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Abstract

BACKGROUND

Rehabilitation therapies are effective for older persons in Hmmsed settings, and have the
potential to save money for the health system, while also improving the quality of life for older
adults who may otherwise be hospitalized or institutionalizdthough there is evidence that
homebased rehabilitation can improve functional outcomes in older adults, research has shown
that many oldehome carelients do not receive the rehabilitation services they need. Despite
t he home <car e impprtance withifO nit @ hadalé dase systgm, we have a
limited understanding of the population that currently utilizes these services and how these
services are allocated the provinceThis dissertation project aimséahance the

understanding ohis domainusinga large provincial data repository of home care client
information (RAFHC information system)

METHODS

Using the AnderseiNewman Framework to guide this research from a conceptual standpoint,
and combining it with the CRoss IndustryaBdard Process for Data MinifQRISRDM) as an
organizational framework, this dissertation focuse&xamining data collected on older leng
stay home care clientBrior to the data mining modeling procedutasywledge of the
rehabilitation services ihome care was develop#tough a series of sersiructured interviews
with key informants. The results of thgsalitativestudy were then used to inforuantitative
analyseshat includel creating rehabilitation service user profiles using thad&ansclustering
algorithm,andthe development of predictive modelisrehabilitation srvice provision using a
Random forest algorithm and multilevel models

RESULTS

Older home care clientsho receiveoccupationatherapy anghysiotherapyn the Ontario
HomeCareSystemform a complex and heterogeneous client population. Tleegeas are
oftenprovidedto clients following an acute eventetmany older adults who could benefit from
therapy service®r functional improvement and maintenarsee not pruided services due to

limited resourceK-means clustering analyses resulted in the creation of seven profiles of rehab
service userslustrating the multidimensional diversity of the service user population.

Predictive models were able to identiflfent characteristics that are commonly associated with
service provision. These models confirmed the large amount of regional variation found across
the province and highlighted the differences between factors that lead to occupational therapy
and physiotheapy service provision.

CONCLUSIONS

Using multiple methods to systematically examine rehabilitationsesor longstay clients,

new insights into the current user populatm theclient characteristics related service
provisionwere obtained. Futumesearch activitieshould focus on ways to utiee regularly
collected standardizethta to identify older longtay home care clients who would benefit most
from therehabilitationtherapyservicegrovided by the provincial homereasystem
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1.0 INTRODUCTION

1.1 The Ontario Home Care System

The home health care systenOntario provides an assortment of services to a large
number of individuals in home settings. In 2009/2010, Community Care AccesssCentre
(OACCAC) provided603,535 clients witha variety oftherapeutic andupport services
including nursing, homemaking,aal delivery, transportatiophysiotherapyPT), and
occupational therapy (OT;r@arioHomeCareAssociation 2010). The majority (56%) of
the clients who receive these services are over 65 years dagei¢ Home Care
Association2010).Home healtlservices play a vital role iallowing aging individuals with
complex health issues to remain at home and out of emergency rooms atetnocgre
facilities. As the first members of the large baby boomer cohort are beginning to reach the
age of 65the dficiency and the effectiveness of this sector of the health care system is
becoming increasingly important. As this large segment opopulation ages into their
70s and 89(, the demand for supportiand therapeutiservices provided by the home ear
system will correspondingly increas&€herefore, it is vital that we work towards optimizing
the system in order to best meet the health care needsadiogpopulation.

The majority of clients who receive home care services receive them in a private
residence; however, some home care services are delivered to clients living kteariong
care home, assisted living facility, or in supportive housing. Within the entire home care
client population, clients can be separated into the following broagacegs: longstay
clients, postacute clients, children, palliative, rehabilitation, and placement clients. The
majority of clients within the homeare system are lorgay clients who are expected to be

on service for more than 60 days. These cligartd to be older and require services such as



personal support, homemaking, and help with activities of daily living (ADLs). These
clients and the rehabilitation services that they receive (or do not receive) will be the focus
of this project.

Within the province of Ontario, the home health care system has been regionally
organized into 14 geographic regions reddrto as Local Health Integratidietworks or
LHINs (Ontario Ministry of Health and Longierm-Care 201J). This regional division of
servicesvas designed to allow each geographic region to plan, fund, and integrate their
health services in their own communities. Within each LHIN, Community Care Access
Centres (CCACsyork as asingle entry point for persons requires home care services.
Eligibility for the deliveryof home care services is determined by case managers at the
CCAC who then arrange ftvealth care providefisnurses, physiotherapists, social workers,
registered dieticians, occupational therapists, speech therapists, and peguoral su
workersi to provide a range of care and support services to individuals living within the
community.

Research performed in the 199@rior to the creation of the LHINs in 2006,
demonstrated large variation in home care service provision armtidiii across the
province (Coyte& Young, 1999). Due to this substantial regional variation found using
data from the Canadian Institute felealth Information (CIHI) an®ntario home care
system administrative databases, Coyte and colleagues reconthnerrdase in
expenditures and alternative methods of organizing, financing, and delivering home care
services. A more recent study of home care services in OntarioAglad in Ontario: An
Institute forClinical EvaluativeSciencesChartbookof Health Service Use by Older Adults

(Institute of Clinical and Evaluative Scien¢c@910) found significant regional differences



across Ontario in: (1) wang times to first service provision for both lostay and short

stay applicants; (2) time tar$t nursing service visit following hospital discharge; (3) times

to initial RAI-HC assessment; and (4) distribution of Method for Assigning Priority Levels
(MAPLe) scores for senior receiving home care servinege: MAPLe algorithm is a
decisionsuppat tool that may be used to inform choices related to allocation of home care
resources and prioritization of clients needing community or fadibised servicesjirdes,

Poss & CurtiATelegdi, 2008 This studyby the Institute of Clinical and Evaluagév
Scienceslemonstrates that substantial regional variation in home care services has persisted
since the creation of the LHINs and highlights the need for modifications of the system to
ensure that all residents of Ontario have equal access to services.

Due to the requisite role that home care plays in the health antdeuadl of older
adults, the Romanow Report has described homi
(Romanow, 2002)With anincreased policy emphasis on aging in place initiatives (&l
et al., 2009), and evidence of unmet needs in home care (Forbes, 2004aNAdvisory
Council on Aging 2006; Hirdeset al.,2004) itis necessary tomprove our understanding of
the home care systeamd considehow we can better allocalienited resources to clients
who are most likely to benefit from horbased services such @habilitation (Hirdes et al.,
2008).This will be a growing challenga Ontario as the province will have to deal with the

growing health care needsitd aging populabns.



1.2 Rehabilitation Services in Home Care

Directly associated with the advancing age of Canadian populations, debilitating age
related disorders such as stroke engculoskeletallisorders are increasing in incidence
and prevalenceB@adley& Crotty, 1995; Reginster, 2002; PHAC, 2Q08or these older
individuals, rehabilitation services (occupational therapy (OT)pduydiotherapyPT)) are
particularly important.Rehabilitationservicessuch accupationatherapyand
physiotherapyre aimed atastoring ad/or maintaining the functional autonomy of these
persons.

As our health care systems shifts care from hospitals into homes, many older
individuals now receive rehabilitation services once they have left the hospital system and
entered the homeare system. The goal of rehabilitation services in home care (through PT
or OT or a combination of both), is to allow individuals to maintain or improve physical
functioning, quality of life and their overall independence while remaining in the conmymunit
longer (C6té & Fox, 2007 In a recent systematic revie@tolee, Lim, Wilson, & Glenny
(2011)found that published studies consistently reported that home rehabilitation for older
adults with musculoskeletal disorders was equal or superior to hospital based rehabilitation
in nearly all patient outcomes assessRéhabilitation services for oldadults in home care
have the potential to save money for the health system downstream (by reducing falls,
emergency room usanddependencies), while also effectively improving the quality of life
for people who may otherwise be hospitalized or institaiaed Anderson Ni Mhurchu,

Brown, & Carter,2002 Shamian, Shainblum, & Stevens 2006).
For older adults, functional difficultiesansignificantly impact quality of life and are

associated with negative health outcomes (e.g., frailty, institutionahzakeath; Gill &



Kurland, 2003; Fried et al., 1998ror home care clients, there are two rehabilitation

therapy services that are commonly provided to address these limitations related to aging.

Physiotherapy (PT) f oc usmaistaimng funttiomlp r ovi ng,

independencand physical performance; preventing and managing pain, physical

impairments, disabilities and limits to participation; and promoting fitness, health and

we | | nCarsadian Ingtitute for Health Information, 200®cawpational therapfocuses

onienabling | iving, through occupation; of

foster health and webeing; and of enabling a just and inclusive society so that all people

may participate to their pot exsehdi&Pblatajko, t he

2007, p. 372) Sinceaging isa significant risk factor fonumeroushronic diseases,

physical impairments, and disabilitigbese two rehabilitation therapy services will play an

important role as the health care system shifts toesddhe needs of an aging population.
Despite the evidence of the positive effects of rehabilitation services for older adults,

many older home care clients are not provided with the rehabilitation sefracewhich

they could benefi(Borrie, Stolee, Koefel, Wells, & Seabrool2001; Jaglakt al, 2003;

Posset al.,2005). Past research has demonstrated that individuals specifically identified as

having rehabilitation potentialftendo not receivany rehabilitation therpfup to 71%,

Hirdes, et al.2004). In addition to these findings at the level of the client, significant variation

aciosshealth regions in home care rehabilitation services in Ontario has been reported. A

studyby Mahomecet al. (2004found large discrepancies in reliéfition strategies across

Community Care Access Centre (CCA€gionsin the province (this study was performed

prior to the development of the LHINS). Further, preliminary research by BaK3 (

demonstrated that this intezgional variatio in rehabilitation srvicepersisted after the

r e ¢



creation of the LHINs and continues today. This preliminary research indicates that where an
older home care client lives may determine whether or not they receive rehabilitation services,
despite actual or perceived need.

Rehabilitation services providers face challenggsoviding rehabilitation therapies
to older persons that include increased level of frailty, a higher prevalence of comorbidities,
and the fact that disability among seniors is complex and-faattrrial, requiring knowledge
and expertise from several subspecialties and professional disciplirgss( 2006Knoefel,
et al., 2003Wells, Seabrook, Stolee, Borrie, & Knoef2003).Despite these complications,
rehabilitation therapies for older persan homebased settings have been demonstrated to be
successfully performeid the homes of older adults while producing similar or better
outcomes than inpatient servic&ll et al, 2002; Kuisma, 200X rotty, Whitehead, Miller,
& Gray, 2003;Gitlin, Hauck, Winter, Dennis, & Schulz, 2008itlin et al., 2006Giustiet al,

2006; Stolee et al., 2010; Stoléen, Wilson, & Glenny 2011).

1.3Complexity of an Aging Client Population

Relative to young and middle aged adultdeoadults(>65 years of ageggre much
more likely to have multiple medical problems, multiple chronic diseases, atypical
presentations of medical conditions, multiple prescription medications (polypharmacy),
adverse medication reactions, cognitive impairment, ana@semspairmen{CIHI, 2011;
Corretge, Doubal, & Mead, 2010; RajsMeumann & Wiecxorowskaobis, 2007; Peron,
Marcum, Boyce, Hanlon, & Handler, 2011; Lindsay et al., 2002; Miller, Zylstra & Standridge,
2000) These complications of aging make older adulteerable to rapid declines in their

condition, more likely to use health services, and incegasgeof bothinstitutionalization and



mortality. (Canadian Institute fdfealthinformation 2011; Adams et al., 2002; Marengoni et
al., 2011). This multifactorial natureof thehealth and welbeing of ar elders is leading to
client populations that are challenging to manage (Murtaugh et al., 2009).

Geriatric syndromes such as frailty, agéted cognitive decline, delirium, falls, and
urinary incontinence are prevalent conditions in older adults (In@iydenski, Tinetti, &
Kuchel, 2007) These health conditions greatly impact the quality olifé disability status
of olderindividuals;however, there is currenttynumber of unsolved questions related to
their etiologies, pathologs, and preveion/treatment strategies (Inouye et al., 2007). Geriatric
syndromes are understood by geriatrictanse complex due to the fact that they involve
multiple underlying factors, interacting pathogenetic pathways, and multiple organ systems
(Inouye et al., 2007).

Embracing complexity is important when developing researchegiest that are
aimed abeter understandg how these complex conditioean be dealt with within the
health systeniTraditional research methods that utilize simple linear models linking one
cause to one effect canrartequatelyaddresshis complexity Research that utilizes models
and conceptualizations that embrace the interconnectedness and dynamics often found in
complex systems have the potential to lead to insights and knowledge discoveries that are
not possible through traditional reductionist eygzhes.

Due to the fact that wareentering the informatioagewith new analytic tools being
consistently developedithin the information sciences (e.g., computer science, mathematics,
engineering)thereis great potential for knowledge discoveriesl @nnovations in the study
of health and diseases of our aging populatiShgting away frominear, reductionist

approacheto datatowards nevapproacksfrom the field of data miningan assist health



researcherdeal with the complexities of agify allowing for models and
conceptualizations that can account for the complexity that is inherent in the aetiologies,

pathophysiologies, medical treants, and prevention strategies for an aging population

1.4 Knowledge Digovery in Databases
Acrossa wide variety of health seres and medical domains, data laeeng
collected and accumulatedl a rajd pace. Information is now measured etgbyteq1
petabyte = Tyuadrillion bytesandvast amounts diealthdatahave accumulateith Ontario
and Canad¢hrough of variety of standardiz&aformation systemse(g.,DischargeAbstract
DatabasgNational AmbulatoryCareReportingSysten), health surveyse(g., Canadian
Community Health Survgycohort studiesg(g., Ontario Health StudZanadian
Longitudinal Study on Agingandsurveilance systemse(g., Ontario Cancer Registry,
Canadian Chronic Disease Surveillance Syst&mcause of this immee build up of data,
there is agreatneed for the development ahalyticaltools to asst health scientists in
extracting useful information (knowledge) from the rapidly growing volumes of electronic
health data.
With the computer age ath volumes havepidly grown acrossill of thesciences.
This increase in data heeitothe newfie d knokwowhsedfe di scovery in
(KDD). KDD referstoiit he nontri vi al process of identify
and ultimately understandable patterns in défayyad, PiatskyShapiro, and Smyth,
1996. This relatively new fieldhas evolved frondisciplinesincludingmachine learning
pattern recognitionstatistics, artificial intelligence, knowledgequisitionfor expert

systems, data visualization, and hjggrformance computing (Fayyatial.,19%).



Frequently KDD isused synonymously with ttee r m A d a.tHawevai,KDD n g 0
actuallyrefers to the overall poess of extracting useful knowledge from dathile data
mining refers to the particular step in the KDD process where algorithms asedappl
extract patterns from the data. As standard statistical techniques have shown their
limitations with large databases, many health scientists are turning their attention to machine
learning and data mining techniques.

Theincrease in the amount ekctronic healtldata being generatdéthd occurred
within theOntario Home Care systenin the last ten yearsvell over one million of the
provincially mandatorycollectedhomecare assessments (RAIC: Resident Assessment
Instrument Home Care)havebeen collected on the lorggay usersThe RAFHC is a
comprehensive assessment that covers multiple domains using over three hundred separate
items. Thisinformation systenis utilizedto collect informatioron all longstayusers othe
Ontario Home @re System. Aghedataaregathered from across the 14 CCACs and
amalgamated within a provincial data repository, it is possible to use a knowledge discovery
in databases approach to work towatdsdevelopment of nelinowledgeof home care
clients andhe services that are provided to them

This vast increase in data holdings, also
has made traditional manual data analysis techniques inadequate for data analysis and
knowledge discoverin the growing volumes afata(Flouris & Duffy, 2006; Mullins et al.,
2006; Sibbrit & Gibberd, 2004; Fayyad & Uthurusamy, 1986prder to utilizethe data to
create new knowledge of this health care user populatidrthe services that they use

novel toolsand techniques cated within various information scienoastside of the health



sciencegcomputer sciences, mathematics, engineering) teekeldeveloped and applied

for use withelectronichealthinformation

1.5 Machine Learning and Data Mining

Previously, much othe analyses of large health system databases have been
primarily descriptive, or have used traditional statistics that focus on correlations and linear
models using regression teatumes, although there has been some analysis of standardized
assessment tkausing decisiotree models (James, Wiley & Fries, 2007; Hirdes, Poss &
CurtinTelegdi, 2008Posset al., 201D. While linear models are easily constructed and
produce results that areadilyinterpretable, they do not adequately address the compkexiti
that commonly occur in data that represent the health and medical characteristics of older
humansubjects (Mitnitski, et al., 2003).

Machine learning and data miniegcompass a range of recently developed
computerbased analytical tools that have egesl from an interdisciplinary field involving
computer science, statistics, and artificial intelligence. These methods have been
successfully applied in other domains to inform practamesimprove efficiencies (e.g.,
marketing,investment, fraud deteoti, manufactiring, telecommunication¥koh & Tan,

2005 Fayyad, Piatetsk$hapiro, and Smyth, 1986nd have gregtotential to provide

health science and applied health researchers with powerful analytical techniques to ask new
and different questionsahcan reveal previously unknown patterns in the growing volumes

of electronic health data (Glover, 2010Machine learning and data minitgchniqguesan

be broadly classified into three categories (Kolhan, 2005): (1) data description and
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visualization; (2) clustering and association; and (3) classification and estimation. Below,

these three broad categories will be briefly introduced.

Data Description and Visualization

Description and visualization of data is an important aspect ofa@aynining project
(Meneses & Grinstein, 2001)lt involves exploring the dat&rough examining the
distribution of key attributes, relations between pairs or smaiibers of attributes, and
properties of significant supopulations through simple stttcal analyses and data
visualizations Chapmaret al, 2001). Closely examining data can help to identify data
quality problems and to help discover insights into hidden patterns ardaan
interactions. Data visualization is the process of ugangpus techniques to transform data,
information, and knowledge into a visual representation, with the goal of allowing a user to
quickly and efficiently deal with large amounts of information. The ability of humans to
process visual information more gllly than numerical information has commonly been
attributed to the nature of the human brain where the visual system is the dominant sensory
system.

Visualization of data is equally if not more important than examining basic statistical
properties of da a . This has been exceptionally demon
celebrated illustration of the importance of visualization. In a paper titled Graphs in
Statistical Analysis, F.Anscombe (1973) utilizetbur distinct datasets to clearly illustrate
the importance of data visualization. Each of the four datasets had identical statistical
properties: x average=9.0, y average=7.5, with nearly identical variances, correlations, and

regression lines (to at least two decimal places; see TabRased upon this knowledge,
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one might think that these datasets contain similar information. However, if you were to
graph the data, a different understanding results (see Higu@nce the four data sets have
been put into graphical form, one cdearly see the potential errors that can arise from
relying strictly on statistical figuresi$ they areasily distorted by outliers and ntinear
relationships).

Typically, the visualization aspect ofachine learningnddata minings not typicallya
published component of a study. However, with advareces in data visualization,
geographic information systefrend mapping software, this will most likely change and
data visualization will become an increasingly published aspect of research. Mplexa
development in this area can be found in the work of Hans Rosling and his website
gapminder.org. This work illustrates the potential afsgat visualization to better find

relationships in population health data.
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Table L A n s c o rQbaetdi- §he four datasets

I 1 Il \%

X y X y X y X y
10.0 8.04 | 10.0 9.14 10.0 7.46 8.0 6.58
8.0 6.95 | 8.0 8.14 8.0 6.77 8.0 5.76
13.0 7.58 | 13.0 8.74 13.0 12.74 8.0 7.71
9.0 881 | 9.0 8.77 9.0 7.11 8.0 8.84
11.0 8.33 | 11.0 9.26 11.0 7.81 8.0 8.47
14.0 9.96 | 14.0 8.10 14.0 8.84 8.0 7.04
6.0 7.24 | 6.0 6.13 6.0 6.08 8.0 5.25
4.0 426 | 4.0 3.10 4.0 5.39 19.0 12.50
12.0 10.84| 12.0 9.13 12.0 8.15 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 | 5.0 4.74 5.0 5.73 8.0 6.89

Source http://wiki.uiowa.edu/display/bstat/Correlation

Each of the four datasets had identical statistical properties: x average=9.0, y average=7.5, nearly identical

variances, correlationgegression lines.

Figurel. Vi sual i zations
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Association and Clustering

In the second category of ML and DM tools, association and clustering, the objective
of these algorithms is to determine how variables are related to each other. In machine
learning and data mining terminolodliese methods are considetatsupervisedearning
techniquesononenko & Kukar, 2007)Unsupervised learning refers to approaches to data
that are not guided by amlependent variabl€supervisory signajs Therefore, the typical
problem approached by unsupervised learning techniques mglthifiden structusawithin
a number of input variables. In other words, unsupervised learning techniques look to
understand the data by considering the relationships between all variables. These techniques
can be organized into two broad categorieg:clistering and (2xssociation (Koh & Tan,
2005).

For clustering techniques, thejettive is to group objects (e,@ population of elderly
patients) into homogeneous subgroups where objects within each subgroup are similar and
objects belonging to dérent subgroups adissimilar (Han & Kamber, 2006].here are a
number of differenapproaches used to perform cluster analyses incliimgans, mixture
models, and hierarchical clustering. Of these methods, one of the most popular-is the K
means algethm. This technique works well in large datasets anddaely applied in
clusteringproblems outside of the fields of gerontology and geriatrics. However, there are a
limited number of examples where this algorithm has been applied in gerontologgcal da
ThagerserNtoumaniet al.(201]) utilized the kmeans algorithm in the analysis of self
report questionnaires to identify health and vireling typologies among a sample of older
European adults. Thestudy found four clusters highlightinlge hetengeneity found in the

health profiles of oldeadults. A second example ofrideans clustering was conducted by
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Libon and colleague010 where the Kmeansalgorithm was applietb

neuropsychological data to investigate the heterogeneity of mild aagimtpairment

(MCI). The K-means algorithm was used to verify results from confirmatory factor analysis
that their data indicated that three separate subtypes of MCI exist, thus illustrating the
nuanced and complex nature of a common clinical entity.

Associationtechniques arsimilar to clustering in that association techniques are
designed to mderstand patterns within data and @s® consideredsunsupervised
learning. However, rather thaonstructingsubgroups of objects within a data set,
association techniques look to identify frequeatterns (Han & Kamber, 2006)A typical
example of an association technique is the use of market basket analysis in data from grocery
store shoppers. This typeaalysis focuses on customer buying habits by examining
correlations between the different items that
By focusing on frequent patterns in consumer behaviour data, retailers can gain insight into
which items ae frequently purchased together and use this knowledge in their marketing,
shelf space planning, and store design.

In the healthcare arena, association techniques can be used to understand the association
betweerhealth characteristicand subsequentrsgce use. A example ofan application of
thisassociatiorapproach wasonductedy Tai& Chiu (2009). They used association rule
mining to explore the complex network of comorbidities related to ADHD using a
Taiwanese national health insurance da@b&3som their study, thediscovereclinically
meaningful patternsetween ADHD and other psychiatric comorbidit@smonstratinghe
usefulness of such an approach when examicongmonrelationships betwedmealth

characteristicen large clinicaldatabasesA secad example of association rule miniimg
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the area ohealth carean be found in an article I§henet al. 00§. This Australianstudy
examined colorectal cancer patients and @ssociatioomethods to identify the most
commonpatterrs of healthcharacteristic$or their patient populatianTheir resultsvere
aimed tohelp health professionals entifying areas for further studyhen examining the

cause®f colorectal canceaindpotentialpreventative factors.

Classification andEstimation

The third group omachine learningnddata miningechniques, and by far the most
common application within data mining projeassthe use of classifican and estimation.
Also known as pedictive modelingthis machine learningnddata nining category includes
multiple regression techniques that are famtlienesearchers the health sciencés.g.,
logistic regression) Techniques in this category are classified as supervised learning, as
theycreate models that relate a degent vaiable (supervisory signal) with a set of
predictors (Kononenko & Kukar, 2007 Predictive techniques are often separatedtimto
distinct categoriesclassification anéstimationdependingentirely on thaarge variableto
be predicted Classification refers to the prediction of a target variable that is categorical
(e.g, diseased, not diseased), whereas estimation is used to predict a target variable that is
continuous €.g, length of stay or the number of service visits).

One technige that has gained some populairtyhe health sciencelsedecision tregalso
called treebased methods. These methadsbased on a form of recurspatitioning.
Decision tree algorithms are used to predict continuous measures (regressian trees)
categorize objects based upon each objectds

These methods can be used to both describe the data set (find predictors of outcomes) or to
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make predictions for new cases. An example of the applicatdecefion trees to health data
in a gerontological domain was published by Sibbritt, Byles, & Regan (2007). This study
applied decision tree analysis to data from t
examine predictors of functional decline in oldemmen. Prior to conducting the decision tree
analysis, bivariate analyses identified a large number of variables that were significantly
associated with physical decline (P< 0.000t)uding age, falls, number of diagnoses,
symptoms, doctor visits amdedications, days spent in hospital, body nragsx, living
arrangements and social suppBit.applyingdecisiontrees to tis samedata, Sibbritt and
colleagues were able tsethis multivariate classification technigteeidentify threefactors
that wereable to accuratelgredict futurephysical declinén a cohort of older women
Decision trees have also been utilized in the development of decision support algorithms found
within the interRAIl suite of instruments including the MAPLe (Hirdes, PosSugin-
Telegdi, 2008), the Cognitive Performance Scale (Morris et al., 1994), the Changes in End
stage Disease, Signs and Symptoms Scale (CHESS; HirgessfFand Teare, 2003he
Resource Utilization Groups (RUG llI; Fries et al., 1994; Hirdes, Baizak, & Lepp, 1996;
Poss, Hirdes, Fries, McKillop, & Chase, 2008)d the Pressure Ulcer Risk Scale (PURS;
Poss, 2010).

An extension of decision tree analyisithe Random forest algorithnThe Random forest
algorithm works by building a collection of decision tregth predictionsdetermined by
taking a majority votef all the treeshat were createitt the analysis (Breiman, 2081 To
improve the performance of the algorithm, eacthefdecision trees a Random forest are
not identical. Thereesdiffer in that prior to building each tree, the algorithm takes a bootstrap

sample (sampling with replacemeat)he whole set of datahich allows for trees tbe
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grown fromdifferentsamples from the ovall population. In addition to using varying sets of
data for each tree, each of ttecisiontrees in a Random foreshalysisuses a randomly
selected subset from the overall pool of predictor variables. Therefore, each of the decision
trees optimizegs prediction using different mixes of predictor variables. These
characterists of the Random forest approactake ita powerful algorithm that haseen
shown to outperformother types opredictivemodeling techniques (Peng, Chuang, Kang, &
Tseng, 2010Dittman, Khoshgoftaar, Wald, & Napolitano, 2011; Maroco et al., 2011

KDD, machine learning and data mining in health services and health resimautinot
be considered asraplacenent oftraditional statistical techniqueSonsideringte rapidly
expanding volumes of electronic health data, there is a need for development of these tools.
Furthermore, de to the fact that we currently have a growing number of aging adults in
Ontario and limited health care resourecesselinsights thatmprove the efficiency and

effectiveness of the health system are greatly needed.
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2.0 DISSERTATION RATIONALE AND GENERAL METHODOLOGY

2.1Dissertation Rationak

Significant health and quality of life benefits could be achieved for older persons
through better understanding of rehabilitation services iOtitario Home Carey&tem.
More precisely, an improved understanding of older clients, their needs, and the
rehabilitation services provided to them could potentially lead to enhanced clinical decision
making, improved evidence based policies, and a more efficient health care system. The
overall objective of this dissertation project is to enhance understandimg area by
systematically examining provincial data repository cbmprehensive assessment data and
rehabilitation servic@rovision information of alblder longstay (> 60 dayslientsusing a

Knowledge Discovery in Databases process

2.3 Knowledge Discovery in DatabaseBrocess Model
This dissertation will utilize a Knowledge Discovery in DatabdE&D) process
modelas aguidefor the overallmethodologicatlesign KDD process models typically
consistof a series ostepsaimed toassistdata miningpractitioners when designing and
executing a projeatsing data to inform practicelhe basic structure oféfKDD process
was first proposelly Fayyadand colleagues in 1996 (Fayyad et al., 19%ince this
original modelin themid-1990s anumber of different KDD process models have been
developed Review of thedevelopment and thamge ofKDD process models can be found
in articlesby Kurgan & Musilek (2006)andMariscal, Marban& Ferréndez (2010)
The process model that will guide this secondary data analysis is the CRoss Industry

Standardized Process for Data Mining (CRI3M) developed by Chapman and colleagues
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(2000).The CRISPDM is aframework thaprovides a functional structutkat can be el
to organizesecondary analysevithin electronichealth care datd.he strengths of the
CRISRDM arethat it is industry neutral and tool neut(ilis not associated with any
specific softwareyvhich have made it the most widely used methodology for developing
data mining projects (Marisgd\larban & Ferndndez 201Q. The CRISPDM process
modelallowsfor this dissertatioproject todirectly blendhealth care services knowledge
with innovative quantitative approaches, thus providing a platform that pethmoitsugh

investigation into dargeprovincialdata repsitory.

2.4 Application of the CRISP-DM

The CRISPDM consists of sixmajorphaseghat are outlined and briefly
summarized in Table.2ZEach phase consists of tasks that assist a researcher in the
development of knowledge fromdatB.r om devel opi ng Obusiness
to the deployment of new knowledge (Phase 6), the following sections provide a overview of
how this disertation will apply the CRISIPM to datacollectedfrom older clients within
the Ontario Home Care Sector.

Phase 1 (Business Understandingf the CRISP-DM focuses on developing the

understanding aheresearch arearior to working with any dataFor this dissertation

uno

project, Obusiness understandingdéd was devel o]

utilized semistructured interviews with Community Care Access Centres case managers,

policy makers, and service providers. The resulteefjualitative component of this

project is outlined in the manuscripfe vel opi ng 6Business Understa

Knowledge Discovery in Databases Project Using Sef8tructured Interviews with
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Stakeholders from Various PerspectivesThe purpose of thisisdy wasto developa
deeper understanding of the topic aemform and enhance the understanding and
modeling of the electronic health dataPhase 4 of the CRISPM.

In Phase 2 (Data Understanding)the focus was on acquiring, describing, and
exploring the data for this secondary data analysis project. The description aspect of this
phasewvas onthe examination of the surface properties of the data (data fields, attribute
ranges, quantity, format).dba exploration activitiescludel queries and vislizations of
the data including distribution of key attributes, relations between pairs and small groups of
attributes, properties of significant subpopulations, and basic statistical analyses. The data
analysis in the phase will identify anomalies, @i and missing values. These
exploratory analysesere combined with the results Bhase 1o influencethe data
preparation and modeling phases.

The results of Rase2 can bdound in the second manuscnpithin this dissertation
Rehabilitation Service Use and Population Characteristics of Older Lonétay Home
Care Clients in the Ontario Home Care System 206301Q The purpose of thistudywas
to develop an understanding of the RAC data cut and repattie characteristics of #h
service use and user populations through a series of descriptive analyses and data
visualizations. The data used for this stuths RAFHC assessments and rehabilitation
service use information from every older lestqy home care clients that enteregl @ntario
Home Care System in the years 2Z18.0.

Phase 3 (Data Preparation)nvolvedselecting, cleaning, integrating, and
formatting data to be used in the Phase 4. In addition to theHRAdssessment information,

rehabilitation service use data foreey client was incorporatetlsing unique client
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identifiers, actual serviceuse datarel i nked t o e-#C.hrhicinfarneatioh 6 s RA
was dichotomized into receipt of services (1) vs. no receipt of services (0), and included the
rehabilitation thenay services of occupational therapy and physiotherapy. This phase

includes many steps within the database in ai@l&rmat the data to suit the modeling tools

to be used ifthase 4 (e.g., dichotomizing outcome measures, transforming assessment

items, et).
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Table 2. The Six Phases of the CRISRV.

Phase Description CRISP-DM
Full Phase Visualization

1. Business e Understand objectives
Understanding and requirements from
various stakeholder

perspectives

e Convert contextual
knowledge into problem
definitions and
preliminary plans

2. Data » Collect initial data
Understanding [N Create descriptions of
data fields

» Explore data
o Verify data quality

W e Select data for analyses

Preparation * Clean data
« Integrate data sources

e Format data foPhase 4

4. Modeling « Data mining and machin
learning modeling of
problems defined in
Phase 1

5. Evaluation e Evaluate results of
modeling stage

e Determine any issues thq
may not have been
sufficiently considered

0. Deployment e Organize and present
results in a way in which
the stakeholders can

apply it

*Figure reprinted from Expert Systems with Applications, 38(8), Kao, Chen, & Chou
i A smic ability estimation of school building using predictive data mining models.
1025210263 Copyright2011, with permission from Elsevier
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Phase 4 (Modeling)konsists of the activities generally known as data mining. It
conssts of selecting modeling technegto address questions developedha first two
phase®f the process modednd applyinghese tebniquesto the data in order to develop
new knowledgeFor this dissertatiortyvo manuscrips were createtbr Phaset.

(1) K-Means Cluster Analysis Of Rehabilitation Service Users In the Home Health
Care System Of Ontario: Examining the Heterogeneity oh Complex Geriatric
Population This manuscriptwhich has been accepted for publicatiothe Archives of
Physical Medicine and Rehabilitatioexamined all older longtay home care clients in the
years 20082008. The purpose of this study waekamine the heterogeneity of the
rehabilitation service user population, segment the population into homogeneous subgroups,
and create cluster profiles for each of the identified subgroups. -Theas algorithm was
applied to thirtyseven items from thRAI-HC. (2) Predictors of Rehabilitation Service
Provision for Older Long-stay Clients in the Ontario Home Care SystemIn this final
manuscript, logistic regression, multilevel logistic models, and Random forests were
developed with in order to identifize main drivers of rehabilitation service provision for
older longstay home care clients in Ontario.

Phase 5 (Evaluation)s the step in the CRISBM wherethemodels are assessed. In the
general CRISHDM process, if the models appear to be satisfgctbe project will then
move forward and decidgponhow to proceed with the resultSptions include refinement
of modelling procedures, development of new research questions (return to Phase 1), or
deployment of results. As this is academic disserian project and not a standard CRISP
DM exercise imnindustrylocation Phase 5 will consist mainly of the oral defense of the

project. However, communication with stakehotdsrd the supervisory committee will
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occur as the models are developedllow for refinement, whichs always considered as
ongoingcomponenbf the CRISPDM process.

Phase 6 (Deploymentjor this projet will consist ofknowledge translation and
dissemination activities. All results will be highlighted and presented dnfibirRehab
website(www.inforehab.uwaterloo.gavhich engages numerous stakeholders in
rehabilitation and home carefn across Ontario and CanattdoRehab is a Canadian
Institutes of Health Researttinded research program directed by Dr. Paul Stoleésand
aimed at enhancing musculoskeletal (MSK) rehabilitation through more effective use of
health information.Stakeholders who will be provided with the results of this work include
CCACs, LHINs,theOntario Ministry of Healtrand Longterm Care and rehabilitation
service providersThis project willalso result irmanuscripts for publicatioim peer

reviewed journalgis well apresentations at adamic and industry conferences.

2.5 Data Source
This KDD approach has been made possible irDtht@ario home care system due to
the extensive collection of comprehensive/standardized health assessment information by
Community Care Access Centr@CACs) In 2002, the RAHC, an assessment system
designed by interRAI, was mandated for use for akkpidl long stay (>60 days) home care
clients in OntariointerRAIl is an international, collaborative research network that develops
instruments that enable the collection of haglality data to enhancereaquality across a
variety of care settings inaling home care, lonterm-care, and palliative carelhis
consortium includemme mber s from mor e t hHrigestopromotet y countr

evidenceinformed clinical practice and policy decision making through the collection and
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interpretation of highquality data about theharacteristics and outcomes of persons served
across a variety of health andConmiteditoal ser vi c
improving care for persons who are disabled or medically complex, intdr&s8lesgned
assessment tools that allow for comprehensive, standardized data to be collected on
individuals allowing for care planning, outcome measurements, case mix classification,
quality indicators, and decision support mechani@esnabei, Ventuero, Tarsitani, &
Gambassi, 2000)

The RAFHC (Resident Assessment Instrumériome Careyvas designed for use
in home care populations andntains a wide range of assessment iteicisding
demographic information, referral data, cognition, communication/hearing, vision, mood and
behaviouy informal support services, physical functioning, continence, disease diagnoses,
preventive health measures, nutrition/hydration status, oral healtltosidition,
environmental assessment, and home care service utilifstmns et al., 1997; Landi et
al., 2000) Most clients who are expected to be lestgy have a RAHC assessment
performed on them within two weeks of entering the home care systemis@vho were
not expected to be long stay but continue to remain on service receive an assessment by day
60. Clients that remain on service arassessed serannually.
2.6 Governing Conceptual Framework

The Andersen and Newman Behavioural Model eélth Service Use has been the
primary conceptual framework used to organize health services utilization research for the
last forty yearsNumerougesearctprojects that aimed to understamaime care utilization
by theelderlyhave applied the Andersé&fewman frameworkkKempen & Suurmeijer,

1991 Kadushin, 2004; Algera, Francke, Kerkstra, & Van Der Zee, R0B#though it has
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been adapted numerous times over the years, the basic structure of the model organizes the
determinarg of health service use into societal determinants, system determinants, and
population characteristics with the overall aim of discovering conditions that either facilitate
or impede health care servigtlization (Andersen & Newman, 1973).

The populabn characteristics can be further broken down into predisposing
characteristics, enabling factors, and need factors. Predisposing characteristics refer to the
predisposition of an individual to use services; these include variables such as age, gender,
race, and marital status. Enabling characteristics are variables that reflect the ability of
individuals to obtain services. These can include factors such as availability of services,
psychological characteristics, the ability to travel, and personalyfastationships. Need
factors, which often form the most immediate cause of health service usage, refer to an
i ndividual 6s | evel of illness and disability.
the dependent variables are operationalizatdexsse of health care servicess mentioned
previously, this framework has seen numerous adaptations. The most recent adaptatio
known as Phase 4Phase 4 of the framework was constructed to emphasize the dynamic and
recursive nature of health serviege (Andersen, 1996 Thisadapted version of the
Andersen and Newman Model was used as the conceptual framework to guide this
dissertation project on rehabilitation service utilization and provision. The Andersen and
Newman Model informed the formation thie interview questions and qualitative analysis
for Phase 1 (Sectia0) of the project. Questions were developed to gain understanding
from key informants on how home care population characteristics, such as need factors and
enabling resources, impact rehabilitation service provigidditionally, forthe quantitative

portions of this dissertation, the Andergdgawman Framework will guide the statistical and
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data mining models including variable selection, research design, and model creation.
Furthermore, results of the quantitative research will be reviewed through shef ke

Andersen and Newman framework

Figure 2. AndersenNewman Framework Graphical Illustration
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*Image source: Andersen, 1995
**Permission to reproduce the above graphic was obtained through Sage Publications Inc.

2.7 Ethics Clearance
Ethicsclearancdrom the Office of Research and Ethics at the University of

Waterloo wasichievedor this dissertation project on May",12012(ORE #: 18073).
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3.0 REHABILITATION THERAPY SERVICES FOR OLDER ADULTS
IN THE ONTARIO HOME CARE SYSTEM: SEMI-STRUCTURED
INTERVIEWS DESIGNED TO INFORM ANALYSES WITHIN A
KNOWLEDGE DISCOVERY IN DATABASES PROJECT

Overview

BACKGROUND

Despite the fact that rehabilitation therapy services are an essential congfdher®ntario
Home Care System, there is limitedderstanding of how these services are being provided
to the aging home care client population. The aim of the studydsvelop understanding

of rehabilitation therapy service provision for older adults through a series eésentured
interviewswith variety of stakeholders. The results of this qualitative study will be utilized

to inform and guide quantitative analyses of a provincial data repository within a Knowledge
Discovery in Databases project.

DESIGN

Semistructured interviews were conctad with 10 key informants from the Ontario Home
Health Care System. Stratified purposeful sampling was conducted to gain information from
three perspectives on rehabilitation services. Transcripts of interviews were analyzed in
NVIVO 8 using a thematianalysis method.

RESULTS

It total, ten interviews were conducted with stakeholders from three different perspectives on
the home care system: case managers, service providers, and system level stakeholders.
Three themes were identified: Drivers, Chagles, and Decision Making. Findings include
information on what aspects drive the provision of occupational therapy and physiotherapy
for older adults, the reag® nature of therapy services in home care, and the need for novel
decision support servicégr case managers.

CONCLUSIONS

The results of this study provided insight into the rehabilitation services for older adults in

the Ontario Home Care System that can assist the analysis of provincial assessment data and
knowledge translation activities.
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3.1lIntroduction

Home care is becoming an increasingly integral component @nteriohealth
system ashe populations iaging,the prevalence of chronic diseases and impairments of
aging are risingand patients in hospitals are being sent home after shorter lengthy.of
Home care services play a critical role in managing the transition between community and
institutional living for older individuals (Romanow, 2002)ithin Ontariq the provirtial
home care system providasvide variety ofhealth care and supp@grvicego individuals
within their homes with the majority of its clients over the age of 65. In addition to the two
most highly provided services of nurses and personal supgloabilitationtherapyservices
(Occupational TherapgndPhysiotherapyare provided to clients within their homes
PhysiotherapyPT)f ocuses on Ai mproving, restoring, an
independence and physical performance; preventing andgimgnpain, physical
impairments, disabilities and limits to participation; and promoting fitness, health and
we | | nCarsadiah Ingtitute for Health Information, 200®ccupational thergifocuses
onifenabling | iving, t hr opledglperform theiquaupatiionsihat of en
foster health and webeing; and of enabling a just and inclusive society so that all people
may participate to their potenti al i n the dali
2007, p. 372) These two rehabthtion therapy servicesre particuldy vital for older adults
sinceaging isa significant risk factor fonumeroushronic diseases, physical impairments,
and disabilities

Despite the growingnd cleaimportance of rehabilitation services withirethome
care systenthere is a limited understandiafpout how these services are allocated to older

adultsacross the provinceThis qualitative study aimew build knowledge of rehabilitation
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servicedhat are provided tolder adults in the Ontario Home Care System through-semi
structured interviews with a variety of stakehold@itss study wadesigned as a core
component of a larger study,Knowledge Dscovery in Databases project. More
specifically, the esults willbe used to inform and guideseries ofuantitative analyses of a
provincial data repositorgontaining clinical assessments (RAC) from approximately

300 000 home care clients aged 65 and older.

Home Care

In the provinceof Ontario, Community Care &ess Centres (CCACSs) provide a
point of access for honmfeealthcareand supporservicesand also coordinate lorigrm care
placement In this roleas a gatekeepe€CACs assegsotential home care clients using
standardized assessment tools (ierRAI Contact Assessme&tRAI-HC) andthen, if
appropriate, arrange for visiting heafttofessionalnd assistiveervicedo work with
clients in theimomes. The home healthesvicesthat are arranged and coordinated by
Community Care Access Cerdrinclude nursing, physiotherapy, occupational therapy,
speecHanguage therapy, dietician services, pharmacy services, diagnostic and laboratory
services, respiratory therapy, social work, personal support and homerf@KG#,,
2012. These serviceareutilized to support clients a wide variety of ways including
improving their ability to remain independent and in their h®foeas long as possible,
reducing length of stay in and need for admission to hospitals, and supporting people who
are nearinghe end of their life.

In order to determine what services a home care client reqQitgsCs employ case

managers who assess client eligibility for services and play an active role in developing,
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monitoring, and adjusting service plans as requiifder a client has been through the
intake process and has entered the home care system, a CCAC case manager conducts an
assessment of the clientds health characteri:
conducted using interRAhstruments (Hirde2006). In 2002, the provincial government
mandated the use of the RAIC for any clients who are considered to be istay clients,
or for clients who have been on service for more than 60 days (Hirdes, 2006).

The RAFHC instrument collects a wide ety of information including
demographic items, referral information, health characteristics, functional characteristics,
available support, home environment characteristics, and medig@lloges et al., 1997;
Landi et al., 2000 Once a client has been assessed using thdHRAtase managers then
use this comprehensive information to develop client care plans and to complete the ordering
of professional services from service provider organizations. In addition to providing
professional health and supportive servic@SACsalso provide assistante clientsin
arrangingmedical supplies and dressings, hospital and sickroom equipanerany
laboratory and diagnostic servidbst are required while one remains at their honteiwi
their community

In the current Ontario Home Care Systassistive and professional hea#rvices
are contracted outty the CCAC to service provider organizatiofihe system is based upon
a managed competition model where privatepiafit provider agencies compete directly
with private notfor-profit provider agencies through a competitive bidding pro(ieaadall,
2007). Service providers employ thousands of personal support workers, physiotherapists,
nurses, occupational therapists, and otisalth professionaia orderto deliver car¢o

individualswithin theirhomesacross the entire provincén 2009/10, 29 419 5580urs of

32



care were delivered to clients through the CCACskgntihe numerous service provider
organizations (Ontario Hon@are Association, 2012)['he majority othome health care
servicedall into the category of personal supp(@9%). Personal support refers to a range

of essential daily activiti e-being. Tha émployedsp mai n 1
thatconduct this worlhave a variety oflesignationsncluding personal support workers
(PSWs), health care aides, personal care workers, and attendargs.wbhieergprovide
assistance witkssential activities such as personal hygiene (bathing, moutlskiareare)

and activities oflaily living (dressing, eating, toileting). The second most provided service

in 2009/2010n the Ontario Home Care Systemas nursingOHCA, 2012). Nurses

perform a range of services for home care clients including medical arsiypgsial care,
palliative care, counselling, education, and assessmditar personal support work and

nursing, occupational therapists (OTs) and physiotherapists rRhsjlethe next largest
amounts ofervices tdome carelients 1.7% and 1.6%espectively in 2009/100HCA,

2012) While 3.3% of all services may seem relatively small, these services account for over

900 000 visits/houracross Ontario

Rehabilitation Therapy Services
The goal of ehabilitationtherapyservices (OT & PT) in home cai®to assist
individualsin improvingor maintaimng physical functioning, quality of life, and their
overall independence while remaining in the community longer (&&iéx, 2007).
Research studies have produced evidence that OT acanPde conductefr older persons
in homebased settings while producing similar or better outcomes than inpatient services

(Gill et al., 2002; Kuisma, 200Zrotty, Whitehead, Miller& Gray, 2003;Gitlin, Hauck,
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Winter, Dennis, & Schulz, 200&itlin et al., 2006Giusti et al., 2006; Stolee, Lim, Wilson,

& Glenny, 2011)In the upcoming years, demand for rehabilitation therapy services will
continue to increase in Ontario due to fasteuch as: (1) overall population growth, (2)
increasing rates of chronic and complex conditions, along with changes in hospital discharge
patterns, (3) increasing public expectation, and (4) advances in treatment and management of
diseases and conditisriLandry, Jaglal, Wodchis, Raman, & Cott, 2008).

Despite the large amowf rehabilitationtherapyserviceghat are currently
provided inthe Ontario WmeCareSystem and the important role they piayhe health
and weltbeing of older adults, we have a limited understanding of how rehabilitation
services are being provided to older lestgy home care clientEhis study aimed to build
knowledge of this issue through engaging a variety of stakefsofcom different
perspectives within the Ontario Home Care System. Semngtured interviews were
conducted with stakeholders from varying perspectives across the Ontario Home Care
System. This current study was designed as an integral componeiitlimigou
understanding for Knowledge Discovery in Databases (KDD) project.

Knowledge Discovery in Databases (KDD) is the nontrivial process of identifying
valid, novel, potentially useful, and ultimately understandable patterns in data (Fayyad,
PiatetskyShapiro, and Smyth, 1996). This type of approach typically takes place on large
volumes of electronic data and through a process that involves a series of steps that are
interactive and iterative. Steps in the KDD process include developing domairekigewl
selecting and cleaning data, data mining, and knowledge deployment. This process has been

standardized by numerous groups and the most popular process model to date has been the
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CRossIndustry Standard Process for Data Mining (CRI3R; Kurgan & Muslek,
2006).The CRISOM (Chapman et al2000 consists of six phases.

1) Business Understanding,

2) Data Understanding,

3) Data Preparation,

4) Modeling,

5) Evaluation,

6) Deployment.
This qualitative study wil/ be ugebflthezed wi t hi
CRISRDM project that focuses on a provincial data repository. This KDD approach that
combines qualitative and quantitative analyses is comparable to a sequential mixed methods
research projeathere the results of this qualitative study in Phase 1will be used to inform
and enhance the quantitative analyses in Phégeran, 1998)

The results of the qualitative research will inform variable selection, analytic

strategies, choice of dependgatiables, and the interpretation of the quantitative projects
that occur later in the thesiBhesequantitative analyses will be conducted using data
collected using the RAHC assessment tool. The RAIC has been mandated for use for
assessment on dding-stay clients within the Ontario Home Care System since 2002.
addition to being strictly an assessment tool, the-R&linformation system also provides
outputs to support clinical decision making including Clinical Assessment Protocols)(CAPs
and avariety of outcome scales. CAPs are designdtipthe case managdocus on key
issues identified during tHeAI-HC assessment process, so that decisions as to whether and
howto intervenecanbe exploredOutcome scales are also embedded within the HR&
and can assist in the evalwuation of a client ¢

the Cognitive Performance Scale (CPS; Morris et al., 1994), Changes in Health, End Stage

Disease, Signs and Symptoms Scale (CHESS; Hirdes, Frijtersr&, B&803), the
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Depression Rating Scale (DRS; Burrow, Morris, Simon, Hirdes, & Phillip, 2000), and the
ADL Hierarchy Scale (Morris, Fries, & Morris, 1999Jhe CAPs and the outcome scales
were discussed with the key informants during sstmictured the iterviews.

The aim of this qualitative study was to develop an understandohgcafions
revolving around the provision oéhabilitationservices for older home care clierifse
resultswill be usedo guide and informmultiple analyse®f a provincial database of RAI

HC assessmest

3.2Methods

This study aims to enhance the understanding of rehabilitation services for older
adults through the ugbematic analysis in data collected throsgimistructured interviews
with key informantdrom the Ontario Hom&are Systemlrhematic analysis is a method
that can be used to identify, analyze and report patterns within qualitative data (Braun &
Clarke, 2006).
Sampling and Recruitment

Stratified purposeful samplin@Patton, 200Lwas chosen as the approach for
sampling and was conducted between February 2012 and JuneA28ttatified purposeful
samplingapproach was selected for this projesthe aimof the research is to gather
insightsinto a specific phenomenon framultiple perspectivesUsng a stratified approach
allowedfor awell-roundedview of the research question as it permits for the collection of
data from three varying informed perspectives. The perspectives that were desired in this
study werehoseof personsnvolved in resource allocation decisions at the systeel

(policy-makers) and individual cliemevel (case managers), as well as thimskviduals on
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the front line who providéherehabilitation therapgervice (employees of therapy praler
organizationy Individualsfrom within InfoRehab networlof collaborators
(www.inforehab.uwaterloo.¢avere recruited through a standardized email communication
(see Appendixd) through an advertisementtine InfoRehab newsletterinfoRehab is a
Canadian Institutes of Health Reseaffainded research program directed by Dr. Paul Stolee
and is aimed at enhancing musculoskeletal (MSK) rehabilitation through more effective use
of health information.

The case manager stratum was chosen due theinrdézision making within the
home care systenkligibility for home care services is determined by CCAC case managers
who develop care plans using information that is gathdrough the RAIHC information
system. In this process, case managers aretlgiresponsible for decisions related to the
provision of both OT and PT to home care clieftserefore, case managers provided a
perspective in this study that directly relates to the decisiaking processes related to
rehabilitation therapy servic@s the Ontario Home Care Systefihe second stratuof
participants, employees séwvice provider organizations, was chosen due to their direct
interactions when providing rehabilitation services to home care cligmse participants
provide a perspéiwe from the front lines of care as well as an informed view in relation to
rehabilitation therapiesThe third and final stratum includ&ey informants who have a
systems perspective; those that look at the hongesyatem as a wholl each case,
paticipantswereapproached by email or phone and invited to participate in the stumy.
sample size for this project of 2 individuals was determined primarily for logistical
reasonglimited time for completion of a thesis projeat)d by recommendan of the

supervisory committe@s the aim of this study was to inform quantitative analyses of
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secondary data, a large sample size for the qualitative study was not rdgqaimexicare
clientswere intentionally not included as key informarmecauselte focus of this project is
to better understand decisiomsade from within the systent,is believed thaserviceusers

would not be able to provide feedback that fits within the scope of this project.

Data Collection
The data collection method that was chosen for this qualitative pvogssemi
structured interviews These intervieww/ere performed with participantm the three
straa mentionedoreviously. Interviewstook place both facto-faceat convenient lcations
for key informantsas well as via telephone. Each interview was digitatprded for
transcription purposeall interviews were conducted by the author and took place in
English. In order to guide and assist the interviewer, an interview gaisiereated
consisting of a variety of questions related to the problem domain. This interview guide can

be found in Appendis.

Data Analysis

Qualitative data collected theinterviews consigtd of verbatim transcripts of each
of the interviews.Transcription was performed by an outside company and each transcript
waschecked against original recordings for accuraktsanscripts were organized and
analysed using the qualitative analysis software NViwll@nterview datawereanalyzed
using thenatic analysis outlined by Braun @arke (200§. According to Braun and Clarke
(2006), thematic analysis of interview data can be broken down into six phases. The first
phase consisted of becoming familiar with the data. Prior to any coding, eacleinteas

read tobuild familiarity with the depth and breadth of the content. During this initial
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examination of the data, notes were taken to develop a basis for future coding. As the
interviews were conducted by the same individual performing the asatiiseinitial stage
was directly informed by prior knowledge of the data.

Phase 2 consisted of generating the initial codes from the data. The entire data set
was systematically worked through with full and equal attention givah td the data
collected Interesting aspects in the data items were identified and repeated patterns were
pulledout. To begin this phasegductive coding, also known as directed codwas
performed in redtion to preestablished nodes that were developed withinrttegview
guide and the interview checklist. In the third phase of the analytic process, codes were
collated into potential themesnductive codingan approachased on the datather than a
set of predetermined nodess applied within this phase ander to fully develop the
resulting themegPatton, 200R

Phase 4 involved reviewing the themes to check how they worked in relation to the
coded extracts and the entire data Jéiis involved going through extracts from each of the
themes to ensutbat there was enough data to support a dgemcontrastingly, if there was
enough data to justify further segmentation of the therRésse 5 involved defining and
naming the themes. This phase was fully completed in parallel with the final phase of t

process: the production of this manuscript.

Ethical Considerations
Ethics clearance for this study was obtai |
of Research. Prior to each interview, participants were briefed about the purpose of the

study, the presence of a digital recorder, and their right to withdraw paitcijpa data at
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any time. Furthermore, all interviewees were advised of the confidentiality and anonymity
of their responsesNames associated with each of the quotes are not the true names of the
participants.Participant information and interview dat@re kept in a secure location, or on

a password encrypted hard drive.

3.3Results

In total, ten individuals were interviewed for this projecthe participants were able to
provide their view omome care rehabilitation therapy services for oldettaéhom their
perspective based on their role in relation to the Ontario Home Care System. This included

individuals involved ircase management (3), servimevision(3), and policy maker§&).

Table 3. Number of interviews by stratum

Strata Number of Interviews
CCAC Case Manager 3
Service Provider 3
Policy Makers 4

The findings revealed a range of issues related to rehabilitation services for older adults
in the Ontario Home Care Syste#fter reviewing the data and performing the thematic
analysis, three key themes emerged from within the data:

1. Client Level Drivers of Rehabilitation Therapy Service Provision: Factors and
characteristics related to the cli¢ghat were relatetb OT andPT service provision.

2. Challengesof Providing Rehabilitation Therapy Servicesin Home Care: Issues
related to the provision of OT and PT services.

3. Decision Makingin Rehabilitation Therapy Service Allocation: Aspects related
to the decision makingrocess for older clients.
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The findings for each of the themes are presented in separate sections, however, due to
the complexity of the home care system and the question at hand, some overlap between
themes does exist. Within each of the three themiisediabove, subthemes were also
developed. All quotes that have been included in this manuscript were pulled directly out of
the data in order to illustrate each of the themes and subthemes4 paiNgdes a summary

of the three themes and ten subtkem

Table 4. Themes and Subthemes

Theme S EINES

Client Level Drivers of Rehabilitation Therapy 0 Reactive approach
Service Provision 0 Risk and Functional Needs
o Conditions and Diseases

Challenges of Providing Rehabilitation Theray 0 Lack of Resources
Services in Hom€are 0 Human Resource Issues
0 Regional Differences
o Cognition
0 Multimorbidity
Decision Making in Rehabilitation Therapy o Challenges
Service Allocation 0 Information Systems

Client Level Drivers of Rehabilitation Therapy ServiceProvision

Reactive approach
Within the semistructured interviews, multiple sources spoke of how rehabilitation

services in home care are targeted more towards individuals who have suffered an acute
injury or illness, rather than to help those wahg-term chronic illnesses. In other words,

rehabilitation therapy services are thought to be used in aveaety, and older adults who
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could potentially benefit from service provision butrdw clearly require it, due to an

surgery or hospitalizatig are left untreated. Rehabilitation services are rarely used in a
proactive way to address functional decline and despite evidence of the potential benefits to
older clients, these individuals often do not receive therapy services until after theyatlave h

some sort of an acute incident (fall, hospitalization, hip fracture).

Al t 1 s sbhanddid appfoach. iYkueindaof go in and you trissues that you
could have preventdtlyou got the services e f or eifAana d . 0

A Aot of the PTservicesare focusedonorthepdi ¢, rehab, @lost op fr e
focusesa lot on home safety s s e s sdilBant s 0 .
Risk and Functional Needs
According to the participants of this study, risk of adverse events was one of the
main drivers of both PT and OT service provision. OT and PT are both utilized to ensure
client safety in their home and to improve their mobility in order to reduce risktbér
accidents. Therefore, rather than using PT and OT in their traditional roles of aiming to get
clients to their ideal functioning state, these services are mostly used to protect the clients
from using acute services in the future. One partitipkearly pointed out that this type of
approach within the Ontario Home Care System does not directly match the traditional use
of rehabilitation therapy services.
Al't i s more managing the symptoms and makir
that 6s al |l the visits or the time that you a
to make sure that the client is safe, a sort of risk aversiaking sure that they are not
at risk at that poidt but then it is not really rehab. What most peagnsider rehab is
to get the client to their optimal state. That is not really what the therapy services do
right now in the home caey s t-&rmma 0

Most of the interviewees, with an extra emphasis ftloencase managers, noted that

the decision to qvide rehabilitatiotherapyservices is based on functional needs of the
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elderly clients. These functional needs are assessed by the case managers using the RAI
HC. The case manager will then use that information, in addition to their case notes, to
decide upon what services to allocate to the client. For rehabilitation therapy services, case
managers reported that they based their decisions only on functional status while disease
diagnoses and multiple enorbiditieswere consistently reported ot directly impact the
decision to provide therapy services.
Altds totally based on their functional
category that says you know this client
issue, dementidd | z h e € and théh shey automatically get service. They have to
actually have a functional need and then they get OT orétolly
Conditions and Diseases
Although the decisions to provide services were considered to be based mainly on
functionalneeds, common ailments were also considered as drivers of service provision.
Due to the complexity and the nature of rehabilitation services for older adults, a wide range
of reasons were given for conditions and diseases that lead to the provisicabditation
services. For PT, the interviewees indicated that it is mostly related to issue of mobility and
that many of the home care clients who receive these services are fopertve care
after receiving a knee or hip replacement. Further tondimentioned by participants
included falls, deconditioning, and palliative care. It was mentioned by multiple
participants that OT is primarily used in the home care system to perform home safety
evaluations and also for medical equipment purposes.

i Mst people do get more of the hip and knee replacement. That is sort of a top priority
for rehab, and it is really anybody in termgudt having some mild motor condition

who might need some mobility asseskbment .

focussed on jut home saKimty and equi pment g
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AFor physiotherapy, [drivers] would be fal/l
orthopedic surgeries |like tot#®&hnahi p repl ace
Challenges

High Demand and Lack Of Resources
One of themost commorchallengesn providing rehabilitation therapy services to

older clientswas the lack of resourcésrelation tothe large amount afemand/needDue

to population aging, a great numbethoime care clientsave mobility and functional

independence issues. Therefore, these older home care atielitpotentiallybenefit from

receiving someehabilitationtherapyservices However, due to the lack of resources within

the home care systemmany older individuals do not receive OTRF despite their

functional needs
AfMey are clearly prioritizing getting peopl
need to be therandinto the homeHow they're enabling that quicker discharge is to
frontload them with services to entthaure that
client issafe. Is that being done at the expense of community dwelling residences
Because we know there'sonlyiaii t e amount of resources, not
money athem to say you know, double what you're giving people coming home from
hospital and you can continue to provide the same level of service for people in

commu ni ltedahe s 0

AThe systesnoitshator&vegybody canét have a pr
dondt have eBoaongh resourcesao

typic
ng

Many of those resources t al |
bei -Leaked up f

i t ha
dwel ling residents were now

Numerous prticipantswithin this study spoke to the fact the home care system

differs from other care settings (e.g., hosptials, {@rgtcare facilities); home care should

not be considered as the only point of access to health/medical/sugpaesOT and PT
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can be provided through communligsed services (e.g. outpatient clinics, group settings)

and through privatpayments to providers.
AAnd just because you are in the community,
homecare client? Ohsuld we be exploring other types of creative outlets to provide
people with rehab su-Kim as a community cente
AYeah but what is happening in _ i's tha
open up so we are going to start to see that the goyagpulation who are more

independent are going to go to outpatient clinics and we are really just going to focus on
those frail individeal suhome oboimdt waot caeb

Human Resources
Human resources issues were identified as a challenge in a variety of ways for
providing rehabilitation therapy services to older adults. Firstly, it was noted that the
background of case managers and their familiarity with the availability of servittes thie
region can impact their decisions related to the provision of OT and PT services. If case
managers are not familiar with how rehabilitation therapy services may be used for their
clientsd6 issues, clients matheirpotentialtobenetit | ocat e«
Therefore, a case managero6s background, as wi
impact exactly what type of services are provided to older$bang home care clients.
fi éwe are also struggling with how do ymentify who gets rehab because everyone
has a different appreciation of rel@abecause not all the case managers are rehab
professionals, and even within rehab professionals it depends on what population you
have wor kkkid with. o
Asecond humanresaure i ssue is related to the geogr
home. For clients who live in rural areas, it can be challenging to find professionals who are

able and willing to work in the remote area. If professionals do not reside in a given rural
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areatherapists will have to travel to the area to provide care, which raises problems related
to availability of professionals, transportation time, and the timeliness of services that they
provide.

i Tere is a huge challenge in terms of having professienakss available in some of

those more desolate areas. So itis really hard. It is like the problem with physicians; it

is parallelright? So professionals going into some of these areas that are just not

popular places to practice, you have a lorodfible servicing clients. So priority

timelines for example, you know, if you use the same priority timeline across the board

and you have low volume and you have pegplead out all over the place, how do

you meet that 48 hours priority timing in tlasea? You know it can be very difficult,

compared to downtown Toronto or KitcheiWwia t e r-Annao . 0

A third human resource issue that was raised was related to communication between

different professionals and case managers. Communication betweenrthgseig a
chall enge as they often work for different a:
environment at the same time. When therapists conduct their work, the case manager and
other care providers will not be onsite. Therefore, if anyessome up during treatment or
assessment, communication with the other meml
problem.

i e only way | have interaction with the case manager, in the meantime, from the time

| receive the referral, is if | havecancern, then | will try and call them to say | think
you know, you might want to go in t@assess because of A, B or C, or you might want

~

to consider putting an OT in cause there's real safetyn ¢ e-Leals . 0

Regional Characteristics
For participantacross all three strata, the characteristics of a health region came up
as a potential challenge for providing rehabilitation therapy services. First and foremost, as

mentioned in the above human resources section, where a client lives can be challenging.
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Clients living in rural areas can have issues accessing the OT and PT services due to the lack

of professionals in their community or due to the remoteness of their home.

ARural versus urban, ther ekatislatmnopurag di f f er €
clients,accessibility to servicetheir accessibility is far more limitedso whether you

live in the city or live in a rural district, yaghouldhave accest® OHIP funded

physiaherapy services for followp. If you live in a rural setting velne you are

nowhere neaa clinicbut you get the same number of PT visitstfee same issue as

somebody irthe city, who can then followup withaclinic and easily access

ité whereas this rural person would have to sit in the car for two hours toaelindc.

Travel would then counter whatever therapy they might get because it is two hours

there, two hours back. Sometimes you have to look at the unique needs of geographical

ar e-&mmna o

AWell transportation i ssuesevehtogservicd i ent s, ar
providers) for us to have access to patient settings is difficult because of the
transportation issues and the weather in that particularly in that area down by the lake
the roads are often cl| osefdf ipceurlito dtioc-aalclcye sisn
Jillian
Another challenge that was raised by participants was the cognitive status of these
older adults. For an aging population, it is fairly common for older home care clients to have
issues with cognitive decline. Although the interviews contained no rets¢nat pointed
towards cognitive impairment as an outright barrier for clients to receive rehabilitation
therapy services, declining cognition was mentioned to impact decisions regarding PT
allocation due to the nature of the service. Much of PT isdeelted and requires the
client to practice a program that was developed by the therapist. This can be challenging for

a client if they suffer from cognitive impairments and if their care givers are not available or

capable of assisting in rehabilitatitrerapy activities.

n We | | a | ot of tdiier epatoegd asmomiinfg tilseysedanét f
programi tlimigedt o what we can offer them through
i Jillian

47



A third chall enge for pr opoputhiomigtheOT and PT
existence of multimorbidities in the home care client population. Multimorbidity is the co
existence of two or more diseases. From the ten interviews, multimorbidity was considered
as something that did not greatly impact the decigigravide rehabilitation therapy
services. As mentioned previously, case managers generally base their decisions to allocate
rehabilitation therapies on functional need. Therefore, the number of diagnoses is
considered irrelevant to this decision makpngcess. However, the interviewe®so were
service providers did indicate that multimorbidity can impact what therapies are provided,
how they are provided, and the effectiveness and efficiency of these therapies.

I't doesndt me an etmbravsitspranore tane,at jug meamsghatt o g
our focus might be different than what ¢t

<

AAs we | ook at the new senior population :
comorbidities. Not one person has one conditi®a.how do we provide rehab to

these individuals? Is it based on diagnosis anymore or do we start to look at our

approach basedontheu nct i on ©Kimt he cliento

Decision making

Case Managers andClinical Care Pathways
One issue that was raised by both case managers and by service providers was the
i mpact of a case manager 6s training on their
they choose to provide to a client. While this was also covered in the Human Resourc
section, this issue also plays a significant role in the decision making process. For example,
the background of many case managers is nursing. Therefore, these case managers are likely
to approach decisions for allocation of home care services frarsng perspective. This

can I mpact how the case manager perceives a
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needs should be addressed by service providers. Alternatively, if a case manager comes
from a PT or OT background, decisions on how and wiest allocate to clients may differ.
RnSo often what happens i s case managers Wwi
underservice that client because their lack of knowledge related to the rehab component,
or overservice as a means of compensatingpgink e sur e that every i
i's cr-dimased. O
A second issue within this subtheme are clinical care pathways. For certain
diagnoses and clinical issues, developing clinical care pathways that involve rehabilitation
therapy services is aively wellestablished and clear (e.g., total hip replacement, stroke).
In contrast, developing clinical care pathways for complex frail older persons is complicated
by the large amount of complexity (e.g., multimorbidity, heterogeneous mix of needs,
polypharmacy) involved in providing appropriate and effective health care. Due to the lack

of clarity and lack of evidence for care pathways for complex frail older clients, making

informed decisions on what type of services are provided can prove to lengimaj.

AFor the most part, the path or the journey
For sure, totahip and knee replacememtat i ent s, we know their pa
aclearcl i ni cal <care pat hway. Theyéareaso very pr
fairly predictable. Il tds those other pati
that we donét necessarily know what their

clear sense of their trajectory. We know that stroke patients are going to improve. We
know that fractured hip patients are going
tend to fluctuate and are a little bit more complicated that, in my experigad trouble
accessing rehdhation services DEmily
A third issue within this subtheme was the priority system used to order clients in
terms of urgency for physiotherapy services. When the decision has been made to provide

physiotherapy to a mee care client, a client receives a priority classification that indicates to

the service provider the time frame they have in which to provide services. This priority
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system classifies individuals based upon their risk status and the urgency to raceive c
Although it is unclear exactly how exactly risk is identified by the case managers, the current
system tends to prioritize home care clients that come from the hospital after an acute
episode or surgery. This prioritization of pasute clients islue to the easily perceived

need for therapy for these clients. Typically, older istay clients who suffer from chronic
impairments and have been identified to have the potential to benefit from rehabilitation
therapies receive a low priority level.uBto the lack of resources in the system, individuals

with low priority level for physiotherapy services rarely receive those services.

Information Systems
Participants in this study were clear that the current CAPs within theHRAI

information systennelated to rehabilitation therapy services are not currently utilized due to
their poor sensitivity and specificity. Essentially, due to the nature of the care population
(typically older adults with functional impairments), many if not most home canetglare
likely to benefit from rehabilitation therapy services. Therefore, because the CAPs were
designed to indicate potential for clients to benefit, these CAPs were reportedly triggered for
a large proportion of the population. As a result, the CAPsat seen as being helpful to
case managers during decision making processes.

iwell we don6t use the rehab CAP because

-Kim

Al t 1 s notmdnagenent perspettiveamsay everybody, or 80% of your
population needs e h &«im. 0

AWhen vyou Aldatalooankat any of tRe evidence, everypraztically

would tigger a need for rehab and this is reslistic There is just nbthat capacity to
provide allthas e r v-Kim e . 0
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Also discussed in the interviews svthe interest in having further decision support
systems developed within the RAIC to help the decision making process around PT and
OT service allocation for older adults. Participants were interested in the potential for new
scalesormeasuresthata |l d i denti fy not only a clientos
which could also set a priority level in order to avoid the perceived limitations of the current
CAPs that are related to rehabilitation services.

Al think that TwheRBAl toolis thatitkhepefalypvalllencoutapee

case manager to think through other optidms,| think that clinicians can deased by

their training and by their historical practice. And it would be interesting to hiave a

some kind of review mecham, some kind of a way of encouraging and helping case
managers, as well as any other clinicians, think through other optiopsafdri é nt s . 0
Maria

il t h fon[decisioh supportithe more specific the better becaudeeips to guide

case manageespeciallyiftheydo 6t have a théeAmmgpy backgr ounc

Al think any decision support tool to hel

o f j ust buil ding consistency in our organ

frankly, overall reputéion of CCAC, in terms of accessing service. Something that says
you know this is evidence based ahmh t hi s

AfWe are also struggling with how do you i
a different appreaation of rehab because not all the case managers are rehab

professionals and even within rehab professionals it depends on what population you
have wor kkind wi t h. o
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Figure 3. Summary graphic of themes and subthemes
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3.4 Discussion

Using data from senstructured interviews with 10 key stakeholdenseé key
themes and 10 subthemasre found related to the provision of rehabilitation therapy
services to older adults in the OntaHome Care System. Although many of itheas that
came out through the qualitative research process were not entirely unfeortiiar
researcher, the resulislced greaterdepth and understanding of theblem domainin
addition to the results prested within this paper, the actual process of interviewing and
connecting with key stakeholders from multiple perspectives was beneficial to the
researcher.

From the first theme of Drivers of Rehabilitation Service provision, it was found that
while thehealth profiles of older adults are complex and include a high prevalence of
mul ti morbidity, decisions to provide OT and |
functional needs. By focusing on functional needs, rehabilitation therapy services can be
utilized in a way that is client centred rather than disease focused. However, this approach
does not directly relate to the standard way that best practices and care pathways are
developed; these approaches tend to be based on specific diagnosesofegtotdr knee
replacement). Furthermore, despite the fact that multimorbidity is highly prevalent in home
care clients, clients having multiple chronic diseases were not seen by these ten stakeholders
as a direct driver of therapy service allocatiom.other words, the fact that a client has
multiple disease diagnoses does not directly influence the care planning decisions of case
manager. Nevertheless, multimorbidity in geriatric home care clients is an important factor
to consider when creating cglans and treatment strategies. Research has demonstrated

that multimorbidity is related to increased length of stay in home care (Murtaugh et al.,
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2009), and poorer outcomes in geriatric rehabilitation patients (Press, Grinshpun, Berzak,
Friger & Clarfidd, 2007). A better understanding of multimorbidity and patient outcomes is
necessary for improving the quality and effective targeting of rehabilitation services in the
Ontario Home Care System.

Each of the interviews included discussions that focusetiemt needs and common
drivers of PT/OT service. However, the study participants seemed to have a limited
understanding of system trends at a regional or provincial level. Most of the participants
spoke of drivers based on their own clinical experisntlerefore, it can be understood that
there is a gap in understandioiithe factorghattend to drive rehabilitation service
provision across the provincial system. This type of information may be of potential use to
those who aim to improve the oviisystem through policy development and
regional/provincial strategies for the growing population of frail elderly.

From within the Challenges theme, by far the most salient subtheme was the fact that
the Ontario Home Care System operates using a liraitezlint of resources, and this
limited amount of resources directly impacts the provision of rehabilitation services to older
adults. Therefore, although the demand for rehabilitation services is great, the home care
system is unable to thoroughly addrdsgs need due to a lack of resources. Consequently,
strategies and knowledge of how to make the system more effective and efficient will be
increasingly important. It was also clearly noted that difficulties in access occur for remote
or rural clients wthin the home care system. The challenges of providing home care have
been discussed previously in the scientific literature (Kitchen, Williams, Pong, & Wilson,
2011; Forbes & Edge, 2009; Forbes & Janzen, 2004). Providing rehabilitation services for

rurd clients can be difficult due to transportation issues (travel time for PT and OT) as well
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as a lack of available professionals living and working in their region. Unfortunately, this

study did not include any interviews with stakeholders from the rmortieslth regions

(North West CCAC and North East CCAC) where these issues are magnified due to the size

of the region and the larger proportion of remote and rural clients. Their insights into this

issue would be important in terms of an understandinigeofvhole provincial system

including strategies and practices that are taken to deal with the geographical challenges
The finding that rehabilitation services are being used mostly in aveaety was

provocative. Traditionally, rehabilitation seregin home care have the goal of improving

or maintaimng physical functiomg, quality of life, and theverall independenaaf home

care clients. However, the results of this study seem to indicate that rehabilitation services

are primarily utilized fopostacute care and to avoid risk of additional health care system

use. This finding is not entirely new as it coincides with results from other Ontario based

research studies (Passalent, Landry, & Cott, 2010; Passalent, Landy, & Cott, 2009). These

findings add to a growing body of literature that illustrate that people with chronic diseases

have trouble accessing rehabilitation therapy services, despite client needs. While providing

rehabilitation therapy services to individuals who suffer from chrosgage may appear

too costly up front, there is great potential for these services to impact future health care use

and indirect societal costs (dependency on social benefits, care giver time, loss of

productivity). The results of this study also indichtieat currently in the Ontario system,

OT is primarily used for home safety assessments, and for home equipment purposes. This

was surprising as the traditional role of an OT involves much more than environmental

assessments and equipment.
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The results bthis study also indicated the increased complications of working with
an older population. In terms of health characteristics, older adults are a heterogeneous
population with a wide range of disease diagnoses, impairments, and needs. For
rehabilitationservices, some diagnoses and health issues have clear care paths that involve
the provision of PT and OT. However, for complex frail elderly, no such care paths or
evidence bases exist. This makes for an increasing number of home care clients who are
conmplex and challenging to manage (Murtaugh et al., 2009). Additionally, cognitive
impairment is often referred as a barrier for geriatric rehabilitation (Gisdlelini et al,

2003). However, within this study those who were intervieweadhdiéxplicitly see it as

such. Cognitive decline tends to only impact decisions related to allocation if the
impairment is severe, and if the client does not have care givers who can assist the client
with the exercisesFor the ten interview participants, the impattognitive decline on the
provision of rehabilitation servicagasnot a black and white issu€here are always

nuances that are considered in the decision making process and having some cognitive
decline was nathought of as barrier for servicallocation.

The final theme that was developed from the interview data was Decision Making.
Within this theme, it was stated by a number of participants that the current CAPs developed
within the RAFHC were not suitable and were typically ignored by caaaagers due to
their sensitivity. These CAPs were designed to indicate potential for benefitting from
rehabilitation services. Unfortunately, virtually every individual who becomes aslaiyg
home care client could benefit from rehabilitation theraps t the nature of the client
population. Therefore, the too frequently triggered CAPs related to rehabilitation services

are often ignored by case managers. One aspect of the home care system that should be
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considered if these CAPs were to be improgeitiat home care does not operate in a
vacuum and some clients who may benefit from receiving rehabilitation services could
access and receive services from outside the home care system. Because of this, decision
support systems for rehabilitation theesgpservices in home care would be improved if they
focused on identifying specific populations that would benefit most from receiving
rehabilitation therapy servicegthin their home For example, decision support systems
could be developed to identifgdividuals who would have the most trouble accessing
community based services (e.g., those who are Hmwued or severely immobile, those who
live in regions where PT is not available within the community). This type of decision
support could also be ddeped to identifjhome care clients who could benefit from
therapy servicebutare of abldodyto attend a clinic within their communityin this case,
case managers would work towasessisting the client iaccessg thesecommunity
services In Ontaio, accessin@HIP covereccommunity based rehabilitation therapy
servicegnay requirea  d o c t o r @nsariorPhyki@herapgdsociétion 2012). If this
is the case for a client, tmele ofa case manager may barnéorm and educatéhe client
about his/herrehabilitation therapgptionswithin their community

The results of this study also indicated that case managers could benefit from the
development of new decision support algorithms that are tailored to specific rehabilitation
therapy sarices. It was also indicated that any new decision support algorithms should be
developed to give more than a simple yes/no response. For example, it was explicitly
indicated that outcome measures that had more of a range would be useful in decision
making. Furthermore, because of the fact that case managers have a variety of educational

backgrounds, many of them do not have any direct experiences with rehabilitation services.
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These case managers, as well as recently hired case managers, would bseh&finm
enhanced decision support systems related to rehabilitation.

In terms of the larger KDD project, this researcher found the qualitative process as a
useful way to develop knowledge of the problem domain. The provincial home care system
and the rbhabilitation therapy services provided to older adults are multifaceted and puzzling
to the uninitiated (complex clients within a complex system). Without an enhanced
understanding of the complexities and the potential issues related to the problem domain
developing potentially useful quantitative analyses of provincial data repository would be
challenging. The use of qualitative methods to develop knowledge of the problem domain in
KDD project is novel, and no examples of this type of approach werd faitinin the
literature. As the development of domain knowledge and problem understanding is essential
for accurate and useful development of knowledge from large databases, qualitative research
techniques should become important tools for future research wh o hope t o use
in their work. This study will be used to inform variable selection for descriptive analyses
and will assist in the creation and developmemhotlels in Phase 4. Morpexifically,
modeling procedusawill include cluster analyses to develop an understanding of the older
populdion of rehabilitation users by identifyirtge patterns of characteristics that develop
within the wide variety of problems thalder clients experience as discussed in the
interviews Secondly predictive models will be created to develop an understanditiig of
main drivers of rehabilitation therapy service provision in the Ontario Home Care System.
was found within the interviews th&T and PT are utilized in significdy differentways;

thereforeseparat@redictive models will be created for each type of therdphese
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predictive models will also have to consider the regional differences that were found within
Phase 1 activities.

I n addition to dehanhandgngbuefnebhe pnobl el
qualitative approach within the KDD process also allows for the researcher to make
connections directly with a number of stakeholders from within the Ontario Home Care
System. These connections will be used as piatevenues for knowledge translation
activities. Typically in academia, knowledge translation takes place through writing
scientific articles and presenting at conferences. However, now that a number of
stakeholders from varying perspectives have gpgted in the research project, it is
anticipated that these individuals might be more likely to review the results of the study,
share it with the colleagues, and incorporate some of the ideas into their practice or policies.

The limitations of thistudy include the small sample size and the lack of additional
researchers in the analysis of the data. Although the sample represented three different
perspectives and multiple health regiomsouthern Ontariahe study would have
benefitted from samimg stakeholders from other areas of the province including the two
northern CCACs. Although it was a limitation to have only one individual perform the
anal yses, the main purpose of this qualitati:
of the poblem domain within a KDD project. For the KDD project, the individual who
performed these interviews and analyzed the transcripts will also be conducting the

guantitative analyses of the large provincial database.

A further limitation of the study wsathe lack of clarity regarding key terms in
rehabilitation,incld i ng &é6functi oad amdeoWmphdr fhealkt h Or ¢

the International Classification of Functioning, Disability, and Health, known more
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commony as the ICF, as a framewdid measuring health and disability. Within the ICF,
body function is defineds the physiological and psychological functions of begtems,
whereimpairment is defined as problems in body function as a significant deviation or loss.
Many of the inteviews discussed honiear e cl i ent <characteristics
ADL impairmentswhereit may have beemore appropriateo use ICF terminologyThe

ICF framework is based on a Bsychosocial model of functioning and disability, in which
functioning and disability are multlimensional phenomena experienced at the level of the
body, the person, and soci€tynited Nations Economic and Socialf@mission for Asia

and the Pacific, 2012)This framework also incorporates environmental factors that impact
a per s on 0 s Discussian bfibadyfunatign. and impairmeémolder home care
clientsusing the ICF framework may have leddevelopmenfurther clarityof how these

client characteristics are related to OT and PT service provision

A final limitation revolves around the discussion of thenfchl Assessment
Protocols (CAPs) and the current decision support mechanisms availabletigtRAFHC
information system. The discussion did not fully revealelrel of understanding and the
amount of experience that the interviewees had of the CAP sgsigather decision
support mechanisnieund within the RAIHC. For example, it was notear which version
of the CAPs that individuals were talking about in the interviews (a newer version of RAI
HC CAPs were released in 2007 and are stitidgpanplemented across the province).
Further clarification of these details would have been imé&ivefor quantitative activities
performed during PhaseZ as wellfor possible futureesearch worlkn the development of
decision support services for rehahtion therapy services for the Ontario Home Care

System
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Overall, this study was a benefi a | activity in terms of

bui

understandingd and the results will be appl i

and enhancing quantitative analyses of a large provincial database. Quantitative analyses
will include examination ofhe heterogeneity found with the rehabilitation service user
population; an examination of the drivers of service provision; and a descriptive study
examining population characteristics and rehabilitation therapy service provision. Within

the Ontario Hora Care System, this author believes that there is great room for

improvement on the use of rehabilitation services for older adults. Although the past
practices were seen as reactive, the system can be improved with more appropriate targeting
of the limited resources. To achieve this, future work should focus on the development of an
evidence base and the creation of novel decision support algorithms for the growing complex
frail older adult population. Many challenges in providing rehabilitation thesapyces to

older home care clients will likely persist over time, nonetheless it is important to work

towards improving the system.
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4.0REHABILITATION THERAPY SERVICE USE AND POPULATION
CHARACTERISTICS OF OLDER LONG -STAY HOME CARE
CLIENTS IN ONTARIO (20052010)

Overview

Background

The objective of this descriptive study asexamine rehabilitation therapy provision and
populationcharacteristicef older longstay home care clieniis Ontario using a provincial
data repository.The rehabilitation therapy services that will be focused upon are
occupational therapy and physiotheraplyis currentstudy follows a qualitative studiat
examined this topic through a series of setniictured interviews. Findings from the
qualitativestudy were used to inform and guide variable selection. This studgraisedes
a series of quantitative analysssd results will inform quantitative projects that will also
utilize RAI-HC data. The entire thesis project c®nceptually guided by thendersen
Newman Framework for Health Services Research.

Methods

The data that will be used for this stughgthe initial RAFHC assessment of every older

( O 6ldhg-stayhome care clienin system greater than 60 days)o entered the system
between R05 and 2010, inclusive (N = 299 262). Each assessment has been linked to
service use information. For each assessment, the use of OT and PT in the following 3
months after the initial assessment will be examined. Client characteristics of the @llowin
groups will be examined using data visualizations and descriptive statistiesnlPT

only, Both OT and P;Tand None

Results

For the time period included in the data, 38% of older home care clients received

rehabilitation services after entering the home care system as-stégngjient. By

systematically reviewing population characteristics using the Andersen and Newman

Framevork, a number of insights into the data were developed. Findings irlahgge
variation in rehabilitati on psrdeckeassproasion acr 0SS
to cognitively impaired clients, aredwide assortment of need factors.

Condusions

After reviewing the characteristics of the home care population and their use of rehabilitation
services, it is clear that home care clidotsn a large complex and heterogeneous

population with a wide range of disease diagnoses, physical impairments and health care
needs.Due to the increasing size of Ontario 0é&r populationthe effectiveness and

efficiency of rehabilitation serves in home carare important Due to a perceived lack of
information related to the provision of rehabilitation therapy services across the province,
there isa substantial room to develop understanding using the routinely collected data within
the system.This current gidy and the followingtsidies within this dissertationill aim to

improve knowledge athis problem domain.
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4.1Introduction

In Ontario, the home care system provides a wide assortment of services to clients
living in their homeswithin their communities The majority of Ontario home care clients
are older (56% in 2009/10; OHCA) and home health care semioe&led by the province
play an important role aging in place initiatives (William et al., 2009), chronic disease
managemt, and strategies related to primary caran@liarHomeCareAssociation
2008. In addition to supprt services (e.g., home makihgnd nursing, the Ontario Home
Care System also provides rehabilitation therapy sersiogls aoccupational therapy (O
and physiotherapy (PT). Despite evidence of the feasibility and effectivertbesef
rehabilitation services for older adults in home basatings Gill et al., 2002; Kuisma,
2002;Crotty, Whitehead, Miller, & Gray, 200&itlin, Hauck, Winter, Denis, & Schulz,
2006;Gitlin et al., 2006Giusti et al., 2006; Stolee, Lim, Wilson, & Glenny, 20Ihany do
not receive these services despite actual and perceived(Beeds, Stolee, Knoefel, Wells,

& Seabrook, 2001; Jaglal et al., 2003; Poss e2@s).

In order todevelop a better understandingrelabilitation therapy services for older
adultsin home carga Knowledge Discovery in Databases project was destgned
systematically examine a large provincial data repository of assessmerniKdateledge
Discovery in Databases (KDD) iithe nontrivial process of identifying valid, novel,
potentially useful, and ultimately understandable patterns i fedyyad, Piatetsky
Shapiro, and Smyth, 1996). This type of approach typically takes pldasgenvolumes of
electronic data and through a process that involves a series of steps that are interactive and
iterative. Steps in the KDD process include developing domain knowledge, selecting and

cleaning data, data mining, and knowledge deploymehis process has been standardized
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by numerous groups and the most popular process model to date has been the CRoss
Industry Standard Process for Data Mining (CR3®R; Kurgan & Musilek, 2006).The
CRISRDM (Chapman et al2000 consists of six phases.

1) Business Understanding,

2) Data Understanding,

3) Data Preparation,

4) Modeling,

5) Evaluation,

6) Deployment.
This descriptive study will serve as a repor
variables will be examined including PT provision, OT provismedisposing factors,
enabling factors, and need factofihis study builds upon a qualitative study performed in
Phase 1 of the CRISPM and will precede modeling procedures in PhasEiddings from
the qualitative study in Phase linfluenced the véesabelected for examination within this
chapteras well as the interpretation of the findings. Findings froregtiescriptive analyses

will influence predictive modeling through the preparatibthe data prior to modeling,

predictor variable selectipand interpretation of results.

Study Purpose

The focus of this chapter is on exploring and describing data from older c{igt)s (
within the Ontario Home Care System. This chapiéiform a key component of the data
understanding phagPhase 2pf a Knowledge Discovery in Databases (KDD) project. The
main purposef this exploratory data analysis is to use descriptive statistics and data
visualizations to summarize the key attributes and main characteristics of older home care
clients and their wesof rehabilitation therapy servicpgor to creating data mining and

statistical models Data for this study will be drawn from a provincial data repository of
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RAI-HC assessments that has been linked to rehabilitation therapy service utilization
informéation. This study will prepare the analyst for Phase 3 of the CRIBRPwhere the
same RAIHC data will be prepared for modeling procedures. Results of Phase 2 will also

influence variable selection and choice of modeling techniques within Phase 4.

4.2Methods
Conceptual Framework

The Andersen and Newman Behavioural Model of Health Service Use has been the
primary conceptual framework used to organize health services utilization research for the
last forty years. Numerous research projects that aimexaderstand home care utilization
by theelderly have applied the AndersBiewman framework (Kempen & Suurmeijer,
1991;Kadushin, 2004; Algera, Francke, Kerkstra, & Van Der Zee, R00He basic
structure of the model organizes the determinants of hesalilte use into societal
determinants, system determinants, and population characteristics with the overall aim of
discovering conditions that either facilitate or impede health care setilization
(Andersen & Newman, 1973)his model organizes thmpulation characteristics into
predisposindgactors enabling factors, and need factors. Predispdaictgrsrefer to the
predisposition of an individual to use services; these inaladables such as age, gender,
languageand marital status. Enafndj characteristics are variables that reflect the ability of
individuals to obtain services. These can include factors such as availability of services,

psychological characteristics, and personal/family relationships. Need factors, which often

form themo s t i mmedi ate cause of heal th service

65

u

S



illness and disability. Within the Andersen and Newman framework, the dependent variables
are operationalized as health care servisesind perceived health practices.

Forthis current descriptive study, the results will be organized into the following
four categories: (1) Service utilization; (2) Predisposing Factors; (3) Enabling Factors; (4)
Need Factors. Need factors will be further broken into sections containirggreugcales,
Clinical Assessment Protocols (CAPSs), activities of daily living (ADLSs), instrumental

activities of daily living (IADLs), and disease diagnoses.

Sample

For this study, theata will consist of the initial RAHC assessmeifbr everylong-
stayclient over the age of 65 entering the Ontario home care system between 2005 and 2010
(N =299 262) The RAIHC assessment system has been mandated for use for all clients
expected to use home care services for more than 60 days,thdreforeprovidesOntario
censudevel data on longtay home care clients. The RAL is one of a suite of
standardized assessment td@say et al., 2009; Hirdes et al., 20@®veloped by the
international interRAI consortium and contains a wide variety of assesdsmastincluding
demographic information, cognition, physical functioning, disease diagnoses,
nutrition/hydration status, environmental assessment, and service utilization. Collected by
frontline workers using data entry software, the assessment systehrebks during data
input that constrain item entries as farssing, within correct ranges, and includes logical
checks. All RAIHC assessments that weyerformed in hospital for loaterm-care home

placements were removed@he RAFHC is considered to hreliable and valid, with the
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individual items having been tested for their irniaer and testetest reliability Morris et

al., 1997; Landi et al., 2008{irdes et al., 2008; Poss et al., 2008).

Measures

The selection of variables in this study waglgd by the qualitative study in Phase 1
of the CRISPDM process.All variables selected for analysill be organized using the
Andersen and Newman framework. Figdreontains a chart that highlights the Andersen
and Newman groupings and the varialitasnd within each grouping.

Service Utilization

Each RAIHC assessment has been linked to OT and PT service utilization data from
the Ontario Home Care Administrative System (OHCAS). All OT and PT service visits
were provided through the CCACs weeeorded in this system. For these analyses, the
window examined was the provision of any OT or PT within 90 days of the initiaHTAI
assessment. This window of service provision was chosen to be an adequate amount time to
capture service use in relati to theRAI-HC assessment information.

Predisposing Factors

Predisposing factors are the sacidtural characteristics of the clients that existed
prior to their use of home care services. The predisposing factors that are recorded within
the RAFHC ard included in these analyses include sex, Egguage, and marital status.

Enabling Factors

Enabling factors are characteristics that can facilitate or inhibit service utilization.
The enabling factors that are recorded within the-RE&lassessment ilutle location

within province, caregiver variables, education, and home bound status. Location is
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indicated by the Community Care Access Centre membership. Caregiver variables include
caregi ver 0s i Jaadlardgivet byrdecaregiceo axgesses ieadings of

distress, anger, or depressioijome bound status can be determined by theHRAltem

that measures the amount of time that the client spends at home vs. out of their residence.
Need Factors

Need factors are often considered the most immediate cause of the health service use. As
the RAFHC is a comprehensive assessment, it contains a wide variety of variables that can
be considered as need factors. Although there is a wide range of inditedumthat could
be examined, this descriptive study focused in on outcome sCélgsal Assessment
Protocols, individual ADL/IADL impairments, and disease diagnoses.

A number of standard interRAlutcomescales have been developed, all of which are
derived from thendividual RAI-HC assessment items. These scales include the Cognitive
Performance Scale (Morris, et al., 1994), the MDS Pain Scale (Fries, et al., 2001), a measure
of health instability called the MDEHESS (Changes in Health, Esthge tsease, and
Symptoms and §ns; Hirdes, et al., 2003, hierarchical measure of activities of daily living
(Morris, et al., 1999and a instrumental activities of daily livimgpacity(Morris,

Carpenter, Berg, & Jones, 2000 hese scales can be usedneasure and communicate
the status and outcomeshaime care clients

Also found within the RAIHC are Clinical Assessment Protocols (CAPs). CAPs are
designed tdrigger after the completion of the assessment in ordéagdkey issue$or
follow up. The intention of CAPs is to assist the assessor in identifying problems and
support decisiomaking in care planning. The goals of care vary from one CAP to the next,

however, they include goals such as the possibility of resolving the problem, gethesin
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risk of decline, or increasin@p¢ potential for improvement I nter RAIL 6s CAPs wi
RAI-HC cover problems in four broad areas:

1. Functional performance

2. Cognition and mental health

3. Social Life

4. Clinical issues
For this project, thenainof interes is in the CAPs within the Functional Performance
Domain. These include Physical Activities PromofoRACTIV), Instrumental Activities
of Daily Living (clADL), Activities of Daily Living(cCADL), Home Environment
Optimization(cENVIR), and InstitutionaRisk (CRISK). Other CAPs of interest with
regards to OT and PT are Fai$ALLS) and Pain(cPAIN) within the Clinical Issues
Domain. More detailed information on these CAPs can be found in a published manual
(Morris et al. 2007).

For the domain of ADland IADL impairments, seventeen individual items are recorded
during the RAIHC assessment on specific types of impairment. These include ten ADL
items and seven IADL items. For this study, these items have been dichotomized. For the
ADL functioning, items have been split between independent/some supervision vs. limited
assistance to total dependence (@s. 3+). Similarly for the IADL items, items have been
split between independent vs. some help performed by others (0 vs. 1+).

The third category ofeed factors that were chosen for examination is disease diagnoses.
These items are collected in the RAC and are included if a doctor has indicated that this
di sease is present and affects the clientds

managementln addition to single disease diagnoses, a multimorbidity count was also

created to indicate the number of concurrent chronic diseases each client has. For this count,
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thepresence of any of the diseases foum@lable 8 wasdded up for a final multimoitbity

score.

Analyses

In order to enhance understanding of rehabilitation therapy services and the
populationwho areprovided with these services, déables andiisualizations of key
characteristics were creatdebr many of the analysethie population was grouped into the
following categoriedased upomhe service utilization record€Receiving Ponly,
receiving OFonly, and receiving both OT and PT. Significance testing waparfirmed
between groups in this study due to the size ®fidita (N= 298 262). Because the sample
size is so large, small differences between groups can be significant even if it has little or no
clinical meaning (Cohen, 2011). Therefore, general trends were identified rather than
statistically significant diffeences.Correlations for outcome scalasross the whole
population weralso examined andrarages and standard deviations for continuous

variables (outcome scales, ag@recalculated.
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PREDISPOSING VARIABLES
Age
Sex
Language

Marital Status

ENABLING VARIABLES
Education
Region within Ontario
Caregiver status
Homebound status

Living alone

Figure 4. Variables Included Based on the Anderdawman Model

Service Utilization
Provision of PT

Provision of OT

NEED FACTORS
Outcome scales
Clinical Assessment Protocols (CAPS)
ADL/IADLs

Disease Diagnoses
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4.2 Results
Rehabilitation Service Use

Figure5illustrates the proportion of clients who receive rehabilitation services
within three months of their initial RAHC assessment when entering the home care system.
Of all longstay clients who entered the home care system between 2005 and 2010, 26.5%
received OT services within three months of their initial RAT assessment. In terms of
PT services, 21.4% of all lorgjay clients received services after their initial assessment.
No rehabilitation services were provided to 62% of these clients wBi¥¢ Eceived both
OT and PT. This information does not capture any older clients who are classified as short
stay clients (expected to be in home care less than 60 days) or rehabilitation therapy services

provided prior to the RAHC assessment.

Figure 5. Proportion of all older clients receiving rehabilitation therapy services witl

three moths of their initial assessment
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In terms of the trends over time, the proportion of olderdstag home care clients
that receive OJonly steadily increases, while the rate of&ly decreases over the same
time period. For receiving both OT and PT, 2009/2010 ssinagp decline. This

information is presented in Figuée

Figure 6. Proportion of clients over the age of 65a®ing PT, OT, or both, by year
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Predisposing Variables

Table 2contains information othe sexage, language, and marital status
distributions for the overall population, @nly, PT-Only, Both, and no services. There are
no major differences between the sexes as differences between males and females are small
across all user groups. When examining age, 67.1% of rehabilitatioceseave provided to
clients aged between 75 and 89. Looking across the age groups, no clear trend appears for
OT use. For PDnly, there appears to be a slight decrease in provision rates for clients over
the age of 90. The average age of the oveoglufation and the O-Dnly group was 81.1
years (Overall SD = 7.4; QDnly SD = 7.3). The average age of-Phly was slightly
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younger at 80.8 (SD = 7.1). The average age of clients that received both rehabilitation
therapy services was the youngest at 883 = 7.1). Findings from the remaining two

predisposing characteristics of marital status and language can be found withi&. Table

Table 5. Percentagef Clients with Predisposing Characteristics by Reh

User Group
Receive Receive Receive Receive
Variables Overall OT-Only PTOnly Both None
% % ) ) %
Sex
Male 37.5 16.7 11.1 10.5 61.7
Female 62.5 16.6 11.7 9.5 62.1
Age Groups
65-69 8.6 16.4 11.2 10.8 61.7
70-74 13.1 16.9 12.0 11.1 60.1
7579 20.4 17.0 12.1 10.6 60.3
80-84 26.0 16.8 11.9 10.3 61.0
85-89 20.7 16.4 11.2 8.8 63.5
90-94 9.0 16.0 10.1 7.5 66.4
95-99 2.0 16.3 8.6 6.9 68.3
100+ 0.3 17.8 6.7 6.7 68.9
Langquage
English 80.1 16.5 11.7 10.0 61.8
French 2.9 15.6 11.0 8.1 65.4
Marital Status
Never married 4.2 16.4 10.1 8.2 65.3
Married 42.1 16.3 12.3 11.0 60.4
Widowed 46.9 16.8 11.1 9.0 63.1
Separated 1.6 19.3 9.1 8.8 62.8
Divorced 4.2 18.5 10.4 9.7 61.4
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Enabling Factors

Five enabling factors were examined: region of residence, education level, caregiver
status, homéound status, and living alone. A great amount of variation can be found
across the 14 CCACs in Ontario. Proportions receiving any rehabilitation therajpgse
ranged from 20% to close to 60%. Much of this variation across health region is caused by
differences in the provision of OT with an approximately 15% difference from the lowest
rate (CCAC 8 = 8.1%) to the highest (CCAC 14 = 23.5%). For PT, tiyeria closer to 5%
(CCAC 13 =9.1%; CCAC 14 = 14.6). The provision of both OT and PT, there is also a
wide range of differences: CCAC 2 provided 3.5% of their older clients with both services
while CCAC 14 provided both services to 19.9% of their obdients. Further details

regarding regional differences can be found in Figure

Figure 7. Proportion of clients over the age of 65 receiving PT, OT, both services ¢
none, by CCAC
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The majority of rehabilitation service users have an education level of a high school

degree or less. FiguBexamines the proportion of service provision by education level.

This figure illustrates that there is no wd#finedtrend for education stagu This may be

due totheunknown category where 8% of clierdo not have thegducation level recorded.

Figure 8. EducationLevel by User Group
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For clients who lived alone (found in item CC6 in the RKT), 17.93%received

only OT, 114% receive only PTand 9.2% of cénts who received both servicda terms

of caregiver status, 200 of clients with caregivers who were not satisfied with the support

that they were receiving were provided with OT onlgss tharhalf as many ofliese

clients received P-dbnly (8.8%), while 10.%6 of these clientseceived both services.

Similarly, 200% of clients with caregivenshowere in distress received @hly, 9.7%
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received PIonly, and 11.9% received both servic€aregiver informationdr the three

groups can be found in Figu®e

Figure 9. Caregiverstatushy Rehab User Group
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Need Factors

The RAFHC contains an abundance of information on the need factors of home care
clients. In order to focus this section on thest essential client characteristics, this section
will review some of the interRAI outcome scales, CAPs relevant to rehabilitation therapies,
the ADL and IADL impairments, and disease diagno3esle6 contains the mean and
standard deviation for a numibof outcome scales found within the RAC information
system. This table stratifies the means by the receipt status of each of the clients: OT

ONLY, PT-ONLY, BOTH, and NONE.
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Table 6. Mean and Standard Deviation (SD) for the Three User Grot

OT-ONLY PT-ONLY BOTH NONE

Scale Mean SD Mean SD Mean SD Mean SD
Cognitive 1.07 1.22 1.01 1.55 0.87 1.11 1.05 1.26
Performance
Scale
ADL 0.72 1.24 0.65 1.14 0.99 1.41 0.56 1.10
Hierarchy
IADL 3.87 1.70 3.86 1.62 4.14 1.51 3.59 1.88
Performance
PAIN 1.26 1.09 1.49 1.05 1.50 1.08 1.12 1.06
CHESS 1.49 1.09 1.43 1.01 1.61 1.01 1.16 1.06

Figuresl10 throughl4illustrate the proportion of clients who receive rehabilitation
therapy services by client scores in five of the interRAI outcome scales. Fooghéive
Performance Scale (CPS; Figure 1), scores range from 0 (intact) to 6 (severe impairment).
For PT, the proportion of those receiving services diminishes as CPS scores increase. For
OT, those with the most impairment are most likely to recaeveices. For clients who
receive both of the services, individuals with a score of 6 are most likely to receive the two

services combined.
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Figure 10. Cognitive Performance Scaley Rehabilitation Service User Group
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For the Pain Scale, the proportion of those receiving rehabilitation services increases
with increases in the scale (0 = no pain, 1 = less than daily, 2 = mild/moderate, 3=severe).
Figurel2 examines the ADL hierarchy scale by the three groupings. gheefillustrates
that as ADL impairment increases, so does the proportion who receives OT services. For PT
services, there is no clear trend and the peak amount of service is at the leyebofiiz
IADL capacity scale, OT services only peak whendtee is equal to 3 and then level off.
Similar trends are found for both PT and the receipt of both rehabilitation therapy services.
The next outcome measure explored was the CHESS, which was designed to identify clients
at risk of serious decline andrtbe used to identify clients whose health is unstable. For
this scale, the clearest trend was again related to OT and it demonstrates that as CHESS

scores increase, so does the provision of OT services.
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Figure 11. Pain Scale
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Figure 12. ADL Hierarchy Scale
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Figure 13. IADL CapacityScale
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Figure 14. CHESSScale
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Table7 and Figurel5display the findingselated to the seven CAPs that are related
to rehabilitation therapy provision:. cCADL, cCARDIO, cENVIR, cFALLSADL,
cPACTIV, cPAIN, and cRISK. Tabléindicates the rates at which these CAPs are
triggered across all home care clients. Fidirélustrates the proportion of clients who
receive rehabilitation services after triggering each CARor those thatrigger the
Environment CAP, more than 25% receive OT services within the three months after the
assessment. Those who triggered the Falls CAP at the medium risk level were the second
highest in terms OT receipt. Across the majority of the CAR45200f those who
triggered received PT services only. The one exceptitimat findingwas that for those
who triggered the ADL cap for improvemerftor these individuals that triggered the ADL

cap for improvement, onl§% received physiotherapy services

Table 7. Proportion of clients who trigger CAPSs.

Clinical Assessment Protocol (CAP)

CADL-Improvement 6.2
CADL 1 Prevent Decline 228
CENVIR 4.0
CFALLST High Risk 21.0
CFALLST Medium Risk 14.8
clADL 48.7
cPACTIV 21.7
cPAINT High Priority 38.4
cPAINT Medium Priority 11.5
CcRISK 35.0
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Figure 15. Proportion Clients Receiving Rehabilitation Services by Triggered CAPs
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One of the mostelevantneed domainghen examining rehabilitatiaierapy
services is the functionahpairment levebf the clients. The RAHC contains ten specific
items related directly to areas of ADL impairment and seven items for IADL impairment.
Each of these items is graphed in Figurésnd17. Each graph indicates the proportion of
clientswith that impairment that receive @Jnly, PT-Only, both services and no services.

Interestingly, these graphs indicate no specific trends that relate ADL and IADL
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impairments to rehabilitation therapy service utilizatiéior each of the ADL and IADL
items, a large proportion of the clients wadlifficulties and require some assistance in
performancelid not receive any rehabilitation therapy servites the Ontario Home Care

System

Figure 16. Individual ADL Impairment Measures
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Figure 17. Individual IADL Impairment Measures
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The home care system provides care to a client population that suffers\irde a
range of disease diagnoses. Theftee are: hypertension (55.1%), arthritis (4%)7
diabeteg23.3%), coronary heart disease (23.2%), and osteoporosis (19.0%).8Table

contains the entire list of disease diagnoses and their prevalence in the overall client
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population. Also in Table8, for each of the disease diagnoses, information is listeat abo

the receipt of the rehabilitation therapy services for the older home care clients with that

diagnosis. Thelients withdisease diagnoses that receive the least amount of PT are

Al zhei mer 6s di sease, Dement i a disease dagnaseése i mer 0

of clientsthat were most likely to PT services were hip fractures and other fractures.

Table 8. Disease Diagnoses of Lot#jay Home Care Clients

Overall Receive Receive Receive Receive
% OT-Only PT-Only  Both (\[o]g[=]

% % % %
Hypertension 55.1 16.8 12.0 10.5 60.3
Arthritis 45.7 16.7 13.1 10.8 59.5
Diabetes 23.3 17.4 11.7 10.6 60.2
Coronary Artery Disease 23.2 16.8 12.0 10.9 60.3
Osteoporosis 19.0 16.8 13.0 10.9 59.3
Cancer 15.9 16.2 9.9 8.3 65.6
Cerebrovascular Incident 15.2 17.9 11.8 13.4 57.0
COPD/Emphysema/Asthma 15.0 18.0 12.5 10.6 58.9
Dementia Not ., 130 17.6 6.7 6.6 69.0
Congestive Heart Failure 11.2 17.7 11.8 10.4 60.1
Irregularly irregular Pulse 10.2 16.8 12.3 11.1 59.3
Fracture 8.0 15.8 18.1 15.41 50.8
Al zhei mer 6s Di 7.9 16.0 4.6 4.21 75.2
Peripheral Vascular Disease 5.9 16.3 11.4 11.3 61.0
Hip Fracture 3.9 10.9 23.2 16.2 49.7
Par ki nsonos 3.5 20.3 12.9 16.0 50.8
Multiple Sclerosis 0.3 24.3 8.17 16.1 51.5

The findings above related to disease diagnoses may be considered somewhat
misleading because for older home care clients, it is far more common to have multiple
concurrent disease diagnoses than having one single diagnosis. For this population of older
longstay home care clients, only a small fraction has only a single disease diagnosis. The
average number of diseases in the overall population was 3.58 (SD = 1.9) with a range of 0

11. The distribution of the multimorbidity count can be found in Fig8re

85



Figure 18. Multimorbidity in LongStay Home Care Clients
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4.4Discussion

The objective of this chapter was to provide an overview of the lcaneelient
population ando examinethe major characteristicsf the population across rehabilitation
therapy serviceser groups This stef crucial in developing an understanding of a large
database and it &n important component of the Knowledgedaigery in Databases
process. This stydits into Phase 2 of the CRISPM frameworkbeing used in the overall
dissertation to investigate rehabilitation services for older-&iag home care clients. The
census level data collected from older lestgy home care clients across Ontario clearl
indicate thabnly a minority(38.0%) of older longstay clientgeceive OT or PT within 3
months afteentering the home care system and hathegy initial RAI-HC assessment
(11.%% received PDnly, 16.7%6 received OTonly, and9.9% received both)When
examining over the five year period, the proportion of client receiving PT decreased after
2008 after reaching a peak (17.4% of client in 2008 to 14.1% of clients in. ZBEXNain
reason that a relatively small proportion of the home care cliertsiaygclient population
receiverehabilitationservice is due not to a lack of need or the health characteristics of
Ontariobs home care client population, but i
resources are scarce and the availabilityeofises is tightly managed by health regions
(Armstrong, Thesis Section 3.0The decrease in PT after 2008 is interesting when
considering that research studies had expected the demand for these services to increase
within the province (Landry, Jaglal, ®dchis, Raman & Cott, 2008). However, more
recently than tesedata can show, trends in rehabilitation service provision may be changing
due to an increased interest in rehabilitation services for older adults and more emphasis on

primary health care for®t ari o6s aging population (Drummon
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In terms of predisposing factors, no notable trends were fiousek, language, and
marital status as these factdid not have any clear impact on the provision of either OT or
PT to older longstay home care clients. In should be noted that potential explanatory
variables from the Andersen and Newman framework are not measured by thECRAI
assessment. This infoation system does not incorporate information on health attitudes,
values, and knowledge of the health care system, which can play a significant role in
individuals accessing care and navigating through potential care options for older adults.
The one prdisposing factor that did have a major impatservice provisiowas age.
Proportionately, lients over the age of 90 receiviedsPT than allyounger age categories.
Furtherinvestigation into thiginding is warranted as this finding may also be raction of
other factors including clients receiving PT from outside the home care system, client
unwillingness to receive PT, and higher levels of cognitive impairment (also associated with
decreased PT) rather than simply due to advanced chronological age

For enabling factors, the most notable finding was the large amount of variation in
the provision of both OT and PT across the 14 health regions of Ofappimximately 40%
difference in the CCAC with the lowest rate of provision to the CCAC witlhitjigest rate)
These findings are not entirely surprising, as previous research studies have indicated that
rehabilitation service r ovi si on may depend more on where t
health care and functionaéeds fahomed et al. 200 Poss, 2010 Thesefindings will
directly impact predictive modeling procedures in Phase 4 of the GBMP Due to this
variation of service provision across regions, it will be important to incorporate the impact of
regional clustering into any aryaks that examine service provision through the use of

hierarchical or multilevel modeling approaches. Currently, provincial government policies
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state that there should be equal access to care for all Ontarians across the entire province.
These descripte findings indicate that for older clients in the home care system, access may
di ffer depending on a clientds home region.

Similarly to the predisposing factors, there were no-defined univariate trends in
education levels of the clientdowever, itcan be noted that there was a slight increase in
PT service provision for clients who had a higher level of education. When examining
characteristics of thelorgt ay cl i ent sd6 caregivers, tadhe cl i
that they(a) werenot satisfied with their supports, or (ereexperiencing distressvere
provided with higher rates of OT compared to the clients whose caregivers did not report (a)
or (b). It is currently unclear why these clients would receive higher rates of OT aherfurt
exploration of this phenomenon is warranted.

Examining the client populationds need f a
findings. Firstly, after examining five of the outcome scales that are embedded within the
RAIFHC, it was c llesehaf cognitive imparmentlhas emirhpacs on the
provision of rehabilitation therapy services. This finding coincides with the results of the
Phase 1 qualitative study. In a series of s&mictured interviews, key stakeholders from
the Ontario Home &e System indicated that cognitive impairment can have an influence on
a case manager6s decision to provide PT. PT
exercisegnd cognitive impairmerdan make this difficult. On the other hand, research has
indicated positive benefits of PT in cognitively impaired elderly patients (Heyn, Abreu &
Ottenbacher, 2004; Columbo et al., 2004; Diamond et al., 1996)likely that many

clients with cognitive impairments could benefit from these services buitdeceive any.
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The interRAI CAPs were also used to identify potential need factor correlates of
rehabilitation service provisiont ik clear that not every home care client who could benefit
from receiving OT and PT is provided with this type of carbis is most likely due to the
current environment in home care where resources are scarce and services must be targeted
to a select few. Therefore, there isuarentneed for research to explore ways to improve the
targeting of resources in order to make home care system more efficient, effective, and
safe. The results also clearly indicated that those clients who have been identified as having
an issue with their home environment are more likely to receive OT service provision.

Again these resultgerify the findings of the Phase 1 qualitative study where it was clearly
indicated that OT is most frequently used in the Ontario Home Care System for
environmental assessments. The data also illustrated that for those clients who trigger the
ADL CAP forimprovement, only a very small proportion receive any &% (eceive only

PT, 6% receive PT and OT)rhis finding confirms the findings from Phase 1 that PT is not
currently being used to address recent functional dedmbelow capacity performance of
older longstay clients. Those results from the qualitative research indicated that PT was
mostly provided to showttay individuals leaving the hospital pasirgery (e.g., total hip
replacement, total knee replacemédip fracture.

When examining the specific ADL and IADL impairments, again no clear trends
were apparent when looking at each of the functional impairment items independently. This
lack of clear trendaias somewhaturprising,as it is believed that functional impairmgn
are what typically drive the provision of rehabilitation therapy services in the Ontario Home
Care SystemThe lack of obvious trends between rehabilitation therapy service provision

and ADL/IADL impairmentscontradicts the findings from the intervieivsm Phase 1.
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Findings from that study indicated that decisions to provide rehabilitation services were
based mostly on functional impairmeni&he lack of anybvioustrends could be the result

of looking at the individual items independentiyhere caenbinations of impairments may be
more telling The ADL Hierarchy Scale and the IADL Capacity scale use these individual
items to create a scale score. These scale scores indicated a slight trend towards more OT
and PT services for those with higher lsvef impairment. Howevemany of the clientst

the high end of those two scaldid not receive any rehabilitation therapy services.

When examining rehabilitation therapy service user groups across the list of diseases,
a few clear patterns of servipeovision were found. Clients with a diagnosis of dementia
(Alzhei merds disease, and dementia not Al zhei
relative to all other disease diagnoses. This coincides with the findings related to the CPS,
where inceased levels of cognitive impairment were associated with |@ies of PT
provision. [espite the difficulties involved with conducting PT with clients with dementia
some studies have indicated potential benefits of PT for older adults with demenitiet (T
al., 2003; Rolland et al., 2007; Toulotte et al., 2003).

The descriptive analyses also briefly examined multimorbidity in the home care
client population. The findings indicate that multimorbidity is very common in home care
clients. Futureesearch should investigate this further by looking at compadterns of
multimorbidity. These findings add to the growing knowledge tbaténcare clients arena
increasinglycompkex and heterogeneous populat{tfurtaughet al, 2009. Care plans,
treatments, preventive approachestf@seolder adultsshould not be designed to focus on
single diseases; homareservices need timcorporatestrategies to deal with patterns of

multimorbidity. For instance, future research may bke ab indicate if there are
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combinations of disease diagno#iest are best addressed using rdthaton therapy
services. Converseltheremay becombinations wherthese rehabilitation servicebould
not be consideredue to a lack of effectiveness.

After reviewing the characteristics of the home care population and their use of
rehabilitation services, it is clear that home care clients are a large complex and
heterogeneous population with a wide range of disease diagnoses, physical impaithents a
health care need#lthough these clients formlseterogeneous population, common
patterns and trends may be discovarsidgmodern analytical techniqué®m the fields of
data mining and machine learninBue to the increasing sizetbe Ontario wver-65
population, improved effectiveness and efficiency of rehabilitation services in home care is
paramount. There murrentlymuch room for improvement of the rehabilitation therapy
services for older home care clients in Ontaifitis current studyas used to gain a better
understanding of the RAHC data and OT/PT service use patterns in the olderdtayg
client population of the Ontario Home Care System. These rasutsjunction withthe
resultsof the qualitative research, will be used to inform and guidguhatitative analyses
in the following two chaptersThe first ofthesewill utilize the K-means clustering
algorithm to explore patterns of heattharacteristicen the population of redbilitation
therapy service users. The second study will utilize various predictive modeling techniques
to develop an understanding of what client factors drive the provision of OT aabRIEr
adults in the Ontario Home Care Systé&hase 1 (qualitate study) and Phase 2 (data
understanding) activities will be used to inform the developmethissemodelsthrough
allowing the analyst to first build an understanding of the therapy services (Phase 1),

followed by the familiarization with the data (Pk&). Phase 2 also allows for the
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identification of data quality problems and the discovery of first insights into the data prior
to any modeling procedures.

The entireresearctproject, as guided by the CRIEMM frameworkaimsto inform
provincial and egional policies while also improving the ability for decision making at the
clientlevel. Thefindings of this chapter, whilsolelydescriptive, are useful in expanding the

understanding of therapy services for older adults in a provincial homsysaeen.
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5.0 EXAMINING THE HETEROGENEITY OF A COMPLEX
GERIATRIC POPULATION : K-MEANS CLUSTER ANALYSIS OF

REHABILITATION SERVICE USERS IN THE HOME HEALTH CARE
SYSTEM OF ONTARIO

This chapter is based on a study first reported in the Archives of Physical Medicine

and Rehabilitation. The primary publication can be found at: Armstrong JJ, Zhu M,
Hirdes J, Stolee PK-Means Cluster Analysis of Rehabilitation Service Users in the Home
Health Care System of Ontario: Examining the Heterogeneity of a Complex Geriatric
Population. Arch Phys Med Reh&3(12): 2198205.
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Overview

OBJECTIVE

To examine the heterogenedf/clinical characteristicef home care clients who utilize
rehabilitation services by using therfeans algorithm to identify previously unknown
patterns of clinical characteristics.

DESIGN
Observational study afecondary data collected using the provincially mandatedHTA
information system.

SETTING
OntarioHome Care System.

PARTICIPANTS
This study focused on assessment information collected on 156253 >65)homecare
clients using the provincially mandated RIAC data system.

MAIN OUTCOME MEASURES

This study analyzed assessment information froemyev

long-stay (>60 days) home care clievito entered the home care system between 2005 and
2008 andwvho utilized rehabilitation services within three months of their initial assessment.
The K-means clustering algorithm was applied using 37 variablesthrerRAFHC

assessment.

RESULTS

The K-means cluster analysgentifiedseven relatively homogeneous subgroups that
differed on characteristics such as age, sex, cognition, and functional impairment. Client
profiles were created to illustrate the diversif this geriatric population.

CONCLUSION

The K-means algorithm provided a useful way to segment a heterogeneous rehabilitation
client population into more homogeneous subgroups. This analysis provides an enhanced
understanding of client characterist@nd needs, drcould enable more appropriate

targeting of rehabilitation services for home care clients.
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5.1Introduction

With the aging of the population and pressures to limit the use of inpatient/hospital
services, hombased services are an increasingly important component of the health care
system. In the Canadian province of Ontario as well as many other jurisdiatimmg older
adults rely on services from the home care sector to continue living in their own homes.
Included in the array of services offered by home care in Ontario are rehabilitation therapies
[physiotherapy therapy (PT) and occupational therapy (O Rigwhave been demonstrated
to be effective for supporting the independence of older persons inltresed settings (Gill
et al, 2002; Gitlin, Hauck, Winter, Dennis, & Schulz, 2006; Gitlin et al., 2006; Giusti,
Barone, & Oliveri, 2006; Crotty, Whitehead,lMr, & Gray, 2003; Kuisma, 2002; Landry,
Jaglal, Woodchis, Raman, & Cott, 2008).

As the number of older home care clients needing PT and OT services is expected to
increase in the years to corfi@ndry et al., 20083 better understanding of the popidat
characteristics and the differing needs of these clients is needed if we want to effectively
plan and efficiently deliver rehabilitation services. Currently in Ontario, over one million OT
and PT visits to home care clients are provided per year thi©@agmmunity Care Access
Centres (CCACs), the organizations that coordinate home care services atatrioogre
placement in Ontari@ntario Home Care Association, 201Despite the importance of
these therapeutic services and the large volume of sgmawision, little is currently known
about home care rehabilitation clients and whether there are distinct subgroups that exist
within this population that could benefit from specialized services.

Efforts to understand the health and service needs agiag population have

commonly focused on identifying predictors and risk factors related to outcomes such as
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service utilizatior{Hastings, Purser, Johnson, Sloane, & Whitson, 2008; Alkema, Reyes, &
Wilber, 2006),institutionalization(Bellelli, Magnifico, & Trabucchj 2008; Luppa et al.,

2009, functional improvement/declinglébert, Brayne, & Spiegelhalter, 1999; Formiga,
Ferrer, Péreastejon, Olmedo, & Pujol, 200a&hd mortalityEnsrud et al., 2007;

Kulminski et al., 2008). &ss emphasis has bgdaaced on understanding the individual
differences and naturally occurring groupings within study populaiaisrtune, Béland,
Bergman, &Ankri, 2009)Medical research studies tend to treat all patients as the same,
controlling for individual patient flerences as covariates in statistical modelske, 2005).
Although important findings can arise from using a traditional approach that statistically
controls for individual differences, disregarding the heterogeneity found in patient
populations can coeal meaningful patterns in patient characteristics.

Typically in medical and epidemiological research, the focus is on population averages and
heterogeneity is actively suppressed and treatedias(Kravitz, Duan, & Braslow2004;
Davidoff, 2009);however, ignoring individual differences by focusing on averagadead

to misleading research results and can potentially harm patients. For example, population
heterogeneity has been shown to cause errors in calculating theffeostveness of
interventions as well as in the results of regression models and decision analyéls
(Henderson & Oman, 1999; Kuntz & Goldie, 2002; Zaric, 200Hfijberg, Rinkel, &

Buskens 2009. Carefully considering patient heterogeneity may be necessary to obtain
unkbiased model outcomes when making uniform recommendations for a heterogeneous
population(Koerkamp, Stijnen, Weinstein, Blunink, 2009) such agolicy changes within
health services. The impact of heterogeneity is potentially even stronger in geriatric

populations due to the complexities in clinical status that are associatezbimigh
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(Callahan, Thomas, Goldhirsch Leipzig, 2002; Grimley, 200). Older patients are much
more likely to have differing patterns of numerous medical problems, multiple chronic
diseases, atypical presentations of medical conditions, multiple prescription medications
(polypharmacy), cognitive impairments, and sensonyairmentgCanadian Institute for
Health Information, 2012 orretge, Doubal, & Mead, 2010; Rajs@umann &
Wieczorowskalobis, 2007 Cresswell, Fernando, McKinstr§ Sheikh, 2007Peron,
Marcum, Boyce, Hanlagr& Handler, 2011; Lindsay et al., 2004l ler, Zylstra, &
Standridge, 2000; Van Den Bussche et al., 28titt, Harrison, Miller, & Knox, 2008)

This increasedomplexityin geriatric patient populatiorisads to care populatiotisat are
challenging tananagéMurtaugh et al., 2007PDnly a handful of more recent studies have
directly focused on uncovering the heterogeneity found among older patients including
patients with hip fractur@enrod et al., 200%oung, Xiong, Pruzek, &rant, 2010,

cardiac problem@&.indgren et al., 2008 ukuoka, Lindgren, Rankin, Cooper, & Carroll,
2007) and frailty(Lafortune, Béland, Bergma& Ankri, 2009; MontereOdasso et al.,

2009)

The qualitative research Phase 1 of the dissertation project found that the
population of older home care clienlst utilize rehabilitation services are complex
consisting of home care clientdth a wide variety of health issues. Phase 2 of the project
examined many variables of rehabilitation users independently, one variable at 'liene
aim of this chapteris to explore the heterogeneity of home care clients uthiae
rehabilitation services bgiscovemg previously unidentified patterns of clinical
characteristics, and create client profiles to illustrate the different subgroups found within

this clientpopulation

98



5.2Methods

This study used data collected based on the Resident Assessment Instrhiomaiet
Care(Morris et al., 1997; Landi et al., 2000he RAFHC assessment system has been
mandated for use for all clients expected to use home care services for more than 60 days,
which provides Ontario censiesvel data on longtay home care clients. For this
exploratory cluster analysis, we utilize@tRAI-HC data of 150,253 clients who received
rehabilitation services (OT or PT) within the first 3 months of their initial home care
assessment. Data were collected between April 2005 and August 2008. cletiniaacevas
received fronthe UniversityoMvat er | oo6s OfEthicce of Research

The RAFHC is one of a suite of standardized assessment tools developed by the
international interRAI consortiuffiHirdes et al., 1999)The instrument contains a wide
variety of assessment items including demograptiarination, cognition, physical
functioning, disease diagnoses, nutrition/hydration status, environmental assessment, and
service utilization. Collected by frontline workers using data entry softiaeHC
assessmeshavechecks during data input thairestrain item entries as naonissing, within
correct ranges, and with logical checks.

Due to the large number of variables available with@sdassessment data (300+),
variables to be used in the analysis were selected through quantitative variahiensele
techniques (Proc Varclus in SAS 9.1) and consultation with fellow researchers from the
infoRehab team (http://www.inforehab.uwaterloo.ca) who have knowledge of rehabilitation
services for home care clients. In total, 37 variables were used forrtieaKs cluster
analysis; these included activities of daily living (ADL), instrumental activities of daily

living (IADL), disease diagnoses, sex, Changes in Health;Sagk Disease, Symptoms
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and Signsa health instability outcome meas(@HESS Hirdes,Frijters & Teare, 200),
and age. A complete list of all the measures used and their brief descriptions can be found in
table9. This table also includes the proportion of the entire rehabilitation service user

population.

Table9. Variables used in K-Means cluster analysis.

% of % of
Measure Overall Measure Overall
Client Client
Population Population
IADL: Ordinary Housework 94.8 Heart disease 26.3
IADL : Shopping 91.7 ADL: Transfer 23.7
IADL : Meal Preparation 824 Osteoporosis 23.6
ADL: Bathing 81.2 ADL: Eating 23.2
IADL: Transportation 75.3 ADL: Locomotion in Home 22.7
Unsteady Gait 67.6 History of stroke 19.1
Sex(Female) 66.7 COPD/Emphysema/Asthma 18.3
IADL: Managing Medications 65.0 Frequent Falling 17.0
Daily Pain 60.8 Cancer 13.7
Arthritis 55.4 Psychatric Diagnosis 13.3
ADL: Dressing Lower Body 454 Congestive Heart Failure 12.9
ADL: Dressing Upper Body 38.5 Dementia 12.6
Living Alone 35.1 CHESS 2+ 12.2
Trouble with D ecisiors Making 32.5 History of Fracture 11.5
*Margin of error for these percentages i s

Age was included in the#leans cluster analysis (Standardized using Euclidean Distance)
Average Age = 76.8 years; Sample Size (n) = 150,253

COPD = Chronic obstructive pulmonary disease

ADL=Activities of Daily Living

IADL=Instrumental Activitiesof Daily Living

Thirteen ADL and IADL items were included that covered a variety of physical
functioning domains. These items were reduced to a dichotomous form (independent
dependent). Fourteen disease diagnosis categories were also included and these were also
coded dichotomously as present/not present. Additional variables included in the cluster
analysis were sex, age (standardized using Euclidean distareziice thenfluence of

ageobds wi de )rpaesegce of ddily pairg inultiplesrecent falls (s2<2),
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unsteady gait, problems with decision making, presence of pressure ulcers, the CHESS score

(2+vs.<2;), and home living status (alows.living with caretikers).

K-Means Cluster Analysis

In this study, we sought to discover patterns of clinical featuresg home care
clientsby using the Kmeans algorithniMacQueen, 19661 popular data partition method
widely-used in many fields including data minin@attern recognition, decision support,
machine learning, and image segmentation. This algorithm is considered by the data mining
and machine learning community to be an unsupervised learning technique as it searches for
patterns amongst input variableshuitit using an outcome variable to dictate how the
pattern is formed. In other words;ideans clustering is a way to use data to uncover natural
groupings within a heterogeneous population. To uncover patterns, the algorithm starts by
first assigning datagints into random groups. The group centers are then calculated and the
group memberships are-assigned based on the distances between each data point and the
group centers. This process is repeated until there are no changes in the group memberships
from the previous iteration. With the exception of age, all variables used imtlearks
cluster analysis were dichotomized. This allows for easy interpretation as a mean score of a
dichotomous variable directly relates to the proportion of clients witlore ©f 1.

To perform this analysis, we used the procedure FASTCLUS in SAS. We chose the
K-means algorithm and the SAS implementation in particular because of its suitability for
analyzing relatively large data sets as well as its use of a spacingibéarimitial group
assignments in order to avoid softimal solutions. All analyses were performed in SAS 9.1.

Due to the fact that K (the number of clusters) needs to be specified prior to analysis,

we utilized an iterative process to explore a rgi2g20) of possible cluster solutions. For
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each possible cluster solution, we examined three statistical criteria: (1) the cubic clustering
criterion(Califiski & Harabasz1974),(2) the pseudd- (Milligan & Cooper,1985) and(3)
the squared multipleorrelation. To compare these three criteria dverrange of solutions,

each ofthree statistics were graphed by the number of potential clusters.

One-Year Service Outcomes

In addition to the clinical variables collected with the RAT, service outcomdata
wereavail able for each of these clients for th
initial home care assessment. These service outcomes indieiteerthe clients left the
home care system and include: successful completion of caregksaséd to live at home),
hospitalization, londerm-care placement, and mortality. After the cluster arslyservice

outcomes were utilized to examine outcome differences between the clusters.

5.3Results
The first column in @ble 1 presents thariables used in the cluster analyses as well
as the full sample baseline demographic, functional, and health characteristics. For the entire
sample, the average age was 76.8 (SD = 13.2) years, 12.6% were diagnosed with dementia
(Al zhei me-Albhs neenrdd sn odne menti as), 5.6% had a pre
stroke, and twahirds of these clients were female (66.7%). The majority of clients had daily
pain (60.8%), arthritis (55.4%), and unsteady gait (67.6%). Due to the extremely large
sample sie , mar gin of error fEromtHhislhpecs oylieediothent age s

methods section, we determined that a 7 cluster solution was most appropriate for this data.
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The approximate overall-BRquared of the Kneans (K=7) cluster analysis wag¥05 which

represents the estimated overall variance accounted for by the clusters.

Client Clusters
Figure19 contains 36 bar graphs showing the proportions in each of the seven

clusters for the dichotomous measures used in the cluster analysis.riBsi®tgraphs

illustrates the variability and heterogeneity between the subgroups on a measure by measure
basis. To further explicate the heterogeneity found within this population, a heat map
technique was utilized to create Figa@ This heat map is graphical illustration of the
relationship between the seven clusters and the distributions of each of the 37 variables used

in the clustetmeans cluster analysis.
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Figure 19. Cluster proportions for dichotomous variables used-iméans cluster analysis

ADL: Mobility in Bed ADL: Transfer ADL: Locomotion in Home ADL: Toilet Use Dementia ADL: Dressing Upper Body
== Jmlese—r JU0es—— D:I.:..=.=_ s |:| .=.|:||:|=._ < __[_=__
® o1 o2 03 c4 o5 cE oo “ o1 c2 03 4 05 08 o7 “ c1 c2 03 ca o5 cE o7 ® o1 oz o3 oce o5 cE o7 ® o1 oc2ocsocaocs oo o7 “ cr o203 ca o5 ce o7

ADL: Eatil ADL: Dressing Lower B Problems: Daily Living Al End-stage Di IADL: Managing Medicati
- : Eating \DL: Dressing Lower Body Decision Making N iving Alone ~ End-stage Disease i Managing Medications
€1 €2 €3 G4 C5 C6 C7 7 C1oc2 03 C4 C5 08 o7 C1 €2 €3 o4 C5 C6 C7 C1 €2 C3 o4 ©5 C6 CT S ©l C2 03 C4 05 0 C7 C1 €2 €3 o4 C5 6 C7
Multiple Sclerosis
- or Parkinsonism Osteoporosis Cancer Diagnosis ~ Exp!ﬂil:esDiiNPﬂn Pressure UltEL . Mhrnii
] 7—‘ 7 H H B _H_H—‘ H : H : H H_ | : | H
= 2 c3 4 G5 B O7 "Gt c2 c3 c4 o5 08 C7 S ctoc2cyoca o8 o C7 2 cic2 o3 ch s s ooT S o1 c2 c3 o4 c5 ce o7 © 't c2caoca csoce ooF
CHESS 3+ Stroke Fracture (Other Than Hip) IADL: Meal Preparation IADL: Transportation - Head Trauma
51 M (| = o “ 2 —
2.___] Hﬂ 3 H_ g _D H DD <) S50 e | [ D_ g __( D|:|
= ©1 62 03 C4 C5 GE O S o1 2 C3 c4 o5 OB o7 S c1 c2 03 4 C§ CE C7 “ e c4 6 o7 ® o1 c2ocsocaocs oo o7 = ©1 02 03 c4 C5 CB 7
Hip Fracture Gender Multiple Falls ADL: Bathing Depression Unsteady Gait
=" Cic2 o ca caos 7 O Cloc2C3ocacs Cecr S ol C2CI 04 CB B CT €1 G2CICA GO CE T S G C2 6 o7 o o2 ca o s o7
Ci Heart Failure Psychiatric Diagnosis IADL: Shopping IADL: Ordinary Housework Coronary Artery Disease
S cic2 oo ca o8 o8 C7 S Gt c2 oo ca o5 o8 C7 S ctoc2cyoca csocs C7 2 cic2 03 o4 8 s oT ° 61 c2 c3 04 5 s o7 S ctoc2cyoca csoCe oOF

Note: The variables are ordered by betwetuster variations (from high to low variation).
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Figure 20. Heat map of KMeans ClusteAnalysis Result$ 7 Clusters by Variables
Included in the Analyses
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Note: The colours in this heat map represent quantiles. Black boxes indicate the cluster is on the low end of
the distribution for the particular variable.White boxes indicate that the cluster is on the high end of the
distribution for the particular variableClusters are ordered in similarity to each other. Variables are ordered

in similarity to each other, in terms of their distribution over the seven clusters.
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Cluster Profiles

In order to describe the patterns found within this client population, clasteages
were used to create profiles for each clystgghlighting the major and differential
characteristics of the seven subgroups. Clusters were ordered from most depehéent to

leastdependent, based upon the measures used in the analysis.

Cluster 1 (9% of population)

This cluster can be described as dependent and immobile clients with cognitive
problemsThis cluster had an average age of 76.3 years and was 60% female. High rates of
dementia (15%), stroke (27%), neurological disorderd (Mui pl e scl erosi s and
disease; 13%), heart disease (25%), and incontinence (58%) are found in this cluster with
20% of this cluster having a high score on the CHESS @uaddth instability) This cluster
was highly dependent across all ADL dAdDL domains, including a relatively high rate of
dependency on bed mobility (47%), transferring between surfaces (@6&dpcomotion in

home (89%).

Cluster 2 (23% of population)
The largest of the sevaubgroups, these clients were in gendegdendent but
mobile clients with cognitive problem&luster 2 had an average age of 78.9 years and was
46% female. Similar to Cluster 1, Cluster 2 was charactebyetients having a high rate
of dementia (48%) and problems with daily decision malk&&§4). However, this cluster

differs from Cluster 1 in that these clients were relatively mobile (bed mobility: 3% required
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assistance; transferring between surfaces: 10%; locomotion in home: 7%) yet they were still

highly dependent in pesfming all otherADL and IADL.

Cluster 3 (14% of population)
This client cluster had an average age of 76.5 years and was primarily female (77%).

The majority of this cluster reported daily pain (84%). Out of all 7 clusters, this cluster is
most likely to seHreport por health (28%) and 75% of these clients are in danger of falling
due to unsteady gait. On average, they required assistance with ADL and IADL domains
including meal preparation (95%), housework (100%), managing their medications (67%),
shopping (99%), emsportation (87%), dressing their upper body (70%), dressing their lower

body (99%), and bathing (97%).

Cluster 4 (15% of population)
Primarily female (89%) with an average age of 79.3 years, this cluster is

characterized by their need for help wWi#DLs: housework (99%), medication management
(67%), shopping (98%). Of the 7 subgroups, this group of clients had one of the highest
proportions of clients with arthritis (84%) and reporting daily pain (90%). Approximately
half of all cluster 4 members/kd alone (49%). Thirtgeven percent had a recorded
diagnosis of osteoporosis. Compared to clustésthis cluster of clients waslatively
independentthey did not require assistance with dressing their upper body (2% swirty

their lower body @.1%).

Cluster 5 (19% of population)
Cluster 5 had an average age of 78.2 years and was 58% female. This group has the

smallest proportion of clients reporting daily pain (20%) yet theyatagh prevalence of
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dementia (26%) and problems with dailycd@on-making (61%). Clients within cluster 5

were much more independent in ADLs compared to clustdrsvth the exception of

bathing (78% required assistance). What makes this cluster distinct is that a large majority of
these home care clients requai@ssistance in all four IADL domains (managing medications
93%; housework 98%; shopping 98%; transportation 84%), most likely due to thairathp

cognition.

Cluster 6 (10% of population)
The youngest of all of the clusters with an average age ofyéars of age, this

subgroup is characterized by being primarily male (69%). These clients had low rates of
stroke (11%), osteoporosis (6%), multiple falls (10%). and cognitive impairment (5.8% had
troubles with daily decision making, 1.8% with a demediganosis). These home care

clients mainly required assistance with housework (90%) and shopping (76%) and were
relatively independent in bathing (35%), transportation (30%), and medication management
(22%). Surprisingly, this cluster had a rate of carjg8%) that was approximately 3 times

the rate of the other clusters.

Cluster 7 (10% of population)
Clientsin this subgroup were primarily female (86%) with an average age of 76.4

years. A large proportion of these clients reported having arthritis (70%) and osteoporosis
(29%) and the majority lived alone (83%). Cluster 7 had low rates of both dementia and
prodems with daily decision making2% and 8% respectively. The majority of this cluster
also reported daily pain (69%) and arthritis (70%). In terms of ADL and IADL impairments,
this cluster needed assistance mainly with housework (75% required assiatahbajhing

(61%). This cluster can be considered the nmapendent of the 7 subgroups.
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One-Year Service Outcomes

For the outcome of successfully completing their care plan, the percentage of clients
with this outcome ranged widely across the clusiene. most successful clusters were
clusters 6 (36%) and 7 (29%), while the least successful clusters were 2 (13%) and 1 (14%).
Clusters 1 and 2 also had the highest proportion clients who suffered mortality within one
year of assessment (11% and 8% respelgli. Additionally, clusters 1 and 2 also had the
highest proportion of clients placed into letggm-care (8% and 11% respectively). The
hospitalization rates ranged between 11% and 17% with the highest rates falling within

clusters 1, 2, 3and 4. Seeable10for details.

Table 10. OneYear Outcome (% of clients in each cluster)

Cluster Successfully  Hospitalized Long-term- Mortality
Complete Care care
Plan Placement
1 14.4 16.9 7.9 11.2
2 204 16.5 4.3 6.7
3 22.2 15.1 4.5 4.8
4 13.2 14.4 11.0 7.9
5 22.0 13.3 6.4 6.1
6 36.8 11.2 2.0 7.0
7 28.5 10.9 2.2 3.3
*Margin of error for these percentages is O
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5.4 Discussion

The findings of this cluster analysis demonstrate that rehabilitation service users in
the home care system arbeterogeneous group that can be grouped into smaller, more
homogeneous clusters based upon available health information. By applyingréans
clustering algorithm, we were able to identify seven relatively homogeneous subgroups from
within the entirgpopuktion of rehabilitation servicaesers in the Ontario home care system.

This paper illustrates the use of an alternative approach to dealing with individual
differences in complex health service data. The need to better understand naturally
occurringgroupings within client populations in home health care systems will grow in the
upcoming years as the aging population and the multiplicity of health care needs will lead to
home health care populations that are increasingly complex and challengingatgema
(Murtaugh et al., 2009Despite the fact that caring for elderly individuals has long been
recognized asomplex, medical science has resisted shifting away from traditional linear
conceptual mode[Mitnitski, Mogilner, Graham, & Rockwood, 2003)eveloping more
robust models that permit the incorporation of the multifactorial complexity that is inherent
in geriatriccareis necessary for progress in this fi@Marsland & Buchan2004. Strategies
based on combining available clinical data with niaetearning techniques, which have the
ability to handle complexityMarsland & Buchan2004, can enhance our ability to
understand geriatric patient populations smtarget our limited health care resources,
which would benefit both patients and threatih system.

The resulting seven clusters clearly illustrate that functional abilities, as measured by
the ADL and IADL measures, can cluster together to form patterns across the population of

home care clients that are provided with rehabilitation sesviClusters one and two were
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very dependent for many tasks of daily living including bathing, dressing lower body, and
transportation. In contrast, clusters six and seven were relatively independent yet were still
provided with some rehabilitation serg& These differences demonstrate that there are
subgroups within the overall rehabilitation client population. Home health care is currently
restrained by having limited resources; the development of this type of information can be
used to better targetdividuals who are at greatest need and/a@h¢se who would benefit

most. Because of the heterogeneity found within this client population, we can assume that
services required, the impact of services, and the predictors for various outcomes vary
significantly across the entire population of rehabilitation service users. More research is
needed to determine what types of clients benefit most from rehabilitation services and what
types of clients require more/less services. The consideration of heteitgge care

populations is also important for future work on how electronic health information can be
used to better target services, and how data can be used to inform service planning including
prioritizing clients for rehabilitation services.

In this study we were able to look at the gmar outcomes of the home care clients
and significant variation was found across the identified clusters. These differences provide
some validation of the results of the cluster analyses, however, this studyséould
considered exploratory and further analyses withéededo further validate the resulénd
assess their implicationsAlthough there is never one perfect solution when it comes to
population segmentation in complex care populatifunther use otluster analyses will
assist in discovering the common clinipaltterns that can be used to enhance our
understanding of the rehabilitation service users. Future research will need to further

examine the impact of client clusters in rehabilitation sesvin the Ontario home care
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system and explore hathis information can be used lrealth care decision making

processes and in the creation of decision support systems.

Study Limitations

This studyhas a number dimitations. The cluster analysis focused on kstay

rehabilitation clients who received rehabilitation services and did not include individuals

who could benefit from rehabilitation therapy but did not receive it. Furthermore, the RAI

HC data systemmdy captures longtay clients and therefore these findings cannot be
generalized to all home care clients. Thenkans algorithm also has limitations. As

pointed out earlier, the number of clusters has to be specified prior to running analyses. This
is the major disadvantage of this algorithm as the ideal number of clusters is most often

unknown in exploratory analyses.

Conclusions

This investigation identified seven subgroups of rehabilitation service users within
the longstay home care client pojation in Ontario. This work supports the idea that older
home care clients form a diverse, heterogeneous population and clustering methodologies
can be used to further our understanding of the patterns or groups that naturally form within
the rehabilitabn client population. Research&an usecluster analyses within large
administrative databases to focus on pattern discovery in both a general fashion (as done in
this study) or in a more targeted fashion focusing on specific domains of interest (i.e.,

physical functioning, cognition, chronic disease diagnoses, etc.).
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6.0PREDICTORS OF REHABILITATION SERVICE PROVISION FOR
OLDER LONG -STAY CLIENTS IN THE ONTARIO HOME CARE
SYSTEM

Overview

BACKGROUND

Despite the home car e vEtleicGamadian bealth nacersystanssi ng I m
and the growing need for rehabilitation services for older adults within these systems, we

have a limited understandirng the drivers of rehabilitation service provision within the

home care sectokany older individuts who have suffered strokes, muscakeletal

disorders, functional decline, and other-aglated health deficits receive rehabilitation

services provided by the homecare systéithough there is evidence that hotbased

rehabilitation can improve futional outcomes in older adults, many clients do not receive

the rehabilitation services they need due to limited resources.

OBJECTIVE

The objective of this study is to identify client characteristics that are most associated with
the provision of occupational therapy services and physiotherapy services in the Ontario
Home Care System. Due to previous research findings and the hiaabnetiae of the

data, regional variation will besubfocusof the analyses.

DESIGN
Observational study of secondary data.

SETTING
Home Health Care Systeim Ontario, Canada

PARTICIPANTS

This study focused on all lorgjay client> 60 days)n the Ontario Home Care System
(20052 01 0) . Each -#C asseastméns(n 3 209 262) wak linkRAtb service
use data from the Ontario Association of Community Care Access Centres.

ANALYTIC APPROACH

Three types of modeling techniques wetibaed: Logistic regression, multilevel logistic
regression, and the Random forests algoritfime dependentariables in these analyses
wereoccupational therapy provision aptysiotherapyrovision within 3 months of the
assessment.

RESULTS

Therewas a large regi@l variation in service provision for both OT and PT. After
accounting for this regional variation, needing a home environment assessm#re mast
powerful clientlevel predictor of receiving OT. The most predictive factors froen th
multilevel logistic regression for receiving PT were having hip fracturenamohg

impairment in instrumental activities of daily livind-urthermore, cognitive impairment and
dementias were highly predictive of not receiving PT. Random forest mndmlated that
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age, IADL impairment, health instability, ahdh e cdducaiontledetwere the most
influential variables for predicting both OT and PT service provision.

CONCLUSION

Thefinding of large regional differences across Ontario sugdkataccess to rehabilitation
services in home carenotequal for all older adults in the provinc&his study waslso

able to identifyclient characteristics that are most highly associated@itland PT service

in the Ontario Home Care Systefhese findingsnform policy makersof the

characteristics of older adulisathave been associated with rehabilitation therapy service
provisionin past practices. These findingjsould be considered in the developrmant
initiativesdesignedo adapthe home care system to meet the changing needs of our aging
population.
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6.1 Introduction

Rehabilitation therapies in hori@ased setting®r older adulthave beershownto
resultin similar or superior outcomes than inpatient rehabilitation servigdéise al., 2002;
Kuisma et al., 2002; Crotty et al., 2003; Gitlin et 2006a; Gitlin et al., 2006b; Giusti et al.,
2006). Stolee and colleagues (2012) recently conducted a systematic literature review that
found homebased rehabilitatioproduced ouwtomeseither equal or better than rehabilitation
based within hospitals. For older aduitdhome cargthe goal of rehabilitation therapy
servicesds to allow individuals to maintain or improve physical functioning, quality of life
and their overall indegndence while living within thecommunity (Cété & Fox, 2007).

Home care services such as occupational therapy (OTjrgrsibtherapyPT) have the
potential to save money for the health system downstream (by reducing falls, emergency
room use, dependeies), while also effectively improving the quality of life for people who
may otherwise be hospitalized or institutionalized (Anderson, 2002).

Despitetheevidence has supported the effectiveness of rehabilitation in the home,
many older homeare clientsare not provided with the rehabilitation services they need
(Borrie et al., 2001; Jaglal, 2003). More specifically, past research has demonstrated that a
large proportion of home care clients specifically identifielasng rehabilitation potential
do not receive i{up to 71%, Hirdes, et al., 200) process of developing home care quality
indicators using home care assessment data from Ontario and MjdHigdes and
colleagues (2004) found thidte most frequently triggered quality indicator was ADL
rehabilitation potential with no therapies being provided (74.89%greover, sibstantial
disparities in the provision dfome care services (Coyte & Young, 1999) estthbilitation

therapiehave benfound acros$ealth regions in Ontaridn Ontario, the province has been
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organizedby geograpi into fourteen health regions known as Local Health Integration
Networks or LHINs. Matched to the regional organization of the LHINS, there are fourteen
Community Care Access Centres (CCACs). These CCACs work as a single entry point for
persons who require home care services (as well as other services suchasriaaye
home placement). Decisions to provide, or not provide, rehabilitation therapyeseaxec
made by CCAC case managers.

A paper by Mahomed and colleag2604)found large discrepancies in
rehabilitation strategies across the Community Care Acoeistds (CCACS) in the
province Likewise, recent data analyses®yss (2010) demonstratewit this inteiregional
variation in rehabilitation services has persisiedr time This variation unfortunately
indicates that where an older home care client lives may play a significant role on whether or
not they receive rehabilitation services, sl pi t e t he cl i ent O0lesmact ual o
results of regional variation are disturbing in a publicly funded health system that is designed
around the principles of equity and access.

The need to identify the determinants of rehabilitation thesepyice provision to
older adults is apparenbDue to an aging population and the associated increase in chronic
diseases, disability, and complex conditions, the demand of rehabilitation services across
Ont ar i o06s ocareis éxpenteduomsemidly in the years to come (Landry, Jaglal,
Wodchis, Raman, & Cott, 2009)espiter e ha bi | i t at i oralevanbtedormmjpry ser v i
provincial health initiatives including the Aging at Home Provincial StrategyN, 2012
and the Alterna Level of Cae challengéWalker, 201}, rehabilitationtherapyservices
have incrementally shifted out of the public system and towards the privately funded sector

(Gildiner, 2004; Gordon et al., 2007)
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While a number of studies have examined predictors or detertsiobhome care
service utilization (Blomgren, Pekka, Martikainen, Martelin, & Koskinen, 2008; Forbes et
al., 2003; Solomon et al., 2003; Lee, Kovner, Mezey & Ko, 2001; Hall & Coyte, 2001,
Mitchell, Roos, & Shapiro, 2005; Mitchell, Strain, & Blandford0ZQ Diwan, Berger, &
Manns, 1997), few have investigated predictors of rehabilitation therapy services in home
care (MayetOakes et al., 1992; Freburger, Homes, & Ku, 2012).

The objective of this study is to identify client characteristics that are nsmstiated
with the provision of occupational therapy services and physiotherapy services in the
Ontario Home Care SystenT.o achieve this objectiveensudevel standardized assessment
information and provincial home care service utilization data willtbezed. This work is
situated within a thesis that utilizes the Cross Industry Standardized Process for Data Mining

(CRISRDM; Chapman et al., 2000).

6.2 Methods

This study is a populatielevel, cross sectionalbservationastudy based on the
initial assessment of every loistay home care client from 20@910. To organize fiftysix
predictor variableghe AndersesiNewman Framework of Health Serviddslization
(Andersen, 1995; Andersen & Newman, 19%@} utilized.Thisresearch has also been
guided by the results from a qualitative stuy?hase Isemistructured interviews with
home care stakeholders, Armstrong, Section 3 from thesis) and a data descriptiie study
Phase QArmstrong, Section 4 from thesig)he findings of the qualitative study helped to
identify predictor variables to be used in the study and influenced the choice of separate

target variables (OT and PT are modeled separately). Phase 2 findings identified variables
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that might be most predictive andfluenced the selection of modeling techniques within this
study. Phase 1 and 2 results also inform the interpretation of the predictive nbdels.
Office of Researckthicsat the University of Waterloo provided ethics clearance for the

secondary analyses of the anonymized health data.

Data Sources

The interRAI home care assessment instrument, theHRA(or MDSHC, Morris,
et al., 1997) is used to collect comprehensive health and functional information on home
care clients in the Canadian province of Ontario and many other jurisdictions (Hirdles, et
1999).The RAFHC is mandated in Ontario for assessment of home care clieatareh
expected to be long stay (i.sdividualsrequiring service for 6@ays or moreHirdes,
2006). Consequentlyhe provincial RAIHC data repository can be considete contain
censudevel data on longtay home care client$he RAFHC assessment &
comprehensive assessmeahtiningover 300 items in a includingersonal items, referral
information, cognition, communication/hearing, vision, mood and behaviour, informal
support services, physical functioning, contice, disease diagnoses, praixgnhealth
measures, nutrition/hydration status, oral health, skidition, and environmental
assessmesatOnce this information is collected by CCAC case manageassyged to inform
and guidecomprehensive care and service planning in comminaisgd settings. RAHC
items havébeen shown to hawgood interrater aml testretest reliability(Morris et al, 2000
Data collectedn the years 2005 through to 20d8ingthe RAFHC instrument will form the
core of the data used within this studys the focus of this project will be on older adults,

all home care cliestunder the age of 65 were excluded from the stédiditionally,
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analyses excludeRAI-HC assessmentgerformedon older adults irhospitalsfor placement
purposes
Target Variables

The target variables (also referred to as dependent variables)sfetutly are the use
of OT and the use of PT service after entering the home care system for the first time. Each
individual RAI-HC assessment has bderked to health care service use records from the
Ontario Association of Community Care Access Centt&CCAC). OACCAC provides
actualhome care service use information both OT and PT services that have been
provided by CCACs. With this linked data, tipiojecthas the abilityo examine the
individual client factors that are associated with OT andétVice provision For these
predictive analyses, rehabilitation therapy service use has been dichottorezednine
client factors that are associated with the provision of seratdedst one viskersus no
services received)The window of timdor service utilization that was examined in this
study was 90 days post RAIC assessment.
Predictor Variables

The Anderserand Newman Framework of Health Services Utiliza{i@ndersen,
1995; Andersen & Neman, 1973was used to organize the predictariables within this
study. This framework organizes population characteristics into three broad categories
Predisposing Factors; Enabling Factors; and Need FadtbesAndersen andewman
framework isthe most common conceptual framework utilizeti@alth services research
(Forbes et al., 2003)Variables were selected based upon their availability in theHRAI

assessment instrument and through the analyses performed in Phase 1 and Phase 2 of the
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CRISRDM process.A breakdown of all RAHC predidor variables examined in this study
can be found in Tables 1116.

Predi sposing factors included variables t|
propensity to use services before the need for those services is present. For this study, this
categp y contained sex, age, French as the clien
Age was divided into thiollowing categories: 659, 7074, 7579, 8084, 8589, 9094, 95
99, and 100+. Sex was dichotomous (Male & Female) as was marital statusdvarriet

married) and French speaking (French as primary language vs. other).

Table 11. RAI-HC Predictor Variables: Predisposing Factors

PredictorsVariables Description

Sex Male/Female

Marital Status Married/Unmarried

French speaking Frenchprimary language/other
Age >65 in 5 year groupings

Enabling factors are client characteristics that facilitate or inhibit the easécht wh
services can be obtained. Within this categdrig, $tudy included living alone, place of
residence, caregiver fruation, caregiver distress, and educational level achieved.

Breakdown of the enabling factors can be found in Table

Table 12. RAI-HC Predictor Variables: Enabling Factors

PredictorsVariables Description

Living Alone Living by self at time of RAIHC

Caregiver Not Primary caregiver is not satisfied with support received
Satisfied Primary caregiver expresses feelings of distress, anger or
Caregiver Distress depression

Education levels High school or less/Some College/Colleggaduate/Unknown
Region CCAC that the client resides within
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In previous health service utilization researatgdh factorsypically are themost
powerful explanatoryactors inpredicting health cargervice utilizationForbes et al.,
2003). Since the RAHC is a comprehensive instrument that collects information on
clinical characteristics for use in care planning, many domains contained in the instrument
are related to need. Due to the large number of need faatbis thie data, these predictive
factors were separated into four categories: (1) interRAI scales, (2) interRAI Clinical

Assessment Protocols, (3) ADL and IADL impairments, and (4) disease diagnoses.

interRAI Scales

From the RAIHC assessment data, ariety of scales are generated for each
individual client. These scales have been develop¢deomterRAI consortiunand are
embedded directly into the RAIC data system. These scahes designed teummarize
client characteristics on a number offeient domains and are automatically calculdte
each client at completion of the RHNIC to helpcase manageessess clinical status and
care needs. The followirigterRAI scales are utilizeih thisstudy (1) the Changes in
Health, Endstage dise&sand Signs and Symptoms (CHESS) s¢Hiades, et al., 2003(2)
the Activities of Daily Living (ADL) selfperformance hierarchy scgleorris, et al., 1999
(3) the Instrumental Aatities of Daily Living (IADL) performancescale(Morris,
Carpenter, Bey, & Jones, 2000)4) the gnitive Performance Scale (CPS; Moetsal.,

1994) and(5) thePainScale Frieset al., 2001)
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Table 13. RAI-HC Predictor Variables: Need FactorsterRAI Scales

PredictorVariables Description

CPS Cognitive Performance Scale measuring cognitive impairmer

CHESS Changes in Health, Erstage Disease, Signs and Symptoms
Scale measuring health instability

ADL Hierarchy Activities of daily living scale measuring

IADL Capacity independence/dependence

Instrumental activities of daily living scale measuring

Pain Scale independence/dependence

Measures pain intensity and duration

interRAI Clinical Assessment Protocols (CAPSs)

The CAPs are generated from the RAC assessment items and are designed to
identify prdblem areas to guide care planning. CAPs cover four broad areas that include
functional performance, cognition and mental health, social life, and clinical isEhes.
goals of care for each CAP vary, but they include possibilities such as resolving the
identified problem, reducing the risk of decline, or increasing the potential for improvement.
The CAPs aim to |ink information gathered in
life. For this study, a subset of thewest version ahterRAI CAPs vere included based
upon their potential to impact decisions related to both Occupational Therapy and
Physiotherapy The older version of the CAPs, while in place at the time of the data
collection, were not utilized in these analyses. The new CAPs énatused in this study
include the Physical Activities Promotion CAP (cPACTIV), Instrumental Activities of Daily
Living CAP (clADL), the Activities of Daily Living CAP (cADL), Home Environment

Optimization CAP (cENVIR), Institutional Risk CAP (cRISK), tRalls CAP (cFALLS),
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and the Pain CAP (cPAIN). Complete descriptions of these CAPs can be foun€/kRhe
manualwhich is published by the interRAI organizati@vorris et al., 2010). Aist of the

new CAPs selected for use in this study and their desons can be found ihable14.

Table 14. RAI-HC Predictor Variables: Need FacteiSAPs

Predictor Variables Description

clADL Instrumental Activities of Daily Living CAP
cADL T Improve Activities of Daily Living CAPT Improvement
cADL - Decline Activities of Daily Living CAR Decline
CENVIR Home Environment Optimization CAP
CcRISK Institutional Risk CAP

cFALLs T High Falls CAPiI High risk

cFALLsT Med Falls CAPi Medium risk

cPAINT High Pain CAPi High

cPAINT Med Pain CAP- Medium

Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL)

The RAFHC contains eighteen specific items related to ADLs and IADLs. All of
these individual items were included in the analyses. Thess dapture information about
the clientds performance the various domai n |
days for ADLs. Te ADL and IADL itemsmeasures were dichotomized (independent vs.
requiring assistance). Tall® contains the list oADLs/IADLs and their brief description.

For additionalinformation, see RAHC form included in the thesis appendices.
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Table 15. RAI-HC Predictor Variables: Need Factors

Predictors

ADLs
Bed mobility
Transfer
Home
Locomotion
Outside
Locomotion
Dressing Upper
Dressing Lower
Eating
Hygiene
Toilet Use

Bathing

IADLs
Meal Prep
Housework
Managing Finances
Managing Medications
Phone Use
Shopping
Transportation

Description

Needs assistance with mobility in bed
Needs assistance moving to and betwaeafaces

Needs assistance with moving around within home.

Needs assistance with moving around outside of home

Needs assistance with dressing and undressing above waist
Needs assistance with dressing and undressing below waist
Needs assistance with eating

Needs with personal hygiene

Needs assistance with toileting

Needs assistance with bathing

Needs assistance with preparing meals

Needs assistance with ordinary housework

Needs assistance with household expenses

Needs assistance with medication management

Needs assistance with phone use

Needs assistance with shopping for food and household iten
Needs assessment with traveling with a vehicle

Disease Diagnoses

The final subcategory with the Need Factorgroupis Disease Diagnoses. In total,
eighteen diagnoses were included in the analyses, each of the variables were dichotomous

(not present vs. present). These eighteen items capture information on diseases that a doctor

124



has indicated is present and will affech e ¢ | i eandrdggiresdréameatl Symptom
management. The proportion of these diseases within the study population can be found
listed in Section 4.0 of this dissertation. See Tabléor a complete list of diagnoses

included in the predicte analyses.

Table 16. RAI-HC Predictor Variables: Need FactorBisease Diagnoses

Cerebral vascular Disease Arthritis

Congestive Heart Failure Hip Fracture

Coronary Arterial Disease Fracture(other than hip)
Hypertension Osteoporosis

Irregular Pulse Psychiatric Disorder
Peripheral Vascular Disease Cancer

Al zhei mer 6s Di sease Diabetes

DementiaNot AD COPD/Emphysema/Asthma
Par ki nsonods

Data Analysis

Determinant®f service provision werexamined using multistage process including
bivariateanalyses using logistic regression, and multivariate modeling using multilevel

models and the Random forest algorithm. These analyses can be divided into three steps.

(1) Bivariate Analyses

This step of this analytic process consisted of bivariate analgf each of the predictor
variables with the two target variables usiagistic regression These bivariate analyses
will indicate which client factorsra most highly associated wisiervice provision andlso

the direction of their influencgpredid the use or nomise of services) on an independent
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basis, not controlling for additional client factors. Due to the large size of the data and the
issues that this can raise for significance testing (Cohen, 20%a)@s were not utilized
within this gudy. Alternatively, cut offs of odds ratios greater than 1.2 and less than 0.8
were utilized tadentify influential predictowariables. Due to research findingsCRISR

DM Phases 1 and 2 of this thesis projéett indicated a large impact of region on
rehabilitation service provision, a logistic model was created to explore this phenomenon
across the 14 CCACs in Ontario. All logistic regression models were perfor8édin

version 9.1.3 (Cary, NC) using PRQOGISTIC.

(2) Multilevel Models

The second phas# these predictive analyses incorporatedapyglication of multilevel
logistic modeling. Based upon the hierarchical nature of these data (clients nested within
CCACs), and because previous researchrthsated that place of residence plays an
important role in the provision of rehabilitation servide®bomed 2004 Poss, 2010;
Armstrong, thesis chapte),& multilevel logistic modeling approach was chosen as an
appropriate tool for this analysi3hesemultilevel analyses were performed to achid¢ve
following purposes: (ap examine the impact of nestijgients within CCACs) on the
provision of OT andPT services(b) to model the provision of OT/PT by predictor variables
organized by the Anderséewman frameworkvhile accounting for nesting effectsnd (c)
to creatdinal multivariate modedthat incorporated the most powerful client level predictors
from all three cliertevel predictor variable categorié® achieve these objectives, models
were created using a random intercept multilevel modeling approach to account for the

differences in service provision between regifingke, 2004)and all client level predictors
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were treated as fixed effect€onsistent with other multilevel modelisgudies
(Murnaghan, Leatherdale, Sihvonen, & Kekki, 2008; Leatherdale, 2010; Hobin et al., 2012),
a multistep procedure was utilized. For each both OT and PT, seven multilevel models were
created in three steps outlined below.

In the first stepnull modelswere createth order identify the amount of variance due to
the nestingffects (clients within CCACs). Thesell modelsindicae the amount of
variance in OT an®T service progion that can be attributédo t h eCCACi ent 0 s
membershipThe varancein multilevel logistic modelss indicated by a measure known as
the intraclascorrelation coefficient (ICCSniijders & Bosker, 1999, 224)

In step twoof the multilevel logistic analyseseparatenultivariatemodels were

createdor eachof the predictor variable groupings outlined ahasreating ten models in
total (fivefor OT, fivefor PT). In step 3, a final model was developed for both OT and PT
that incorporated the strongest predictive variables from2sfedds ratio > 1.2 & oddratio
<0.8). These odds ratiout-off values are used to identify stronger predictor variables and
were based upon similar research in RAT data Thériault & Guthrie, 2012)Analyses
wereconducted using SAS version 9.1.3 (Cary, NC) uBR®C GLIMMIX. For all

multilevel logistic models, odds ratio plots were created and can be found in the appendices.

(3) Random forest

The Random forest algorithm (Breiman, 2001a) was also applied to the data to identify
predictors of OT and PT servipeovision utilizing a novel algorithmic approach (Breiman,
2001b) from thdield of data mining and machine learninghe application of this novel

analytic approach will allow for some comparison between methblals.Random forest
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(RF) algorithm is a datively new procedurbut has become a standard data analysis tool in
the area of bioinfanatics. The algorithm has been shown to perform well in prediction
tasksin the field of medicinéPeng, Chuang, Kang, & Tseng, 2010; Dittman, Khoshgoftaar,
Wald, & Napolitano, 2011; Maroco et al., 201dnd it can cope with data that contains a
large number of variables, complex interaction structures, and highly correlated variables
(Boulesteix, Janitza, Kruppa, & Konig, 2012jhe RF algorithmgenerates. measuref
variable importance, which can be used to rank predictor variables in terms of their
predictive value in relation to the target variable. By the nature of the algorithm, this
variable importance measure takes into account interactions between pregticioles. All

56 predictor variables used in the previous two stepeexamined using the randomForest
package irR 2.15.0(R Development Core Team, 200&)or this study, the Random forest
algorithmwasused on a random sample of 100,@808nts wih a forest size of 200 tree#\
sample of the overall population was taken due to software limitgfbnas unable to
compute Random forest analyses on the full samplgl values for the Random Forests

were calculated using the ROCR package.

6.3 Resllts

Thesample of longstay home care clients included assessment and rehabilitation therapy
service use information from 299 262 older adults. miagority were femal€62.5%) with

an average age 8fl..1 years Of these clients, 26.5% received €8rvices withm 3 months

of their initial RAFHC assessment and 21.4% received PT services within 3 months of their
initial assessment. A more detailed description of the study population can be faund in

previous section of the dissertation (Armstronggtidn 4.0 of thesis).
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(1) Bivariate Analyses
Table17 provides the odds ratios and 95% confidence intervals fantst powerful
bivariate client levepredictors of receiving OT and PT services provided by the Ontario
Home Care Syste (OR >1.92. For OT, the post powerful predictor of receiving services
was the Environment CAP (OR = 2%% CI = 2.472.66) followed by the clADL CAP
(OR=2.0 95% CI =1.931.99, impairment in bed mobility (OR =1,.95% CI = 1.891.99),
impairment in transfer (OR=1.95% G =1.871.95, impairment in shopping (OR=1.9
95% CI = 1.851.96), and the falls CAP triggered at the medium teskel (OR=1.8 95% CI
=1.781.86. For PT, the top predictor was the IADL CAP, followsdhip fracture,
impairment in locomotion outsidenpairment in shopping, impairment in housework, and

impairment in transfer.
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Table 17. Top Predictor Variable®r Receiving Rehabilitation Therapy Serviashe
Bivariate Level (Logistic Regression)

Occupational Therapy

Variable
CENVIR
clADL

Bed Mobility

Transfer
Shopping
cFALLsmed
Locomotion
Outside
cADLdecline
Locomotionin
Home
Par Ki

Body
Transport
Toilet Use
Housework

Dressing’ Upper

Body
Bathing
cPAINmed
Eating

Meal Preparation

cFALLShigh

Personal Hygiene

CRISK
CHESS

Cerebral vascular

Disease

Other Fracture
Managing
Finances
cPACTIV

nsor
Dressing’ Lower

OR
2.564
1.957
1.942

1911
1.904
1.819
1.761

1.730
1.724

1.605
1.561

1.559
1.552
1511

1.506

1.498
1.444
1.417

1.395
1.385
1.382

1.370
1.327
1.317

1.282
1.259

1.238

95%ClI
(2.47-2.66)
(1.93-1.99)
(1.891.99)

(1.87-1.%)
(1.85-1.96)
(1.781.96)
(1.731.79)

(1.70-1.76)
(1.691.76)

(1.541.67)
(1.54-1.50)

(1.53-1.50)
(1.521.58)
(1.461.56)

(1.481.53)

(1.47-1.53)
(1.41-1.48)
(1.391.44)

(1.37-1.43)
(1.36-1.41)
(1.36-1.41)

(1.35-1.39)
(1.32-1.34)
(1.29-1.35)

(1.25-1.3)
(1.24-1.28)

(1.22-1.26)

Physiotherapy
Variable OR 95%ClI
clADL 2.807 (2.76-2.86)
Hip Fracture 2.497 (2.402.59)
Locomotion 2.134 (2.102.17)
Outside
Shopping 2.101 (2.032.17)
Housework 2.026 (1.952.10)
Transfer 2.001 (1.962.04)
Other Fracture 1.973 (1.92-2.03)
Bed Mobility 1.885 (1.84-1.99)
Locomotion in 1.873 (1.84-1.91)
Home
cADLdecline 1.858 (1.821.89)
cFALLsmed 1.777 (1.74-1.82)
cPAINmed 1.732 (1.69-1.78)
cFALLShigh 1.707 (1.671.74)
Dressing’ Lower 1.699 (1.67-1.73)
Body
Bathing 1.692 (1.66-1.73)
Transport 1.668 (1.631.70)
CENVIR 1.650 (1.59-1.72)
Congestive Heart 1.560 (1.03-1.09)
Failure
Toilet Use 1.527 (1.50-1.5%6)
Par ki nso 1519 (1.46-1.59)
Dressing Upper 1.504 (1.48-1.53)
Body
Meal Preparation 1.501 (1.47-1.54)
cPAINhigh 1.472 (1.45-150)
Pain 1.356 (1.341.37)
cPACTIV 1.342 (1.3-1.37)
Eating 1.322 (1.30-1.3%)
Arthritis 1.318 (1.30-1.34)
Personal Hygiene 1.296 (1.271.32)
Cerebral vascular 1.287 (1.26-1.3)
Disease
CHESS 1.272 (1.261.28)

130




Table18 contains the most powerful predictorsnaoft receiving OT and PT services
(OR<0.8). Thefinding i | |l ustrate that bo®OR=06& 95°CH Al zhe
= 0.660.70) andtriggering the ADL CAP for improvemeif©R = 0.71, 95% CI = 0.69
0.74)are predictiveofnmo r ecei vi ng OT. For (PRI50.33)ave Al zh
95%CI = 0.320.35), triggering the ADL CARriggered at theanprovementevel (OR =
0.48, 95% CI = 0.8-0.50) having dementia not ADR = 0.53 95% CI = 0.50.55),
cancer(OR = 0.79, 95% CI = 0.70.81) and impairment in phone u@@R = 0.80, 95% CI

= 0.780.82)all were strong barriers to PT services in home.care

Table 18. Top Predictive Variables fdNot Receiving Rehabilitation Therapy Serviegs
theBivariate Level (Logistic Regression)

Occupational Therapy Physiotherapy
Variable OR 95%CI Variable OR 95%ClI
Al zhei n0.682 (0.66-0.70) Al zhei m0.334 (0.32-0.35)
Disease (AD) Disease (AD)
cADLimprove 0.712 (0.69-0.74) cADLimprove 0.481 (0.460.50)
Dementia Not 0.529 (0.51-0.55)
AD
Cancer 0.790 (0.77-0.81)

Phone Use 0.799 (0.780.82)

Table19 contains the results of a logistic regression modektkanined CCAC
membership. Each of the odds ratios from CCACs 2 through to 14 are relative to CCAC 1.
Those residing in CCAC 14 are 3.06 times more likely to receive PT compared to those
living within CCAC 1. Home care clients residing in region 9 arehnass likely to receive

OT compared to those living in CCAC 1 (OR = 0.56, 95% CI =0.59. Due to the large
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variation of OR across the CCACs for both OT and PT, this result indicates that region is
influential in terms of service provision for botiT@nd PT, and justifies the use of

multilevel modeling in the next step.

Table 19. Examining Variation in Rehabilitation Service Provision Across CCACs

Occupational Therapy Physiotherapy
OR 95%Cl 95%Cl

1 *Reference* *Reference*

2 1.011 (0.97-1.05) 0.894 (0.86-0.93)
3 1.221 (1.17-1.27) 1.696 (1.63-1.77)
4 2.182 (2.082.29) 2.136 (2.03-2.25)
5 1.332 (1.271.39) 1.922 (1.832.(2)
6 2.481 (2.40-2.57) 2.667 (2.57-2.77)
7 1.929 (1.852.00) 1.449 (1.381.52)
8 1.498 (1.431.57) 1.855 (1.77-1.94)
9 0.555 (0.53-0.59) 0.889 (0.840.94)
10 1.673 (1.57-1.78) 1.558 (1.451.67)
11 1.060 (1.01-1.12) 1.123 (1.061.19)
12 1.781 (1.71-1.85) 1.616 (1.55-1.60)
13 1.263 (1.21:1.) 0.917 (0.87-0.96)
14 3.237 (3.11-3.37) 3.066 (2.933.21)

*All OR are in relation to CCAC 1
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(2) Multilevel Models (MLM)

This first step in the multilevel modeling process is to produce null models that
contain only the CCAC membership to predict outcomes. This step isalensure that
the data justifythe decision to assess the two target variables using multilevel methods. The
results of these null models can be used to calculate the intraclass corretegificient
(ICC). For OT, the ICC was equal to 0.21. This indicates that just over 20% vdriance
I n OT service provision was due to the clienti
(ICC=0.09) and indicated that 9% of the variance in PT service provision was due to CCAC
membership.Because these ICCs are fairly large (1/5 and 1/10 of owenadince can be
explained by CCAC), these findinggicate that the use of multilevel logistic models is
warranted. The following steps examine the multilevel modeling rdsukésich of the

Andersen and Newman groupings of predictor variables.

MLM - Predisposing Factors

Within the predisposing variables examined in this study, only French Speaking was
a particularly strong predtior of PT service provision indicatiigat for those whose
primary language is French, they are less likely to receive PT services compared to those
who speak other languag©R = 0.75, 95% CI = 0.70.80). Although not considered as
strong predictor variables, the additional variables ialdizate trends in service provision.
For both OT and PT, older adults tended to receive less service. Females compared to males
tended to receive less PT, but more OT. Clients wéi@married at the time of the
assessment were less likely to receigthtOT and PT.While the OR of age group isifly

small, the impact of age is underestimated due to the many levels in the variable (9) and
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should be considered to be a significant predictor of the rehabilitation therapy sefees.

results of these odds can be found below in Tabl®2

Table 20. Multilevel Model Result§ Predisposing Variables

Occupational Therapy Physiotherapy
Fixed Effects OR Cl OR Cl
Age Group 0.96 (0.96-0.97) 0.95 (0.95-09%)
Sex 0.96 (0.940.98) 1.06 (1.04-1.08)
French Speaking 0.95 (0.900.97) 0.75 (0.71-0.80)
Married 0.96 (0.95-0.98) 0.83 (0.81-0.85)

MLM - Enabling Factors

Four enabling factors were examined in Step 2. Similar to the predisposing factors,
only one variable was highly predictive of tla@get variabls. In this case, having a
carggi ver in distress increased a clientds odds
1.409). All other variables were not highly predictive of service provision. The results of

the Enabng MLM can be foundn Table 2.
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Table 21. Multilevel Model Results Enabling Variables

Occupational Therapy Physiotherapy
Fixed Effects OR Cl OR Cl
Living Alone 1.06 (1.041.08) 0.91 (0.90-0.93)
Caregiver not 1.09 (1.031.15) 0.88 (0.820.94)
Satisfied with
Support
Caregiver 1.37 (1.341.41) 1.00 (0.97-1.03)
distress
Education*
Unknown *Reference* *Reference*
HS or Less 1.07 (1.07-1.11) 0.95 (0.92:0.98)
University 0.92 (0.890.95) 0.87 (0.85-0.90)
Grad Degree 0.93 (0.90-0.97) 0.91 (0.87-0.94)

*Education OR are in relation to Education = Unknown
Abbreviations: HS = High School; Grad = Graduate

MLM - Need Factors

A large number of need factors can be found within the-R&I For these factors,
four separate models wereeated for each target variable and were organized into the
following categories: (1) interRAI Scales, (2) interRAI CAPs, (3) ADL/IADL impairments,
and (4) disease diagnoses. Within the models containing the interRAI Scales, the CHESS
score was the stngest predictor of OT (OR = 1.25, 95% CI = 1.24264). For PT, two
predictor variables were classified as being strong: (1) the Pain Scale (OR = 1.25, 95% CI =
1.24%1.263) and the Cognitive Performance Scale (CPS, OR = 0.69, 95% CI = 0.680
0.696). he full results for these models can be found in T2ble

The results of the interRAI CAPs models indicated that for OTHtmae
Environment Optimization CAP (CENVIR) was a strong predictor of OT service provision,
even after adjusting for all other CAP Clients that triggered cENVIR were 2.22 times more

likely to receive OT services compared to those who did not trigger cENVIR. QiR C
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that when triggered, apedictive of OT service provision were the FALLs CARledium
Risk (cFALLST Med, OR =1.7,95% CI =1.6551.737),the Instrumental Activities of
Daily Living CAP (clADL, OR =1.69 95% CI =1.6551.737), and the Activities of Daily
Living CAP triggered at the level of decline (CADOR =1.39 95% CI =1.3591.420). For
PT, the strongest pdector of service provision wake Instrumental Activities of Daily
Living CAP (clADL, OR =2.29 95% CI =2.2452.335). The PT model also contained a
need factor that was strongly associated with not receiving serins@tuational Risk CAP
(OR =0.74,95% CI = 0.723.756). All results for the CRA models can be found in Table

23.

Table 22. Multilevel Model Result§ Need Factors: interRAI Scales

Occupational Therapy Physiotherapy

Fixed Effects OR Cl OR Cl
CPS 0.85 (0.840.86) 0.71 (0.70-0.71)
ADL Hierarchy 1.13 (1.121.14) 1.17 (1.161.18)
IADL Sum 1.04 (1.031.05) 1.13 (1.12-1.13)
CHESS 1.25 (1.24-1.26) 1.18 (1.171.19)
MAPLe 1.15 (1.14-1.16) 1.04 (1.031.06)
PAIN 1.11 (1.10-1.11) 1.24 (1.23-1.248)

Table B. Multilevel ModelResults Need Factors: CAPs

Occupational Therapy Physiotherapy

Fixed Effects OR | Cl OR Cl

cPACTIV 1.14 (1.121.17) 1.23 (1.201.26)
clADL 1.69 (1.661.72) 2.29 (2.25-2.34)
cADL - Improve 1.08 (1.4-1.12) 1.03 (0.981.08)
cADL - Decline 1.39 (1.36-1.42) 1.71 (1.68-1.76)
CENVIR 2.22 (2.132.31) 1.24 (1.191.30)
cRISK 1.11 (1.09-1.13) 0.74 (0.720.76)
CFALLsT High 1.36 (1.34-1.39) 1.74 (1.70-0.18)
cFALLsT Med 1.70 (1.66-1.74) 1.87 (1.82-1.92)
cPAINT High 1.15 (1.13-1.17) 1.49 (1.461.53)
cPAINT Med 1.36 (1.321.40) 1.78 (1.731.83)
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The results for ADL impairments and diseasegdoses can be found in Tabke 2
and Table 15, respectively. For OT, the strongest predictor of the ADLs was needing
assistance with transfer (OR = 1.51, 95% CI = 1.3579), followed by needing assistance
with dressing lower body (OR = 1.24, 95% CI = 1.19881), and needg assistance with
bed mobility (OR = 1.23, 95% CI = 1.1-47285). For PT, a number of diffities with
ADLs and IADLs were predictive of not receiving services, including home locomotion,
outside locomotion, dressing upper body, housework, managing medications, phone use, and
shopping. Two variables stood out as predictive of receiving sermeesging finances
(OR =1.61, 95% CI = 1.556.668) and Meal preparation (OR = 1.65, 95% CI = 1.612
1.691). Findings related to ADLs and IADLs can be found in Table 14.
The MLM multivariate results for diseasmgnoses can be found in Tabk ZThe
disease found to be most related to OT service prowsasterebrovascular disease (OR =
1.32, 95% CI = 1.293.351) and fracture (OR = 1.23, 95% CI = 1119869). A diagnosis
of Al zhei merds disease was pr®®WBCI0.682e of not
0. 730) . Al zhei mer 6s di sease was also relate:
Cl=03260. 352), as was dementia not Al zhei merds
0.518) and cancer. (OR = 0.82, 95% CI = 0:0%B7). In term of predicting provision of
PT, hip fracture was by far the strongest predictor (OR = 2.41, 95% (A.31%2.506),

foll owed by Parkinsonés d1&8Bgase (OR = 0.82,
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Table 2. Multilevel Model Results Need Factors: ADLS/IADLS

Occupational Therapy Physiotherapy
Fixed Effects | OR ] OR Cl
Bed mobility 1.23 (1.18-1.29) 1.14 (1.11-1.18)
Transfer 1.51 (1.451.58) 1.36 (1.30-1.42)
Home 1.01 (0.97-1.06) 0.81 (0.790.83)
Locomotion
Outside 1.30 (1.27-1.33) 0.77 (0.750.7)
Locomotion
Dressing Upper 1.01 (0.98-1.05) 0.64 (0.620.65)
Dressing Lower 1.24 (1.20-1.28) 1.50 (1.441.56)
Eating 0.96 (0.92-1.01) 1.32 (1.29-1.36)
Hygiene 0.93 (0.91-0.96) 1.17 (1.11:1.22)
Toilet Use 0.94 (0.91-0.98) 1.39 (1.33-1.45)
Bathing 1.13 (1.111.16) 1.13 (1.08-1.18)
Meal Prep 1.02 (1.001.06) 1.65 (1.61-1.69)
Housework 1.02 (0.991.07) 0.88 (0.85-0.91)
Managing 1.01 (0.99-1.03) 1.61 (1.56-1.67)
Finances
Managing 0.94 (0.92-0.96) 0.85 (0.80-:0.90)
Medications
Phone Use 0.85 (0.830.87) 0.87 (0.84-0.90)
Shopping 1.44 (1.391.49) 0.89 (0.850.%3)
Transportation 1.20 (1.171.23) 1.30 (1.271.33)
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Table 25. Multilevel Model Result$ Need Factors: Disease Diagnoses

Occupational Therapy Physiotherapy
Fixed Effects OR Cl OR Cl
Hypertension 1.04 (1.02-1.05) 1.06 (1.041.08)
Arthritis 1.05 (1.08-1.07) 1.19 (1.161.20)
Diabetes 1.09 (2.07-1.11) 1.06 (1.04-1.08)
Coronary Artery Disease 1.01 (1.001.08) 1.02 (1.001.04)
Osteoporosis 1.04 (2.021.07) 1.06 (1.031.08)
Cancer 0.94 (0.92-0.96) 0.82 (0.790.81)
Cerebrovascular Disease 1.32 (1.291.35) 1.30 (1.27-1.33)
Congestive Heart Failure 1.06 (1.031.09) 0.97 (0.941.00
COPD/Emphysema/Asthmal 1.12 (1.10-1.15) 1.05 (2.021.07)
Dementia Not AD 0.87 (0.840.89) 0.50 (0.49-0.52)
Irregularly Irregular Pulse 1.04 (1.01-1.07) 1.09 (1.06-1.12)
Fracture 1.23 (1.20-1.27) 1.79 (1.74-1.85)
Al zhei mer 6s [ 071 (0.680.73) 0.34 (0.320.35)
Peripheral Vascular Diseasq 1.00 (0.97-1.0) 0.96 (0.921.00
Hip Fracture 0.99 (0.951.03) 241 (2.32:-2.51)
Par kinsonos 1.70 (1.631.77) 1.65 (1.581.73)
Psych 1.03 (1.00-1.06) 0.94 (0.91-0.97)

MLM - Final Models

The odds ratios for the final predictive models can be found in Figldrasd22.
All predictor variables that had an ORL2 or an OR < 0.8 in the multilevel models from
Step 2 were includedror OT, cENVIR remained the most predictive variable (OR = 2.20,
95% CIl = 2.112.28). The top predictor variables for PT provision included hip fracture (OR
=2.07 95% CI =1.92.16) the IADL CAP (OR =2.01,95% CI=1.95. 05 ) , Al zhei mer
disease (OR =0.57,95% CI=084. 6 0) , and Dementia not Al zhei
95% CI1=0.670.72). The AUC for the OT model was 0.69, and the AUC for the PT model

was 0.74.
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Figure 21. Odds Ratio Plot Final Model (OT)
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Abbreviations: G2c = caregiver distress, chess_hc2 = CHESS, clADL = IADL CAP, cADLdecline = ADL
CAP (triggered for decline), cENVIR = Home Environment Optimization CAP, cFALLSmed = Falls CAP

(triggered at mediumisk), cPAINmed = Pain CAP (triggered at medium level), bedmobility = ADL
impairment in bed mobility, transfer = ADL impairment in transfer, outsideloco = ADL impairment in

locomotion outside, dressinglower = ADL impairment in dressing lower body, cersbrewaerebrovascular

incident fracture =

disease.
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Figure 22. Odds Ratio Plot Final Model (PT)
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Physical Activities CAP, clADL = IADL CAP, cADLdecline = ADL CAP (triggered for decline), cENVIR =

Home Environment Optimization CAP, cRISK = Risk of Institutionalizatt#P, cFALLSmed = Falls CAP

(triggered at medium risk), cPAINmed = Pain CAP (triggered at medium level), managemeds = IADL

impairment in managing medications, phoneuse = IADL impairment in using the telephone, shopping = IADL
impairment in shopping, transp= IADL impairment in transportation, transfer = ADL impairment in transfer,

outsideloco = ADL impairment in locomotion outside, dressinglower = ADL impairment in dressing lower

body, bathing = ADL impairment in bathing, cerebrovasc = cerebrovasculdrennit , Al zD = Al zhei me
di sease, DemNOTalz = dementia not Al zhei merés disease.
hipfracture = hip fracture, Parkinson = Parkinsonds di
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(3) Random forest

Table26 contains the top 15 variables for predictdg service provision and PT
service provisiomsing the variable importance measure from the RF algarithon both
servicesAge is ranked as the top predictor. After age, IADL capacity, education, and the
CHESS scale are included in the top 4 for @Thand PT, however, not in the same order.
These results differ frorthe variables that were identifigd the multilevel modeling steps
These differenceisdicate that some interactional effects likely exist for predicting both OT
and PT, and also furér highlights the complexities found when dealing with the health and
health service use of older adultgie as the number one ranked variable indicates that for

different age categories, differing characteristics are associated with services provision.

Table 26. Top predictors from the Random forest models

Occupational Therapy Physiotherapy
Rank Variable 1 Rank Variable Vi
measure measure
1 Age 2661.50 1 Age 2200.80
2 IADL Capacity 1922.53 2 CHESS 1547.45
3 Education 1764.71 3 IADL Capacity 1533.23
4 CHESS 1750.11 4 Education 1479.21
5 CPS 1330.84 5 clADL 1298.76
6 Pain 1211.66 6 CPS 974.16
7 Hypertension 903.67 7 Pain Scale 874.00
8  Arthritis 880.69 8 Hypertension 732.02
9  ADL Hierarchy 826.33 9 Arthritis 696.67
10 Sex 790.62 10 ADL Hierarchy 684.61
11 Diabetes 776.73 11  Diabetes 662.69
12  Coronary Artery Disease 762.76 12 cPACTIV 660.87
13 clADL 755.69 13  Coronary Artery Disease 654.09
14  Marital Status 710.31 14  Sex 638.91
15 Osteoporosis 709.17 15 Marital Status 630.61
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Area Under the Curve

Area under the curve (AUC) is a common measure used in medicine to evaluate and
compare predictive models (Pepe, 2003; Gonen, 2006). If a model can perfectly predict a
target variable, their AUC would be equal to 1.0. For this sthéAUC valuescan be
examinedacross alkixteen models and can be usethtticate which sets of variables and
which toolswere best at predicting the/o target variablesising this datarable Z contains
the AUC values for all models in this study.

When examining the Andersen and Newmariable groupings, the Need Factors
were clearly the most predictive sets of varialffede that these modedéso had the largest
number of predictojs Within the Needs Factors, the set of variables that had the highest
AUCs for both OT and PT were the CAPS (OT AUC = 0.68; PT AUC =0.72). For the
multilevel logistic models, the highest AUCs came from creating the final models that used
the strongest practors from across all three Andersiiewman variable categories (OT
AUC = 0.69; PT AUC = 0.74)Comparing theesults of the MLM with the Random forests,

the RF analyses performedmparable tohe final multilevel logistic models.
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Table 27. AUC for MLM and RF Models

Model Occupational Therapy Physiotherapy
AUC AUC

Predisposing Factors 0.6239 0.6247
Enabling Factors 0.6218 0.6190
Need Factors

1. Scales 0.6218 0.6897

2. CAPs 0.6792 0.7185

3. ADL/IADL 0.6542 0.6876

4. Disease 0.6264 0.6621
Final Model 0.6897 0.7386

Random Forest 0.6729 0.7248
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6.4 Discussion

This study has investigatéke client levefactors that are associatedhvihe provision
of OT and PT in a population ofder longstay clients in the Ontario Home Care System.
Using three different types of tools, a numbeclant factorswvere identified as correlates
of the rehabilitation therapy service provision. Predictor variables differed for OT and PT
service povision, and variation was found between methodological approddmnes.
bivariate analyses examining regidearly showed that the regionwhich the client
resides has a large impact on their probability to receive OT and PT services. Odds ratios,
when CCACs 214 were compared to CCAC 1, ranged from 0.56 to 3.24 for OT, and 0.89 to
3.06 for PT. This clearly illustrates that the provision of both of these therapy services is
highly dependent on a client lives.

These regional differences were furthikerstrated by the ICCs found in the two null
multilevel models. These ICCs indicate that for the years-2008, 20% of the variation
in the provision of OT can be accounted for by region. For PT, this amount was less but still
substantial at 9%. Fimys of sizable regional variations in the Ontario Home Care System
have been found previously for home care services in general (Coyte & Young, 1999). Ina
public health care system that is designed to have equal access for all Ontarians across the
province, the findings of this study illustrate tlegual access t@habilitation therapy
services for older adulteaynotbe occurring for all home care cliertsross Ontario.
These regional variatiormint towardsa need to continuously monitor and mfgdiome
care policies and practices to ensure that every older Ontarian has equal access to

rehabilitation therapy services, irrespective of where they reside within the province.
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These findings also illustrated that one of the main drivers of OT ppawgas issues
with the clientds homdonekwironneent@@imizatohas meas ul
CAP). This finding directly coincides with the findings found in the qualitative study in
Phase 1 (Armstrong, Section 3.0 of thesis) where it was indicate@dThatmainly used for
environmental assessment. The qualitative study also found that OT is utilized for home
equipment purposes, which could be relatetthédinding of this study that bed mobility and
transferring were highly predictive of receiving OT.

For PT, the strongest determinants of service provision at the bivasiatavere the
IADL CAP, hip fracture, trouble with locomotion outside of the home, and shopping. The
IADL CAP was designed to identify persons who have the capacity and interest to carry out
their IADLs more independently. Although PT is more direnthated to ADLs, IADLs
may be serving as a proxy for a clientds pot
fracture emerged as the second highest predictor variable. Past research has illustrated that
up to one fifth of hip fracture patients loece functionally dependent (Jaglal, Sherry, &
Schatzker, 1996). Home care PT services play an important role in maximizsigttisef
patientswith a hipfracture afteteavingthe hospital and retuimg to the community.

A number of client level prediors were also indicative of not receiving PT services at
the bivariate level. For older lorggay clients, those who had a diagnosisbbfAh ei mer 6 s
diseasavere much less likely to receive PT services compared to those who did not have a
diagnosisofAlz h e i me r QR =di331,eCaH6.219349. Those with dementia not
Al z h ei me rwes alsbisigngicargleless likely to receive PT services (OR = 0.529,
C1=0.5140.549. Furthermore, the CPS was indicative of not receiving PT services. This

clearly indicates that for older lorgay clients, dementiand cognitive impairment is a
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barrier to receiving PT services in the Ontario Home Care System. The results of the Phase
1 qualitative study (Armstrong, Section 3.0 of thesis) and of prevesgsarch (Hershkovitz,
Kalandariov, Hermush, Weiss, & Brill, 2007) have indicated that cognitive impairment can
impact the effectiveness and efficiency of PT in older adults. However, other research has
contrastingly indicated that PT can lead to positivecomes for older adults with cognitive
impairments (Naglie et al., 2002; Colombo et al., 2004; Ghisla et al., 2007). With the
number of older adults experiencing dementia expected to inaesmsaticallyin in
Ontario (Alzheimer Society of Canada, 201f@)ther research is needed to clarify the role
that home care PT can play for older adults with cognitive impairment.

The bivarate analyses indicated that when Aigl. CAP wastriggered for
improvementit wasindicative of notreceiving OT and PT seces. This finding is contrary
to the ADL CAP guidelines that specifically indicate that PT and OT should be considered
for those who trigger the CAP at this level. Potentially, this finding could be related to how
rehabilitation services are used ireactve way for older adults (as outlined in: Armstrong,
Section 3.0 of thesis). This reagiapproach to providing services may not be the most
effective use of the overall heal th systemobs
adults in home&are may resuih savingto the system in the future, while also increasing
the quality of life, mobility, and functional abilities of the clients. Having French as your
primary language was also related to reduced OT and PT service provision. Halaisver
most likely due to the fact that many Frar@otarians live irthe North Eastern CCAC.
Much of the North Eastern CCAC is considered ruralaswdss to OT and PT in home care
may be limitedor all home care clients in the regioMore researcls needed to further

elucidate this finding.
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The MLM results indicated thatith the exception of ag#he predisposing variables
found within the RAIHC are of little predictive value in relation to OT and PT servides.
other words, ex, and marriagstatus were not strong predictors of OT or PT service
provision. Age was not identified as a significant factor in the MLM nor the bivariate
analyses.The Phase 2 analyses indicated that for those over thef 89ea much smaller
proportion received Pservices. The findings of small ORs for age in the multilevel
modeling steps is more likely a function of htve informatiorrelated to age wasoded in
the analysef9 separate age groupshhe importance of age as a predictor of the therapy
servicegs further discussed in relation to the findings of the Random forest algorithm.

For the enabling factors, after accounting for regional variation, the only strong
predictor was caregiver distress for OT services. The need factors within the MLMs
producedhe most predictive models. These need factor modads,aecounting for
variation due t fundthatananmberefrclierd cshardcerstehainedn |,
to have astrongimpact on the provision of rehabilitationerapyservices. The predictors in
the two final models were similar to the findings of the bivariate analyses; however, the
strength of the OR had changed in the multivariate models. inkh¢ates that the despite
variations across regions, similar factors tend tluarfce the provision rehabilitation
services to older home care clients.

The variable importance measures from the Random forest algorithm showed that
age, IADL capacity, Education, and CHESS were the top predictors for both OT and PT
service provision.These findings differ from the results of the regression
analyseBlustrating thathe Random forest algorithm che utilized tadentify important

characteristics thatanbe missedvith traditionalstatisticaimodelingmethods These
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differences in topredictorscan be explained by the way that Random forests are designed
using a collection of decision trea@s thatinteraction effects between the numerous

predictor variables are taken into account in the predictions (Boulesteix, Janitza, Kruppa &
Konig, 2012). With age as the top predictor in both the OT and PT Random forest models,
there may be differences in how predictors operate for the different age groupings.
Similarly, interaction effects for the other top predictors (IADL capacity, Educadioh
CHESS) are also plausibleurther research is required to fully understand how these client
characteristics interact and relate to OT and PT service provision.

The AUCs found with the multilevel models were smallest for the predisposing
factors andhe enabling factors. This is due to the small number of predictor variables of
these categories that could be found within the-R&L For the predisposing and enabling
factors that are contained within the RAC, only caregiver distress was foundo®highly
predictive of OT service provision. Within the needs factors, the group of variables that had
the highest AUC for both OT and PT were the models that contained the CAPs.

When all the strongest predictors were used to create the final moddiesthrAUG
were achieved for both OT and PT service prediction. These AUCs of the final MLMs
slightly outperformed the Random forest algorithm that was run using 200 trees per model.
However, Random forests do contain tuning parameters (i.e., nunbee®per forest, size
of the decision trees; Zhu, 2010) and with some adjustrignte research could lead to
AUCs for the Random fore#iat surpass the levels found using multilevel logistic
regressions analyses

. Wheraspast research has lookadOT/PT corbined (MayerOakes et al., 1992

this study disaggregated the rehabilitation services and created separate predictive models
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for each of the services'he choice to proceed with examining the services separately was
derived from the Phase lgitative study where the findings indicated that the two
rehabilitation services ardilized in completely separate manneBy examining these
rehabilitation therapy services separatellile, there was some overlap between in the two
final models, e results indicatethat different variables influenced the likelihood of
receiving a particular service. For example, home environment assessment was found to be
the key determinant of OT provision, whereas cognition had a powerful influence of PT.
These differences in the predictor variables between the two services indicate that OT and
PT are used in the Ontario Home Care System for different purposes and future home care
research should continue to examine these rehabilitation services separately.

This study adds to the body of literature that utilizes the Andersen and Newman
Model by examining a specific type of horoare service using regularly collected
assessment data. The Andersen and Newman Model remains a useful tool that can be used
to undertand and explain variations in health service use. Similar to the findings of past
research on home care utilization, need factors were found to have the strongest association
with the use of services (Forbes et al., 2003; Diwan, Berger, & Manns, 1196W&ever, this
current research studgund that the enabling factor of region, or where a client resides, can

also be important factor in understanding home care service provision in Ontario.

Limitations
There are a number of limitations for the studFirst, the sample that was used for
the analysis contained only loistpy clients. This client population does not contain the

older adults who remained in the home care system for less than sixty days. Although they
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were not the focus of this studpany short stay clients receive rehabilitation services.
Therefore, the data utilized in this study does not supply enough information for a complete
analysis of rehabilitation services for older adults in home care. Currently, a new tool, the
interRAI Contact Assessment, is being rolled out across the province. While this tool has
fewer data items than the RAIC, combing information from the two tools would provale
morecomplete picture of both short and lesigy clients.

A second limitation ofthis study is that the analyses were cross sectional and
examined service use within a short time period post assessment (window for the target
variables was 3 months post RALC assessment). Future research would benefit from
examining the use of homereaservices over the entire time that clients spend in the system.
Also related to time, this study did not examine factors that related to changes in the home
care system that occurred from 2a0%L0. As the home care system (and any health care
systenfor that matter) is dynamic, changes in how the system provides services would have
changed to some degree during the study period. Future research studies could be conducted
to longitudinally examine how services provision changes over time and thet tmgiac
policy decisions have on service provision and client outcodarther limitation of this
research study was the difference in sample sizes between the multilevel models and the
Random forest analyse3he reduced sample used by the Randonstaigorithm makes
direct comparison between the predictive methods challenging. Ifaftieeradjustments
within theR software and R scripts/code, the softwawatinues to not be able to handle the
full set of datathe multilevel models could berrwn the same 100 000 client sample to

allow for a direct comparison of the two methods.
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Additionally, the Random forestnalysesould be approached in a different way
then reported within this chaptefhe Random foresanalyses wereonductedo be asily
compared to the multilevel modelsiowever, theappro&h could be altered to a way that is
morecommony foundin data mining and machine learniagalyses More specifically the
Random forest analyses could be run and parameters adjustediomg sample (e.g., 2/3
of the data). Once tt@gorithmhad een At r ai nedo, the Random f or
on a test sample (e.g., the remainif@) df the data). This type approachwill be taken
when working towards publishing this warkacademic journals
Within the RAFHC data system, there is a limited amount of information on
predisposing and enabling factors. Because ofukiagthe Andersen and Newman
frameworkwith RAI-HC datais limited to focusingprimarily on need factorsWithin
enabling factasthat were included in the study, the usefulness of the education variable and
results from it are difficult to interpret due to the fact that for many of these older clients,
their education | evel warg anjodrgremion & findilgs A unkn
related to this variable requireeme cautionA further limitation of this study is that
findings of this study relate to decisions that can be made at the provincial level. Although
these provincial level findingg@important, many important policy decisions are made at
the level of the CCAC. Secondary data analysis research may be more useful if it was

focused on problems and data from a regional standpoint.

Conclusions
This study provides findings that help increase our understanding of rehabilitation
services in the Ontario Home Care System by identifying the main drivers of service

provision in the years 206%5010. The results of this study clearly illustrate that
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rehabilitation therapy service provision varies greatly across regions. More research is
needed to determine exactly why this is the case, what regional factors could be responsible,
and how we can develop strategies to reduce the differences. An impoetsage of this
paper for health care policy makers is that despite the fact that this is a public system of
home health care, inequities in access exists between regions.

The findings of the regional differences and of the potential interactions effaots f
by the RF algorithm indicate that for research related to the health of older adults, context
matters. Contextual effects, at both the regional and clinical levels, should not simply be
controlled for as they often are when using traditional stegistiechniques (Luke, 2005).
Tools such as multilevel modeling and Random forests, as well as geographic information
systems, social network analysis, and cluster analysis, can be useful tools to address
contextual effects that cdwe of significant impdance in the health sciences.

These predictive modeling analyses benefitted from the qualitative research
performed in Phase &nd thedescriptive study in Phase Eirstly, the qualitative study
helped the analyses in this chapter by identifyingiaa research questionwhat are the
drivers of home care rehabilitation therapy provision across the proviiroen the
interviews, the respondents had a detailed understanding of factors related to OT and PT at a
clinical level However, their responsseemed to lack amderstandin@f these issueat a
population level.Secondly the nterviews allowed the researctiedevelop arthorough
understanding of th@T and PT services, and the way in which decisions to provide
rehabilitation therapgervices are made by case managedditionally, the interviews
allowed the researcher to build an understanding of what types of clients and what types of

health issues where commonly found in home care clients and the users of home care
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rehabilitationtherapy services. Overall, these interviews directly influencplédmaing and
the development of the predictive modelskewise,Phase 2 activities greatly assisted the
work in this chapter by familiarizing the analyst with the data, and discouvariizg

insights into the data and phenoraehinterest. These first two phases in the CRIB®
werevital for themodeling phasas they allowed for a tiledunderstanding of
rehabilitation services for older home care cliemtich aidedn the datgreparatiorthat
occurred prior to modelingnd the interpretation of the results. Developing an
understanding prior to modeling dataisecessargnd important step withiany data
mining project.

Various clientlevel factors were identified ggedicorsto the provision of
rehabilitation therapy services for older adults. By studying these factors at a provincial
level, we can work towards policies and practices that make the home care system more
efficient, effective, and safe for our aging populatiAs previous research has indicated,
home care client populations are becoming increasingly complex and difficult to manage due
to multimorbidity and cognitive impairments (Murtaugh et al., 2009)e results of this
currentstudy raise the questiam relation totargeting home care services to the correct
individuals. In times of fiscal restraints, evidenbased targetingf rehabilitation services
is paramount. Is the home care systargeting the correct older adults wappropriate
rehabilitaton services? Are we utilizing O3ervices in theifull capacity? Should older
adults with cognitive impairment receive mpoe less, physiotherappervices? These are
questions thaare not readily answered by using secondary data from past seactiegs.

These questionseed tabe determinedh collaborations betweeroficy makers, practicing
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therapists, CCACs, and researchers. These groups will need to work tagetb&rmine

howthe Ontario tmeCareSystemcan be optimally designed to serolder adults
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7.0SUMMARY AND GENERAL DISCUSSION

This dissertation was used to develop knowledge on rehabilitation therapy services
provided by the Ontario Home Care System. By using-samctured interviews with key
stakeholders and a large dzdse of electronic health data collected using the provincially
mandated RAHC information system, this thesis was able to generate a series of findings
related to the demographic and clinical characterisfictder longstay home care clients,
and the provision of occupational therapy and physiotherapy. Prior to a discussion of the
general implications of the overall project, each of the sections from the thesis will be briefly
summarized. The discussion sec will conclude with limitations of the overall study and

future research opportunities.

Thesis Summary

The Cross Industry Standard Process for Data mining (CRMPChapman et al,
2000) was used as an organizational framework for the thesisprobisss framework was
chosen to provide a guiding structure to the secondary data analyses project and the thesis
research was organized into the six phases that are outlined within the-BRISHhe
Anderson and Newman Framework for Health Serviceg#tel guided the thesis
conceptually.

Within the first phase of the projeet,series of senstructured interviews with key
informants was conducted to build ardepth understanding of the thesis topic.
Participants in this study provided informatimam three perspectives: Community Care
Access Centre (CCAC) case managers, service providers, and policy makers. The analysis

of the ten interviews led to the identification of three themes related to rehabilitation service
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provision to older adults: rivers of services, challenges, and decision making. A further ten
subthemes were identified and the results of this finding were utilized to inform each of the
following phases of the study.

The second phase of this study consisted of a descriptahe agtthe population
characteristics and rehabilitation service use data. TheHAprovincial data repository
contained information on every loisgay home care clients entering the system in the years
2005 to 2010. This clinical assessment informatvas linked to service use data. This
linked database formed the basis of the core of the thesis project. Many of the key
characteristics identified through the sestructure interviews in Phase 1 were examined in
relation to the receipt of occupationah er apy (OT) and physiotherap
understandingd phase provided a description
care clients, identified | arge variation i n |
regions, and found decased probability of PT service provision to cognitively impaired
clients. In addition to building understanding of OT/PT service provision and characteristics
of the longstay home care client population, this phase of the study yielded an enhanced
understanding of the data prior to the modeling stage of the thesis pFg#otving the
Phase 1 study, the databeutilized in the study wrethoroughly investigated in the Phase 2
AData Understandingo activit ilexdoratondithe s phase
data and a report (Chapter 4) wiaéne important characteristics that were fotsntified in
Phase Breoutlined. These two phases were important steps that should occur prior to any
data mining activitiegr statistical analysis

The modeling activities in Phase 4 led to the creation of two separate chapters. The

first modeling procedure was thereans clustering analyses that can be found within
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Section 5 of the thesis. These analyses were used to explore and characterize the
heterogeneity witim the population of rehabilitation service users. Through the usdaif

mining algorithm, seven relatively homogeneous subgroups of OT/PT users were identified
and profiles were created for illustration purposes. Also develophthwihase 4 were a

series of predictive analyses using logistic regression, multilevel logistic regression, and the
Random forest algorithm. Models were created to explore the relationship between a large
number of population characteristics and the miowi of OT and PT, with provision of each
service modeled separately. The results of the study illustrated that after accounting for
regional variation in service provision, these two rehabilitation therapy services have a range

of differing predictor vaables.

Policy Implications

The results of this thesis have a number of implicationthe delivery of
rehabilitation therapy services to older adults in the Ontario Home Care System. Firstly, the
results of the qualitative study indicated ttygically, older adults with functional
difficulties do not receive rehabilitation services in home care unless an acute episode or
hospital admission triggers a referral. Evémenolder adults are provided with
rehabilitation services, the focus tend®&&oon restoring prenorbid functionand does not
address the additionperformance challengéisey had prior to their acute inciderit the
majority of rehabilitation services in home care are being provided teapost clients, this
suggests thahe home care system may be neglecting chronic care needs of older adults.
Therefore, there is an opportunity for shifting the home care system towards providing

services that proactively address the needs of older clients with chronic health issues. Thes
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propositiors are in accordance with two recent policy analyses in Ontén®Drummond
Report (Drummond, 2012) and the Walker Report (Walker, 2011). These two documents
call for a shift to occuwithin the Ontario Health Care System whbedping the

functionally vulnerable older adulbecomes priority. Althoughit is clear that

rehabilitation services can assist in thiea there currently are not enough resources within
home care to deal with th@ge amount of rehabilitation needs of oldeulesl(Armstrong,
Section 3.0 of thesis). There are two clear ways that this challenge can be dealt with.
Firstly, funding for the home care systeouldbe increased. Secondly, rehabilitation
services irhome careould makethe daily functioning of oldr adultsa greaterpriority,
including the early identification of seniors at risk of frgiltpd proactive management of
their multiple health challenge®hysiotherapists and occupational theragatshave an
important role to play in proactive managem&nategies related to frailty. Current policy
initiatives in Ontaricmt t he provi nci al l evel (e.g., fhasse
2011) and regional level (e.@Vaterloo Wellington Local Health tegration Network
(WWLHIN) Rehabilitation Services Review; WWLHIN, 2012) may address this shift in
focus.

Directly related to the identification of at risk clients and targeting of services, the
qualitative study within Phase 1 also found that CCAC nzmeagersire interested ithe
development of new decision support mechanisms. Currently, a variety of decision support
algorithms related to functional status (especially the CAPs) have been built into the RAI
HC system. However, key informants cleariglicated that these mechanisms are not
currently well utilized in the decision making processisTinplies there is an opportunity

for knowledge translation and education efforts to support for effective use of the CAPS, as
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well as additional researcimaecision support tools that may have greater utility, are more
specific to rehabilitation services for older adults in home care, and are designed in
accordance with the provincial/regional initiativélhe interview respondents pointed to the
need fordecision support approaches that are more in keeping with the resource constraints
they face. These concerns may have been more relevant for the prior version of the CAPs;
the quantitative results of this study suggest that deemigking in providing reabilitation
services may be more consistent with the new CAPs than is acknowledged by clinicians.

Section 5 identified homogeneous subgroups of rehabilitation clients based upon
thirty seven variables found within the RRIC. Despite some confirmation thfese
clusters using one year outcome data, these ciisdteuld be considered exploratory.

However, the results highlight the heterogeneity and multidimensionality involved with
home care clients. Refining segmentation approaches for older clierdsesuilt in the
development of more specific planning protocols and also potentially assist in resource
allocation decisions. The development of such protocols could also be informed by the
analysis of predictors of rehabilitation use.

Within this thess, it was found within the data that the provision of rehabilitation
therapy services varies greatly from region to region in the province. For OT, twenty
percent of the variation in service provision could be attributed to the CCAC region in which
the clent resided. For PT, the amount of variation explained by CCAC was nine percent.
These findings indicate that access to rehabilitation in home care is not equal across the
province. Additional research is needed to investigate the degree to whicmtwpstds
may be offset by availability of other rehabilitation services (e.g., through the Ontario Health

Insurance Plan), and to identify other strategies to facilitate more equitable access.
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Within the qualitative study, it was found that OT is priryaoeing used for home
assessments and equipment needs, while PT is primarily being used facydestpisodes
(e.g., total knee replacement). The stakeholders interviewed in this study indicated that these
rehabilitation services were not being utitize their traditional ways, or to their full
potential. Consequently, there is room for expansion of the role that occupational therapists
and physiotherapists perform for older adults in the home care system.

According to the Drummond report, the OmdeHealth Care systemeeds to
undergo a broad transformation to meet the neédggrowingpopulationof older adults
(Drummond, 2011)Through Sections 4, 5, and 6 of this thesis, predisposing factors,
enabling factors, and need factors of older {stay home care clients were explored.
Together, the findings clearly illustrated that older home care clients form a heterogeneous
population with a wide variety ampairments, diseases, and service nee&esearch that
uses traditional statisticapproaches such as averages and varabi@ariable analyses
maybe inadequate to understand the needs of this aging population due to complexities of
aging including multimorbidity, cognitive impairment, and theiorar characteristics of
the healthhealthcare, and welleing of older adults. To gain deeper insights into the
complexities of the aging populatiampn-linear functions and inteelationshipsieed to be

explored using suitable quantitative and qualitative research tools.

Research Implications
The home carsectoris a relatively new and undeegsearched component of the
health care systemAs Ontario and other jurisdictionsork to transform the system to meet

the needs of an aging population, egsbers have the opportunity to utdia range of novel
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