full potential
of participatory and inclusive approaches could have been more fully utilised. For example, involving
a larger and more diverse group of older persons in co-design sessions during the tool development
phase, rather than mainly in later evaluation stages, could have deepened the understanding of
user preferences and everyday challenges. Similarly, inviting older persons to participate in early
prototyping or decisions around implementation strategies would have allowed their practical
insights and perspectives to shape more relevant and context-specific adaptations of the tool(50).
Looking forward, incorporating more design-oriented methodologies, such as design thinking
or living lab approaches, could offer concrete next steps to improve user-centredness. These
approaches support iterative development, stimulate creative problem-solving, and help better
align tools like the DST-FI with the daily lives and priorities of older persons (51,52).
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General Discussion

The feasibility and implementation phases of this research included smaller sample sizes, which is
common in practice-oriented innovation studies that prioritise practical relevance over statistical
power (53,54). These small-scale studies provide valuable insights into specific contexts and help to
explore feasibility, usability, and real-world applicability (53). However, the limited sample sizes do
affect the scalability and generalizability of the findings. For example, the results cannot be readily
extrapolated to different care settings, such asacute hospital care ormulticultural urban populations,
where needs and contexts may differ substantially. Nevertheless, the methodologies chosen still
offer a solid foundation for further research. They allow for iterative testing and refinement of the
DST-Flin practice, and form the groundwork for future studies with larger, more diverse samples and
stronger external validity (55,56).

Implications for research

The findings presented in this thesis underline the need for future research with larger and more
diverse samples and the application of implementation science methodologies to strengthen
the long-term applicability of the DST-FI in a broader context. In addition to methodological
expansion, further steps are needed to evaluate the tool’s real-world impact. This includes broader
implementation across different care settings and a structured, longitudinal evaluation of its use in
daily practice (57). Such an evaluation should examine whether the DST-FI supports interprofessional
collaboration and contributes to improved care processes for the older persons it is intended to
serve (58). Monitoring the tool’s adoption and use over time will help identify what works, what
needs adjustment, and how it can be sustainably embedded into routine practice. These insights
will be essential to ensure that the DST-FI continues to provide meaningful support, not only for
clinical decision-making, but ultimately for maintaining and enhancing Functional Independence
among older persons.

Implications for Primary Care

This thesis highlights the importance of maintaining Functional Independence (Fl) as a key
priority in primary care. To ensure timely and appropriate interventions that prevent functional
decline, structural support within the care system is needed (59). Existing proactive primary care
programmes, such as “Om U” in the Utrecht region, have demonstrated the value of systematically
using routine care data to detect frailty at an early stage in general practice (5). Risk-oriented tools

such as the electronic Frailty Index (eFl) play an important role in identifying who may be at risk (60).

The COSFI and DST-FI developed in this thesis offer a complementary perspective: a function-
focused and person-centred approach that supports professionals in exploring what older persons
can and want to do in daily life (Chapter 3).

To further strengthen the role of Fl in primary care and ensure sustainable implementation of these
tools, three key implications can be identified:



Chapter8

Integrate the COSFI into routine primary care

COSFI should be applied as a standard assessment tool for all older persons in primary care, not
just those already flagged as frail. This enables early identification of risks for functional decline and
promotes timely, goal-oriented care planning. It also provides a shared framework for professionals
to discuss function in a structured and meaningful way.

Embed the DST-FI in primary care workflows

Effective use of the DST-FI requires more than just the availability of the tool. It needs targeted
implementation strategies that support professionals in its use, such as training, integration into
existing ICT systems, and clear agreements on when and how to use the tool (61). The DST-FI should
enhance shared decision-making and team-based intervention planning (chapter 6 and 7).

Connect with existing systems for early detection

The COSFI and DST-FI should not replace, but rather complement, existing frailty detection systems
(42). For example, COSFI could be applied after a patient has been flagged through automated risk
analysis (such as the electronic frailty index (60)) to explore functional goals in more depth. This
layered approach can bridge population-level screening and individual-level functional assessment.

To realize these implications, primary care professionals, researchers, policymakers, and health
insurers all have to take their roles. Primary care teams need support in implementing the COSFl and
DST-FI. Researchers should continue evaluating and refining these tools, and system-level actors
should create the conditions to reward proactive, function-oriented care (13,62).

Implications for Education

This thesis highlights the need to integrate Functional Independence (Fl) as a core concept in
healthcare education, ensuring that future professionals are equipped with the knowledge and
skills to assess, prevent, and manage functional decline in older persons. This aligns with existing
national visions on healthcare and ageing, such as the Dutch concept of Positive Health, which
emphasises people’s ability to adapt and self-manage, and the longstanding recommendations of
the Health Council of the Netherlands that promote a focus on functioning and participation rather
than disease alone (63,64).

To realise this in education, programmes should foster interprofessional learning (IPE), enabling
students from various healthcare disciplines to learn with, from, and about each other to improve
collaboration and support personalised care. Embedding Fl as a shared learning objective supports
integrated care delivery and prepares students for the collaborative challenges of future healthcare
practice (65,66). Interprofessional education is particularly relevant in countering the limitations
of traditional, siloed healthcare training, which may lead to uni-professional identities that hinder
effective teamwork (67). Research has shown that students who engage in interprofessional
learning develop stronger collaborative skills and a deeper understanding of their own and others’



professional roles (65). Furthermore, IPE contributes to professional identity formation by fostering
shared values, communication skills, and teamwork competencies, all of which are essential for

supporting Functional Independence in older persons (68).

To align with current trends in education, rich learning environments should be created where
students can experience authentic interprofessional collaboration, both in classroom settings and
during clinical placements (66). An example of this is the SUMMA programme in Utrecht, where
students from medicine and nursing learn to work jointly on real clinical cases (69). Educational
frameworks such as De Nieuwe Utrechtse School (DNUS) promote interprofessional, reflective,
and personalised learning to prepare students for the complexity of modern healthcare (70).
It also promotes co-creation, connection, and responsibility as guiding principles. This vision
aligns with broader educational developments at Hogeschool Utrecht (HU), where context-rich,
interprofessional learning environments are increasingly integrated into healthcare curricula.
These settings offer valuable opportunities for students to develop competencies for personalised,
collaborative care. While not yet explicitly focused on Functional Independence (Fl), such learning
environments offer a promising foundation to further embed FI as a cross-cutting theme in future
interprofessional education across vocational and academic levels (71). Inspired by the DNUS
vision, collaborations are emerging between UMC Utrecht, HU (applied sciences), and MBO colleges
to develop a cross-level approach to health education. Through interprofessional workplace
learning and co-creation across university (WO), higher vocational (HBO), and secondary vocational
education (MBO), students can jointly develop the competencies needed to support Functional

Independence in complex care contexts (70).

This requires a shift towards more integrated and practice-oriented curricula, emphasising active
engagement, experiential learning, and interdisciplinary problem-solving (72). Moreover, these
initiatives should align with institutional policies that support interprofessional collaboration and
lifelong learning. By embedding Fl into core curricula and fostering interprofessional education,
students will be better prepared to contribute effectively to multidisciplinary teams and address
the challenges associated with functional decline in older people. Ultimately, this approach
will strengthen both patient care and the ability of healthcare systems to deal with age-related

complexity.

Final Conclusions

This thesis contributes to the conceptual development of Functional Independence (FI) by offering
an integrated, multidimensional definition that reflects both physical functioning and personal
and contextual factors. It underscores the importance of Fl in older persons and highlights several
directions for future research to enhance its assessment and practical application.

Future studies should explore how this integrated definition can be further refined and applied

across diverse healthcare settings, ensuring its relevance for both clinical practice and research.
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Although the Core Outcome Set for Functional Independence (COSFI) has been validated, more
research is needed to examine its long-term utility and effectiveness in tracking changes in Fl over
time, particularly in relation to health outcomes.

The Decision Tool for Functional Independence and the associated subgroups identified in this
thesis provide a foundation for personalised care. However, further research is required to evaluate
its impact on clinical outcomes and to investigate its predictive value in identifying future decline
inFl.

Implementing the Decision Support Tool for Functional Independence (DST-FI) into routine care
is a critical next step. Future projects should focus on scaling up its use, addressing the practical
challenges of integration, and evaluating its effects on clinical workflows and patient outcomes.
Assessing the (cost-)effectiveness of training programmes for healthcare professionals and ensuring

user-friendly digital interfaces will also be essential for widespread adoption.
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Chapter9

SUMMARY
Staying Functionally Independent

Understanding and Supporting Functional Independence in Older People

As population ageing accelerates worldwide, maintaining and promoting Functional
Independence (Fl) in older people has become a central priority for healthcare systems.
In the Netherlands, recent policy programmes, including the Integrated Care Agreement (IZA,
Integraal Zorgakkoord), reflect a strategic shift towards enabling older people to live independently
at home for as long as possible. However, translating this ambition into daily practice remains
challenging. Professionals often lack a shared language and practical tools to assess and support
older people’s level of Fl in a timely and person-centred manner.

The primary objective of this thesis is to improve the understanding of Functional Independence
in older people and to develop tools that support healthcare professionals in optimising and
maintaining someone’s level of Fl. To achieve this, the thesis includes conceptual development,
empirical validation, cluster analysis, tool development, and implementation research. The broader
objective is to contribute to a shift towards proactive, integrated, and appropriate care that aligns
with the needs and preferences of older people.

Chapter 2 presents a scoping review and expert consultation addressing the conceptual gap
surrounding Fl. Despite its frequent use, there was no consensus on a definition. This chapter
introduces a working definition of Fl as functioning physically safe and independently from others,
within one’s personal context. It identifies four interrelated domains that shape Fl: physical capacity,
coping, empowerment, and health literacy. These elements are visualised in a model designed to

foster a shared understanding of Fl among professionals and to facilitate interdisciplinary dialogue.

After exploring the conceptual model of FI, Chapter 3 focuses on operationalising Fl into measurable
units. To that end, the Core Outcome Set for Functional Independence (COSFI) was developed and
validated. This outcome set supports consistent, multidimensional assessment across disciplines,
thereby addressing the limitations of existing screening methods. COSFI offers a structured, person-
centred alternative to traditional frailty screens. Psychometric analysis shows that COSFI can predict
the level of Fl with 68% accuracy. Notably, including coping and health literacy significantly improves

its predictive power beyond the traditional view on physical capacity alone.

Building on the operationalisation of FI in Chapter 3, Chapter 4 addresses the heterogeneity of
older people’s status of FI by identifying distinct FI profiles using cluster analysis. The four profiles
identified reflect meaningful variation in physical, behavioural, and contextual characteristics,
offering a nuanced view of the multidimensional nature of Fl. The four profiles are as follows: (1)
Performers - Well-informed, who are physically strong, educated, and independent, yet tend to use a
limited coping style; (2) Performers - Achievers, who are also physically strong but have lower coping

flexibility and health literacy; (3) Reliant - Good Copers, who experience some physical limitations
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but compensate with adequate coping strategies and support; and (4) Reliant - Receivers, who face
physical limitations as well as insufficient coping and low health literacy, and are more dependent

on professional help.

Building on the profiles identified in Chapter 4, the Decision Support Tool for Functional
Independence (DST-FI) was introduced. The DST-FI is explicitly designed to support, not replace,
professional judgement and to allow for person-centred decisions based on individual preferences,
goals, and context. The DST-FI guides professionals through three steps: (I) measuring Fl using the
COSFl, (I1) allocating the person to one of the four FI profiles, and (Ill) generating person-centred
care recommendations. Chapter 5 describes the development process and the initial psychometric
evaluation of the tool. Results show acceptable reliability and clinical validity, with professionals
confirming the relevance and applicability of most recommendations. By linking measurement
to meaningful profiles and actionable suggestions, the DST-FI provides structured support for

delivering person-centred care in daily practice.

Chapter 6 examines the feasibility and perceived value of the DST-Fl in practice, based on interviews
and observations among older people and healthcare professionals in primary care. Older people
experienced the tool as relevant and empowering, particularly in helping them recognise early signs
of decline. Professionals appreciated the structured guidance and shared language the tool offered
in interprofessional collaboration. At the same time, they identified barriers such as time constraints,

lack of ownership, and uncertainty about the tool’s preventive use in people not yet receiving care.

Building on the development and evaluation of the DST-FI in earlier chapters, Chapter 7 explores
the broader context of its implementation in primary care. Using qualitative methods guided by the
Consolidated Framework for Implementation Research (CFIR), this chapter presents findings from
interviews with healthcare professionals and focus groups with older adults. Thematic analysis
revealed several key facilitators, including alignment with existing care goals, potential to enhance
interprofessional collaboration, and resonance with current policy priorities around ageing and
prevention (e.g. prevention, ageing in place). At the same time, the study identified four major
barriers: limited applicability in certain contexts, time constraints, ambiguous ownership among
stakeholders, and challenges in reaching older people preventively. These findings highlight the
complexity of implementation and underscore the need for tailored, person-centred strategies that
take into account the specific context of care.

Chapter 8 discusses the integrated findings from Chapter2 to 7 in light of broader debates on ageing,
prevention, interprofessional collaboration, and healthcare transformation. Four central reflections
are offered: (1) the conceptual relevance of Fl as an ideal guiding proactive and person-centred care;
(2) the need to balance individualised care goals with the practical realities of implementation in
routine settings; (3) the importance of T-shaped professional roles and interprofessional education;
and (4) the opportunity, and challenge, of embedding FI within a wider preventive care agenda.
Together, these reflections underscore the need for structural support to embed Fl into policy,
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education, and daily practice, and to enable professionals to work collaboratively across disciplines
to promote healthy ageing.

This thesis improves the understanding of Functional Independence in older persons and
develops tools to support healthcare professionals in optimising and maintaining someone’s
level of FI.
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NEDERLANDSE SAMENVATTING

Zelfstanding blijven functioneren
Inzicht in en ondersteuning van fysieke zelfredzaamheid bij oudere personen

Door de wereldwijde vergrijzing is het behoud van Fysieke Zelfredzaamheid (FZ) bij oudere
personen een steeds belangrijker thema in de gezondheidszorg. Dit thema krijgt onder andere vorm
in beleidsprogramma’s zoals het Integraal ZorgAkkoord (1ZA), waarin gestreefd wordt naar het zo
lang mogelijk zelfstandig thuis kunnen blijven wonen door oudere personen. In de praktijk blijkt
het echter lastig om deze ambitie te realiseren. Zorgprofessionals beschikken vaak niet over een
gedeeld begrippenkader of praktische hulpmiddelen om FZ tijdig en persoonsgericht te beoordelen
en te ondersteunen.

Het primaire doel van dit proefschrift is om FZ bij oudere personen beter te begrijpen en meetbaar
te maken, en om instrumenten te ontwikkelen en te implementeren die zorgprofessionals
ondersteunen bij het optimaliseren en behouden van FZ. Het bredere doel is om zo bij te dragen aan
een verschuiving richting proactieve, geintegreerde en passende zorg die aansluit bij de voorkeuren

en behoeften van oudere personen.

In hoofdstuk 2 onderzoeken we de conceptuele basis voor FZ. Dit hoofdstuk beschrijft een
literatuuronderzoek en expertconsultatie waarmee een werkdefinitie van FZ is opgesteld. FZ wordt
gedefinieerd als ‘fysiek veilig en zelfstandig functioneren, onafhankelijk van andere personen, binnen
de eigen context’. De vierdomeinen die FZ beinvloeden zijn: fysieke capaciteit, coping, empowerment
en gezondheidsvaardigheden. De definitie en vier onderliggende domeinen zijn verwerkt in een
visueel model dat professionals ondersteunt bij het ontwikkelen van een gedeeld begrip van FZ en

interdisciplinaire samenwerking bevordert.

Na het ontwikkelen van dit conceptuele model richt hoofdstuk 3 zich op het operationaliseren
van FZ. Hiervoor werd de Core Outcome Set for Functional Independence (COSFI) ontwikkeld en
gevalideerd. Deze meetset ondersteunt een consistente en multidimensionale beoordeling van
FZ bij thuiswonende ouderen, over beroepsgroepen heen. De COSFI biedt een gestructureerd,
persoonsgericht alternatief voor bestaande meetinstrumenten die zich richten op zelfstandig
functioneren en zich vaak beperken tot enkel de fysieke capaciteit. Psychometrische analyse toont
aan dat de COSFI het niveau van FZ met 68% nauwkeurigheid voorspelt. Het toevoegen van coping
en gezondheidsvaardigheden aan fysieke capaciteit verbetert de voorspellende waarde van het

meetinstrument aanzienlijk.

Op basis van de meting van FZ met de COSFI, onderzoekt hoofdstuk 4 de variatie in het niveau van
FZ binnen een populatie oudere personen. Via een clusteranalyse werden vier onderscheidende
profielen van FZ geidentificeerd. De vier profielen zijn: (1) Performers - Well-informed (fysiek sterk,
goed geinformeerd en zelfstandig, met beperkte copingstijl), (2) Performers - Achievers (fysiek sterk,

maar met lage coping en gezondheidsvaardigheden), (3) Reliant - Good Copers (lichamelijk beperkt,
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maar met voldoende coping en ondersteuning), en (4) Reliant - Receivers (lichamelijk beperkt, met

lage scores op zowel coping als gezondheidsvaardigheden, met meer zorgafhankelijkheid).

Gebaseerd op deze profielen is een praktisch hulpmiddel ontwikkeld voor de zorgpraktijk: de
Decision Support Tool for Functional Independence (DST-FI). Deze tool begeleidt professionals in
drie stappen naar het geven van persoonsgerichte adviezen aan ouderen om fysiek zelfredzaam te
blijven: (1) het meten van FZ met de COSFI, (2) het toewijzen van de persoon aan één van de vier
FZ-profielen, en (3) het genereren van persoonsgerichte zorgaanbevelingen. De tool is bedoeld ter
ondersteuning van klinisch redeneren en gezamenlijke besluitvorming, niet als vervanging daarvan.
Hoofdstuk 5 beschrijft het ontwikkelproces en de eerste psychometrische evaluatie. De resultaten
tonen aan dat de aanbevelingen relevant en toepasbaar zijn voor de meeste zorgprofessionals.

Na de ontwikkeling van de DST-Fl onderzoekt hoofdstuk 6 hoe de tool wordt ervaren in de dagelijkse
praktijk. Op basis van interviews en observaties bij oudere personen en zorgprofessionals in de
eerstelijnszorg blijkt dat de tool relevant en ondersteunend wordt gevonden. Oudere personen
gaven aan dat de tool hielp bij het herkennen van vroege signalen van achteruitgang. Professionals
waardeerden de gestructureerde aanpak en het gedeelde begrippenkader in interprofessionele
samenwerking. Tegelijkertijd werden belemmeringen voor het gebruik van de tool in de praktijk
genoemd, zoals tijdsdruk, onduidelijk eigenaarschap, en onzekerheid over het gebruik van de tool

bij mensen die nog geen formele zorg ontvangen.

Om inzicht te krijgen in het bredere implementatieproces van de tool, verkent hoofdstuk 7 de
voorwaarden en belemmeringen voor het toepassen van de DST-Fl in de eerstelijnszorg. Op basis van
kwalitatieve analyse, geinformeerd door het Consolidated Framework for Implementation Research
(CFIR), zijn inzichten verzameld uit interviews met zorgprofessionals en focusgroepen met oudere
personen. Bevorderende factoren zijn onder meer de aansluiting bij bestaande zorgdoelen, kansen
voor interprofessionele samenwerking en herkenning binnen beleidsprioriteiten. Tegelijkertijd
blijven vier structurele belemmeringen bestaan: beperkte toepasbaarheid in sommige contexten,
tijdsdruk, onduidelijk eigenaarschap en moeite om preventief in contact te komen met oudere
personen. De bevindingen onderstrepen de noodzaak van persoonsgerichte en contextspecifieke

implementatiestrategieén.

Tot slot worden in hoofdstuk 8 de bevindingen uit de voorgaande hoofdstukken geintegreerd en
geplaatst binnen bredere discussies over preventie, ouderenzorg, interprofessionele samenwerking
en zorgtransformatie. Vier centrale reflecties worden besproken: (1) de waarde van FZ als leidend
concept in proactieve en persoonsgerichte zorg, (2) de balans tussen individuele zorgdoelen en
de uitvoerbaarheid in de praktijk, (3) het belang van T-shaped professionals en interprofessioneel
onderwijs, en (4) de kansen én uitdagingen om FZ structureel te verankeren binnen een preventieve
zorgagenda. Deze reflecties benadrukken de noodzaak om FZ stevig in te bedden in beleid, onderwijs
en praktijk, en om samenwerking tussen disciplines te stimuleren ter bevordering van gezond ouder

worden.
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Dit proefschrift draagt bij aan het beter begrijpen, meten en ondersteunen van fysieke
zelfredzaamheid bij oudere personen, en biedt zorgprofessionals handvatten om met een
gedeeld begrippenkader, een gevalideerd meetinstrument en een beslisondersteuningstool

tijdig en persoonsgericht te handelen.
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DANKWOORD

Dinsdag 2 juli. De hitte hing als een deken over Breda. Ik zat, zoals zo vaak, alleen achter mijn laptop.
Eén druk op de knop, en mijn proefschrift was officieel ingediend. Geen fanfare, geen handen die
klapten. Alleen het lege scherm dat terugkeek. Ik sloot het venster, trok haastig een luchtige jurk aan
in plaats van mijn te strakke spijkerbroek, en stapte bezweet de auto in. Op weg naar Wageningen,
naar het etentje ter afsluiting van het studiejaar. Maar de warmte had ook de snelwegen in zijn greep.
File na file. Uiteindelijk draaide ik om. Op de terugweg appte ik Sander over het eten voor de kinderen.
Thuis leek alles alsof het een gewone dag was: spelen, bedtijdrituelen, kusjes. Het proefschrift dat ik

die middag had ingediend, kwam die dag niet meer ter sprake.

Toch leerde juist dat moment me hoe belangrijk anderen zijn. Wie fysieke zelfredzaamheid bestudeert,
ontdekt al snel dat het niet om één enkele vaardigheid gaat, maar om een samenhang van
componenten. Tijdens dit promotietraject ontdekte ik dat hetzelfde geldt voor een promovendus. Het
vraagt cognitieve veerkracht om steeds opnieuw kritisch te denken, fysieke discipline om dagen achter
een scherm te doorstaan, sociale verbondenheid om de eenzaamheid van onderzoek te verzachten en
een omgeving die ruimte geeft om te groeien. In dit dankwoord wil ik degenen bedanken die deze
componenten voor mij hebben belichaamd en zonder wie dit boek er niet had gelegen.

Allereerst wil ik mijn promotoren, Cindy Veenhof en Niek de Wit, bedanken. Cindy, jouw kritische
blik en doortastende aanpak waren soms uitdagend, maar hebben mij als onderzoeker laten
groeien. Je praktische insteek en scherpe commentaar hielpen me steeds verder. Daarnaast
waardeer ik hoe je de samenhang en teamgeest binnen de onderzoeksgroep hebt versterkt, wat dit
traject niet alleen leerzaam maar ook verbonden maakte. Niek, jouw brede kennis en rustige wijze
van begeleiden boden telkens een nieuw perspectief en hielpen mij om het bredere plaatje te blijven
zien. Ik waardeer het enorm dat je, ook nadat je met pensioen ging, zo betrokken bleef en steeds
snel en bereikbaar was. Samen hebben jullie mij gesteund in de vrijheid om mijn eigen pad te volgen
en tegelijkertijd richting gegeven waar dat nodig was. Ook mijn co-promotor, Nienke Bleijenberg,
wil ik bedanken. Jouw enthousiasme en oog voor detail hebben mij vaak verder geholpen. Met je
praktische tips en betrokkenheid wist je steeds de juiste balans te vinden tussen bemoediging en
aanscherping, wat ik erg heb gewaardeerd.

Een speciaal woord van dank wil ik richten aan jou, Di-Janne Barten. Vanaf het begin van mijn
promotietraject tot aan hetindienen van dit proefschrift ben jij voor mij een constante bron van steun
geweest. Wat ons samenwerken bijzonder maakte, is dat we als persoon zo verschillend zijn: waar ik
eindeloos kan twijfelen en moeite heb met keuzes maken, ben jij juist doortastend en besluitvaardig.
Juist dat contrast maakte dat ik enorm veel aan jouw begeleiding heb gehad. Jouw scherpe blik,
betrokkenheid en vermogen om precies de juiste vragen te stellen, hielpen mij steeds weer verder.
Je combineert kritische feedback met een oprechte warmte, waardoor ik me altijd gesteund voelde.

Ook in de eenzame momenten van dit traject. Ik bewonder jouw bevlogenheid en de manier waarop



je wetenschap weet te verbinden met de praktijk. Zonder jouw begeleiding en vertrouwen had dit

proefschrift er nooit zo uitgezien.

Ik wil tevens de leden van de promotiecommissie bedanken: Annet van Royen-van Kerkhof,
Marielle Emmelot-Vonk, Thomas Hoogeboom, Hans Hobbelen en Henk Schers voor de tijd en
aandachtdie jullie hebben besteed aan het beoordelen van mijn proefschrift en voorjullie rol tijdens
de verdediging.

Lieve Celine en Mark, mijn paranimfen. Wat ben ik dankbaar dat jullie naast mij staan tijdens de
verdediging. Celine, we leerden elkaar kennen in Maastricht. Samen gingen we naar Oxford voor
onze masterthesis, je logeerde vaak bij mij in Maastricht en sindsdien zijn we altijd close gebleven. Ik
ben zo blij dat we nog steeds zo’n hechte vriendschap hebben en dat we nu ook met onze kinderen
samen mooie momenten beleven. Dat je vanuit Haarlem naar Eindhoven bent verhuisd maakt dat

we elkaar nu nog vaker zien en dat koester ik enorm.

Mark, mijn liefste collega-bestie. Zonderjou was dit promotietraject echt een stuk zwaarder geweest.
Ik houd van onze koffiemomenten, van het samen lesgeven in de minor en van alle steun die je me
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te geven. Dankjewel dat jij er altijd was, met je humor en je vriendschap.
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