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ABSTRACT

Introduction:

Optimal medication management is one of the basic conditions necessary for home-dwelling
older adults living with multiple chronic conditions (OAMCC) to be able to remain at home
and preserve their quality of life. Currently, the reasons for such high numbers of emergency
department visits and the very significant rate of hospitalisations for OAMCC, due to
medication-related problems, is poorly explored. This study aims to reveal the current state of
medication management practices of polymedicated home-dwelling OAMCC and to make
proposals for improving clinical and medication pathways through an innovative and integrated
model for supporting medication management and preventing adverse health outcomes.
Methods and analysis: A mixed methods study will address the medication management of
polymedicated, home-dwelling OAMCC. Its explanatory sequential design will involve two
major phases conducted sequentially over time. The quantitative phase will consist of
retrospectively exploiting the last five years of electronic patient records from a local hospital
(N = 50,000) in order to identify the different profiles—made up of medication and
environment-related factors—of the polymedicated, home-dwelling OAMCC at risk of
hospitalisation, emergency department visits, hospital readmission (notably for MRPs),
institutionalisation or early death. The qualitative study will involve: a) obtaining and
understanding the medication management practices and experiences of the identified profiles
extracted from the hospital data of OAMCC who will be interviewed at home (N = 30); b)
collecting and analysing the perspectives of the formal and informal caregivers involved in
medication management at home in order to cross-reference perspectives about this important
dimension of care at home.

Ethics and dissemination : Ethical approval has been obtained from the Human Research
Ethics Committee of the Canton Vaud (2018-02196). Findings will be disseminated in peer-
reviewed journals, professional conferences and other knowledge transfer activities with
primary healthcare providers, hospital care units, informal caregivers’ and patients’
associations.

Keywords

Polymedication, home-dwelling older adults, multiples chronic conditions, medication
management, mixed methods research, protocol, medication-related problems, hospitalisation,

retrospective review
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Strengths and limitations of this study

This mixed methodology will rely on a closely coordinated combination of methods and
on the utilization of valuable existing data under-exploited to date (electronic patient
records and Resident Assessment Instrument-Home Care data).

The investigation draws upon an interprofessional and interdisciplinary approach,
which associates general practitioners, community health care nurses, pharmacists and
researchers in health psychology, old age psychiatry, nursing and survey methodology.
Our findings will contribute to the development of an evidence-based and innovative,
cooperative model of medication management for polymedicated home-dwelling older
adults with chronic conditions.

The study will be conducted in a single canton and its generalizability to other regions

should be done with precaution.
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INTRODUCTION

The number of older adults living at home with multiple chronic conditions (OAMCC) rises
considerably around the world and has been estimated to affect 25.2% of people aged from 65
to 79 and 41.3% of those aged 80 and over.!

These long-term health conditions require taking multiple medications?, known as
polypharmacy (PP) when the daily intake corresponds to five or more medicines.?
Polypharmacy places older adults at higher risk of medication-related problems (MRPs),
including adverse medication reactions, medication errors and potentially inappropriate
medications.*> Potentially inappropriate medications are the intake of medicines for which the
associated risks outweigh the potential benefits, particularly when more effective alternatives
are available.® Consequently, MRPs can lead to a degradation of the patient’s clinical condition,
physical and cognitive decline, an exacerbation of chronic medical conditions and avoidable
health costs.” 8 Moreover, up to 25% of emergency department visits by home-dwelling
OAMCC are due to MRPs.” However, 60% of MRPs in patients visiting the emergency
department with non-specific complaints (such as weakness) may go undiagnosed, whereas
83% of those MRPs may be responsible for acute morbidity.” MRPs are also a frequent cause
of readmission, and they were the most frequent cause in one study that followed older patients
for six months after hospital discharge.” Care-coordination problems, associated with low or
suboptimal medication management, are all the more evident in the sensitive period of
discharge home from hospital.® 1 The complexity of OAMCC’ care needs leads them to be
significant users of health services and to consult many different health care professionals.!!
The number of health care professionals consulted by home-dwelling OAMCC has been
directly associated with fragmented and uncoordinated care.!® Moreover, different health care
professionals may have different treatment preferences. Failure to coordinate care among
home-dwelling OAMCC contributes to MRPs.!°

In addition to role of health care professionals in medication management, informal caregivers
play a vital role in ensuring safe and appropriate medication use by home-dwelling OAMCC,
especially among those who may also have cognitive impairment.!?-'4 Despite the important
role of informal caregivers in medication management, several complications to do with their
activities have been documented in relation to the time spent, anxiety making a mistake and the
uncooperative behaviour of the home-dwelling OAMCC.!> They are also confronted with

difficulties in maintaining continuous supplies of medication, assisting with administration,
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making clinical judgements (e.g. in response to side effects and about over-the-counter
medication), and solving conflictual communications or disagreements with the older adult'>,
or even with health care professionals, with regards to ineffective and addictive medication
practices.'? 13

Nonetheless, many MRPs are preventable.’ 7 1¢ Studies about medicine-related hospitalisations
suggest that up to 58% may be preventable with appropriate primary care.’> An essential strategy
for medicine-related hospitalisations prevention and medication safety is medication
reconciliation - the process of creating and maintaining a single list of the patient’s current list
of medications.!” This process allows a systematic and comprehensive review of all the
medications the patient is taking, reducing medication errors by a consistent communication
across transitions of care.'8

Therefore, optimising medication management among home-dwelling OAMCC requires
regular monitoring of MRPs, interprofessional collaboration across different health and social
care providers, organisations and departments!® and medication reconciliation at every

transition of care including changes in the clinical setting, practitioner, or level of care.!”

Aim and Objectives

The study aim is to document the current state of medication management practices of
polymedicated home-dwelling OAMCC and to make proposals for improving clinical and
medication evidence-based pathways through an innovative and integrated model intended to
support medication management and to prevent adverse health outcomes. To achieve this aim,
three main objectives will guide this project:

The first objective is to carry out a retrospective analysis of patients’ hospital records, their
medication and environment-related factors in order to identify those that increase the risk of
hospitalisation, emergency department visits, hospital readmission (notably due to MRPs),
institutionalisation or early death, among home-dwelling polymedicated OAMCC—factors that
prevent OAMCC from staying at home.

The second objective is to use a prospective qualitative study to explore and better understand
the medication experiences and practices of home-dwelling OAMCC with different
profiles. We seek to identify the skills and strategies developed by them to manage
polymedication within their social contexts and health trajectories despite possible cognitive

impairment and particularly after a recent hospitalisation.
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The third objective is to better understand the roles and coordination of the different
caregivers involved in the medication management of home-dwelling OAMCC. We seek
to investigate the perspectives of both professional caregivers (community health care nurses,
pharmacists, general practitioners or specialist physicians) and non-professional/informal

caregivers (family members, friends or neighbours).

METHODS
Study design

To enable us to meet our objectives, a mixed method study will address the medication
management of polymedicated home-dwelling OAMCC.?® There will be two major phases
conducted sequentially over time: a quantitative data collection phase followed by a qualitative
phase. The reasons for using an explanatory sequential design are, firstly, that existing data in
electronic patient records from a local hospital will enable us to identify profiles affected by
similar medication and environment-related factors among the polymedicated, home-dwelling
OAMCC at risk of hospitalisation, emergency department visits, hospital readmission (notably
due to MRPs), institutionalisation, or early death. Secondly, the identified profiles extracted
from the hospital data will allow proceeding to a purposive sampling—of those polymedicated
home-dwelling OAMCC who present with more risk factors—for the qualitative data collection

focused on medication management at home.
Phase 1, Retrospective Quantitative Analysis

To fulfil the first objective, the purpose of the quantitative phase is to identify the different
profiles—made up of factors related to medication and environment—of the polymedicated
home-dwelling OAMCC at risk of hospitalisation, emergency department visits, hospital
readmission (notably for MRPs), institutionalisation, or early death. A systematic, retrospective
chart analysis of the electronic patient records from a local hospital over the last four years
using the evidence-based methodology developed by Vassar & Holzmann will provide
substantial clinical information.?! Motheral et al.’s standardised extraction sheets will be
adapted to explore and assess the data of older inpatients or ED-visiting home-dwelling older
adult.>? The four-year period was selected based on the availability of systematic, well-coded
patient data using the Swiss-Diagnostic Related Groups (DRG)? and the Swiss surgery coding
system (CHOP).
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Research population

All home-dwelling OAMCC with somatic and/or mental health disorders who were
hospitalised, rehospitalised or who consulted the emergency department at the partner hospital
between 2015 and 2018 (estimated N= 50,000) will be included. The estimated sample of
50,000 older adults’ electronic inpatient charts are part of the 40,000 yearly adult inpatients in
acute care units and more than 40,000 adult emergency department consultations yearly at the

partner hospital.

Data Collection

Sociodemographic data will include age, sex and environmental data such as a rural or urban
domicile, and the presence of formal and/or informal caregivers. Clinical and health data will
integrate primary ICD-10 diagnosis completed with the reason for hospitalisation or
rehospitalisation due to MRPs. Supplementary filters will be added to discriminate
polymedication, multi-morbidity (secondary ICD-10 diagnosis), physical and cognitive
impairment documented in the clinical data files (Function Independence Measure, Mini-
Mental State Examination, and Activities of Daily Living). In addition, data on length of stay,
readmissions (number of admissions in the previous year, 30-day readmission and unplanned
readmission), death during hospitalisation and medication data (number and types of
medication treatments during hospitalisation, discharge and post-discharge medication
changes) will be collected. A unique patient identification number will allow us to identify and

analyse re-hospitalisation via the emergency department during the period from 2015 to 2018.

Data Analyses

This retrospective investigation will allow us to identify the medication and environment-
related factors that can increase the risk of hospitalisation, emergency department visits,
readmission (notably due to MRPs), institutionalisation or early death. This retrospective
analysis will serve to guide the qualitative study and lead to a purposive sampling of
polymedicated home-dwelling OAMCC presenting with more risk factors.

The final outcome of the quantitative phase will be the identification of polymedicated home-

dwelling OAMCC hospitalised or visiting the emergency department due to MRPs.?
Phase 2, Prospective Patient-Centred Qualitative Analysis

To meet the second and third objectives, a qualitative investigation, based on purposive

sampling, will draw upon work done in a feasibility study.?® This qualitative investigation will
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consist of collecting and understanding the medication practices and experiences of OAMCC
presenting with the risk factors identified in the first phase. The focus will be on identified
OAMCC who were recently hospitalised and are at risk of hospital readmission. The older adult
will be interviewed at home on two separate occasions. This methodology is a way to analyse
changes in their medication practises and their experiences following their recent
hospitalisation. The data collection tools include a walking-interview?’ based on a medication
journal and household photographs of where medication is stored. This allows us to focus on
the tangible practices of OAMCC and contextualises them within the private space of their daily
lives.

To discriminate the older adults’ health profile, we will use the Resident Assessment Instrument
— Home-Care (RAI-HC) introduced by the Swiss Association for Home Care Services for all
home care services in 2004. Based on a comprehensive geriatric assessment, the RAI-HC not
only allows for the establishment of an individualised care plan, but it also generates quality
indicators, plans resource use, optimises the medication management process by monitoring
and documenting the number and types of medication and the persons involved in preparing
medication, and regularly assesses adherence to the medication prescribed.?®

Furthermore, we will also collect and analyse the perspectives of the formal and informal
caregivers involved in medication management at home, to cross-reference perspectives about

this important dimension of care at home.
Research population

The profiles of the polymedicated OAMCC hospitalised/rehospitalised or consulting the
emergency department, as identified in the retrospective investigation, will be used to select
participants for the qualitative investigation. A theoretical, purposive sampling will be carried
out. Based on Guest et al., we will recruit about 30 polymedicated OAMCC (until saturation of
data), all recently hospitalised (within the last 90 days) and at risk of hospital readmission.?’
For each OAMCC participant an informal caregiver will also be integrated into the
investigation. We defined informal caregivers as any family member, neighbour or friend
assisting a dependent older adult with certain activities in their daily life. That assistance, help,
care or physical presence must be given on a regular basis, for at least two basic activities or
instrumental activities of daily living or to ensure patient safety, and for six months or more.3°

The informal caregiver will be included in the study if the recruited older adult identifies that
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person as being significant in their medication management and if they give informed written
consent to participate.

Furthermore, a formal caregiver will be integrated into the investigation for each participant.
Professional caregivers are those employed to provide professional home health care services
(i.e. nurses, nursing assistants, social assistant). They will be included in the study if the
recruited OAMCC identifies them as the professional most involved in their medication
management.

Table 1 presents the specific inclusion/exclusion criteria for each group of participants.

Table 1. Inclusion and exclusion criteria of phase 2

Participants| Inclusion criteria Exclusion criteria
OAMCC - Aged 65 or above - Not able to speak
- Man or woman and understand
- Hospitalised within the last 90 days French

- Managing at least five different medications (prescribed and
over-the-counter medications explored during recruitment)

- Suffering from multiple chronic conditions

- Living alone or in a couple, in a rural or urban area

- With or without support from a Community Healthcare

Centre
Informal - Designated by the OAMCC as the most significant informal | - Not able to speak
caregiver caregiver involved in medication management and understand

- Aged 18 or above French

Professional | - Designated by the OAMCC as having a key role in | - Student
caregiver medication management - Apprentice

Participant recruitment

Polymedicated home-dwelling OAMCC will be recruited via two paths so that all of the
participants meet the eligibility criteria and fit corresponding profiles established in the
quantitative phase. Some OAMCC will be receivers of care from Community Healthcare
Centres and others will be functioning without that day-to-day support:

- For OAMCC who do not receive support from a Community Healthcare Centre, recruitment
will be based on variables in their patient files and carried out in collaboration with different
nursing departments from the partner hospital,

- For OAMCC who do receive support from a Community Healthcare Centre, recruitment will
be based on the clinical and health data documented in the RAI-HC and carried out in

collaboration with community health care nurses from Sion Community Healthcare Centre.
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Research nurses partnering the project, from a hospital or a Community Healthcare Centre, will
briefly explain the study to the patient. Potential participants will be asked for permission to
give their name to the researchers. A member of the research team will contact the older adult
by telephone during the week following hospital discharge and ask for their agreement to
participate in the study. In case of agreement, a first meeting will be organised at the older

adult’s home in the next few days.

Data Collection from OAMCC

During the first home meeting with the OAMCC, the researcher will provide all the study details
and will suggest two semi-structured interviews, each lasting about an hour, starting on the first
meeting and spaced two to three weeks apart. The older adult will be invited to sign the
informed written consent form, allowing the researcher to collect sociodemographic and health
data (RAI-HC and the patient’s hospital records). Eligible home-dwelling OAMCC from both
recruitment paths will be screened using the RAI-HC Minimal Data Set (MDS), which includes
information on polymedication (section P), multiple chronic conditions (sections J and K) and
recent hospitalisation (section Ac). The research team will also carry out this evaluation for
participants who do not have a RAI-HC. The following multidimensional clinical data will be
retrieved from the RAI-HC MDS: cognitive status, hearing, vision, mood status, functional and
physical status, continence, health care problems, and nutritional state.

The first semi-structured interview will collect the perspectives of OAMCC with regards to
their medication management, the return home, information received about their treatment and
its possible modifications, and the informal and professional caregivers involved. Each
OAMCC will be interviewed alone. The researcher will then ask the participant to complete a
week-long medication journal®! 32, either alone or with the help from informal or professional
caregivers, emphasising that any information on daily medication routines is helpful, even if
the OAMCC feels unable to complete the journal for the full seven days. The instructions will
mention the importance of noting all the medicines taken—those prescribed by general
practitioners or specialist physicians, but also any others taken at their own initiative (over-the-
counter medications). This will provide information on the daily routines associated with the
participant's medication and will form the basis of the second interview.

The second interview will be based on the participant's medication journal and will take the
form of a walking-interview?? using household photographs.’> The researcher will ask the

participant to explain their medication practises while pointing out the locations within their
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home where drugs are stored, prepared and taken. The hypothesis underlying this methodology
is that the physical presence of drugs promotes discussion.?*3> We will identify and photograph,
with the participants’ agreement, the places where medication, contact details for medical
professionals and other information are stored as well as the locations of any other objects
involved in daily care practises. The collection and analysis of photographs provide a better
understanding of the complexity of medication management in home settings. They help to
capture the interviewee’s concerns or strategies when they are pointed out to the interviewer.
The interview guide will also investigate the issue of self-medication in order to reveal the

extent and influence of this practice.

Data Collection from Informal Caregivers

Sociodemographic data and information related to medication management will be collected.
When possible and appropriate, a joint third interview3¢ with the OAMCC and their principal
informal caregiver3! will be organised at the older adult’s home one to two weeks after the
walking interview. This type of interview provides access to the interactions between OAMCC
and their informal caregivers with regards to medication management. We hypothesise that the
main informal caregiver is deeply involved in the older adult’s experience of medication
management, but the caregiver’s ideas about this may be similar to, overlapping with or

different from those of an OAMCC.

Data Collection from Professional Caregivers

A semi-structured interview of about one hour will be conducted with a professional caregiver
in order to explore their point of view on the OAMCC's medication management and other
issues associated with the return home after hospitalisation. This will take place at the
professional’s workplace (Community Healthcare Centre, medical practice office or pharmacy)

one to two weeks after the interview with the OAMCC and their informal caregiver.

Qualitative data analyses

A database will be prepared using the RedCap® software platform to record and store the
participants’ sociodemographic, health and interview data. Information on their health statuses
will be collected using the RAI-HC data and will be analysed using the IBM-Statistical Package
for Social Sciences (IBM-SPSS®), version 25.0.

Data collected via the interviews will be examined according to an analytical plan that integrates

and compares two different methods. Firstly, thematic content analysis®” 38, using NVivo 12®
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software, will be used to identify the themes emerging from the data, and this will provide a
rich, detailed account of the data set. Themes will be compared by different members of the
analysis team until a consensus is reached. Secondly, lexicometric analysis, using Iramuteq
software—a technique derived from the Alceste® method**—will allow a very fine exploration,
both within each interview and across the whole corpus of interviews, of the structures
underlying the discourse. Each older adult’s medication journal will be analysed and
categorised according to the same principles as the interviews. The data collected from these
documents will be put into perspective by the analysis of the interviews. In the final data
analysis, links will be made between the interviews, the medication journal, the older adult’s

RAI-HC data, and the photos of the medicines’ locations.

Ethics and Dissemination

Ethical approval has been obtained from the Human Research Ethics Committee of the Canton
Vaud (CER-VD) (2018-02196). With this approval, the medical informatics department of
partner hospital will provide the appropriate data for the retrospective phase based on a data
extraction protocol. Extracted data will be delivered and stored in the ReDCap® data platform
via a secure coded data file. In coherence with the Data Management Plan submitted to the
Swiss National Science Foundation (NSF), the collected data will be securely stored for future
research.

The autonomy of the participants will be respected. Participation in the prospective phase in
this research is free. It will be possible for participants to refuse to record the interview or to
request the deletion of the recorded data. Participating in a structured effort to understand
medication practises and the post-hospital return home experience can contribute to
improvements in health management in the community at large, and particularly in the area of
home support.

Findings will be disseminated in peer-reviewed journals, professional conferences and other
knowledge transfer activities with primary healthcare providers, hospital care units, informal

caregiver and patient associations.
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ABSTRACT

Introduction:

Optimal medication management is one of the basic conditions necessary for home-dwelling
older adults living with multiple chronic conditions (OAMCC) to be able to remain at home
and preserve their quality of life. Currently, the reasons for such high numbers of emergency
department visits and the very significant rate of hospitalisations for OAMCC, due to
medication-related problems (MRPs), is poorly explored. This study aims to reveal the current
state of the medication management practices of polymedicated, home-dwelling OAMCC and
to make proposals for improving clinical and medication pathways through an innovative and
integrated model for supporting medication management and preventing adverse health
outcomes.

Methods and analysis: A mixed-methods study will address the medication management of
polymedicated, home-dwelling OAMCC. Its explanatory sequential design will involve two
major phases conducted sequentially over time. The quantitative phase will consist of
retrospectively exploiting the last five years of electronic patient records from a local hospital
(N = 50,000) in order to identify the different profiles—made up of patient-, medication- and
environment-related factors—of the polymedicated, home-dwelling OAMCC at risk of
hospitalisation, emergency department visits, hospital readmission (notably for MRPs),
institutionalisation or early death. The qualitative study will involve: a) obtaining and
understanding the medication management practices and experiences of the identified profiles
extracted from the hospital data of OAMCC who will be interviewed at home (N = 30); b)
collecting and analysing the perspectives of the formal and informal caregivers involved in
medication management at home in order to cross-reference perspectives about this important
dimension of care at home. Finally, the mixed-methods findings will enable the development
of an innovative, integrated model of medication management based on the Agency for Clinical
Innovation framework and Bodenheimer & Sinsky’s quadruple aim.

Ethics and dissemination: Ethical approval has been obtained from the Human Research
Ethics Committee of the Canton Vaud (2018-02196). Findings will be disseminated in peer-
reviewed journals, professional conferences and other knowledge transfer activities with
primary healthcare providers, hospital care units, informal caregivers’ and patients’

associations.
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Study strengths and limitations

e This mixed methodology will rely on a closely coordinated combination of methods and
on the utilisation of valuable existing data under-exploited to date (patients' electronic
hospital records and Resident Assessment Instrument-Home Care (RAI-HC) data).

e The investigation draws upon an interprofessional and interdisciplinary approach,
which associates general practitioners, community health care nurses, pharmacists and
researchers in health psychology, old age psychiatry, nursing and survey methodology.

e Our findings will contribute to the development of an evidence-based and innovative,
cooperative model of medication management for polymedicated, home-dwelling older
adults with multiple chronic conditions.

o Although patients’ electronic hospital records and RAI-HC data provide a broad range
of patient-, medication- and environment-related information, they rarely highlight

factors that may influence the occurrence of MRPs.
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INTRODUCTION

The number of older adults living at home with multiple chronic conditions (OAMCC) rises
considerably around the world and has been estimated to affect 25.2% of people aged from 65
to 79 and 41.3% of those aged 80 and over.! Multiple chronic conditions is a comprehensive
concept used to properly cover the diverse definitions of multi-morbidity? 3 and therefore the
complexity of older adults' health statuses. The concept encompasses the simultaneous presence
of an individual’s diseases and their chronic physical, mental or behavioural health problems
requiring ongoing management over years or decades.*

These long-term health conditions require taking multiple medications®, known as
polypharmacy (PP) when the daily intake corresponds to five or more medicines.®
Polypharmacy places older adults at higher risk of medication-related problems (MRPs),
including adverse medication reactions, medication errors and potentially inappropriate
medications.”  Potentially inappropriate medications are the intake of medicines for which the
associated risks outweigh the potential benefits, particularly when more effective alternatives
are available.” Consequently, MRPs can lead to a degradation of the patient’s clinical condition,
physical and cognitive decline, an exacerbation of chronic medical conditions and avoidable
health costs.!? ' Moreover, up to 25% of emergency department visits by home-dwelling
OAMCC are due to MRPs.!® However, 60% of MRPs in patients visiting the emergency
department with non-specific complaints (such as weakness) may go undiagnosed, whereas
83% of those MRPs may be responsible for acute morbidity.!® MRPs are also a frequent cause
of readmission, and they were the most frequent cause in one study that followed older patients
for six months after hospital discharge.!? Care-coordination problems, associated with low or
suboptimal medication management, are all the more evident in the sensitive period of
discharge home from hospital.!' 13 The complexity of OAMCC’ care needs leads them to be
significant users of health services and to consult many different health care professionals.!'4
The number of health care professionals consulted by home-dwelling OAMCC has been
directly associated with fragmented and uncoordinated care.!3> Moreover, different health care
professionals may have different treatment preferences. Failure to coordinate care among
home-dwelling OAMCC contributes to MRPs.!?

In addition to role of health care professionals in medication management, informal caregivers
play a vital role in ensuring safe and appropriate medication use by home-dwelling OAMCC,

especially among those who may also have cognitive impairment.!3-!7 Despite the important
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role of informal caregivers in medication management, several complications to do with their
activities have been documented in relation to the time spent, anxiety making a mistake and the
uncooperative behaviour of the home-dwelling OAMCC.!® They are also confronted with
difficulties in maintaining continuous supplies of medication, assisting with administration,
making clinical judgements (e.g. in response to side effects and about over-the-counter
medication), and solving conflictual communications or disagreements with the older adult'®,
or even with health care professionals, with regards to ineffective and addictive medication
practices.!> 18

Nonetheless, many MRPs are preventable.® 1019 Studies about medicine-related hospitalisations
suggest that up to 58% may be preventable with appropriate primary care.® An essential strategy
for medicine-related hospitalisations prevention and medication safety is medication
reconciliation - the process of creating and maintaining a single list of the patient’s current list
of medications.? This process allows a systematic and comprehensive review of all the
medications the patient is taking, reducing medication errors by a consistent communication
across transitions of care.?!

Therefore, optimising medication management among home-dwelling OAMCC requires
regular monitoring of MRPs, interprofessional collaboration across different health and social
care providers, organisations and departments!3> and medication reconciliation at every

transition of care including changes in the clinical setting, practitioner, or level of care.??

Aim and Objectives

The study aim is to document the current state of medication management practices of
polymedicated, home-dwelling OAMCC and to make proposals for improving evidence-based
clinical and medication pathways through an innovative, integrated model intended to support
medication management and to prevent adverse health outcomes related to MRPs (recurrent
hospitalisation, emergency department visits, institutionalisation in nursing homes and early
death). To achieve this aim, three main objectives will guide this project:

The first objective is to carry out a retrospective analysis of patients’ hospital records, their
medication and environment-related factors in order to identify those that increase the risk of
hospitalisation, emergency department visits, hospital readmission (notably due to MRPs),
institutionalisation or early death, among home-dwelling polymedicated OAMCC—factors that

prevent OAMCC from staying at home.
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The second objective is to use a prospective qualitative study to explore and better understand
the medication experiences and practices of home-dwelling OAMCC with different
profiles. We seek to identify the skills and strategies developed by them to manage
polymedication within their social contexts and health trajectories despite possible cognitive
impairment and particularly after a recent hospitalisation.

The third objective is to better understand the roles and coordination of the different
caregivers involved in the medication management of home-dwelling OAMCC. We seek
to investigate the perspectives of both professional caregivers (community health care nurses,
pharmacists, general practitioners or specialist physicians) and non-professional/informal

caregivers (family members, friends or neighbours).

METHODS
Study design

To enable us to meet our objectives, a mixed-methods study will address the medication
management of polymedicated, home-dwelling OAMCC.2*> Two major phases will be
conducted sequentially from February 2019 to January 2022: a quantitative data collection
phase followed by a qualitative phase. The reasons for using an explanatory sequential design
are, firstly, that existing data in electronic patient records from a local hospital will enable us
to identify profiles affected by similar patient-, medication- and environment-related factors
among the polymedicated, home-dwelling OAMCC at risk of hospitalisation, emergency
department visits, hospital readmission (notably due to MRPs), institutionalisation, or early
death. Secondly, the identified profiles extracted from the hospital data will allow proceeding
to a purposive sampling—of those polymedicated, home-dwelling OAMCC who present with
more risk factors—for the qualitative data collection focused on medication management at
home. Thus, the analysis of the results from the retrospective quantitative phase will be
integrated with the data collected from the prospective qualitative phase. Finally, phase 3 will
develop a Medication Management Model based on interpreting the quantitative and qualitative

findings.
Phase 1, Retrospective Quantitative Analysis

To fulfil the first objective, the purpose of the quantitative phase is to identify the different
profiles—made up of patient-, medication- and environment-related factors—of the

polymedicated, home-dwelling OAMCC at risk of hospitalisation, emergency department
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visits, hospital readmission (notably for MRPs), institutionalisation in nursing homes, or early
death (before the average age of death described by the Organisation for Economic Co-
operation and Development in 2018).>4 A systematic, retrospective chart analysis of the
electronic patient records from a local hospital over the last four years using the evidence-based
methodology developed by Vassar & Holzmann will provide substantial clinical information.?
Motheral et al.’s standardised extraction sheets will be adapted to explore and assess the data
of older inpatients or emergency department-visiting home-dwelling older adults.?® The four-
year analysis was selected based on the availability of systematic, well-coded patient data using
the Swiss-Diagnostic Related Groups (DRG)?’ and the Swiss Classification of Surgical
Interventions (CHOP). 28

Research population

All home-dwelling OAMCC with somatic and/or mental health disorders who were
hospitalised, rehospitalised or who consulted the emergency department (for MRPs or other
reasons) at the partner hospital between 2015 and 2018 (estimated N = 50,000) will be included.
The estimated sample of 50,000 older adults’ electronic inpatient charts are part of the 40,000
yearly adult inpatients in acute care units and more than 40,000 adult emergency department
consultations yearly at the partner hospital. To explore generalisability, we will compare their
sociodemographic and health status characteristics with those of the national sample of

hospitalised older adults in Swiss hospitals for the same period.

Data Collection

Data from the hospitalisation and emergency admissions databases will be collected on patient-,
medication- and environment-related factors that could have influenced the occurrence of
MRPs that resulted in hospitalisation, rehospitalisation or emergency department admission.
Patient-related factors comprise sociodemographic characteristics, the International
Classification of Diseases 10th version (ICD-10) diagnostics (main diagnosis and co-
morbidities), the Swiss Classification of Surgical Interventions (CHOP) category and the reason
for hospitalisation, rehospitalisation or emergency department admission. Supplementary filters
will be added to discriminate polymedication, multi-morbidity (secondary ICD-10 diagnosis),
physical and cognitive impairment documented in the clinical data files (Function
Independence Measure, Mini-Mental State Examination, and Activities of Daily Living).
Medication-related factors include the number, types and changes in medication at admission,

during hospitalisation and at discharge.
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Environment-related factors include the presence of formal and/or informal caregivers, patient's
provenance (rural or urban), hospital pathways (wards and eventual transfers), length of stay,
readmissions (number of admissions in the previous year, 30-day readmission and unplanned
readmission), discharge destination and, potentially, death during hospitalisation. A unique
patient identification number will allow us to analyse re-hospitalisations via the emergency
department during the period from 2015 to 2018. Retrospective data collection began in April
2019.

Data Analyses

The dataset of polymedicated, home-dwelling OAMCC will be analysed using multivariate
regression analysis, in order to identify the patient-, medication- and environment-related
factors that can increase the risk of hospitalisation, emergency department visits, readmission
(notably due to MRPs), institutionalisation or early death. Furthermore, the profiles of
polymedicated, home-dwelling OAMCC hospitalised or visiting the emergency department due
to MRPs, and identified via multi-cluster analysis, will serve to guide the qualitative study and
lead to a purposive sampling of polymedicated, home-dwelling OAMCC presenting with more

risk factors. A draft of the cluster analysis strategy is available as a supplementary file.

Phase 2, Prospective Patient-Centred Qualitative Analysis

To meet the second and third objectives, a qualitative investigation, based on purposive
sampling, will draw upon work done in a feasibility study.?® This qualitative investigation will
consist of collecting and understanding the medication practices and experiences of OAMCC
presenting with the risk factors identified in the first phase. The focus will be on identified
OAMCC who were recently hospitalised and are at risk of hospital readmission. The older adult
will be interviewed at home on two separate occasions. This methodology is a way to analyse
changes in their medication practises and their experiences following their recent
hospitalisation. The data collection tools include a walking-interview?? based on a medication
journal and household photographs of where medication is stored. This allows us to focus on
the tangible practices of OAMCC and contextualises them within the private space of their daily
lives.

To discriminate the older adults’ health profile, we will use the Resident Assessment Instrument

—Home-Care (RAI-HC) introduced by the Swiss Association for Home Care Services for all
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home care services in 2004. Based on a comprehensive geriatric assessment, the RAI-HC not
only allows for the establishment of an individualised care plan, but it also generates quality
indicators, plans resource use, optimises the medication management process by monitoring
and documenting the number and types of medication and the persons involved in preparing
medication, and regularly assesses adherence to the medication prescribed.3! This instrument
will provide information on the patient-, medication- and environment-related factors which
may influence the occurrence of MRPs, and it will be used to recruit OAMCC at risk of or
already presenting with MRPs.

Furthermore, we will also collect and analyse the perspectives of the formal and informal
caregivers involved in medication management at home, to cross-reference perspectives about

this important dimension of care at home.
Research population

The profiles of the polymedicated OAMCC hospitalised/rehospitalised or consulting the
emergency department, as identified in the retrospective investigation, will be used to select
participants for the qualitative investigation. A theoretical, purposive sampling will be carried
out. Based on Guest et al., the principal investigator will recruit about 30 polymedicated
OAMCC (until saturation of data), all recently hospitalised (within the last 90 days) and at risk
of hospital readmission.3?> For each OAMCC participant, an informal caregiver will also be
integrated into the investigation. We defined informal caregivers as any family member,
neighbour or friend assisting a dependent older adult with certain activities in their daily life.
That assistance, help, care or physical presence must be given on a regular basis, for at least
two basic activities or instrumental activities of daily living or to ensure patient safety, and for
six months or more.*? The informal caregiver will be included in the study if the recruited older
adult identifies that person as being significant in their medication management and if they give
informed written consent to participate.

Furthermore, a formal caregiver will be integrated into the investigation for each participant.
Professional caregivers are those employed to provide professional health care services (i.e.
nurses, nursing assistants, general practitioners, pharmacists, social workers). They will be
included in the study if the recruited OAMCC identifies them as the professional most involved
in their medication management.

Table 1 presents the specific inclusion/exclusion criteria for each group of participants.
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Table 1. Phase 2 inclusion and exclusion criteria

Participants| Inclusion criteria Exclusion criteria
OAMCC - Aged 65 or above - Not able to speak
- Man or woman and understand
- Hospitalised within the last 90 days French

- Managing at least five different medications (prescribed and
over-the-counter medications explored during recruitment)

- Suffering from multiple chronic conditions*

- Living alone or in a couple, in a rural or urban area

- With or without support from a Community Healthcare

Centre
Informal - Designated by the OAMCC as the most significant informal | - Not able to speak
caregiver caregiver involved in medication management and understand

- Aged 18 or above French

Professional | - Designated by the OAMCC as having a key role in | - Student
caregiver medication management - Apprentice

Participant recruitment

Polymedicated, home-dwelling OAMCC will be recruited via two paths so that all of the
participants meet the eligibility criteria and fit corresponding profiles established in the
quantitative phase. Some OAMCC will be receivers of care from Community Healthcare
Centres and others will be functioning without that day-to-day support:

- For OAMCC who do not receive support from a Community Healthcare Centre, recruitment
will be based on variables in their patient files and carried out in collaboration with different
nursing departments from the partner hospital;

- For OAMCC who do receive support from a Community Healthcare Centre, recruitment will
be based on the clinical and health data documented in the RAI-HC and carried out in
collaboration with community health care nurses from Sion Community Healthcare Centre.
Research nurses partnering the project, from a hospital or a Community Healthcare Centre, will
briefly explain the study to the patient. Potential participants will be asked for permission to
give their name to the researchers. The principal investigator will contact the older adult by
telephone during the week following hospital discharge and ask for their agreement to
participate in the study. In case of agreement, a first meeting will be organised at the older

adult’s home in the next few days. Participant recruitment will start in October 2019.
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Data Collection from OAMCC

During the first home meeting with the OAMCC, the principal investigator will provide all the
study details and will suggest two semi-structured interviews, each lasting about an hour,
starting on the first meeting and spaced two to three weeks apart. According to participants'
levels of tiredness, it may be necessary to subdivide the interviews. The older adult will be
invited to sign the informed written consent form, allowing the researcher to collect
sociodemographic and health data (RAI-HC and the patient’s hospital records). Eligible home-
dwelling OAMCC from both recruitment paths will be screened using the RAI-HC Minimal
Data Set (MDS), which includes information on polymedication (section P), multiple chronic
conditions (sections J and K) and recent hospitalisation (section Ac). Research team members
trained on the RAI-HC will also carry out this evaluation for participants who do not have an
RAI-HC. The following multidimensional clinical data will be retrieved from the RAI-HC
MDS: cognitive status, hearing, vision, mood status, functional and physical status, continence,
health care problems, and nutritional state. The MDS will aid interviews with OAMCC and the
exploration of the facilitators and barriers to daily medication management.

The first semi-structured interview will collect the perspectives of OAMCC with regards to
their medication management, the return home, information received about their treatment and
its possible modifications, whether their opinions and preferences were taken into account in
the prescription of medications, and the informal and professional caregivers involved.
OAMCC:s will be interviewed alone or with an informal caregiver, if necessary. The principal
investigator will then ask the participant to complete a week-long medication journal34 33, either
alone or with the help from informal or professional caregivers, emphasising that any
information on daily medication routines is helpful, even if the OAMCC feels unable to
complete the journal for the full seven days. The instructions will mention the importance of
noting all the medicines taken—those prescribed by general practitioners or specialist
physicians, but also any others taken at their own initiative (over-the-counter medications).
Participants will be asked to note their perceptions of and satisfaction with their treatment in a
week-long medication journal. This will provide information on the daily routines associated
with the participant's medication and will form the basis of the second interview.

The second interview will be based on the participant's medication journal and will take the
form of a walking-interview>¢ using household photographs.®> The principal investigator will

ask the participant to explain their medication practises while pointing out the locations within
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their home where drugs are stored, prepared and taken. The hypothesis underlying this
methodology is that the physical presence of drugs promotes discussion.’” 3¥ We will identify
and photograph, with the participants’ agreement, the places where medication, contact details
for medical professionals and other information are stored as well as the locations of any other
objects involved in daily care practises. The collection and analysis of photographs provide a
better understanding of the complexity of medication management in home settings. They help
to capture the interviewee’s concerns or strategies when they are pointed out to the interviewer.
The interview guide will also investigate the issue of self-medication in order to reveal the

extent and influence of this practice.

Data Collection from Informal Caregivers

Sociodemographic data and information related to medication management will be collected.
When possible and appropriate, a joint third interview3® with the OAMCC and their principal
informal caregiver* will be organised at the older adult’s home one to two weeks after the
walking interview. This type of interview provides access to the interactions between OAMCC
and their informal caregivers with regards to medication management. We hypothesise that the
main informal caregiver is deeply involved in the older adult’s experience of medication
management, but the caregiver’s ideas about this may be similar to, overlapping with or

different from those of an OAMCC.

Data Collection from Professional Caregivers

A semi-structured interview of about one hour will be conducted with a professional caregiver
in order to explore their point of view on the OAMCC's medication management and other
issues associated with the return home after hospitalisation. In agreement with the project’s
field partners and stakeholders, these interviews will take place in professionals’ workplaces
(Community Healthcare Centre, medical practice office or pharmacy), during working hours,

one to two weeks after the interview with the OAMCC and their informal caregiver.

Qualitative data analyses

A database will be prepared using the RedCap® software platform to record and store the
participants’ sociodemographic, health and interview data. Information on their health statuses
will be collected using the RAI-HC data and will be analysed using the IBM-Statistical Package
for Social Sciences (IBM-SPSS®), version 25.0.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350

BMJ Open

Data collected via the interviews will be examined according to an analytical plan that integrates
and compares two different methods. Firstly, thematic content analysis* 4!, using NVivo 12®
software, will be used to identify the themes emerging from the data, and this will provide a
rich, detailed account of the data set. Themes will be compared by different members of the
analysis team until a consensus is reached. Secondly, lexicometric analysis, using Iramuteq
software—a technique derived from the Alceste® method**—will allow a very fine exploration,
both within each interview and across the whole corpus of interviews, of the structures
underlying the discourse. Each older adult’s medication journal will be analysed and
categorised according to the same principles as the interviews. The data collected from these
documents will be put into perspective by the analysis of the interviews. In the final data
analysis, links will be made between the interviews, the medication journal, the older adult’s

RAI-HC data, and the photos of the medicines’ locations.

Phase 3, Development of a Medication Management Model

Connecting retrospective and prospective findings, using an explanatory sequential design and
participants’ different perspectives, will contribute to a deep understanding of the current state
of medication management practices of polymedicated, home-dwelling OAMCC. This mixed-
methods study corresponds to the “diagnostic” phase of the process of developing a Model of
Care, as presented by the Agency for Clinical Innovation (ACI).* It will guide the “solution
design” phase—the next step in the creation of an innovative, integrated model for supporting
medication management and preventing adverse health outcomes. In addition to the ACI’s
framework, the development of a proposed Medication Management Model will consider the
quadruple aim of enhancing the patient’s experience, improving population health, reducing
costs and improving the working lives of health care providers.*

Finally, our mixed-methods research findings will be completed with those of an ongoing
systematic review of Medication Management Models.*’

The study phase outcomes are summarised in Table 2.

Table 2. Outcomes for each study phase

Patient-, medication- and environment-related factors which can increase the risk of
hospitalisation, emergency department visits, hospital readmission (notably due to

Phase 1 MRPs), institutionalisation or early death.

outcomes Profiles of polymedicated, home-dwelling OAMCC hospitalised or visiting the

emergency department due to MRPs based on the previously identified patient-,
medication- and environment-related factors.
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For OAMCC participants:

e Patient-, medication- and environment-related factors for MRPs (defined by
phase 1’s outcomes) extracted from the RAI-HC MDS and the patient’s
electronic hospital records (number and types of medication, multiple
chronic conditions, recent hospitalisations, cognitive status, hearing, vision,
mood status, functional and physical status, continence, healthcare
problems, nutritional state);

e Maedication practices and experiences of OAMCC following their recent
hospitalisation, facilitators/barriers to medication management, informal

Phase 2 and professional caregivers involved.

outcomes
For informal caregivers:

e Sociodemographic profiles;
e Practices and experiences related to medication management.

For professional caregivers:
e Sociodemographic and professional profiles;
e Role and perspectives on OAMCC medication management;
e Coordination activities related to returning home after hospitalisation.

Three first steps in the process of developing a Model of Care*:
e "Project Initiation",
e "Diagnostic",

Phase 3 e "Solution Design" considering the quadruple aim;
outcomes
Proposals for the Medication Management Model’s "Implementation” and
"Sustainability" steps®, to support medication management and to prevent adverse
health outcomes related to MRPs.

Patient and Public Involvement

This study and the feasibility study on which it is based were developed in collaboration with
representatives from a Community Healthcare Centre, a regional hospital, medical and
pharmacy associations, and an informal caregivers association. They shared their expertise on
the study’s relevance and the feasibility of data collection with the research team. Patients’
priorities, experiences and preferences, collected during the feasibility study, were the drivers
for the development of the research question and outcome measures.

A steering committee will involve these different actors at various stages in the project, both to
contribute to data collection and to provide their expertise to the co-construction of a
Medication Management Model and its future implementation. As regards data collection, the
hospital’s medical informatics department will provide the appropriate data based on a data
extraction protocol (phase 1) and the Community Healthcare Centre will help with OAMCC

recruitment and access to participants’ RAI-HC and professional caregivers (phase 2).
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Results will be disseminated to study participants through presentations to associations of
patients and informal caregivers and at professional training sessions.

Ethics and Dissemination

Ethical approval has been obtained from the Human Research Ethics Committee of the Canton
Vaud (CER-VD) (2018-02196). With this approval, the medical informatics department of
partner hospital will provide the appropriate data for the retrospective phase based on a data
extraction protocol. Extracted data will be delivered and stored in the ReDCap® data platform
via a secure coded data file. In coherence with the Data Management Plan submitted to the
Swiss National Science Foundation (NSF), the collected data will be securely stored for future
research.

The autonomy of the participants will be respected. Participation in the prospective phase in
this research is free. It will be possible for participants to refuse to record the interview or to
request the deletion of the recorded data. Participating in a structured effort to understand
medication practises and the post-hospital return home experience can contribute to
improvements in health management in the community at large, and particularly in the area of
home support.

Findings will be disseminated in peer-reviewed journals, professional conferences and other
knowledge transfer activities with primary healthcare providers, hospital care units, informal

caregiver and patient associations.
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Introduction

Dataset

Two datasets are available for this study at the moment: one containing the hospitalizations in
the Valais hospital and one of the emergency admissions. The former plays a central role in this
project and will be used most often in this document.

The hospitalizations data set contains distinct variables, most of which are measured twice: at
the admission and at the discharge from the hospital. The total number of variables is then 174.
After selecting only the population if interest, i.e. individuals aged 65 or more and living at home
before the hospitalization, we finally obtain a sample of 36’792 hospitalizations. All observations
have been collected between 2015 and 2018.

These variables are not completely independent and may be regrouped in several groups accord-
ing to the dimension they are measuring as shown in figure 1. To begin we will analyze only the
condition of the individuals entering the hospital.

The major groups of information can be split on: somatic/physical condition, psychological
condition, number of medicines, diagnose(s), interventions and information on the medical course.
Furthermore the precise medications will also be investigated.

Besides these most obvious distinctions between the variables, other underlying subgroups might
also be present within these groups. This will be the subject of a complementary analysis within
some groups. Therefore we will verify the presence of an interpretable clustering of the variables
within a group before clustering the individuals.

Clustering approach

The large number of variables in the data set makes it difficult to investigate the relations
between the different factors and the risk of critical health events. Therefore the possibility to
put all variables in the same model may be not an optimal choice of modeling if we consider the
multi-dimensionality problem and the dependence between the variables.

An alternative approach will be considered in this study. Here we will make use of the
important information provided by the experts in healthcare, that is the presence of clear groups
within the set of variables.

For the cases when this grouping is not very clear, we may rely on the expert’s decision. However
this is not always sufficient and we also need to employ statistical methods to cluster the variables.
The results of these methods will be compared to the experts opinion and will serve as a validation
tool in order to limit a possible bias from the experts point of view or to propose a solution to an
unclear relation. Both methods should pe performed independently.

A hierarchical cluster analysis using the R package ” ClustOfVar” is suggested in this paper. As
each statistical analysis, its result should not be accepted as they appear, but should be taken as
suggestions or questions instead.
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Figure 1: Structure of the hospitalization variables

When the final set of groups is defined, we will use statistical models to cluster the individuals
within each group. This will provide one variable from each group, that indicates the type of char-
acteristics that the individual displayed by his answers. For example, if we separate the individuals
on three groups according to their psychological indicators, we might obtain a variable indicating
that a person belongs to a group with noticeable, small or no psychological issues. This type of
aggregated variables will be used in the final analysis of the risk factors.

Further analyses and tests

The approach described above will also be compared to the more typical method of feature selec-
tion. A series of regression analyses and tests will follow both approaches to understand which
characteristics are the most important risk factors for occurrence of critical health events such as
hospitalization, early death etc.

Longitudinal perspective

A longitudinal analyses may complement the research if the data allows (to be continued when we
receive the identifiers).
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Chapter 1

Cluster analysis

1.1

Introduction and clustering methods

1.1.1 Methods of clustering of Mixed variables data

A large variety of clustering methods exist in the literature. However the majority are focused on
either continuous or nominal data alone. There exist a limited number of techniques and strategies to
incorporate both variables types in the same clustering partition (add all the formulas and references
later):

Distance measure. The idea is to be able to create a measure of the distance between individ-
uals (or sequences) that includes nominal and continuous variables. The Gower distance is
the most used such measure and is defined as: (formulas)

However because it uses the range of continuous variables to determine the distance and
assumes that nominal variables have a distance of either 0 or 1, it may under-estimate the
impact of the continuous variables (which reaches 1 much less often than in the nominal
variables case). Furthermore, the weights are also arbitrarily selected, however they define the
contribution of each data type to the global distance (see ?? for more detailed examples). As
all measure distances, Gower should be used as input for clustering methods, such as k-means
for instance, to provide clustering results.

k-means is another algorithm mainly used for continuous variables. Several other implemen-
tations, such as the R package KAMILA, integrate different types of variables together. In
this particular case, it uses the probabilities of a multinomial distribution for the discrete
variables. The continuous variables distribution is estimated by univariate Kernel Densities.
The probabilities resulting from the both distribution types are added together to obtain a
measure of how close an observation is to the center of each cluster. (formulas)

k-medoids is a more robust version of k-means. The difference is that in k-medoids a real data
points are selected as centers of the clusters, whereas in k-means the centers are the computed
averages. The R package PAM is a popular implementation of this approach.

Normal-Multivariate mixture models are another although a bit more complex but very flexible
and useful alternative (to detail with formulas)

The standard method for clustering of factor variables is the Multiple Correspondence
Analysis (MCA). This model is implemented in the R packages ” FactoMineR” and "PCAmix”.
It splits all factors into multiple binary variables. Usually the principle components obtained
by MCA are then clustered by a kmeans algorithm. (details and formulas)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

In our analysis we tried several different clustering methods. However in the displayed results
we most often used the following procedure to cluster the variables:

1. Typically one factor analysis type of model is used (such as MCA, PCA, or other depending
on the data type).

2. Then the most important factors are selected. In this case we prefer to select larger number
of components if it is necessary in order to keep larger part of the variation of the data. We
keep in mind that our aim in this stage is to obtain an accurate clustering, rather than to
reduce the dimensionality (this will be done using the final cluster partition).

3. At the end these factors are considered as variables and serve as input of an k-means clustering
algorithm.

4. The number of clusters is then selected using the Silhouette statistic, but also by considering
the interpretability of the resulting partition.

1.2 Psychological variables (green)

1.2.1 Data overview and strategies

All the six psychological variables are ordinal. However, together with many other variables
in the data set, most often we will consider them as nominal in our analysis, because of the small
number of modalities of each of these variables.

Some observations are excluded from the analysis because they contained only missing values.
These are the first subjects in the data set and they have also been excluded from other analyses
for the same reason.

The final sample for the following analyses contains 32’484 observations

1.2.2 Clustering of psychological variables

A hierarchical clustering method has been performed on the psychological variables in order to
investigate any possible relation and presence of subgroups within these variables. The R package
7 ClustOfVar” has been used for this purpose.

The results do not suggest any clear interpretable structure within as illustrated by the dendro-
gram in figure 1.1. They indicate that only single variables clusters (singletons) may be separated
one at a time to form separate and not very distinct clusters. This information does not provide any
useful solution to our problem because obviously it does not make sense to cluster the individuals
over one single variable. Therefore this result, combined with the small total number of variables
(only 6), lead us to the conclusion that the six psychological variables should be considered together
in the same individual clustering algorithm.

1.2.3 Clustering of individuals

Multiple correspondence analysis has been used to cluster the individuals according to their psycho-
logical state because all variables are categorical. Even though the first two principal components
do not explain large part of the data (26%), we can observe the four most discriminant variables for
the clustering (and the importance of their categories) on figure 1.2.

For further analysis we choose rather large number of principal components (9) because of the
relatively low explanatory power (65% of the variance). After that we examined several different
clustering partitions with respect to the number of clusters. Some particular groups and features can
be systematically found in all the partitions. This allows us to make the following generalizations
of the results, regardless the number of clusters:
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Figure 1.1: Dendrogram of psychological variables

e The majority of valid observations are displaying good condition in almost all of the variables.
They are found in every clustering solution and form always the largest cluter.

e When increasing the number of clusters, the observations with average or ”bad” psychological
condition are split and nuanced.

e One group of individuals with predominantly missing values have been excluded from the
analysis.

The optimal number of clusters is determined here by the silhouette statistic on figure 1.3. This
statistic measures how similar each observation is to its own cluster, compared to all other clusters.
The results indicates that two or four clusters solution would be the most appropriate in terms of
within and between cluster distances. These two solutions will be resumed in this section.

Two cluster soution

The two cluster solution is made of one dominant group of 29913 ”healthy” people and one small
group of impatients in average and bad condition. On table 1.1 we observe that the two clusters
are differently distributed over all 6 variables and the diagnoses (CIM). These differences are also
highly significant. It is interesting to mention that much smaller part of the "healthy” group has
taken medications increasing the risk of falling or delirium, 15% vs 44% of group 2.

Two other variables (number of medications and primary diagnostic) are added to the analysis
for sake of exploration. They do not participate in the clustering model. No difference is observed
in the average number of medications, however the primary diagnosis appear to be different among
the groups.

Four cluster solution

In the four clustering solution, the results are similar, except that we do not have a single ”unhealthy”
group, but three clusters with different degree of health issues.
(INCLUDE THE TABLE FOR 4 GROUPS)
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Figure 1.2: Dendrogram of psychological variables

1.3 Somatic/physiologic variables (orange)

1.3.1 Data overview and strategies

Note that several variables have modalities that do not correspond to these described in the list (see
the variable description document ”summaries age domicile”). These modalities have bean corrected
but in an arbitrary manner. Therefore a discussion over all such corrections is necessary.

At least two of the variables from the list should be considered as continuous in this group
(Braden risk of sores and risk of falling, probably ”Indice d’autosoins” and “risque de déficit de
soins post-hospitalisation” may be also continuous), therefore we dispose with mixed data, and
will apply the corresponding model. Both continuous variables are finally present in the second
sub-group.

1.3.2 Clustering of variables

The number of somatic variables is relatively large to perform a direct clustering on the individu-
als. Furthermore, the possible presence of similarities between the variables indicate that we must
consider a split of these variables in multiple sub-groups.

The initial separation of the variables has been done according to the experts knowledge of the
data. However the results from a statistical model for variable clustering have also been used in
order to provide an external validation of the experts point of view. These results are summarized
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Figure 1.3: Silhouette statistic for choosing the number of clusters: two or four-cluster solution is
suggested.

on figure 1.4. Even though they do not completely match the experts partition, we can observe that
many of the variables can be found in the same cluster.

Initially four groups were formed: mobility, health difficulties, support for the daily life activities
and other health risks.

As stated before, four groups of variable separation was the initial guess. However on table 1.3
we see that 3 of the variables in the last group ”other health risks” present an excessive number of
missing values: bedsores, wounds and malnutrition risk.

First, this could be a reason for unreliable results from the variable clustering for these variables,
which is a reason to ignore their place in the analysis presented earlier on figure 1.4. But most
importantly, it is also a burden for any further clustering of the observations if we keep these
variables. Therefore the only solution is to take them out of the analysis.

The two other variables from the group: Braden risk and risk of falling are not sufficient to create
an entire group of clustering. Therefore they are attached to the group ”health difficulties” for the
clustering of individuals. This leads to the following final three sub-groups of physiological /somatic
variables displayed on table 1.4.

1.3.3 Clustering of individuals within the physiologic sub-groups

In this section, we will present the results of the 3 separate cluster partitions, one for each of the
above-mentioned sub-groups.

Mobility (sub-group 1)

The optimal number of clusters n is unclear according to the silhouette statistic. It suggest rather
similar and increasing values as n increases. Therefore we chose two cluster partition because this
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Consciousness comateurx stuporeux somnolent éveillé total
group 1 0.00 0.00 0.00 1.00 29913
group 2 0.02 0.03 0.19 0.76 2571
Orientation aucune faculté 1 & 2 facultés 3 facultés  entiere faculté mnot measurable
group 1 0.0 0.01 0.05 0.93 0.00 29913
group 2 0.2 0.34 0.20 0.12 0.14 2571
Learning capacity Incapacity severely reduced slightly reduced Full capacity
group 1 0.00 0.01 0.09 0.90 29913
group 2 0.22 0.60 0.12 0.05 2571
Daily life skills Inexistant severely reduced slightly reduced Full capacity not measurable
group 1 0.00 0.01 0.08 0.90 0.01 29913
group 2 0.15 0.57 0.16 0.06 0.07 2571
Attention perm. reduced occas. reduced not affected not measurable
group 1 0.01 0 0.98 0.01 29913
group 2 0.61 0 0.30 0.09 2571
Mdc incr. fall risk yes no
group 1 0.15 0.85 29913
group 2 0.44 0.56 2571
Additional variables (not included)
Nbr of medications 0 1-3 4-5 6-9 10+
group 1 0.57 0.12 0.09 0.13 0.09 29913
group 2 0.65 0.04 0.06 0.13 0.12 2571

mean for gr.1 mean for gr.2

2.809748 2.846752

CodeCiml REC1 other cancer mental sensory systemes
group 1 0.39 0.01 0.13 0.03 0.44 29913
group 2 0.32 0.01 0.08 0.04 0.55 2571

Table 1.1: Two clustering solution: distribution of the groups in all six psychological variables. All
distributions are significantly different among clusters (y>-tests, p-values<0.01), except the mean

number of medications.

Balance disorders
Past falls
Recent falls

Verbal expression

Dress and undress - lower b.

Mobility Health difficulties |Daily life activ. support |Other health risks
Movement Exhaustion Body care - upper body Sores

Changing position | Hearing Body care - lower body Wounds

Altered gait View Dress and undress - upper b. | Malnutrition risk

Risk of falling
Braden risk (of sores)

Drowsiness Full night | Eating
Sleep rithm Drinking
Pain intensity Micturition
Chronic pain Defecation

Table 1.2: Initial idea for sub-goups of physiological /somatic variables

variable

missing values

wounds
93.6%

bedsores
98.6%

Braden risk

0.3%

malnutrition risk

risk of falling

87.7% 44.9%

Table 1.3: Percentage of missing values in sub-group ”other health risks”

is also the best separation in terms of interpretability of the results and implies a clear difference

between the groups.

Again in table 1.5 we see that roughly % of the subjects have little or no mobility issues (group
2). The remaining individuals exhibit problems in at least one of the 6 dimensions. That number

is rather large but not surprising if we consider the advanced age of the selected population.
The y2-tests confirm the clear difference between the groups among all variables.
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Figure 1.4: Dendrogram of physiological /somatic variables

Balance disorders
Past falls
Recent falls

Verbal expression
Drowsiness Full night
Sleep rithm

Pain intensity
Chronic pain

Braden risk (of sores)
Risk of falling

Mobility Health difficulties Daily life activities support
Movement Exhaustion Body care - upper body
Changing position Hearing Body care - lower body
Altered gait View Dress and undress - upper body

Dress and undress - lower body
Eating

Drinking

Micturition

Defecation

Table 1.4: Final sub-goups of physiological/somatic variables

Health difficulties (sub-group 2)

PAIN_E

CHRON_PAIN_E

The objective of our analysis is clustering and not dimension reduction. Therefore it is worth taking
into account larger number of principal components in the analysis in order to explain larger part

of the variability of the data.
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Movement Incapacity severely reduced slightly reduced full capacity  total
group 1 0.23 0.37 0.34 0.06 11328
group 2 0.02 0.01 0.16 0.82 21172
Changing position Incapacity severely reduced slightly reduced full capacity
group 1 0.08 0.29 0.40 0.23 11329
group 2 0.00 0.00 0.05 0.95 21174
Altered gait yes no not measurable
group 1 0.56 0.09 0.35 11331
group 2 0.10 0.90 0.01 21172
Balance disorders yes no not measurable
group 1 0.42 0.21 0.37 11330
group 2 0.06 0.94 0.00 21172
Past falls yes no not measurable
group 1 0.33 0.59 0.08 11329
group 2 0.05 0.95 0.01 21170
Recent falls yes no
group 1 0.11 0.89 9288
group 2 0.01 0.99 12925

Table 1.5: Two clustering solution of the ”mobility” subgroup. All distributions are significantly
different among clusters (x2-tests, p-values<0.01).

The silhouette statistic suggests 2, 8 or 10 clusters . Our decision is to choose 2 cluster solution
for two reasons, first it corresponds to the first and most pronounces peak in the graph 1.5, but it
is also more easy to interpret. .

Optimal number of clusters
Silhouette method

o o
N w

o
=

Average silhouette width

o
o
:

1 2 3 4 5 6 7 8 9 10
Number of clusters k

Figure 1.5: Sub-group ”Health difficulties”: silhouette statistic for choosing the number of clusters.
Two or four-cluster solution is suggested.

Before adding the two continuous variables to this sub-group, a three cluster solution was
the optimal solution, despite the excessively small size of one of the groups (n3 = 241). However
this group is the more distinct from the rest. It comprises impatient that were probably unconscious
or in very bad condition. Concerning the two other large groups, the only clearly distinctive feature
between them was the higher proportion belonging to the group "not measurable” of the variables
and therefore they could be merged together.

After adding both continuous variables to the analysis, we observe on figure 1.6 that both solu-
tions are rather similar. The main difference is due to the rather large categories "not measurable”
in the variables Drowsiness and Sleep rhythm.

A possible solution to this problem is to take these variables out of the analysis and perform
a new clustering. Note that both variables are not measurable for the same individuals, which biases
the result of the clustering.

11
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Exhaustion no activitiy possible some auton. occas. act. good phys./ not meas. total
a. w. recovery possible mental strenght
group 1 0.01 0.12 0.21 0.65 0.00 24034
group 2 0.04 0.18 0.25 0.50 0.03 8458
Hearing deafness auditive no auditive not meas.
problems problems
group 1 0 0.1 0.90 0.00 24031
group 2 0 0.1 0.87 0.02 8460
View blindness visual no visual not meas.
problems problems
group 1 0 0.07 0.93 0.00 24032
group 2 0 0.08 0.88 0.03 8460
Verbal expression Incapcity Restricted entire capacity
group 1 0.00 0.03 0.96 24030
group 2 0.02 0.07 0.91 8461
Drowsiness disturbed no disturbation not measurable
group 1 0.15 0.84 0.01 24029
group 2 0.02 0.01 0.97 8459
Sleep rithm modified  not modified not measurable
group 1 0.06 0.94 0.00 24025
group 2 0.02 0.02 0.96 8455
Pain intensity Signs of pain improbable intense meduim slight no pain
(3-d p.) (3-d p.) pain pain pain
group 1 0 0 0.03 0.11 0.17 0.69 24017
group 2 0 0 0.03 0.11 0.17 0.69 8460
Chronic pain yes no not meas.
group 1 0.08 0.92 0.00 23998
group 2 0.07 0.87 0.05 8457
Continuous varibles
Braden risk sores
Welch 2 s. t-test: mean gr.1 mean gr.2  95% conf. int.
21.1 19.9 (1.08; 1.23)
Risk of falling
Welch 2 s. t-test: mean gr.1 mean gr.2 95% conf. int.
2.11 2.39 (-0.33;-0.24)

Table 1.6: Two clustering solution of the ”"Health difficulties” subgroup. Nominal and contin-
uous variables results. All distributions are significantly different among clusters (y2-tests, p-
values<0.01).

The continuous variables have also a significant difference, but it is not a sufficient reason in
terms of interpretability to keep this solution.

Daily life activities support (sub-group 3)

The Silhouette statistic is indecisive on figure 1.6, but the two cluster solution appears more appro-
priate and is our choice.

A brief look on the clusters in figure 1.7 is sufficient to spot the difference between groups. One
large cluster of 27’233 observations is formed by mainly healthy individuals that have their full
capacity on the majority of the variables. The smaller cluster 1 of 5’268 observations regroups the
individuals who have at least one serious problem with their daily life activities. Overall the sepa-
ration appears interesting for our aim of separating the observations. Once again the distributions
of the clusters are significantly different over all variables.
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Figure 1.6: Sub-group 3 ”Daily life activities support”: silhouette statistic for choosing the number
Two, eight or ten-cluster solution is suggested. Two groups are chosen for sake of

Body care - upper b.
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Body care - lower b.
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Dress and undress - upper
group 1
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Dress and undress - lower
group 1

group 2

Eating

group 1

group 2

Drinking

group 1

group 2

Micturition

group 1

group 2

Defecation

group 1

group 2

incapacity
0.22
0.00
incapacity
0.53
0.01
incapacity
0.26
0.00
incapacity
0.53
0.01
incapacity
0.13
0.01
incapacity
0.09
0.01
incapacity
0.31
0.04
incapacity
0.17
0.00

severely reduced

0.52
0.00

severely reduced

0.45
0.09

severely reduced

0.50
0.01

severely reduced

0.45
0.08

severely reduced

0.13
0.00

severely reduced

0.08
0.00

severely reduced

0.24
0.01

severely reduced

0.28
0.00

slightly reduced
0.23
0.23
slightly reduced
0.02
0.25
slightly reduced
0.21
0.22
slightly reduced
0.02
0.24
slightly reduced
0.29
0.02
slightly reduced
0.18
0.00
slightly reduced
0.21
0.08
slightly reduced
0.19
0.06

full capacity
0.04
0.76
full capacity
0.00
0.65
full capacity
0.03
0.78
full capacity
0.00
0.67
full capacity
0.45
0.97
full capacity
0.65
0.99
full capacity
0.23
0.88
full capacity
0.36
0.94

total
5268
27233
total
5268
27233
total
5268
27234
total
5268
27233
total
5268
27232
total
5268
27229
total
5267
27224
total
5267
27227
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Table 1.7: Two clustering solution of the ”Daily life activities support” subgroup. All distributions
are significantly different among clusters (y>-tests, p-values<0.01).
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