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Abstract

Background: Early identification of patients at who have a higher risk for the occurrence of harm can provide
patient safety improvement opportunities. Patient factors contribute to adverse event occurrence. The study
aim was to identify a single, parsimonious model of home care patient factors that, regardless of location and
differences in home care program management and design factors, could provide a means of locating patients
at higher and lower risk of harm.

Methods: Split modeling using secondary analyses of data from two recent Canadian home care patient safety
studies was undertaken. Patient factors from the Minimum Data Set Resident Assessment Instrument (RAI) for
Home Care and diagnoses consistent with ICD-10 and RAI-Mental Health assessment were used. Continuous and
categorical measures of factors were considered. Adverse events were defined using World Health Organization
taxonomy and measured on a dichotomous yes/no scale. Patient factors significantly associated (Pearson’s Chi
Square, p ≤ .05) with the occurrence of adverse events in both earlier studies were entered in forward selection
regression analyses to locate factors predictive of adverse event occurrence.

Results: Instrumental activities of daily living dependency and escalating co-morbidity counts are associated with
patient vulnerability to adverse events.

Conclusions: Instrumental activities of daily living dependency and burden of illness, both easily identifiable early
in the episode of care, are significantly associated with the risk of adverse event occurrence, however there is
regional variability in the relationships.
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Background
Identifying circumstances where patients have increased
risks for the occurrence of harm can be a means of
promoting patient safety through improvements in
health care processes and systems [1–4]. There are
growing calls for improved safety in home care settings
in a number of countries [5–7]. While there is an estab-
lished, and growing, body of literature considering the

identification and mitigation of risks for harm within
broad population groups such as the elderly, and sub-
populations including the elderly with functional limita-
tions and/or environmental challenges such as isolation
and/or limited financial resources [8–12], there is a
limited body of literature examining factors associated
with safety for home care patients. This latter body of
evidence is based largely on the retrospective identifica-
tion of the incidence and types of adverse events (AEs)
[Fig. 1] that have occurred. [13–16] A mapping review
of international literature considering safety in home
care found few studies describing the prevalence and in-
cidence of home care AEs, and strategies for reducing
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them. The review authors concluded that interventional
research to evaluate home care strategies aimed at
reducing the risks of patient harm will advance only
when analysis of the location and description of the
circumstances of AEs within home care improves [17].
Vincent’s accident causation model identifies multiple

factors that can cause patient harm thus providing a
conceptual framework for studying patient safety [18].
Patient factors are one of the factors that produce condi-
tions that contribute to AEs; thus studies that locate and
measure AEs in home care may inform efforts to reduce
their incidence, and in extension, the harm that home
care patients encounter as a result of AEs.
Two recent Canadian studies that used almost identi-

cal sampling and data collection methodology, reported
AE incidence rates of 13.2% (95% CI 10.4%–16.6%)
amongst Ontario home care patients [19] and 10.1%
(95% CI 8.4%–11.8%) across an aggregated sample from
Manitoba, Quebec and Nova Scotia [20]. The more
common types of AEs found in both studies were falls
with injuries (Ontario: 24.6% [15 of 61] of AEs;
Manitoba, Quebec, Nova Scotia: 17.2% [16 of 93] of
AEs), medication related AEs (Ontario 16.4% [10/61];
Manitoba, Quebec, Nova Scotia: 6.5% [6/93]); infections
(Ontario 8.2% [5/61]; Manitoba, Quebec, Nova Scotia:
18.3% [17/93]; and pressure ulcers (Ontario 11.5% [7/61];
Manitoba, Quebec, Nova Scotia: 6.5% [6/93]). Deaths
resulting from AEs were found in both studies (Ontario: 6
deaths across 61 AEs; Manitoba, Quebec, Nova Scotia: 7
deaths across 93 AEs). Both studies also identified mul-
tiple factors that individually were significantly associated
(χ2, p ≤ .05) with the occurrence of an AE. Detailed tables
reporting the factors found to be significantly associated
with AEs are reported in the referenced papers. Common

significant factors across the two analyses were depend-
ency for several instrumental activities of independent
living (IADLs) and several diagnoses such as cardiac or
vascular diseases/conditions and neurological disorders.
The identification of factors that can be assessed easily
and early in the provision of home care represents a
significant opportunity to avoid AEs and thereby improve
patient safety through enhanced health care management
such as improvements in case management as well as
clinical and supportive care processes [19, 20].
In individual reports of the two studies (Ontario and

Manitoba, Quebec and Nova Scotia) regression analyses
provided predictive modelling that was able to identify
home care patients at higher or lower risk for experien-
cing an AE [19, 20]. There were differences between the
models produced within the two studies. We were inter-
ested in determining if data from both of these two Can-
adian studies could be used to develop a single,
parsimonious model of factors within the home care pa-
tient population that, regardless of location and differ-
ences in home care program management and design
factors, could help identify patients with higher and
lower risk of experiencing harm. To do this we applied
the model from the second study (Quebec, Manitoba,
Nova Scotia) to the Ontario data. This split modeling
approach across the two studies provides a method of
validation across provincial programs.

Methods
This was a secondary analysis of the data from two
retrospective chart review-based studies and is compliant
with the STROBE Statement for reporting observational
studies in epidemiology. SPSS version 23 was used for
statistical analysis; the level of significance used was .05.

Fig. 1 The 3 criteria definition of adverse event (AE)
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The first study used a stratified sample of 430
randomly selected patients from a sampling frame of
7467 (α 0.05, CI >99%, ER 2.91) across three contiguous
home care jurisdictions in Ontario, Canada. The strata
sample weights represented between 16 and 19% of
home care patients in each of the three subregions and
the sample was treated as an approximation of a simple
random sample. All patients had received nursing
services and been discharged between April 1st 2004
and March 31st 2005. No other exclusionary criteria
were applied to the sample; no sample substitutions
were made [19]. The second study used a stratified ran-
dom sample of 1200 patients (α 0.05, CI >95%, ER 1.84)
who had been discharged between April 1st 2009 and
March 31st 2010 from home care programs in the Win-
nipeg, Manitoba region, in 10 local health territories in
Quebec and in the Halifax and Sydney regions of Nova
Scotia. Again, no other exclusionary criteria were applied
to the sample [20]. Home care programs for all four prov-
inces admit patients of all ages (birth to over 100 years of
age), needing acute or longer term health care services for
purposes of curative or recovery care, rehabilitation,
maintenance care for significant chronic conditions, and
end-of-life care. In the absence of home care, most pa-
tients would require admission to hospitals or other health
care institutions. As a retrospective study with secondary
analyses of anonymized data and no risk to participants,
no consents were required. Ethics approvals for the ori-
ginal studies were obtained from the Research Ethics
Boards for the University of Toronto, the University of
Manitoba, the Winnipeg Regional Health Authority, the
University of Montreal, Dalhousie University, the Victor-
ian Order of Nurses and each participating Centre of
Health and Social Services in Quebec that required it (five
out of ten). These approvals included the circumstances
within which this secondary analysis was conducted.
In both studies, AEs were identified using the two-phase

retrospective chart analysis methods previously used in
hospital adverse event studies [3, 21–24]. This method has
moderate to good reliability [25–29]. Patients’ case man-
agement files that contained clinical summaries were in-
cluded as data sources. The Minimum Data Set Resident
Assessment Instrument for Home Care (MDS RAI-HC)
was generally used by the home care programs to docu-
ment standardized patient assessments and, along with
the narrative patient charts, provided the source of all data
in the studies. Data elements from MDS RAI-HC describe
patient functional, cognitive, mood, behavioural, vision,
communication, nutrition and symptom domains, and are
acceptable for research studies [30]. Diagnoses used to
determine morbidities were consistent with ICD-10 and
RAI-Mental Health assessment items. No differences
in patient data coding practices between provinces
were noted.

Within both studies, variables significantly associated
(p ≤ .05) with the occurrence of AEs were identified
using Pearson’s Chi Square. These variables were classi-
fied into blocks that contained similar content (i.e., pa-
tient demographics, admission/discharge factors, clinical
history, functional status and co-morbid diagnoses).
Given that the outcome of interest (presence of an AE)
was measured on a dichotomous yes/no scale, and the
samples were considered to be simple random distribu-
tions, multiple logistic regression analyses were used for
determination of significant predictors. Within the ana-
lyses for each study, multiple demographic and patient
clinical factors were tested and each variable significantly
associated (Pearson’s Chi Square, p ≤ .05) with the oc-
currence of AEs was included and had the same chance
of being included into the regression model of potential
predictor factors. For consistency, variables for all prov-
inces were selected using forward stepwise elimination.
The studies and these analyses are more comprehen-
sively described in the two earlier papers [19, 20].
Comparison of the results of the Manitoba, Quebec

and Nova Scotia study with the Ontario study revealed
that lack of independence for varying IADLs (generally
recorded across all provinces using the RAI-HC data in-
strument) and diagnoses/morbidity factors were strongly
predictive of AE occurrence in both studies. However,
while the data for these two factors were comparable
across the two studies, for each home care patient in the
three province study an IADL dependency score was
constructed as the mean of values across 7 IADLs (meal
preparation, housework, financial transactions, medica-
tion administration, telephone use, shopping, transporta-
tion), where values are: 1 = independent, 2 = completes
with difficulty, 3 = requires assistance, 4 = dependent. In
addition, a simple count of co-morbidities for each
patient was calculated. The maximum number of co-
morbidities found for any single patient was 15. Similar
analysis of data aggregated in this fashion had not
occurred in the original analysis for the Ontario study.
To create a similar analysis, the methods for aggregat-

ing IADL dependency scores and co-morbidities counts
were recreated in the Ontario study data and regression
analysis was used to determine if these factors are pre-
dictive of AE occurrence.
To determine if there is an upper or lower thresh-

old at which IADL dependency or the number of co-
morbidities indicates a greater or lesser odds for the
occurrence of AEs, regression analysis was also
undertaken with IADL scores and the number of co-
morbidities each grouped into three categories
(IADLs: 0 = independent; 1 = completes with diffi-
culty or requires assistance; 2 = dependent. Number
of co-morbidities: 0–2 co-morbidities, 3–6 co-
morbidities, 7+ co-morbidities).
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Modeling results from the three province study were
also tested at the single province level to determine if
the results were applicable at this smaller level or if
there was small area variation that would affect applica-
tion of the model.

Results
Logistic modeling for AEs was carried out for each of the
four provinces. In the first series of analyses (Table 1),
where IADL dependency scores and number of co-
morbidities were measured as continuous variables, IADL
dependency scores were significantly related (p ≤ .05)
to AEs (more dependent patients had higher odds of
experiencing AEs) within the home care samples from
Nova Scotia, Manitoba and Ontario, but not Quebec. Co-
morbidity counts were significantly related (p =.005) to
AEs (sicker patients are had higher odds of experiencing
AEs) for Quebec and Nova Scotia, but not for Manitoba
or Ontario.
Results of the second series of analyses (Table 2),

where IADL dependency and number of co-morbidities

Table 1 Results of Logistic Regression Models a: Continuous
IADL Scoreb and Number of Diagnoses as Predictors of Adverse
Events in Four Canadian Provinces

p O.R. 95% CI for O.R.

Lower Upper

Quebec (n = 602)

IADL Dependency and Number of Diagnosis

Constant 0.000 0.027

IADL dependency 0.063

Mean # diagnoses 0.005 1.213 1.060 1.388

Nova Scotia (n = 302)

IADL Dependency and Number of Diagnosis

Constant 0.000 0.016

IADL dependency 0.040 1.576 1.020 2.434

Mean # diagnoses 0.001 1.265 1.099 1.456

Manitoba (n = 296)

IADL Dependency and Number of Diagnosis

Constant 0.000 0.010

IADL dependency 0.033 1.902 1.054 3.432

Mean # diagnoses 0.102

Ontario (n = 430)

IADL Dependency and Number of Diagnosis

Constant 0.000 0.052

IADL dependency 0.000 2.832 1.790 4.481

Mean # diagnoses 0.065
aForward stepwise regression used. n.s. signifies factor was not significant
bIADL dependency score is the mean of values across 7 IADLs (meal
preparation, housework, financial transactions, medication administration,
telephone use, shopping, transportation), where values are: 1 = independent,
2 = completes with difficulty, 3 = requires assistance, 4 = dependent

Table 2 Results of Logistic Regression Modelsa: Categorical
IADL Scoreb and Number of Diagnoses as Predictors of Adverse
Events in Four Canadian Provinces

p O.R. 95% CI for O.R.

Lower Upper

Quebec (n = 602)

IADL Dependency and Number of Diagnosis

Constant 0.000 0.037

IADL dependency 0.006

IADL dependency (1) 0.849 0.878 0.231 3.344

IADL dependency (2) 0.014 3.522 1.293 9.590

Mean # diagnoses 0.156

Mean # diagnoses (1) 0.332

Mean # diagnoses (2) 0.060

Nova Scotia (n = 302)

IADL Dependency and Number of Diagnosis

Constant 0.000 0.025

IADL dependency 0.046

IADL dependency (1) 0.040 3.309 1.057 10.354

IADL dependency (2) 0.014 4.407 1.353 14.351

Mean # diagnoses 0.016

Mean # diagnoses (1) 0.126 2.052 0.817 5.149

Mean # diagnoses (2) 0.004 5.154 1.684 15.771

Manitoba (n = 296)

IADL Dependency and Number of Diagnosis

Constant 0.000 0.058

IADL dependency 0.176

IADL dependency (1) 0.745

IADL dependency (2) 0.085

Mean # diagnoses 0.167

Mean # diagnoses (1) 0.456

Mean # diagnoses (2) 0.428

Ontario (n = 430)

IADL Dependency and Number of Diagnosis

Constant 0.000 0.306

IADL dependency 0.000

IADL dependency (1) 0.000 0.197 0.088 0.439

IADL dependency (2) 0.001 0.287 0.136 0.604

Mean # diagnoses 0.112

Mean # diagnoses (1) 0.033

Mean # diagnoses (2) 0.102
aForward stepwise regression used. n.s. signifies factor was not significant
bIADL dependency score is the mean of values across 7 IADLs (meal
preparation, housework, financial transactions, medication administration,
telephone use, shopping, transportation), where values are: 0 = independent,
1 = completes with difficulty or requires assistance, 2 = dependent
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were categorized, showed that an IADL dependency
score greater than 1 for Quebec, and scores between 0.5
and 1 and greater than 1 for Nova Scotia and Ontario
were significantly (p ≤ .05) related to AEs. Categorized
IADL dependency scores were not significantly (p ≤ .05)
related to AEs for Manitoba. Co-morbidity counts, when
measured as a categorized variable, were not signifi-
cantly (p ≤ .05) related to AEs in Quebec. Having seven
or more co-morbidities indicated higher odds for the
occurrence of AEs in Nova Scotia (p = .004). Catego-
rized co-morbidity counts were not significantly
(p ≤ .05) related to AEs for Ontario or Manitoba.

Discussion
Home care patients with higher IADL dependency and/
or a higher number of diagnoses were found to have
higher odds for experiencing an AE in all four Canadian
provinces. The relationships between AE occurrence and
these two factors, either singularly or jointly, varied by
province and by whether these variables were considered
as continuous or categorical measures. Home care pro-
grams, and indeed most healthcare in Canada fall under
provincial jurisdiction. Legislation, regulations and
policies defining the parameters within which patients
are eligible for publically funded services, vary across
provincial borders. Despite similarities in the purpose of
home care across Canada, programs are organized on a
provincial basis with differences in approaches to case
management, the range of professional services pro-
vided, the mix of public and private sector workers, the
levels of funding and the eligibility of clients and clients’
obligation to contribute to the costs of care [31, 32].
Thus it is possible that the variation in the odds of AE
occurrence associated with IADL dependency and
comorbidity counts resulted from differences in the
characteristics of the home care programs and variations
in healthcare and other services provided to home care
patients in these provinces.
These findings advance the understanding of patient

safety within the home care population by establishing
that there are similar, but not identical, conditions
related to higher or lower propensity for patients to
experience unintended harm related to the provision of
health care services in different jurisdictions. While
these conditions may be similar within a single province,
there is sufficient variance between provinces that mod-
elling of the factors that help identify patients with
higher and lower risk of experiencing AEs may need to
be conducted for each province.
Previous research has shown that more vulnerable

home care patients are more susceptible to experiencing
an AE [20]. Various interventions to enhance safety and
functioning within populations such as the elderly, with
or without disability, living independently or with

community supports, have been investigated [8, 11]. For
example, in a randomized clinical trial, Szanton et al.
demonstrated that an interdisciplinary team of a nurse,
occupational therapist and handyman could intervene to
reduce harm in a cohort of lower income older adults
with disabilities [12]. Reviews of specific risks in elderly
populations, such as falls, have also shown that some
interventions can reduce the risks of falls [27]. Effective
interventions rely on assessments that identify those at
risk. Thus this study contributes to the evidence sup-
porting the development and use of screening tools for
populations, such as those receiving home care services.
Risk assessment models that help identify and locate pa-
tients at higher or lower odds of experiencing AEs can
guide the deployment of interventions to reduce these
risks. Based on the analyses presented here, IADL
dependency and diagnostic factors such as the numbers
of co-morbidities, both of which are identifiable early in
the episode of care, could be used to identify patients for
whom enhanced levels of case management and inter-
professional vigilance may be beneficial. Such vigilance
could help in identifying, mitigating and responding to
preventable AEs.
Risk assessment models and tools that provide home

care administrators, case managers and clinicians with
the means to identify patients or patient groups that
have different propensities for experiencing an AE, can
improve patient safety. The incorporation of screening
for factors such as IADL dependency and/or co-
morbidity count that reflect the likelihood of AEs for
home care patients into the standard assessment of pa-
tients at the time of admission and routinely throughout
the home care stay, could enable managers and clini-
cians to target enhanced care management and improve-
ments in clinical and supportive care processes. While a
single, parsimonious model of factors within the home
care patient population that locates patients with higher
and lower risk of experiencing harm remains elusive, the
results indicate that increased IADL dependency alone
or in combination with increasing numbers of comor-
bidities should be taken into consideration in managing
care.
The analysis in this paper is based on data from four

Canadian provinces. The findings may not be relevant to
patients in other provinces, or other settings. A larger
data set that includes information on patient characteris-
tics and program structures and services would help to
refine the results reported here.
Advancements in the integration of integrated care

across home and hospital settings also presents new
patient safety risks. Patients with multiple co-morbid
conditions are increasingly attended by an array of
organizations (e.g., hospitals, clinics, medical practices,
pharmacies, medical supply companies, home care

Sears et al. BMC Health Services Research  (2017) 17:400 Page 5 of 7



programs, healthcare personnel agencies, community
support agencies, etc.) and personnel (e.g., hospital staff,
primary care physicians and nurses, home care agency
nurses, therapists and supporting staff, community phar-
macists, etc.) whose work is often insufficiently coordi-
nated. Emerging safety risks may be expressed through
increasing odds for AEs within the home care patient
population [33]. Future AE studies that examine not
only patient factors, but also home care program factors,
and their relationships to AE occurrence are needed to
advance the understanding and prevention of home care
patients’ vulnerability to AEs. In addition, future studies
should investigate the effects that risk-mitigating inter-
ventions have in enhancing safety within the home care
population. Due to the possibility of variance across
patient, environmental and home care program factors,
matched subject groups within randomized clinical trials
would provide insight into the effects of single and
grouped sets of interventions while reducing the chances
of unidentified and uncontrolled factors skewing the re-
sults. Epidemiological, retrospective studies should include
larger samples, across different home care programs.
Future prospective and retrospective studies need to
examine behavioural and environmental factors that influ-
ence the vulnerability of those in home care to AEs, as
well as to expand evidence of strategies and interventions
that contribute to safety for seniors living independently.

Conclusions
While it is possible and important to use evidence to
identify patients with higher and lower risk of experien-
cing unintended harm, and to attempt to mitigate the
potential for such harm, this knowledge may need to be
developed at regional rather than global levels. Home
care administrators, case managers, and clinicians need
to acknowledge the incidence of adverse events in home
care. Greater vigilance for all patients coupled with tar-
geted interventions for patients assessed as higher risks
may contribute to limiting the unintended harm experi-
enced by vulnerable patients in the home setting. The
results of this study suggest that patients with higher
IADL dependence and higher number of co-morbidities
should be identified, both at the time of admission to
the home care program, and at frequent and regular in-
tervals. Assessment tools, including both existing instru-
ments such as the Resident Assessment Instrument for
Home Care (RAI-HC) [34] and new tools could be
useful for the identification of high-risk patients. Those
patients with greater vulnerability could then be offered
additional care oversight and other interventions to miti-
gate risk.
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