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Abstract

Background: The aim of this project is to describe the quality of assessment data regularly collected in home and
community, with techniques adapted from an evaluation of the quality of long-term care data in Canada.

Methods: Data collected using the Resident Assessment Instrument — Home Care (RAI-HC) in Ontario and
British Columbia (BC) as well as the interRAI Community Health Assessment (CHA) in Ontario were analyzed
using descriptive statistics, Pearson’s r correlation, and Cronbach’s alpha in order to assess trends in population
characteristics, convergent validity, and scale reliability.

Results: Results indicate that RAI-HC data from Ontario and BC behave in a consistent manner, with stable trends in
internal consistency providing evidence of good reliability (alpha values range from 0.72-0.94, depending on the scale
and province). The associations between various scales, such as those reflecting functional status and cognition, were
found to be as expected and stable over time within each setting (r values range from 0.42-0.45 in Ontario and 0.41-
043 in BC). These trends in convergent validity demonstrate that constructs in the data behave as they should,
providing evidence of good data quality. In most cases, CHA data quality matches that of RAI-HC data quality
and shows evidence of good validity and reliability. The findings are comparable to the findings observed in the
evaluation of data from the long-term care sector.

Conclusions: Despite an increasingly complex client population in the home and community care sectors, the results
from this work indicate that data collected using the RAI-HC and the CHA are of an overall quality that may be trusted
when used to inform decision-making at the organizational- or policy-level. High quality data and information are vital
when used to inform steps taken to improve quality of care and enhance quality of life. This work also provides evidence
that a method used to evaluate the quality of data obtained in the long-term care setting may be used to evaluate the
quality of data obtained through community-based measures.

Keywords: interRAl, RAI-HC, Resident Assessment Instrument — Home care, interRAI CHA, Community Health
Assessment, Assessment, Quality

Background

In order to appropriately inform health care decisions,
data at the individual and population levels must be of
high quality. Many types of quality problems can affect
health care data (see Hirdes et al. [1], for a detailed over-
view), including error (random and systematic), inappro-
priate auto-population, incompleteness, and logical
inconsistencies [2—5]. Random error is an inherent part
of all health care data reflecting chance variations that
result in a disagreement between observed and “true”
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scores of the individual being assessed. Depending on its
extent, this type of error may make it difficult to detect
true differences between populations or to identify rela-
tionships between variables. Systematic error may occur
intentionally or unintentionally, and it may lead to incor-
rect conclusions about the true nature of the relation-
ships between variables of interest [6].

Another threat to the quality of assessment data is the
practice of using prior records to automatically complete
an assessment without further examination of the person’s
current status based on other more up to date sources of
information. The effect of such auto-population can be to
negate detection of true change in the person’s health,
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potentially masking evidence of the impact of care pro-
vided. This is an especially important problem for longitu-
dinal quality indicators based on rates of improvement or
decline in health status [7, 8] since autopopulation will
falsely inflate the rates of no change in the population con-
sidered. Missing values and coding inconsistencies leading
to logical errors are further concerns as they may make ob-
servations unusable, thereby decreasing sample size.

Hirdes et al. [1] elaborated on an earlier method used
by Phillips and Morris [9] to evaluate the quality of data
obtained with the Resident Assessment Instrument -
Minimum Data Set 2.0 (RAI-MDS 2.0) in the Continu-
ing Care Reporting System, managed by the Canadian
Institute for Health Information (CIHI, www.cihi.ca).
The RAI-MDS 2.0 is mandated for use in complex con-
tinuing care hospitals/units in Ontario and in long-term
care homes in 9 Canadian provinces and territories (see
Table 1 for an overview of assessments and data man-
agement systems) [10]. The RAI-MDS 2.0 data were
found to be consistently high in terms of reliability, val-
idity, completeness, and have a low rate of logical errors
[1]. The methods used to analyze data quality for those
facilities could likely also be used to examine data from
other health sectors even if the specific measures and as-
sociations examined differed based on the clinical pro-
files of the populations being considered.

In addition to the pan-Canadian use of the RAI-MDS
2.0, eight Canadian provinces and territories have imple-
mented the Resident Assessment Instrument — Home
Care (RAI-HC) as the mandated assessment for home
care services [10—13]. Numerous papers have reported
on the reliability and validity of the RAI-HC and its
more recent version referred to as the interRAI Home
Care (see, for example, [11, 14-16]). Beyond Canada,
there are 10 countries internationally, including the
United States, France, and New Zealand, with large-scale
implementation of the RAI-HC or interRAI Home Care

Table 1 Overview of relevant assessments
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planned or underway. As with the RAI-MDS 2.0, a num-
ber of provincial and national home care data repositor-
ies have been established in Canada. The Ontario
Association of Community Care Access Centres (known
as Health Shared Services Ontario as of 2017) receives
and compiles data from each Community Care Access
Centre (integrated into the Local Health Integration
Networks as of 2017) in the province. Community Care
Access Centres are single point entry agencies that use
the RAI-HC to evaluate needs, determine service eligi-
bility, develop care plans and contract home care ser-
vices for long stay home care clients (i.e., persons on
service for 60 days or more). The Home Care Reporting
System is a national database for the RAI-HC and re-
lated assessments managed by the Canadian Institute for
Health Information. RAI-HC data in the Home Care
Reporting System are submitted to the Canadian Institute
for Health Information by organizations in British
Columbia, Alberta, Saskatchewan, Manitoba, Ontario,
Nova Scotia, Newfoundland and Labrador, and the Yukon.
In addition, the Canadian Institute for Health Information
supports the implementation of the RAI-HC in First
Nations communities in Alberta (see Table 1 for an over-
view of assessments and data management systems).

The threats to data quality in home care differ some-
what from those in long term care facilities. The abso-
lute number of individuals receiving home care services
is greater than those residing in long-term care facilities,
but there is also more heterogeneity within and between
organizations in the populations being served in home
care [7]. This heterogeneity may affect the nature of
associations between variables that may be used to as-
sess convergent validity. For example, among clients
with dementia, the relationship between cognition and
physical function could be different than among clients
with cerebral palsy. Further, clients often receive care
from multiple providers and agencies and they may be

RAI-MDS 2.0
(Resident Assessment Instrument
— Minimum Dataset 2.0)

RAI-HC
(Resident Assessment

Instrument — Home Care)

interRAI HC interRAI CHA
(interRAI Home Care) (interRAI Community Health
Assessment)

Purpose
Applications

Setting Long-term care (LTC), Complex Home care (HC)

continuing care (CCQ)

To assess the needs, strengths, and preferences of vulnerable populations

Care planning, resource allocation, outcomes measures, and quality indicators

Home care (HC) Community support services (CSS)

Jurisdiction in - Mandated in 9 provinces and Mandated in 8 provinces and Not yet Use encouraged in Ontario,
Canada territories territories implemented in Canada determined at organizational level
Data Repository
Provincial ~ None Ontario Association of Home and n/a Integrated Assessment Record
Community Care (OACCAQ)
National Continuing Care Reporting System Home Care Reporting System n/a None
(CCRS® (HCRS)®

“Managed by the Canadian Institute for Health Information (CIHI)


http://www.cihi.ca
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seen at lower frequencies and for shorter durations than
would be typical for long term care home residents or
post-acute hospital patients. Consequently, there is an
increased reliance on self-report measures and informal
caregivers are depended on as major informants about
the person’s health status. Further, it is difficult to con-
duct traditional psychometric testing in this setting due
to time and resource constraints. For example, in order
to assess inter-rater reliability, multiple assessors would
have to visit the clients’ home when their schedules are
often already overwhelmed.

In contrast to the complex continuing care hospitals,
long-term care homes and home care sectors in Canada,
there is no standardized reporting system for data col-
lected in the community support services (CSS) sector
(see Table 1 for an overview of assessments and data
management systems). The interRAI Community Health
Assessment (CHA) is an assessment similar to the RAI-
HC that is used in Ontario to support clinical decision-
making, resource allocation, best practices and quality
initiatives for vulnerable adults living in the community
[14, 17]. The CHA is typically used for persons with
somewhat lighter care needs than home care clients
and/or receiving social services in the community. While
the CSS sector does serve clients with more complex
care needs, these clients are usually also served by the
home care sector, and therefore assessed with the RAI-
HC by the Community Care Access Centre. In addition,
not all CSS organizations use the CHA. As a result, data
collected with the CHA generally represent only clients
on the lower spectrum of need and do not represent the
whole population of clients served by the CSS sector.
The CHA is modular in nature, with a core component
used with all persons assessed and accompanying sup-
plements that are completed based on the presence of
specific problems (functional, mental health, assisted liv-
ing and deafblind supplements are available). It covers
domains such as cognition, communication, mood, func-
tional status, and health conditions, among others.

The CSS sector is very heterogeneous, made up of
agencies of various sizes, from small volunteer-run orga-
nizations to large multi-service providers [18]. CSS orga-
nizations provide a range of home and community care
services, including friendly visiting, adult day programs,
homemaking, meals on wheels, and community nursing.
The use of the CHA is determined at an organizational
level. Clients within certain programs designated by each
organization have an interRAI Preliminary Screener for
Primary and Community Care Settings completed in
order to determine need for a core CHA assessment and
potential supplements. As described above, if a client
also receives home care services, they are assessed by
the Community Care Access Centre using the RAI-HC
and are generally not also assessed using the CHA.
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While CSS organizations compile and store their own
CHA data, there is no national reporting system in place
through the Canadian Institute for Health Information
as with the RAI-HC and RAI-MDS 2.0. The Integrated
Assessment Record does provide a reporting solution
provincially. For those CHA-assessor organizations who
upload their assessment records to the Integrated As-
sessment Record, there is an organization-level report
available to them. A data sharing agreement for the
CHA is in place between the Ontario Ministry of Health
and Long-term Care and researchers at interRAI
Canada/University of Waterloo.

The threats to CSS data quality are similar to those in
the home care sector, although are heightened by less
stringent policies and data management practices around
CHA assessments. Further, many CSS organizations do
not have the same administrative support for completing
assessments, storing data and ensuring quality as the
Community Care Access Centres in the home care sector.
The same methods that have been used to evaluate the
quality of long-term and continuing care data will be used
to evaluate the quality of home care data and CSS data.

Study objectives

The objective of the present study is to determine
whether techniques used to evaluate RAI-MDS 2.0 data
quality can be adapted and used to monitor RAI-HC
data and CHA data. It aims to describe the quality of
data collected through the RAI-HC in Ontario from
2003 to 2014 and in British Columbia (BC) from 2008 to
2014. These were selected because they represented the
largest and best established RAI-HC data holdings at the
time of the study. The present study also aims to de-
scribe the quality of CHA data collected in Ontario from
2013 to 2016 in order to determine the potential for
using this method for monitoring data quality in the
CSS sector.

Methods
Data sources
Data for the present study were obtained from four sources:
Ontario RAI-HC data from the Ontario Association of
Community Care Access Centres; British Columbia (BC)
RAI-HC data from the Home Care Reporting System;
Ontario RAI-HC data from the Home Care Reporting
System, and; CHA data from the Integrated Assessment
Record (obtained through the Ontario Ministry of Health
and Long-Term Care). An additional table shows the
number of assessments included in the time series trend
analyses from each setting and province by year (see
Additional file 1).

Ontario RAI-HC data from 2003 to 2014 were obtained
through the Ontario Association of Community Care
Access Centres (N = 2,626,133 RAI-HC assessments). This
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source was used for the majority of analyses to take advan-
tage of the largest data holdings with the widest timespan
of RAI-HC assessments in Ontario. Hospital versions of
RAI-HC assessments and any assessments without a client
identifier were excluded. Assessments were sorted by date
and the assessment closest to July 1st per individual per
year was retained for analyses, reducing the number of ob-
servations to 1,743,218 assessments.

RAI-HC data from BC were obtained through the Home
Care Reporting System, for the period of 2009 to 2014 (N
= 245,101 RAI-HC assessments). Any assessments without
a client identifier were excluded. Assessments were sorted
by date and the assessment closest to July 1st per individual
per year was selected to be included in analyses. The final
BC dataset included 208,735 RAI-HC assessments.

In order to further compare data quality in Ontario
and BC, data from Ontario were also obtained from the
Home Care Reporting System, dating from October
2010 to October 2011. The data for this particular ana-
lysis included 1,406,054 assessments from Ontario and
121,343 assessments from BC (also limited to October
2010 to October 2011). The smaller data cuts were used
for this comparison analysis to ensure the data from
both Ontario and BC were contemporaneous and fil-
tered through the same data filters at the Canadian Insti-
tute for Health Information.

CHA data were obtained from the Ontario Ministry of
Health and Long-Term Care and include the CHAs
uploaded by CSS organizations to the Integrated Assess-
ment Record, which amounted to 56,359 assessments
from 2013 to 2016. Not all agencies are tasked with
using the CHA if their services are restricted to non-
clinical supports. Further, not all CSS organizations
using the CHA upload their assessments to the Inte-
grated Assessment Record. As a reminder, if a client also
receives home care services, they are assessed by the
Community Care Access Centre using the RAI-HC and
are generally not also assessed using the CHA. Assess-
ments were sorted by date and the assessment closest to
July 1st per individual per year was retained for analyses.
Assessments without a client identifier were excluded.
The final dataset included 45,179 CHA assessments.

Variables
Table 2 provides an overview of the variables used in the
analyses.

The Cognitive Performance Scale (CPS) uses informa-
tion from items assessing memory impairment, level of
consciousness, and executive function to provide a score
reflecting cognition. Scores range from 0 (intact) to 6
(very severe impairment). A score of 3 or more indicates
moderate to severe impairment. The CPS has been
validated against the Mini-Mental State Exam (MMSE)
in several studies [16, 19, 20].
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The Depression Rating Scale (DRS) measures signs and
symptoms of depression. This scale was validated against
the Hamilton Depression Rating Scale and the Cornell
Scale for Depression. Scores range from 0 (no mood
symptoms) to 14 (all mood symptoms present in last
3 days). A score of three or more indicates the presence
of symptoms of moderate to severe depression [21, 22].

The Method for Assigning Priority Levels (MAPLe) is
an algorithm that differentiates patients/clients into five
priority levels based on their risk of long-term care
placement and caregiver distress. Individuals in the low-
est priority group are considered self-reliant and do not
have any major problems in function, cognition, behav-
iours, or their environment. The highest priority levels
are based on the presence of activities of daily living
(ADL) impairment, cognitive impairment, wandering,
and behavior problems [23, 24]. In the CHA assessment,
results can only be obtained from this algorithm when
the functional supplement module is completed.

The Activities of Daily Living Hierarchy (ADLH)
categorizes ADLs as early, middle, and late loss
according to the disablement process in which they
occur and assigns them a score accordingly. Early loss
ADLs, such as dressing, are assigned lower scores and
late loss ADLs, such as eating, are assigned higher
scores. Scores range from 0 (no impairment) to 6 (total
dependence) [16, 25].

The Activities of Daily Living (ADL) Long Form is the
sum of seven items assessing performance of ADLs:
mobility in bed, transfers, locomotion, dressing, eating,
toilet use, and personal hygiene. This scale ranges from
0 to 28, with lower scores indicating more self-
sufficiency in performance of ADLs.

The Instrumental Activities of Daily Living (IADL)
Performance Scale is the sum of three items assessing
performance of IADLs: meal preparation, ordinary
housework, and phone use. The scale ranges from 0
to 9, with lower scores indicating greater independ-
ence and higher scores indicating greater need for as-
sistance in performing IADLs [25]. The Instrumental
Activities of Daily Living (IADL) Capacity Scale is the
sum of three items assessing the real or potential dif-
ficulty for a client to perform IADLs: meal prepar-
ation, ordinary housework, and phone use. The scale
ranges from 0 to 6, with lower scores indicating little
difficulty and higher scores indicating great difficulty.

The Changes in Health, End-Stage Disease, Signs,
and Symptoms (CHESS) Scale is a measure of health
instability and identifies individuals at risk of serious
decline. This scale has been shown to predict death
in the community and in long-term care settings, as
well as hospitalization, pain, caregiver distress and
poor self-rated health. Scores range from 0 (not at all
unstable) to 5 (highly unstable) [15, 26, 27].
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The Pain Scale uses two measures of pain (fre-
quency and intensity) to create a summary score from
0 (no pain) to 3 (daily severe pain). This scale has been
shown to predict pain when validated against the Visual
Analogue Scale [25, 28].

The Resource Utilization Groups - Home Care
(RUG-1II/HC) algorithm groups clients into 44 groups
reflecting the relative intensity of services and sup-
ports they are likely to use. This algorithm explains
33.7% of variance in formal and informal resource use in
the home care setting and has been shown to be valid in a
Canadian population [29-31]. Clients with lower resource
use fall into the categories of reduced physical function
while those with higher resource use fall into the categor-
ies of special care, extensive services, or special rehabilita-
tion. The Case Mix Index is a cost weight value assigned
to each group that reflects the relative resource use per
day of an individual within a RUG-III/HC group com-
pared to the overall average resource use per day within a
specific population.

Analysis

In the Vancouver Island Health Region of BC data from
2008 to 2014 and in the Vancouver Coastal Health Region
of BC data from 2008 to 2012, there is no accurate way to
distinguish assessments completed in the hospital. Sensi-
tivity analyses were performed to determine whether the
findings from this work would change using different
methods to identify likely hospital version assessments.
The conclusions remained the same, so all BC RAI-HC
assessments were included in order to maximize the num-
ber of assessments.

Yearly time series trends were examined to describe
population characteristics and the resource intensity of
home care and CSS clients over time. Trends in conver-
gent validity were analyzed using Pearson’s r correlations
for variables expected to be related to each other where
the relationship is likely to be stable over time. The vari-
ables included ADL hierarchy and CPS; IADL and CPS;
DRS and pain scale; and CHESS and pain scale. This
method is based on the approach used in Hirdes et al. [1]
in their analysis of the quality of Canadian RAI-MDS 2.0
data in the Continuing Care Reporting System and Phillips
and Morris [9] in their analysis of the quality of American
Minimum Data Set 2.0 data.

Trends in reliability were assessed using Cronbach’s
alpha to measure internal consistency for four parallel
form scales that are embedded in the RAI-HC and the
CHA: performance of instrumental activities of daily
living (IADLs), capacity to perform IADLs, activities of
daily living (ADL) — long form, and the depression rating
scale (DRS). These four different kinds of scales were
selected because they have varying levels of known
reliability and the consistency of the reliability across
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settings at different levels provides information about the
quality of data.

In order to assess for potential auto-population, the data
were examined for the absence of change in six particular
sets of indicators. These indicators included informal
hours of care in the past week, ADL function (9 items),
IADL performance (7 items), IADL capacity (7 items),
IADL performance and capacity combined (14 items), and
mood (9 items). If an individual was completely independ-
ent, required no informal care, or exhibited none of the
mood symptoms at both time points, they were not con-
sidered to be cases of auto-population. For the informal
care items, the values for the number of hours of weekday
informal care and weekend informal care were summed. If
the sum value was identical at the first assessment in each
year as the second assessment in the same year, auto-
population was considered to possibly have occurred. For
the ADL, IADL and mood items, if the values were the
same at the first assessment in each year as the second as-
sessment in the same year for all items in each domain,
auto-population was considered to possibly have occurred.
This analysis was only performed with the RAI-HC data
from Ontario. In BC, the RAI-HC data were not usable
for evaluating auto-population since reassessments are
not performed as often as in Ontario. Similarly, reassess-
ments are not often performed in the CSS sector so this
evaluation could not be performed with CHA data.

Finally, as a further indicator of data quality, the patterns
of associations between numerous variables in the RAI-HC
data in Ontario and BC were examined to determine if they
were similar in both provinces. The same analysis was con-
ducted comparing Ontario RAI-HC data and Ontario CHA
data to determine whether data in the home care sector
and CSS sector behaved similarly.

Ethics clearance

This study was reviewed and received ethics clearance
through the Office of Research Ethics (ORE) at the
University of Waterloo (ORE#18228 and ORE#19917).

Results

Population characteristics

Tables 3 and 4 provide the trends in population characteris-
tics of RAI-HC assessed home care (HC) clients in Ontario
(2003-2014) and BC (2008-2014), and CHA-assessed CSS
clients in Ontario (2013-2016). Characteristics examined
included gender, marital status, age, the percentage of
clients with dementia, heart failure, and a CPS, DRS,
MAPLe, ADLH, IADL capacity and self-performance score
of three or more. These results provide information on the
comparability of the populations across settings and over
time, while recognizing that the data do not represent all
CSS clients or all CHA-assessed clients. In all three sam-
ples, the majority of clients were female, but the percentage
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Table 3 Trends in demographic characteristics

Female (%) Married (%) Under 65 (%) Over 85 (%) Dementia (%) Heart Failure (%)
Year ON BC CHA  ON BC CHA  ON BC CHA  ON BC CHA  ON BC CHA  ON BC CHA
HC HC HC HC HC HC HC HC HC HC HC HC
2003 69.5 363 160 28.7 16.0 144
2004 636 375 16.7 282 16.0 135
2005 67.5 382 179 284 15.8 128
2006 66.8 384 182 29.2 16.1 12.7
2007 664 387 18.1 303 16.8 125
2008 66.1 64.7 383 295 178 12.0 314 401 173 320 19 14.2
2009 658 643 384 288 176 11.9 325 426 179 338 1.6 14.3
2010 653 644 387 266 174 11.0 336 446 19.5 349 115 14.7
2011 648 634 388 271 173 115 345 448 204 355 115 14.8
2012 64.7 629 383 280 164 10.6 360 457 22.1 378 1.7 14.9
2013 642 632 663 380 287 247 149 105 173 377 457 341 241 377 194 121 148 77
2014 639 632 663 378 300 2060 150 103 171 382 466 350 242 375 174 122 148 84
2015 66.8 26.7 16.3 350 164 78
2016 67.9 25.7 139 372 170 86
Mean (SD) of  66.1 637 668 381 284 258 169 111 162 324 443 353 188 356 176 1237 1465 81

annual % rates (1.74) (0.73) (0.75) (068) (1.24) (0.83) (1.14) (0.67) (155) (362) (223) (1.34) (3.16) (220) (1.31) (088) (0.29) (051)

BC HC British Columbia RAI-HC data from the Home Care Reporting System, CHA Community Health Assessments from Ontario, ON HC Ontario RAI-HC data from
the Ontario Association of Community Care Access Centres

Table 4 Trends in clinical characteristics

CPS 23 (%) DRS 2 3 (%) MAPLe 2 3 (%) ADLH 23 (%) IADL (cap) 23 (%) IADL (perf) 2 3 (%)
Year ON  BC CHA ON  BC CHA ON  BC CHA CHA ON  BC CHA  ONHC BCHC CHA ON BC CHA
HC HC HC HC HC HC  (Al)  (FS) HC HC HC HC
2003 114 126 60.6 128 709 730
2004 113 121 613 128 723 747
2005 106 12.8 61.3 120 7.7 750
2006 10.5 14.1 614 113 70.7 755
2007 103 14.1 62.3 114 706 758
2008 101 211 139 218 627 826 113 212 703 84.6 755 830
2009 103 216 140 194 637 828 118 199 70.8 84.0 761 828
2010 116 213 164 193 690 828 135 192 755 83.6 792 821
2011 131 227 183 196 733 830 147 208 788 833 815 810
2012 144 249 19.7 205 773 846 159 221 819 84.8 838 814
2013 158 253 108 218 207 127 820 850 530 742 179 222 155 851 85.1 662 864 810 630
2014 160 254 95 229 207 110 837 852 509 732 182 219 137 859 85.6 660 872 815 625
2015 84 109 511 739 124 65.7 63.1
2016 7.8 119 530 734 1.8 68.5 65.7

Mean (SD) of 121232 91 160 203 116 682 837 520 736 136 210 134 754 844 666 783 818 636
annual % rates  (2.19) (1.95) (1.32) (3.74) (091) (0.85) (866) (1.15) (1.18) (046) (2.50) (1.17) (1.64) (5.99) (0.82) (1.26) (4.90) (0.83) (1.45)

ADLH >3 Activities of Daily Living Hierarchy scale score of 3 or more, BC HC British Columbia RAI-HC data from the Home Care Reporting System, CHA
Community Health Assessments from Ontario, CHA (All): Results from all CHA assessments, including those without a completed functional supplement
module, which contains this variable, CHA (FS): Results from only CHA assessments with a completed functional supplement module which contains this
variable, CPS >3 Cognitive Performance Scale of 3 or more, DRS > 3 Depression Rating Scale score of 3 or more, IADL (cap) > 3 Instrumental Activities of Daily
Living capacity score of 3 or more, IADL (perf) > 3 Instrumental Activities of Daily Living self-performance score of 3 or more, MAPLe >3 Method for Assigning
Priority Levels score of 3 or more, ON HC Ontario RAI-HC data from the Ontario Association of Community Care Access Centres
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of Ontario clients who were female declined over
time (from 69.5 years in 2003 to 63.9 in 2015). There
was also a modest reduction of the percentage of fe-
males in BC. There were only about 2% to 3% more
females among CHA-assessed CSS clients than found
among Ontario and BC HC clients and this percent-
age remained quite stable over time. In both prov-
inces and all settings, the minority of clients were
married. Ontario had a higher percentage of clients
under the age of 65 and a lower percentage of clients
over the age of 85 than in BC. The CHA data had
similar percentages of clients in each age group as
Ontario HC clients. There is a higher proportion of
clients with dementia in BC than in both Ontario
samples. The CHA-assessed CSS clients had the low-
est rates of dementia, decreasing slightly over time.
The percentage of heart failure clients ranged from
11.5% to 14.4% in Ontario HC clients, and from
14.2% to 14.9% in BC HC clients, although the per-
centage among CHA-assessed CSS clients was lower.
These percentages were quite stable over time in
BC, but there is an increase in the percentage of cli-
ents with dementia in Ontario HC clients, from
16.0% to 24.2%, and a slight decrease in CHA-
assessed CSS clients, from 19.4% to 17%.

Overall, the findings related to clinical characteris-
tics (see Table 4) point to a trend of increasing client
complexity in Ontario RAI-HC assessed HC clients
and higher (but relatively stable) rates of indicators of
complexity in BC. These rates trended down in the
Ontario CHA-assessed CSS clients. The percentage of
Ontario HC clients with a CPS score of three or
more (indicating moderate to severe cognitive impair-
ment) increased from 11.4% to 16.0%, whereas the
BC percentages ranged between 21.1% and 25.4% and
the CHA-assessed CSS clients percentages decreased
from 10.8% to 7.8%.

While there was an increasing proportion of clients
with a DRS score of three or more (indicating pos-
sible depression) in Ontario over time, the initially
higher percentage in BC remained stable around 20%.
The percentage of CHA-assessed CSS clients with a
DRS score of three or more was lower than in the
home care sector, ranging from 10.9% to 12.7%.

The patterns for other clinical indicators tended to
follow that of CPS. That is, the percentage of clients
who had a MAPLe, ADLH, IADL capacity and IADL
self-performance scores of three or more: a) were
initially highest in BC HC clients; b) were lowest in
CHA-assessed CSS clients; ¢) rose over time in
Ontario HC clients to comparable levels as seen in
BC. In other words, the Ontario and BC HC clients
became more similar over time, whereas the Ontario
CSS clients assessed with the CHA generally had
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distinctly lower levels of complexity than the HC
samples.

Tables 5 and 6 show trends in service utilization and
resource intensity, including mean total hours of informal
care; the receipt of any physical therapy, occupational
therapy, nursing or personal support worker services; and
the percentage of clients in the lowest and highest Resource
Utilization Groups for Home Care (RUG-III-HC) groups
(Reduced Physical Function Pa_1 or Pa_2) and Extensive
Services (SE_1 to SE_3). In addition, the mean Case
Mix Index (CMI) score based on both formal and in-
formal care is provided. In both Ontario and BC,
RAI-HC assessed HC clients received an average of
between 18 to 20 h of informal care per week com-
pared with between about 11 to 15 h of informal care
for CHA-assessed CSS clients in Ontario.

Ontario HC clients were generally more likely to receive
any physical therapy, occupational therapy, nursing and
personal support worker services (PSW) than their coun-
terparts in BC or in Ontario CSS. There was increased ac-
cess to physical therapy and occupational therapy in
Ontario over time, but lower rates of receiving nursing.
On the other hand, there was a modest decline in BC cli-
ents’ access to physical therapy but increased access to
nursing and PSW services.

There was a decrease of about 11% in the percent-
age of Ontario HC clients falling in the lowest RUG-
III/HC categories (reduced physical function), while
only a slight decrease in the percentage of BC clients
in those groups. In both provinces, the percentages in
the extensive services categories were stable between
2 to 3% of cases. These differences in RUG-III/HC
groups are reflected in the increased resource inten-
sity. In BC, mean CMI values were generally higher
than in Ontario, and increased from 2008 to 2014,
ranging from 1.12 to 1.16. CMI values are not calcu-
lated for CSS clients. These changes are relatively im-
portant, because the increased CMI from 0.95 to 1.11
reflects a relative increase of overall resource intensity
of about 16.8% in Ontario home care clients. The
corresponding increase in BC amounts to about a 4%
increase in resource intensity compared with their
2008 population.

Trends in convergent validity

Table 7 reports on trends in indicators of convergent
validity over time by examining the associations between
ADLH and CPS; IADL capacity and CPS; IADL per-
formance and CPS; Pain and DRS; and Pain and CHESS.
The correlations between these variables are investigated
to assess the magnitude and direction of the associations
and the trends are examined to determine whether the
associations are stable over time.
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Table 5 Trends in service utilization

Mean Total Informal  Any PT (%) Any OT (%)

Hours of Care

Any Nursing (%) Any PSW (%)

Year ON BC CHA  ON  BC CHA CHA ON BC CHA CHA ON BC CHA CHA ON BC CHA CHA
HC HC HC  HC (Al (FS) HC HC (Al (FS) HC HC (All)  (FS)  HC HC (All)  (FS)

2003 206 76 59 305 735

2004 20.0 8.1 6.5 300 68.6

2005 19.5 9.1 74 316 67.6

2006 189 8.2 75 313 67.5

2007 18.3 84 8.0 305 66.8

2008 179 200 89 106 8.6 75 292 93 673 516

2009 17.7 182 88 9.8 89 7.0 279 95 666 541

2010 182 192 89 89 9.2 6.5 270 113 66.1 578

20M 185 189 103 86 112 60 279 122 683 589

2012 188 195 113 81 130 56 262 121 699 587

2013 196 191 150 123 85 37 52 146 60 08 1.1 266 128 39 54 703  61.1 288 399

2014 194 194 160 132 85 25 35 164 6.2 0.7 1.0 256 125 24 34 705 634 229 326

2015 120 23 33 06 08 25 35 243 348

2016 11.2 29 40 1.2 1.7 22 3.0 268 369

Mean (SD) of 190 192 136 96 9.0 28 40 98 64 08 1.2 287 114 28 39 686 579 257 360

annual % rates (0.89) (0.56) (2.30) (1.77) (0.87) (0.64) (0.84) (3.32)

(066) (0.28) (0.38) (2.08) (1.41) (0.78) (1.06) (2.12) (401) (260) (3.10)

BC HC British Columbia RAI-HC data from the Home Care Reporting System, CHA Community Health Assessments from Ontario; CHA (All): Results
from all CHA assessments, including those without a completed functional supplement module, which contains this variable; CHA (FS): Results
from only CHA assessments with a completed functional supplement module which contains this variable ON HC Ontario RAI-HC data from the
Ontario Association of Community Care Access Centres, OT Occupational Therapy, PSW Personal Support Worker services, PT Physical Therapy

A relatively stable, moderate positive correlation was
observed between the ADLH and CPS, with values
falling within a narrow range of 042 to 0.45 in the
Ontario RAI-HC data (2003-2014) and 0.41 to 0.44 in
the BC RAI-HC data (2008-2014). In the CHA data, a

Table 6 Trends in resource intensity

weaker positive correlation was observed, with r values
falling between 0.22 and 0.29. The associations between
IADL capacity and CPS were fairly consistent between
provinces and stable over time in the RAI-HC data, with
the r value ranging from 0.42 to 0.44 in Ontario and

RUG-II/HC Reduced Physical Function (%) RUG-III/HC Extensive Services (%) Mean CMI (Formal and informal)
Year ON HC BC HC ON HC BC HC ON HC BC HC
2003 56.9 20 0.95
2004 56.2 20 0.96
2005 56.1 20 0.95
2006 554 20 0.95
2007 541 2.1 0.95
2008 56.6 473 20 2.7 094 1.14
2009 56.5 48.1 20 2.7 0.95 113
2010 536 477 23 2.8 0.99 112
2011 50.5 46.7 2.5 29 1.03 113
2012 4838 453 26 3.1 1.06 1.16
2013 46.5 453 2.8 3.2 1.10 1.16
2014 456 456 29 3.1 1.1 1.16
Mean (SD) of annual 53.1 (4.13) 466 (1.17) 23(0.34) 29(0.19) 1.00 (0.06) 1.14 (0.02)

% rates or means

BC HC British Columbia RAI-HC data from the Home Care Reporting System, CM/ Case Mix Index, ON HC Ontario RAI-HC data from the Ontario Association of
Community Care Access Centres, RUG-Ill/HC Resource Utilization Groups - Home Care
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Table 7 Trends in convergent validity (Pearson’s r correlation)
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Year ADLH & CPS IADL (cap) & CPS IADL (perf) & CPS Pain and DRS CHESS & Pain
ON BC CHA  ON BC CHA  ON BC CHA  ON BC CHA  ON BC CHA
HC HC HC HC HC HC HC HC HC HC
2003 044 042 0.54 0.14 0.15
2004 045 042 0.54 0.15 0.14
2005 044 042 0.53 0.14 0.14
2006 045 042 0.54 0.15 0.14
2007 044 042 0.54 0.15 0.14
2008 044 044 042 043 0.54 0.54 0.16 0.18 0.14 0.07
2009 043 042 042 042 0.54 0.54 0.16 0.16 0.14 0.08
2010 044 041 043 041 0.54 0.54 0.16 0.16 0.14 0.09
2011 043 043 044 043 0.54 0.55 0.17 0.16 0.15 0.10
2012 043 043 043 043 0.54 0.54 0.17 0.16 0.15 0.10
2013 042 043 0.29 043 043 043 0.54 0.54 052 0.17 0.16 0.18 0.15 0.09 0.20
2014 043 043 0.25 043 044 040 0.53 0.55 0.51 0.18 0.16 0.18 0.16 0.08 0.20
2015 0.22 040 048 0.20 0.22
2016 0.26 041 049 0.17 0.20
Mean (SD) of 044 043 0.26 043 043 041 0.54 0.54 0.50 0.16 0.16 0.18 0.15 0.09 0.21
annual R values (001 (001) (003) (00O1) (001 (001) (000) (000) (0.02) (00O1) (001) (0.01) (001) (0.01) (0.01)

ADLH Activities of Daily Living Hierarchy scale, BC HC British Columbia RAI-HC data from the Home Care Reporting System, CHA Community Health Assessments
from Ontario, CHESS Changes in Health, End-Stage Disease, Signs, and Symptoms Scale, CPS Cognitive Performance Scale, DRS Depression Rating Scale, IADL (cap)
Instrumental Activities of Daily Living scale, IADL (perf) Instrumental Activities of Daily Living self-performance scale, ON HC Ontario RAI-HC data from the Ontario

Association of Community Care Access Centres, Pain interRAI Pain Scale

between 0.41 and 0.44 in BC throughout the study
time period. The relationship between IADL capacity
and CPS is similar in the CHA data, with the r value
ranging from 0.40 to 0.43. The correlations between
IADL self-performance and CPS behaved in a similar
way. The r value held constant at 0.53 or 0.54 in On-
tario and at 0.54 or 0.55 in BC throughout the study
time period. The relationship between IADL self-
capacity and CPS is only slightly lower in the CHA
data, with r values falling between 0.48 and 0.52. The
correlation between Pain and DRS was lower in mag-
nitude, but remained positive and fairly stable, ran-
ging from 0.14 to 0.18 in Ontario RAI-HC data and
from 0.16 to 0.18 in BC RAI-HC data. This correl-
ation was similar in the CHA data, ranging from 0.17
to 0.20. A somewhat weaker positive correlation was
observed between Pain and CHESS in Ontario and
BC HC clients, but values were quite stable over time
ranging from 0.14 to 0.16 in the Ontario RAI-HC
data and from 0.08 to 0.10 in the BC RAI-HC data.
On the other hand, the association was slightly stron-
ger in the CHA data with an r value ranging from
0.20 to 0.22. The convergent validity and quality of
the data are supported by the stability of the correla-
tions over time, indicating that the associations be-
tween the scales did not change dramatically.

Trends in reliability

Trends in scale reliability are examined in Table 8 using
Cronbach’s alpha to measure internal consistency. Cut-
off points were set based on those cited in previous
literature [1]. An alpha value of 0.70 or higher indicated
acceptable reliability and an alpha value of 0.80 or higher
indicated excellent reliability. Each of the scales exhib-
ited acceptable or excellent reliability stable throughout
the study period in Ontario RAI-HC data (from 2003 to
2014), BC RAI-HC data (from 2008 to 2014) and CSS
CHA data (from 2013 to 2016). DRS had the lowest
alpha values (range: ON, 0.72 to 0.74; BC, 0.74 to 0.76;
CHA, 0.73-0.76) while the ADL Long Form scale had
the highest alpha values (range: ON, 0.92 to 0.93; BC,
0.93 to 0.94; CHA, 0.92 to 0.93).

Trends in auto-population

Table 9 shows trends in indicators of potential auto-
population based on the absence of change in particular
sets of indicators from one assessment to the next. In-
formal hours of care was a variable that showed high
rates of identical values from the first assessment in a
year to the second (rates ranged from 50.6 to 68.7%).
The general trend towards an increasing percentage of
cases where there was no change over time may reflect
an increased tendency to use auto-population in follow-
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Table 8 Trends in reliability (Cronbach'’s alpha)
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year IADL (perf) IADL (cap) DRS ADL - Long Form

ONHC BCHC CHA ONHC BCHC CHA ONHC BCHC CHA ONHC BCHC CHA
2003 0.87 0.87 0.74 0.92
2004 0.87 0.87 073 093
2005 0.87 0.87 073 093
2006 0.87 0.87 072 093
2007 0.87 0.87 0.72 093
2008 0.87 0.89 0.87 0.87 072 0.76 093 093
2009 0.87 0.89 0.87 087 072 0.74 093 093
2010 0.87 0.88 0.87 0.86 072 0.75 092 093
2011 0.87 0.88 0.87 0.87 072 0.74 0.92 093
2012 0.87 0.88 0.86 0.86 073 0.74 0.92 0.94
2013 0.87 0.88 083 0.85 087 0.88 073 0.75 0.76 0.92 093 093
2014 0.86 0.88 0.82 0.85 0.86 0.87 0.72 0.75 0.76 092 093 093
2015 0.82 0.86 0.74 0.92
2016 0.82 0.86 073 093
Mean (SD) of annual 0.87 0.88 0.82 0.87 0.87 0.87 073 0.75 0.75 093 093 093
alpha values (0.00) (0.00) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.02) (0.01) (0.00) (0.01)

ADLH Activities of Daily Living — Long Form scale, BC HC British Columbia RAI-HC data from the Home Care Reporting System, CHA Community Health Assessments
from Ontario, CPS Cognitive Performance Scale, DRS Depression Rating Scale, IADL cap Instrumental Activities of Daily Living scale, IADL perf Instrumental Activities
of Daily Living self-performance scale, ON HC Ontario RAI-HC data from the Ontario Association of Community Care Access Centres

up assessments. However, it is also possible that as care
recipients become more complex and require more care,
informal care providers reach a ceiling in the amount of
care they can provide and the stability in the trends may
reflect a reaching of this ceiling. Future research could
further explore this possibility. Alternatively, the stability
may reflect the fact that informal care providers

Table 9 Trends in auto-population

generally provide the same amount of care each week
and round the number of hours up or down when com-
pleting the assessment. In ADL self-performance items,
and IADL (self-performance and capacity) items, there is
also an overall trend towards increasing percentages of
cases where there was no change in sets of indicators
over time. However, the rates of no change in values

Year Informal hours of care ADL IADL (both) IADL (performance) IADL (capacity) Mood
(combined)

2003 50.6 18 9.7 109 149 38.7
2004 588 25 19 13.1 16.5 414
2005 61.0 25 10.7 1.8 159 44.0
2006 65.5 2.7 10.6 120 155 423
2007 684 2.7 106 12.2 157 432
2008 68.7 2.7 109 123 16.2 432
2009 674 2.8 1.2 12.8 16.7 422
2010 64.4 29 126 14.5 19.8 37.2
2011 64.6 3.7 149 17.0 235 36.2
2012 64.5 43 17.2 19.3 269 351
2013 64.2 55 199 224 314 345
2014 65.3 6.0 208 233 319 346
Mean (SD) of 63.3 (497) 34 (1.29) 134 (3.86) 15.1 (4.33) 204 (6.37) 394 (3.72)

annual % rates

ADL - Long Form Activities of Daily Living Long Form scale, IADL (capacity) Instrumental Activities of Daily Living scale, IADL (performance) Instrumental Activities

of Daily Living self-performance scale
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were generally low and did not change very drastically
from 2003 to 2013 (ADL items: increased by over 4%;
IADL items combined: increased by over 11%). While
it is possible that the stability in trends accurately re-
flects rates of auto-population, the stability may indi-
cate a true absence of clinical change over time.
Finally, in the set of mood items, there is a trend to-
wards decreasing rates of no change from 2003 to
2014, from a maximum of 44.0% to 34.5%. Before ex-
cluding those who have a score of 0 at both time
points, there were much higher rates of possible
auto-population in each set of indicators and they de-
creased over time.

Patterns of association in statistical indicators across
provinces

Figure 1 displays the results of analyses used to assess
how well patterns of associations in RAI-HC data from
Ontario compare to those obtained from BC based on
the approach used in Hirdes and colleagues [1]. The
analysis includes Pearson’s correlation coefficients for
ADLH, IADL, CPS, MAPLe and hours of informal care
with each other; Cronbach’s alpha values for IADL
(performance), ADL Long Form and DRS; and Spear-
man’s Rank Sum correlations for several individual
items. The points on the plot represent a comparison of
the associations of over 180 various statistical tests
between the two provinces. The high R* value of 0.94
suggests that items in the RAI-HC behave in the same
way in both provinces, which is an indication of good
data quality.

Figure 2 displays the results of the same analysis
comparing Ontario RAI-HC data to CHA data. Simi-
larly, the high R? value of 0.90 suggests that items in the
CSS sector behave in the same way as in the HC sector
in Ontario, further lending support to conclusions of
good data quality in CSS organizations.
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Discussion

Overall, the results of the quality of RAI-HC and CHA
data analyses are positive, providing consistent evidence
of good validity and reliability of data in home and
community care in Ontario and BC. The results of the
analyses describing population characteristics are
unsurprising across the board, but they do suggest that
there has been a notable change in the Ontario HC
population over time. The BC HC population was
somewhat more consistent in its composition. From
the limited number of years available for CHA-assessed
CSS clients, trends appear stable. However, it is pos-
sible that there is not a long enough period of time to
discern strong trends. The lower percentages of moderate
to severe cognitive impairment and possible depression in
CSS clients compared to HC clients is to be expected. Cli-
ents with higher care needs within the CSS sector are
likely also HC clients and would have had a RAI-HC as-
sessment completed by the Community Care Access
Centre rather than a CHA assessment.

The results indicated that HC clients in BC were more
cognitively impaired than in Ontario although the per-
centage of cognitively impaired clients increased over
time in the latter. There was also a higher proportion of
clients with possible depression and CPS, DRS, MAPLe,
ADLH, IADL capacity and self-performance scores of
three or more, and a higher mean CMI in BC than in
Ontario, stable over time. This discrepancy may be a re-
flection of differences in policy and eligibility for home
care and long-term care services. For example, the trend
towards increasing client complexity in Ontario is con-
sistent with a broader policy shift towards discharging
patients home from acute care settings prior to long-
term care admission in the province. Trends in
increased resource intensity in Ontario reflected the fact
that the client population became considerably more
complex over time. The total hours of informal care re-
ceived were similar across provinces and were fairly

-0.6

British Columbia RAI-HC

Ontario RAI-HC

Fig. 1 Association between statistical indicators obtained from the RAI-HC in Ontario and British Columbia
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. Ontario CHA

Ontario RAI-HC

Fig. 2 Association between statistical indicators obtained from the RAI-HC in Ontario and the CHA in Ontario

° R?=0.90
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stable over time suggesting families were providing con-
sistent levels of support. This stability despite increasing
client complexity in Ontario may reflect a ceiling effect,
where informal care providers can only provider a certain
level of care. Once reached, care provided by informal
caregivers may reach a limit despite increasing care needs.

Generally, the RAI-HC data from Ontario and BC
behave in a consistent manner, despite the changing and
increasingly complex home care population in Ontario.
The trends in internal consistency in the Ontario and BC
RAI-HC data were stable, indicating good reliability. The
alpha values measured in the RAI-HC data were generally
consistent with those found in the evaluation of RAI-
MDS 2.0 data quality, reported by Hirdes and colleagues
[1]. Similarly, the trends in convergent validity in Ontario
and BC RAI-HC data were stable over time, indicating
good quality of data. The correlations between scales ob-
served in both provinces are generally similar and are
consistent with what was reported in the literature con-
cerning the associations between the same scales in the
RAI-MDS 2.0 data. In addition, the differences in magni-
tudes of associations between variables were consistent
with what one would expect (e.g., the relationship between
ADLH and cognition was stronger than the relationship
between pain and health instability). The rates of potential
auto-population found in the Ontario RAI-HC data are
lower than the rates reported by Hirdes and colleagues [1]
in the RAI-MDS 2.0 data. The difference may reflect the
difference in care settings and patient characteristics or
differences in the way the analyses were performed.

The results from the analyses of the CHA data
indicate that the quality of the data matches the quality
of RAI-HC data in most cases (e.g. convergent validity
of both measures of IADLs & CPS; Pain and DRS). The
very strong associations between the indicators exam-
ined in Fig. 1 suggest that the data from Ontario and BC
RAI-HC assessments behave in a highly consistent
manner across several tests of validity and reliability.
Therefore, one may be confident in making comparisons

between measures of needs or quality of care using RAI-
HC assessment records from these two provinces.
Similarly, strong associations between indicators exam-
ined in Fig. 2 suggest that the data from the HC and
CSS sectors in Ontario behave consistently when evalu-
ating reliability and validity.

This study is the first to examine evidence of reliability
and validity of interRAI CHA assessments in Ontario,
which are often done by community care staff with
fewer professional credentials than case managers in
Ontario and BC. The evidence reported here suggested
that the data behave in a comparable manner to those
obtained from case managers who are regulated health
professionals. This also suggests that the educational as-
pects of implementing interRAI assessments using the
item definitions and coding guidelines may be helpful in
generating a consistent and standardized approach to
measurement that can be employed by a variety of home
and community care professionals.

Several limitations exist in this study, namely related
to the CHA data available. The number of CHA assess-
ments in the analyses is lower than the number of RAI-
HC assessments and does not cover the same full time
period because the CHA was implemented later and on
a more limited scale. Further, CHA data are not ob-
tained from the full client populations served by CSS
organizations. Not all clients in every program have a
CHA assessment completed, the practice policies are not
transparent and they vary by organization and by pro-
gram within organizations. The under-identification of
hospital version assessments among the BC RAI-HC
data is a second limitation of the study.

Conclusions

The associations within and between scales were
generally stable and consistent across provinces and
sectors. This indicates good data quality, despite the
challenges associated with doing assessments in the
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community, combined with changes toward increased
complexity of home care clients, at least in Ontario.
A major strength of this study was the sheer number
of RAI-HC assessments included, from both Ontario
and BC. The present study demonstrated that the
statistical methods used to evaluate the quality of
RAI-MDS 2.0 data in the long-term and continuing
care settings may be used to evaluate the quality of
RAI-HC data in the home care sector. Further, the
results support the use of the same analyses to
analyze the quality of CHA data within the CSS sec-
tor. High quality data and information is vital at both
a clinical practice and policy level when used for
decision-making to improve quality of care and en-
hance quality of life for individuals who rely on home
and community care services.

Additional file

Additional file 1: Number of assessments included for each setting and
province by year (N). In order to reduce the size of the tables of results, a
summary table was created to show the number of assessments included
in the analyses for each setting and province by year. (DOCX 14 kb)
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