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Introduction: Vulnerably housed individuals, especially those experiencing

homelessness, have higher acute care use compared with the general population.

Despite available primary care and social services, many face significant challenges

accessing needed services. Connect 2 Care (C2C) is a novel transitional case

management program that includes registered nurses and health navigators with

complementary expertise in chronic disease management, mental health and

addictions, social programs, community health, and housing, financial, transportation

and legal resources. C2C bridges acute care and community services to improve

care coordination.

Methods and Analysis: We will perform a mixed-methods evaluation of the C2C

program according to the Donabedian framework of structure, process and outcome,

to understand how program structure and process, coupled with contextual factors,

influence outcomes in a novel intervention. Eligible patients are homeless or unstably

housed adults with complex health conditions and high acute care use. Change in

emergency department visit rate 12-months after program enrolment is the primary

outcome. Secondary outcomes include 12-month post-enrolment hospital admissions,

cumulative hospital days, health-related quality of life, housing status, primary care

attachment and substance use. Qualitative methods will explore experiences with

the C2C program from multiple perspectives and an economic evaluation will

assess cost-effectiveness.

Discussion: Academic researchers partnered with community service providers to

evaluate a novel transitional case management intervention for vulnerably housed

patients with high acute-care use. The study uses mixed-methods to evaluate the
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Connect 2 Care program according to the Donabedian framework of structure, process

and outcome, including an assessment of contextual factors that influence program

success. Insights gained through this comprehensive evaluation will help refine the C2C

program and inform decisions about sustainability and transferability to other settings

in Canada.

Keywords: homelessness, poverty, acute care, program evaluation, health navigation, social determinants of

health, transitional case management

INTRODUCTION

Individuals who experience housing instability are disadvantaged
due to poverty and stressors such as isolation, lack of social
support, and cultural or racial exclusion (1). These individuals
have high morbidity and acute care use compared with the
general population (2–5). Among the homeless and vulnerably
housed, the probability of survival to age 75 is 32% for men
and 60% for women (6). Patients who are homeless remain
hospitalized longer, resulting in higher costs, especially when
there is concomitant mental illness and addictions (7–11).
Homelessness and poverty are significant barriers to care; often
forcing individuals to prioritize food and basic needs over
adherence to recommended medical care (10, 12, 13). Further,
stigma and discrimination in the healthcare system can cause
distrust, thus preventing collaborative engagement and leading
to acute care presentation after illness severity escalates (14–16).

While primary care and social services are available, they are
difficult to access and do not meet the needs of many individuals
with housing instability in the community (2, 4, 12, 13). Those
discharged into the community are two to four times more
likely than the general population to have a repeat emergency
department (ED) visit within seven days (4). Some individuals
may be attached to a medical home; however, poor continuity
among acute care, primary care, and social support services,
impedes coordination of care and services (10, 13, 17).

Transitional case management programs can improve health
and social outcomes, increase patient and staff satisfaction,
and reduce acute care use (18–24). While nurse case managers
provide professional multidisciplinary care coordination,
community-based programs that include health (or patient)
navigators (HNs) can improve access and appropriateness of care
(25–30). HNs form supportive relationships with patients and
serve as intermediaries between healthcare, social services and
the community (29). Previous studies support the effectiveness
of HNs in improving care and decreasing acute care use in
complex patients; however, individual study results vary, likely
due to contextual differences that may be especially important in
vulnerable subpopulations (20, 23, 31, 32).

We partnered with an established urban community health
center [Calgary Urban Project Society (CUPS)], a non-profit

Abbreviations: C2C, Connect 2 Care; ED, Emergency department; HNs, Health

navigators; CUPS, Calgary Urban Project Society; AHS, Alberta Health Services;

RNs, Registered nurses; EQ-5D, EuroQoL 5 Dimensions questionnaire; IRR, Inter-

rater reliability; QALYs, quality-adjusted life years; CHREB, Conjoint Health

Research Ethics Board.

emergency shelter and housing agency (Calgary Alpha House
Society), the provincial health system [Alberta Health Services
(AHS)], and a provincial grant funding agency (Alberta
Innovates), to develop, implement, refine and evaluate a
novel transitional case management program that combines
elements of intensive case management and health navigation
for vulnerably housed and homeless individuals. The Connect
2 Care (C2C) program aims to improve the quality, access and
coordination of care for patients with unstable housing and high
acute care use. The proposed mixed-methods evaluation will
provide a rigorous scientific evaluation of the C2C program.

METHODS AND ANALYSIS

Study Setting
Calgary, Alberta, the fourth largest city in Canada, experienced
significant changes leading up to and during the implementation
of Connect 2 Care (33, 34). Calgary’s population grew by
25% to 1,596,248 over the preceding decade (33). Following
exponential growth in homelessness between 1992 and 2008
(34), Calgary’s homeless population remained stable and in 2016,
when we began this work, the point prevalence of homeless
individuals in Calgary was estimated at 3,430 (35). At the time,
the rental vacancy rate in Calgary was 7.0% and the average
and median market rents were $1,150 CAD/month and $1,120
CAD/month, respectively (36). Additionally, Calgary andAlberta
are facing an ongoing opioid overdose epidemic; Alberta has
the second highest incidence of opioid poisonings in Canada,
with substantial increases in associated ED visits and hospital
admissions (37).

The Connect 2 Care Intervention
C2C is a multidisciplinary mobile outreach team that provides
transitional case management, advocacy, and care navigation for
socially vulnerable patients. Clinical and operational leadership
at CUPS developed the C2C pilot, launched with two registered
nurses (RNs) in November 2015, in partnership with Foothills
Medical Center, the largest of four tertiary care hospitals in
Calgary. With innovation grant funding, we expanded the
program across three implementation phases (see Figure 1). In
Phase 1 (January–December 2017) two HNs were added; in
Phase 2 (January–December 2018) the referral base expanded
to all four Calgary hospitals, as well as community agencies,
using two additional HNs; in Phase 3 (January–December 2019),
the program reached maturity with 2 RNs and 4 HNs. HNs
are hired from a pool of emergency shelter outreach workers
at Calgary Alpha House Society, a housing, shelter, outreach,
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and detoxification facility. HNs are acquainted with the target
population’s social and community context and are provided
health and health system navigation training. Collectively, the
C2C team has expertise in chronic disease management, mental
health, harm reduction and addictions, as well as extensive
knowledge of social programs, community health, housing,
financial and transportation resources.

To be eligible for the program, patients must be ≥ 18
years of age, homeless or unstably housed (38), have ≥ 3
ED presentations, or ≥ 2 hospitalizations within the past
year. While definitions of high acute care use vary, we chose
the most conservative definition (18) in order to make the
program inclusive and allow refinement to occur over the initial
phases of implementation. Preliminary data gathered for the
first 127 patients referred to the program before expansion
indicates that, on average, C2C patients had 9 ED visits in
the year prior to referral and 20% had a hospital admission.
The most common reasons for admission were cellulitis, sepsis,
pneumonia, substance use and other mental health diagnoses.
C2C patients were more likely to be male (66%), 29% identified
as Indigenous, 88% used substances and 78% were homeless.
Referrals are accepted from acute care facilities, health clinics,
and community agencies. Reasons for referral include attachment
to primary care, housing support, connection to substance use
treatment, advocacy, and discharge planning.

C2C works closely with patients to identify their immediate
needs, remove barriers to care, and coordinate the right care at
the right time. C2C patients are assigned to either an RN or
HN for case management, depending on medical complexity.
The assigned navigator provides intensive case management
to the patient for the duration of C2C engagement (with the
goal of graduation to other programs within 6 months). The
navigator meets with the patient in person to build trust and
rapport, complete an intake, develop a care plan, and articulate
and set longer term goals. C2C navigators regularly connect
with the patient to provide on-going coaching and support
to navigate day-to-day crises and challenges while building
patient capacity for independence. C2C supports may include
connecting patients to long-term community based primary
care, providing transportation, accompaniment to appointments,
advocating, coaching patients to navigate health, housing, and
justice systems, providing health information, and coordinating
other needed services. The outreach and mobile capabilities of
C2C allow the team to support patients in community, travel
between acute care sites and social service agencies, and transport
and accompany patients to appointments. Figure 2 depicts the
C2C logic model with further details regarding specific activities.

Evaluation Objectives
We aim to understand how structure and process, coupled
with contextual factors, lead to program outcomes in a novel
transitional case management intervention.

Our study objectives are:

1. To document the structure and process of the C2C program
throughout three implementation phases.

2. To determine the effectiveness of the C2C program, in light
of contextual factors, in reducing acute health care use and
improving patient-reported outcomes.

3. To explore patient, staff, and program partner experience with
the C2C program.

4. To ascertain the cost-effectiveness of the C2C program for the
publicly funded health care system.

Study Design and Evaluation Framework
We have conceptualized our evaluation using a widely accepted
paradigm for measuring quality of medical care – Donabedian’s
model of structure, process and outcome (39). Structure is the
setting in which care is provided and includes available resources
and organizational inputs. Process is the means of providing and
receiving care in the health system. Outcome is the impact of
the care provided, such as the health of users within the system.
The Donabedian model provides an evaluative framework based
on the construct that the right organizational structure leads
to improved processes, which together lead to better outcomes
(39). Guided by the United Kingdom Medical Research Council
framework for evaluating complex interventions, we extend our
evaluation to also include an assessment of contextual factors that
influence program success (39, 40). The current C2C program
model is depicted in Figure 3.

Structure and Process
We will document and describe the structure of C2C, as well
as its processes and associated metrics. Structural elements
include organizational supports, community partners, personnel,
and IT infrastructure. Processes include team activities and
operational procedures (e.g., program referrals and triage).
Process metrics include referral numbers, engagement (i.e.,
patients who agree to work with C2C staff), enrolment status
(i.e., active, graduated, lost to follow up, or deceased), housing
stability, primary care attachment, and medication insurance
acquisition. We will derive data primarily from meeting notes,
program documentation, and team activity logs. To elicit further
detail on structure and process, we will supplement with data
from qualitative interviews and observations (see below).

Measures of Effectiveness
Acute Care Use
We will use administrative health data to assess acute care use
among C2C patients 12-months before and after enrolment: ED
visits (primary outcome); hospital admissions; repeat ED visits
within 72 h of discharge; unplanned readmissions within 30 days
among hospitalized patients; total hospital bed days; deaths;
ED and hospital discharge diagnoses; and ICU admissions.
Data will be obtained by linking unique provincial health
insurance numbers to administrative health data housed by
Alberta Health Services.

Patient-Report Outcomes
We will collect the following patient-reported data from C2C
patients at 6 and 12 months post-enrolment using in-person
structured interviews comprised of closed-ended questions:
health-related quality of life using the EuroQoL 5 Dimensions
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FIGURE 1 | Program implementation and study timeline.

(EQ-5D) questionnaire (41); housing information [where they
slept at night for the past 2 weeks and self-perceived stability
and satisfaction (42)], primary care data (attachment [yes/no],
self-perceived quality) and risk factors {drug intake [DUDIT
(43)], smoking (daily/occasional/not at all), and alcohol intake
[AUDIT-C (44)]}. We will also ask patients if they have achieved
goals that were set at program intake and how the C2C team
helped. We will obtain baseline data, including demographic
characteristics, housing and income status, substance use, and
patient goals from program records. In a subset of participants,
we will perform a more detailed housing assessment using
the Residential Time-Line Follow-Back method, to determine
the number of days in a particular housing type and the
number of housing transitions (38). Given the variation and
complexity of the study population, we expect loss to follow-
up and difficulties in collecting 6 and 12 month post-enrolment
data from all engaged patients. The C2C team will utilize
their strong relationships with patients and robust partnerships
with community agencies and social services to retain engaged
patients and locate patients for post-enrolment evaluations. In
addition, C2C patients will be provided a $25 CAD VISA gift
card at each instance of data collection, to compensate them for
their time.

Quantitative Data Analysis
Given the complexity of the intervention, selecting a comparison
group is inherently complex. To provide statistical estimates for
effectiveness, we will consider three complementary approaches:
(1) a within-subject controlled analysis, (2) comparison to a

cohort of similar patients, and (3) a population-level analysis
assessing use of healthcare services over time. While each has
interpretive caveats, they provide complementary perspectives,
and together provide a clearer indication of the impact of C2C.

Within-Subject Comparison
In a within-subject comparison, patients serve as their own
controls, eliminating the need to account for confounding due
to immutable patient factors. However, observed changes in
use may be due to other factors such as changes in health
status over time or concomitant interventions. We will use
generalized linear mixed-effects models with a negative binomial
distribution to examine the ED visit rate, hospitalization rate,
30-day readmission rate and cumulative hospital bed days over
the two time periods (12 months before and after enrolment),
adjusting for age, sex, ethnicity, and comorbidities. We will use
one-way repeated measures ANOVA to assess changes in patient-
reported outcomes. We will perform stratified analyses based on
phase at time of enrolment and by pre-program ED visit rate.

Comparison Cohort
We will identify a contemporaneous comparison cohort using
administrative health data for a population not enrolled in the
C2C program and who have an ED visit or hospital admission
with an associated ICD-10 Z59x diagnosis (problems related to
housing and economic circumstances) and at least one visit to a
Calgary facility between 2014 and 2019. We will use propensity
score matching to create a control group from this population.
Propensity scores will be calculated for both the C2C and control
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FIGURE 2 | Connect 2 Care Logic Model.

cohorts and controls will be matched to C2C enrolled clients.
This allows us to account for the covariates that may predict C2C
enrolment, approximating random assignment and reducing
selection bias between the groups.Wewill use a generalized linear
modeling framework to estimate the effect of C2C enrolment on
acute care utilization and death rates between these two groups.

Population-Level Analysis
Phased implementation provides an opportunity to examine
trends in acute care use using administrative data for the target
population as a whole. With increased reach of C2C in Calgary
with each phase, the proportion of the target population exposed
to C2C will increase over time, and, if successful, acute care use in
this population will, on average, decrease over time.Wewill select
a population of patients from administrative health data who
present to a Calgary acute care facility and meet the following
criteria: ≥ 18 years of age; ED visit or hospital admission with an
associated ICD-10 Z59x diagnosis (problems related to housing
and economic circumstances); ≥ 3 ED presentations, or ≥ 2
hospitalizations within the past year; and at least one high-
risk health condition, as defined by ICD-10 diagnostic codes
corresponding to C2C enrolment criteria.

Beginning 6 months prior to C2C program implementation,
and continuing for 12 months beyond enrolment end date (i.e.,
May 2015–December 2020), we will retrospectively ascertain the

following every 3 months: total number of patients meeting
eligibility (per administrative data as above); proportion of
patients currently or previously enrolled in C2C (per program
data); acute care use for the prior 12 months. We will inspect
the number of eligible patients enrolled in C2C over time to
ensure our increased enrolment assumption is correct. We will
use a generalized linear modeling framework to assess the trend
over time, in both the total number of eligible patients in
administrative data (to assess change in the absolute number) and
average acute care use (to assess change in use among those who
meet criteria), measured at 3-month intervals. We will adjust for
age, sex and defined health conditions.

Power Calculation
We calculated power for the within-subject comparison for
the primary outcome of ED visit rate over 12 months. Under
ideal conditions intensive case management with outreach may
reduce ED visits by 30% in high users (18). Assuming a mean
pre-intervention rate of 9.3 visits/year (as noted for Phase
1 patients) and a post-intervention rate of 6.5 visits/year, a
common standard deviation of 10, and a correlation between
paired observations of 0.05, a sample of 257 individuals will
provide more than 90% power to detect a difference at the
5% level of significance. Note that if the correlation increases,
the power will increase, hence our choice of a low correlation.
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FIGURE 3 | Connect 2 Care Preliminary Program Model.

We have a waiver of consent to access administrative health
data; therefore all patients that engage with the C2C team are
eligible for inclusion in the administrative data analysis. Given
our use of administrative data with full capture for participants
in Alberta, any loss to follow up will be due to outmigration
or invalid personal health insurance numbers. Despite this
expected attrition, with 249 engaged patients in July 2018, by
end of 2019, we will have an adequate study sample to detect
meaningful differences.

Patient, Staff, and Partner Experience
We will use multiple data sources to explore experience with
the C2C program: semi-structured interviews of patients, C2C
staff and operational leads, program partners (hospital and
community agency staff who refer to and work with the C2C
team), and decision makers (health system and community
leaders), as well as field observations of the C2C team. Semi-
structured interviews withmultiple populations provide a unique
opportunity to identify unexpected barriers and experiences not
captured in surveys (45), while field observations provide an
opportunity to observe the team’s daily activities.

Interviews
We will conduct patient, staff and partner interviews at various
time points after program launch. Purposive sampling of
interview subjects will ensure broad representation of axes

of social vulnerability (e.g., housing status, age, gender, and
ethnicity) and personal experiences, both working within, and
in partnership with C2C, respectively (46). All recruitment will
occur by invitation. The final number of interviews will depend
on the variability of responses, and recruitment will continue
until theoretical saturation is reached (47, 48), (i.e., when no new
meaningful concepts arise from the data). We anticipate we will
require between 20 and 30 patient interviews and 30–40 staff and
partner interviews (given the diversity across agencies) (49, 50).
All interviews will be conducted in a private space (e.g., partner
office) and location convenient to the participant. Interviews will
be in-person or via telephone, semi-structured, and follow an
interview guide tailored to the individual being interviewed (i.e.,
patient, staff, program partner or decisionmaker). Interviews will
explore how participants interact with the program, positive and
negative experiences, impact of C2C, perceptions on the services
provided, and other contextual factors of influence.

Field Observations
A researcher will observe C2C team members during their
routine workday, taking brief notes that are translated into
comprehensive field notes. Recorded data will focus on team
member activities, dialogue, physical spaces, interactions with
clients and partners, and interactions among team members.
Observations, each 3–4 h in duration, will sample different
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days of the week, times of day, and different team members
including nurses, health navigators, and managers. While patient
interactions will be the primary focus, team meetings, both
formal and informal, as well as office work, will also be sampled.

Qualitative Data Analysis
Facilitated by NVivo software, we will use thematic analysis to
analyze interview transcripts and observation field notes (51).
A research associate trained in qualitative methods will use
data and theory-driven coding (51), to develop a preliminary
codebook (52). Theory driven codes will be derived from the
conceptual framework of structure, process and outcome. Data-
driven codes will include emerging ideas, patterns, and concepts
in the data that are not captured by the theory-driven codes. The
codebook will consist of codes clustered into overarching themes
and will include code names, their definitions, inclusion and
exclusion criteria, and examples of text. The research team will
review the preliminary codebook to discuss the interpretation
and application of the codes and whether the themes capture
the conceptual framework. The codebook will then be used by at
least two analysts to independently code a sample of transcripts;
analysts will have the ability to add new codes if they identify
emerging codes. The research teamwill meet frequently to resolve
discrepancies in coding and come to an agreement regarding
the definitions of the codes and how they should be applied.
The codebook will be updated as required throughout. Inter-
rater reliability (IRR) tests will be performed on a sample of
transcripts that have been independently coded but not yet
discussed. When IRR tests reach a kappa of 360, remaining
transcripts will be coded by one analyst and discussion will be
restricted to new codes.

A codebook will help in managing the large amount of
data from different sources (interviews and observations),
promote consistency amongst coders (53), and enhance
data understanding and interpretation. We will enhance
the trustworthiness of our analysis through triangulation
(examining data from several sources and perspectives). We will
account for participants’ social roles (staff, managers, patients,
program partners, and decision makers), demographics, and
the professional, academic and experiential backgrounds of
researchers involved.

Data Integration, Model Refinement and
Understanding Across Structure, Process,
and Outcome
While we will analyze quantitative and qualitative data in
parallel, methodological triangulation will focus specifically on
validating and refining our program model and gaining a
richer understanding of how individual components are linked
within context, by comparing and contrasting our findings
across data sources (54, 55). To do so, we will systematically
examine the components of our program model against our
evaluation findings, looking for areas of confirmation, expansion
or discordance between both the existing model and new
findings, and across data sources. Any discordance will be
explored narratively.

Cost Effectiveness
Wewill perform a cost-utility analysis with a 1-year time horizon,
from the perspective of the publicly funded health care system,
comparing the C2C program to usual care. The analysis will
follow guidance from the Canadian Agencies for Drugs and
Technologies (CADTH) (56). Direct patient level health care
costs will be obtained from Alberta Health Services (12 months
prior to and following program enrolment): hospital admissions,
ED visits, urgent care visits, ambulatory care, substance use
treatment programs, medication and physician costs. Hospital
costs are based on facility-specific costs per day and include
direct and indirect costs such as diagnostic imaging, laboratory,
housekeeping, administration, etc. Monthly total health care
costs will be calculated per patient by summing across available
cost data. Program costs will be obtained from the operational
budget: wages, training, transportation, management, and IT
costs. Health outcomes of interest will be lives lost and the
change in health-related quality of life (measured by the EQ-
5D). Utility will be derived from EQ-5D data using Canadian
based preferences (57). A linear extrapolation of utilities over
time will be used to calculate per patient quality-adjusted life
years (QALYs).

Cost Analysis
A generalized linear model with random effects controlling for
time and patient characteristics such as age and sex will be
used to estimate mean health care costs pre- and post-enrolment
(58). The difference in health care costs between the pre- and
post-enrolment periods will be calculated and compared to
program costs.

Cost-Effectiveness
The incremental cost per additional QALYs will be calculated.
To jointly estimate the effect of the C2C program on costs
and QALYs we will use a seemingly unrelated regression
analysis (59), controlling for patient-level characteristics. We
will use estimated costs and QALYs to calculate the incremental
cost-effectiveness ratio of the C2C program, which will be
compared to commonly accepted cost-effectiveness thresholds.
Cost-effectiveness acceptability curves will be used to represent
the model uncertainty (60).

DISCUSSION

The proposed study has some limitations. First is the absence of
a randomly allocated comparison group. The use of propensity
score matching to create a control group will help to reduce bias
but unmeasured confounding by variables that are not available
in administrative health data may occur. Second, the nature of
our study population may lead to challenges in locating and
connecting with patients for interviews and follow-up. Therefore,
we may not capture the unique experiences of patients facing
additional barriers that impact ability and willingness to connect.
Our follow-up period also limits our ability to determine whether
outcomes persist or new outcomes arise past 12 months post-
enrolment. However, a longer follow-up period would create
additional challenges in connecting with patients and increase
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bias within our results. Third, results might be influenced by
time-varying confounders unrelated to C2C, such as natural
changes in health. Finally, our evaluation occurs within the
context of a single city which reduces generalizability, thus careful
consideration should be given to the local context when applying
evaluation findings across settings.

Despite these limitations, our study has several advantages.
A main advantage is our mixed-methods approach, which
examines the impact of the program both quantitatively,
across multiple outcomes, and qualitatively. Our qualitative
data include observations and interviews with multiple
stakeholder groups. Integration of data across multiple
sources will ensure that valuable patient, staff, and partner
perspectives are considered. As our evaluation occurs within
the context of the C2C program, results will also reflect
patient and program outcomes in a real-world setting.
Thus, results will directly inform decisions on C2C and
related interventions.

C2C is an innovative community outreach program that
combines elements of case management and health navigation
to bridge the divide between acute care and community-based
services for individuals with unstable housing and high acute care
use. It represents a novel partnership between community-based
service organizations, an academic institution, and a provincial
health system. The proposed mixed-methods study will inform
program sustainability and scale-up and enable translation of
core elements to other urban settings. Key components of the
C2C program model – community agency engagement, use of
HNs to expand reach and scope, and partnership with the health
care authority – are all transferable, though the exact nature of
programming will depend on the local environment and must be
integrated with existing initiatives. In addition to guiding policy

within Alberta, the results of this multi-faceted research project
will be applicable to other healthcare organizations, both within
Canada and internationally.
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