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Objective: This study evaluated the impact of a Critical Time
Intervention (CTI) adaptation on health care utilization outcomes among
adults experiencing homelessness and mental health needs in a large
urban centre.
Abstract: | Method: Provincial population-based administrative data from Ontario,

Canada were used in a pre-post design for a cohort of 197 individuals
who received the intervention between January 2013 and May 2014 and
were matched to a cohort of adults experiencing homelessness who did
not receive the intervention over the same time period. Changes in
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health care utilization outcomes in the year pre- and post-intervention
were evaluated using generalized estimating equations and post-hoc
analyses evaluated differences between groups.

Results: Pre-post analyses revealed statistically significant changes in
health care utilization patterns among intervention recipients, including
reduced inpatient service use and increased outpatient service use in the
year following the intervention compared to the year prior. However, the
matched cohort analysis found non-significant differences in health
service use changes between a subgroup of intervention recipients and
their matched counterparts.

Conclusions: An adapted CTI model was associated with changes in
health care utilization among people experiencing homelessness and
mental health needs. However, changes were not different from those
observed in a matched cohort. Rigorous study designs with adequate
samples are needed to examine the effectiveness of CTI and local
adaptations in diverse health care contexts.

Abstract.docx
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9 Abstract

12 Objective: This study evaluated the impact of a Critical Time Intervention (CTI) adaptation

on health care utilization outcomes among hemeless-adults experiencing homelessness

17 andwith mental #Hress-health needs in a large urban centre.

20 Method: Provincial population-based administrative data from Ontario, Canada were used
22 in a pre-post design for a cohort of 197 individuals who received the intervention between
January 2013 and May 2014 and were matched to a cohort of hemeless-adults experiencing
27 homelessness who did not receive the intervention over the same time period. Changes in
29 health care utilization outcomes in the year pre- and post-intervention were evaluated using
31 generalized estimating equations and post-hoc analyses evaluated differences between

groups.

Results: Pre-post analyses revealed statistically significant changes in health care utilization

39 patterns among intervention recipients, including reduced inpatient service use and

4 increased outpatient service use in the year following the intervention compared to the year
prior. However, the matched cohort analysis found non-significant differences in health
46 service use changes between a subgroup of intervention recipients and their matched

48 counterparts.
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Conclusions: An adapted CTI #mpreved-model was associated with changes in health care

utilization among hemeless-people- experiencing homelessness andwith mental

tHnesshealth needs. However, changes were not different from those observed in a matched

cohort. Rigorous study designs with adequate samples are needed to examine the

effectiveness of CTI and local adaptations in diverse health care contexts.

Keywords: Critical Time Intervention, case management, homeless, mental health services,

addiction, health care utilization
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12 1. Introduction

15 Internationally, rates of homelessness continue to rise!:?; and in Canada, national

data show an increase in demand for shelter beds over time, with at least 235,000

20 Canadians experiencing homelessness in a year’. Homeless-individualsPeople experiencing

22 homelessness also experience higher rates of mental health and addiction challenges*,

neurocognitive impairment>-%>3, physical health problems and premature mortality”:4,

27 compared to their housed counterparts. Despite the health disparities, this population
29 generally has limited access to appropriate, high quality health care and supports, even in
31 settings with universal health insurance®®12°, Together, these factors contribute to high rates

of hospital service use and costs!3+0-1643,

36 . . . . .
With rising rates ol homelessness in Canada and internationally'* ¢ |
37 5Given

39 increasing rates of homelessness and the impact of homelessness on health!’, t-there is an

41 urgent need for interventions to improve health outcomes in this population, including
43 avoidable hospital service utilization!>*?.- FoFer adults experiencing-homelessness-and
46 mental illness, care following discharge from hospital for a mental health condition is

48 reportedly the most important factor in reducing reliance on subsequent inpatient care'®?.

50 Yet-this-populattonAdults experiencing mental illness and homelessness, however, are-ts
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less likely to be referred to and access community-based services upon discharge from

hospital, compared to housed individuals!?®2%+ .

Among hemeless-populationspeople experiencing homelessness, strategies to

improve continuity of care by offering intensive time-limited services to support the
transition from hospital to community-based services have shown promising findings?19-26%,

Critical time interventions (CTI) was designed to support homeless individuals during

transitions of care, including the period post-hospital discharge in which people

experiencing mental illness are at high risk of experiencing first-episode or recurrent

homelessness-in-particular-offering-.2"-?8 Critical time interventions involve time-limited

intensive case management over a period of six to nine months_and aim to help service

users navigate the complex service system and establish (or re-establish) access to longer-

term community-based connections, resources and interventions. This particular models

hasve been shown to decrease early psychiatric readmission rates?#-226:3027 improve
perceived quality of care?2-?3*, and-improve health and quality of life outcomes?#-3%*?_and

reduce rates of homelessness?’3!:- Past evaluations of CTIs have also suggested that this

approach is cost-effective®2*® in supporting transitions of care.

More evidence of the impact of CTI models, and their adaptations in diverse

settings, is urgently needed to support implementation of effective and cost-effective
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9 strategies to improve health and housing outcomes among people experiencing

homelessness and who have unmet mental health needs. A recent pre-post evaluation of a

14 CTI adaptation for hemeless-adultsadults experiencing homelessness and mental health

16 needs who were transitioning from hospital to community services in Toronto, Canada,

reported significant improvements in mental and physical health, substance use, and quality
2 of life in the six months following the intervention?#. Expanding on this work, the primary
23 objective of this study was to use administrative health care utilization data to evaluate

25 whether a brief CTI adaptation for hemeless-adultsadults experiencing homelessness and

mental health needs who were discharged from hospital services was associated with

30 significant imprevements-changes in health care utilization outcomes in the year post-

32 intervention compared to the year prior. This analysis in addition compareds changes in

health care utilization among participants with a recent hospitalization to those of a
37 matched cohort of people experiencing homelessness over the same time period who did

39 not receive the intervention.
42 2. Methods
45 2.1 Intervention

48 The Coordinated Access to Care for Homeless adults (CATCH-Homeless) program

50 is a CTI adaptation in Toronto, Canada, supporting adults experiencing homelessness and
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mental health needs following discharge from hospital. The program is facilitated through

partnerships between three local hospitals serving large numbers of people experiencing
homelessness, a primary care team, a homeless shelter, a large community mental health
agency, and a physician practice plan. The program accepts referrals from all partner
hospital emergency departments (EDs) and inpatient units, or from community agencies,
and connects participants with transitional case managers who coordinate access to a full
range of post-discharge community-based services, including mental health and addiction
services, medical care, peer support, housing assistance, and other resources described in

depth elsewhere®3?°,

2.2 Study design

This study is part of a larger mixed-methods evaluation described elsewhere?23329,
Using provincial population-based administrative databases at ICES (formerly known as
the Institute for Clinical Evaluative Sciences), a single--arm pre-post analysis among
intervention participants was conducted to evaluate health care utilization outcomes in the
year following enrolment in the intervention compared to the year prior. In addition,
changes in health service utilization of a subgroup of intervention participants with a recent

hospitalization were compared to those of a matched cohort of peeple-adults experiencing
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9 homelessness with at least one psychiatric hospitalization over the same time period who

did not receive the intervention.
2.3 Data sources

All administrative health care data were obtained from ICES. ICES is an

20 independent, non-profit research institute funded by an annual grant from the Ontario

22 Ministry of Health (MOH). As a prescribed entity under Ontario’s privacy legislation,
ICES is authorized to collect and use health care data for the purposes of health system

27 analysis, evaluation and decision support. Secure access to these data is governed by

29 policies and procedures that are approved by the Information and Privacy Commissioner of
31 Ontario. The Ontario Mental Health Reporting System (OMHRS) and the Canadian
Institute for Health Information’s Discharge Abstract Database (DAD) include data on all
36 psychiatric and acute hospitalizations, respectively. The Ontario Health Insurance Plan

38 (OHIP) claims database contains physician billings data, and the National Ambulatory Care
Reporting System gathers data on hospital- and community-based ambulatory care, such as
43 ED visits. The Ontario Registered Persons Database (ORPDB) is a registry of all

45 individuals living in Ontario who are eligible for public health care insurance and holds

data on patient demographics, such as age, sex, and postal code.

50 2.4 Sample

58 10
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2.4.1 Intervention participants

Intervention participants were those referred to the intervention by partner sites
following discharge from EDs and inpatient units. Intervention eligibility criteria included

current homelessness status (defined as living in a crisis/emergency shelter, living on the

street, or couch surfing), provider-determined unmet mental health needs, and participant-

identified need for support services. Individuals were ineligible for Participants-were

excluded-from-the-programthis community-based intervention if they had recent a-history
of severe-aggression-orrequiredsevere aggression or illness severity that required

residential-institutional care. Study eligibility criteria included being a resident of the

province of Ontario, age 18 years and older, and not having previously received services
from the program. For the current analysis, 197 individuals, who received the intervention
between an index date of January 7, 2013 and May 16, 2014, completed a baseline

interview, and agreed to health care record linkage were included. Twenty-six individuals

(11.7% of total participants enrolled in the intervention) did not consent to health care

record linkage and were excluded from the current analysis. These individuals were not

different from consenting individuals in terms of gender but were younger (mean age: 34.9

years vs. 40.3 vears: P=.021). Furthermore, they were not different in terms of baseline ED

visits but had fewer baseline hospitalizations (mean: 0.7 vs. 1.2: P=.022). —~Additional

11
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eExclusion criteria for this analysis included missing patient identifier (required for data

linkage), not being enrolled in OHIP, and/or missing data on sex and/or age.

2.4.2 Matched cohort participants

The comparison group ;-ebtained-from-the-ORPD-was composed of individuals
aged 18 years and older with recorded homelessness (as identified by a residence variable
in the OMHRS or a homelessness variable in the DAD), who had at least one

hospitalization for mental health or substance use during the exposure period (index date:

January 1, 2013 to May 31, 2014). Fhese-individuals-were-then-matched-to-the-intervention

Individuals who received the intervention and who had at least one hospitalization in the 12

months prior to the index date were then matched 1:2 with the comparison group of adults

experiencing homelessness who had not received the intervention using propensity score-

based matching. Variables used to calculate the propensity score included having a

hospitalization in the 12 months prior to the index date, age, sex, neighbourhood income

quintile and administrative health region of residence. We selected the closest control that

met the following criteria: age within two years at the index date, same sex (hard match)

and a propensity score within a caliper width of 0.20. To evaluate matching success,

standardized baseline differences were calculated between the subset of intervention

12
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participants and the matched cohort. Standardized differences of 0.10 or less are considered

negligible**. Individuals were excluded from the matched group if they were ineligible for

OHIP and/or had missing sex and/or age data.

2.5 Outcome measures

To evaluate changes in acute health care utilization, count outcomes including the

total number of all-cause and mental health and substance use-specific ED visits,

hospitalizations, and total hospital days were calculated;-in-addition-te. Ddichotomized
outcomes indicating whether or not a participant had any all-cause and mental health and
substance use-specific ED visits and hospitalizations during the observation period were
also calculated. To evaluate changes in outpatient service use, count outcomes including the
total number of psychiatrist visits, all-cause and mental health and-and addietionsubstance
use-specific general practitioner (GP) visits, and the sum total of outpatient visits were
calculated, as well as dichotomized outcomes indicating whether or not a participant had
any psychiatrist visits and all-cause and mental health and-and addietionsubstance use-
specific GP visits during the observation period. Diagnostic codes used to determine mental
health and addietionsubstance use-specific hospital and outpatient visits are provided in

Supplemental Table 14.

2.6 Data collection

13
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Intervention participants’ demographic and administrative health care records, held
by ICES, were linked using unique encoded identifiers; deterministic linkage was applied
using OHIP numbers. Health care records were examined for the 12 months pre- and post-
index date. The index date for exposure was the intervention enrollment date, ranging from
January 7, 2013 to May 16, 2014; the study period was January 2012 to May 2015. All
participants provided written informed consent and the study received Research Ethics
Board approval from Unity Health Toronto. To identify the matched cohort used in
comparative analyses, population-based administrative demographic and health records

were retrieved and reviewed for the same time periods.

2.7 Statistical analyses

2.7.1 Single arm pre-post analysis

Baseline characteristics for both intervention participants and individuals included
in the matched cohort were calculated using frequencies and proportions for categorical
variables and means and standard deviation for continuous variables. In the pre-post
evaluation, inferential analyses for each count outcome included rates and rate ratios and
their respective 95% confidence intervals estimated using generalized estimating equations
(GEE) models with a negative binomial distribution and a log link. For each binary

outcome, predicted probabilities and prevalence ratios and their respective 95% confidence

14
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intervals were estimated using GEE models with a Poisson distribution and a log link. All
models were adjusted for age, sex and neighbourhood income quintile (measured at the
Census tract level). An offset variable for person-years was included to adjust for different

follow-up lengths.

All analyses were conducted using SAS Enterprise Guide 7.1. A significance level

of .05 was used to interpret statistical significance.

15
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9 2.7.2 Post-hoc comparative analysis

12 Baseline demographic characteristics were calculated between intervention
participants with at least one hospitalization in the 12 months pre-index date and their

17 matched counterparts using frequencies and proportions for categorical variables and means
19 and standard deviation for continuous variables. To show trends between groups and over
time, GEE models specifying a negative binomial distribution and a log link were

24 conducted for each count outcome to estimate rate ratios and relative rate ratios; for each

26 binary outcome, GEE models specifying a Poisson distribution and a log link were

28 conducted to calculate prevalence ratios and relative prevalence ratios. All post-hoc models
were adjusted for age, sex and neighbourhood income quintiles and included group, time

33 and group by time interaction variables.
36 3. Results

39 The cohort selection is detailed in Figure 1. Of the 197 eligible individuals who
4 received the intervention during the study period, 11 health records were unlinkable (six
were blank and five were invalid), resulting in a cohort of 186 participants. Of those, 51
46 individuals were excluded from the matched analysis because they did not have a

48 hospitalization for mental health or substance use in the 12 months prior to the index date

50 required for comparison with the matched sample, leaving a subset of 125 individuals.

58 16
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Among 3,555 administrative records of hemeless-individualspeople experiencing

homelessness with a mental health or substance use-specific hospitalization during the

exposure period, 250 individuals (1:2 matching) were selected for inclusion in the matched

cohort.

3.1 Demographic characteristics

The demographic characteristics of intervention participants (n=186) are presented
in Supplemental Table 2+. The majority of the sample (78.5%) was male. Participants had a
mean age of 40.3 years (SD=12.0), with an even distribution across age brackets between

18 and 59 years; only 4.3% of participants were over the age of 60.

Table 1 shows the demographic characteristics of the 125 intervention participants
included in the matched cohort analysis and their matched counterparts; these were similar
to those of the full cohort of intervention participants in age, sex, and neighbourhood
income quintile as indicated by no standardized difference between the two groups being

greater than 0.10.

3.2 Pre-post analysis

Rates per person-year and rate ratios (RR) for intervention participants (n=186) in

the 12 months pre- and post-intervention enrolment for the number of hospital admissions,

17
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hospital days, ED visits and outpatient visits are presented in Table 2; results for binary
outcomes are presented in Supplemental Table 32. Overall, results reveal changes in health
care utilization patterns, with decreased inpatient care and increased outpatient care in the
12 months following enrolment in the intervention, compared to the 12 months prior.
Inpatient hospital use decreased significantly among intervention participants in the 12

months following enrolment, especially for mental health and substance use-specific visits.

Adjusted admission rates decreased significantly for both all cause and mental health and
substance use--specific causes, by 33% (95% CI 15%-47%; P=.001) and 43% (95% CI
26%-66%; P<.001), respectively, in the 12 months post-intervention relative to 12 months
prior. The total number of hospital days also decreased significantly, by 54% (95% CI
36%-77%; P<.001) for all-cause days and by 63% (95% CI 48%-74%; P<.001) for mental

health and substance use days. While the number of ED visits did not change significantly

over time, the overall prevalence of ED visits did decrease significantly, by 14% for any

reason (95% CI 7%-20%; P<.001); and by 31% for mental health and substance use

reasons (95% CI 12%-39%; P<.001) (Supplemental Table 32). In contrast to the decrease
in acute hospital service use, outpatient psychiatrist visits increased by 40% (95% CI 1.15-
1.70; P=.001) in the 12 months following the intervention compared to the 12 months prior;

GP visits did not change significantly.

18
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3.3 Matched cohort analysis

Rate ratios and relative rate ratios (RRR) for the subset of intervention participants
with at least one hospitalization in the 12 months prior to the index date (n=125) compared
to matched controls (n=250) 12 months pre- and post-intervention, for the number of
hospital admissions, hospital days, ED visits and outpatient visits are presented in Table 3.;
Pprevalence ratios (PR) and relative prevalence ratios (RPR) are presented in Supplemental
Table 43. For both count and binary outcomes, results of the matched cohort analysis
suggest that while results generally trended in the same direction as the pre-post analysis,
the changes in health service use experienced by intervention participants in the year
following receipt of the intervention as compared to the year prior were not significantly

different than the changes experienced by their matched counterparts (Table 3).

4. Discussion

Care continuity3>** is essential to the delivery of high quality services for people
living with chronic health conditions, including mental illness and addictions, and is
associated with improved health and service use outcomes3®?. Our findings of decreased
acute care service use and increased outpatient service use in the 12 months following the
intervention as compared to the 12 months prior are consistent with previous outcomes of

critical time intervention (CTI) studies, finding significant imprevements-changes in

19
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outcome measures?#-26:3%7 Tn addition, our findings further support and are supported by
previous qualitative research suggesting improved experiences of continuity of care among

homeless-adultsadults experiencing homelessness receiving CTI or CTI adaptations?2*37,

Notably, our findings highlight continued high rates of emergency department (ED) visits

post-intervention among participants, suggesting that this population may have more acute

and/or enduring needs than the brief CTI adaptation can address in our local context.

Access to housing and high quality intensive case management in Toronto, for example, are

extremely limited and hindered by long wait lists: it is possible that participants continued

to visit the ED for immediate shelter and support post-intervention, as intervention

resources were limited and not linked to housing. Persisting high ED use among

participants reaffirms the need for inclusion of housing in mental health policy priorities.!”

Although prior controlled studies of CTI have demonstrated improvements in acute
care utilization in some settings?*, the addition of a matched cohort analysis in the current
study indicates that changes in service use patterns of recipients of a brief CTI adaptation

within our setting of universal health insurance and a relatively service-rich environment

are not significantly different than those of their matched counterparts.

Similar to this analysis, a prior post-hoc analysis of intervention participants using

self-reported data and a comparison group of-hemeless-adults- adults experiencing

20
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homelessness with-and mental-iHness-mental illness who were receiving usual care found

successful reduction in mental health symptoms and alcohol and drug use problems among
intervention participants, but increased ED visits and days spent in hospital over six
months?®. The current post-hoc analysis, in using administrative data and a cohort matched

on prior hospitalizations, adds-was intended to build off the limitations of the

aforementioned prior analysis** by focusing on service use outcomes using administrative

data and exploring between-group differences with added methodological additienal-rigor

matched-eohort-participants. Additional measures including clinical characteristics such as

diagnosis and acuity, and demographic and service use factors such as geographical

location and resource availability, may help to better explain the identified non-significant

differences between groups in future studies.

Our findings further highlight the need for rigorous methods in evaluating new

interventions in diverse contexts. Furthermore-it-points-to-the need-to-ensure-fidelity-to-key

—The brief

CTI adaptation evaluated in the current study was set in a large urban centre under a
universal health insurance system and included a dedicated, low-barrier, multidisciplinary

weekly physician clinic in addition to brief case management support with limited training

21
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and supervision of frontline staff, in keeping with a pragmatic field intervention. Our
findings suggest that participants’ access to preventative outpatient services-tse was
successfully facilitated by apprepriately-designed-and-dedicatedstreamlined access to GPs
and psychiatrists. Such an approach may be particularly relevant to similarly large urban

centre where timely access to apprepriate-physician and case management resources is

hindered by rapid general and homeless population growth and corresponding demand for

services.

While fidelity standards for CTI have been developed, detailing the key model
components requiring adherence, and the contextual structures and staff competencies
needed to ensure model integrity384-40%¢ a recent systematic review indicates that fidelity
and adaptations remain highly variable?®® and should be a required component of rigorous

evaluations. The fidelity of the intervention to the CTI model was not formally assessed in

this study. Future efforts should ensure that local adaptations of evidence-based

interventions balance local needs and resources with fidelity to key intervention

ingredients, so that evidence generated can be reliably attributed to the model of interest.

4.1 Strengths and limitations

Our findings contribute to the growing evidence on the impact of CTI and its

adaptations on health service use. Results are strengthened by the study’s methodological
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approach, which included the use of population-based administrative data and a rigorous
selection process to ensure the appropriateness of comparators. However, the identification
of a matched cohort was challenged by the lack of a baseline acuity measure, requiring us
to match on recent hospitalizations as a proxy for acuity, although post-matching
demographic comparisons suggested the groups were minimally different. Additionally,

intervention participants were selected using some clinical criteria that could not be applied

to matched individuals identified from administrative data. In the absence of a built-in

control group, this an acknowledged design limitation that could have resulted in selection

bias.

Additionally,-weWe were also limited by our sample size and underpowered to
detect hospitalization differences. It is possible that the lower relative rates of psychiatric
hospitalizations observed in the intervention group would be significantly different with a
larger sample. Still, without a randomized design, it is possible the improvements in health
care use observed in the pre-post analysis are due to regression to the mean, rather than the

effect of the intervention.

Given the high cost of hospitalizations and from a quality of care perspective, future
research should focus on rigorous evaluations using experimental methods with large

samples_and robust sets of explanatory variables, in addition to approaches to strengthening
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fidelity of local adaptations to evidence-supported treatments. Related research should
investigate the cost-effectiveness of these interventions to maximize health outcomes given

the limited resources available.

5. Conclusions

Study findings suggest that participants of a brief Critical Time Intervention (CTI)

for adults experiencing homelessness and unmet mental health needs had decreased acute

care use and increased outpatient service use post-intervention. Post-hoc analyses, however,

found that changes in service use patterns were not significantly different from those of a

matched cohort of adults experiencing homelessness. While Critical Time-Intervention-CTI

and its adaptations hold promise in improving continuity of care and health outcomes

among-homeless-people-with-mental-iHlnessfor this population, more r—Rigorous study

designs with adequate sample sizess are needed to further examine the effectiveness of CTI

and local adaptations in diverse health care contexts.

24

For Peer Review



oNOYTULT D WN =

The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie

Data Access

Data included in this publication are not publicly available and were collected by
ICES. As a prescribed entity under Ontario’s privacy legislation, ICES is authorized to
collect and use health care data for the purposes of health system analysis, evaluation and
decision support. Secure access to these data is governed by policies and procedures that
are approved by the Information and Privacy Commissioner of Ontario. For further

questions regarding data accessibility, please contact the corresponding author.
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Tables

Table 1: Demographic characteristics of CATCH-H participants with at least one
hospitalization in the 12 months-pre-intervention (n=125) and matched controls (n= 250)

De Vet R, Lako DAM, Jeijersbergen MD et al. Critical time intervention for

Shaw J, Conover S, Herman D et al. Critical time intervention for severely

Demographic variables CATCH-H Matched  Standardized
participants controls difference
with (n=250)
hospitalization
(n=125)

n % n %
Age (years) 18 to 29 29 232 58 232 0
30 to 39 27 21.6 52 20.8 0.02
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40 to 49 36 288 73 29.2 0.01
50 to 59 25 20 49 19.6 0.01
60 and over 8 64 18 7.2 0.03
Mean (SD) 41.1(12.4) 41 123 0
Sex Female 27 21.6 52 208 0
Male 98 784 19 79.2
8
Neighbourhood 1* (low) 39 31.2 90 36 0.09
income quintile 2 (medium low) 30 24 55 22 0.05
3 (medium) 26 208 49 19.6 0.03
4 (medium high) 13 104 23 9.2 0.04
5 (high) 17 13.6 33 132 0.01

Legend: SD = standard deviation

*1: includes individuals in the 1st income quintile and those where this information was missing
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Table 2: Rates per person-year and rate ratios (RR) for CATCH-H participants (n=186) 12

months pre-intervention vs. 12 months post-intervention for number of hospital admissions,
hospital days, ED visits and outpatient visits estimated from adjusted generalized
estimating equations with negative binomial distribution

CATCH-H participants (n=186)

Rate per person-year

Rate ratio (RR)

. 12 months 12 months
Outcome variable
~ pre- ~ post- RR 95% P-
intervention Iintervention CI value
Rate 95% CI Rate 95% CI
1.54- 0.96- 0.53-
Hospital All cause 2.00 2.60 1.35 1.88 0.67 0.85 001
admissions Mental health
and substance 0.92- 0.48- 0.44-
use 1.22 1.63 0.69 1.01 057 074 <.001
18.93- 8.09- 0.33-
Days in All cause 24.66 32.12 11.37 1599 046 0.64 <.001
hospital Mental health
and substance 12.34- 4.22- 0.26-
use 17.67 2532 647 993 0.37 0.52 <.001
6.76- 6.90- 0.90-
All cause 8.98 11.94 9.57 13.29 1.07 1.25 446
ED visits Mental health
and substance 2.79- 2.49- 0.75-
use 3.77 5.08 3.57 5.11 0095 1.19 .645
2.36- 3.32- 1.15-
Psychiatrist 3.16 425 442 5.88 1.40 1.70 001
6.30- 6.63- 0.88-
All cause 7.49 8.91 7.70 8.94 1.03 1.20 725
Outpatient GP Mental
visits health and
substance 2.70- 3.16- 0.93-
use 3.38 423 3.80 458 1.13 1.37 224
Total outpatient 9.35- 10.81- 1.00-
Visits 11.05 13.07 12.64 14.77 1.14 1.31 .049
36
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(Psychiatrist +
GP)
Legend: CI = confidence interval; GP = general practitioner

Table 3: Rate ratios (RR) and relative rate ratios (RRR) for CATCH-H participants with at
least one hospitalization in the 12 months pre-intervention (n=125) compared to matched
controls (n=250) 12 months pre-intervention vs. 12 months post-intervention for number of
hospital admissions, hospital days, ED visits and outpatient visits estimated using adjusted
generalized estimating equations with negative binomial distribution

Relative rate ratio

(RRR)
12 months 12 months 12 months
pre-intervention  post-intervention post-intervention
Outcome variable vs. 12 months

pre-intervention
RR 95 P- RR 95% P- RR 95%CI P-

% valu CI value R valu
CI e e
0.99
All cause - 0.82- 0.9 0.71-
Hospital 1.20 1.45 .057 1.17 1.66 .38 7 1.33 .870
admissions Mental health 0.87
and substance - 0.64- 0.8 0.63-
use 1.06 129 565 095 1.39 .78 9 1.26 .522
0.75
All cause - 0.51- 0.7 0.46-
Days in 1.04 143 .808 0.77 1.17 22 4 1.20 .225
hospital Mental health 0.67
and substance - 0.38- 0.6 0.38-
use 0.93 129 .667 0.60 0.95 .03 4 1.10 .104
1.01
ED visits All cause - 1.19- 1.2 0.95-

135 1.79 .040 1.69 242 .004 6 1.67 .113
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Mental health 0.95
and substance - 1.11- 1.2 0.89-
use 1.33 1.86 .096 1.64 2.43 .01 3 1.71 212
. 0.96
?i:ittls’at‘e“t Psychiatrist i 1.02- 10 0.77-
1.29 1.74 091 134 1.77 04 4 1.40 .806
0.96
All cause - .10 1.06- 1.1 0.86-
1.22 1.56 2 136 175 .02 1 1.44  .409
G
P Mental
health and 0.85
substance - .35 0.98- 1.1 0.84-
use 1.16 1.58 6 132 177 .07 4 1.55 .408
Total
outpatient
visits 1.02
(Psychiatrist + - 1.10- 1.0 0.87-
GP) 1.24 152 .035 133 1.62 .003 7 1.33  .522
Legend: CI = confidence interval; GP = general practitioner
38
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Figures

Figure 1. Exposed and matched cohort selection
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9 Abstract

12 Objective: This study evaluated the impact of a Critical Time Intervention (CTI) adaptation
on health care utilization outcomes among adults experiencing homelessness and mental

17 health needs in a large urban centre.

20 Method: Provincial population-based administrative data from Ontario, Canada were used
22 in a pre-post design for a cohort of 197 individuals who received the intervention between
January 2013 and May 2014 and were matched to a cohort of adults experiencing

27 homelessness who did not receive the intervention over the same time period. Changes in
29 health care utilization outcomes in the year pre- and post-intervention were evaluated using
31 generalized estimating equations and post-hoc analyses evaluated differences between

groups.

Results: Pre-post analyses revealed statistically significant changes in health care utilization
39 patterns among intervention recipients, including reduced inpatient service use and

4 increased outpatient service use in the year following the intervention compared to the year
prior. However, the matched cohort analysis found non-significant differences in health

46 service use changes between a subgroup of intervention recipients and their matched

48 counterparts.
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Conclusions: An adapted CTI model was associated with changes in health care utilization
among people experiencing homelessness and mental health needs. However, changes were
not different from those observed in a matched cohort. Rigorous study designs with
adequate samples are needed to examine the effectiveness of CTI and local adaptations in

diverse health care contexts.

Keywords: Critical Time Intervention, case management, homeless, mental health services,

addiction, health care utilization
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9 1. Introduction

12 Internationally, rates of homelessness continue to rise!-?; and in Canada, national
data show an increase in demand for shelter beds over time, with at least 235,000

17 Canadians experiencing homelessness in a year®. People experiencing homelessness also
19 experience higher rates of mental health and addiction challenges*, neurocognitive
impairment>°, physical health problems and premature mortality”-8, compared to their

24 housed counterparts. Despite the health disparities, this population generally has limited
26 access to appropriate, high quality health care and supports, even in settings with universal
28 health insurance®!2. Together, these factors contribute to high rates of hospital service use

and costs!3-16.

Given increasing rates of homelessness and the impact of homelessness on health!”,
36 there is an urgent need for interventions to improve health outcomes in this population,

38 including avoidable hospital service utilization'. For adults experiencing mental illness,
care following discharge from hospital for a mental health condition is reportedly the most
43 important factor in reducing reliance on subsequent inpatient care'®. Adults experiencing

45 mental illness and homelessness, however, are less likely to be referred to and access
community-based services upon discharge from hospital, compared to housed

SRS 19,20
50 individuals!®-2Y,
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Among people experiencing homelessness, strategies to improve continuity of care
by offering intensive time-limited services to support the transition from hospital to
community-based services have shown promising findings?!-26. Critical time intervention
(CTT) was designed to support homeless individuals during transitions of care, including
the period post-hospital discharge in which people experiencing mental illness are at high
risk of experiencing first-episode or recurrent homelessness.?’-? Critical time interventions
involve time-limited intensive case management over a period of six to nine months and
aim to help service users navigate the complex service system and establish (or re-
establish) access to longer-term community-based connections, resources and interventions.
This particular model has been shown to decrease early psychiatric readmission rates?+2%-30,
improve perceived quality of care?>, improve health and quality of life outcomes?**°, and
reduce rates of homelessness?’3!- Past evaluations of CTIs have also suggested that this

approach is cost-effective’? in supporting transitions of care.

More evidence of the impact of CTI models, and their adaptations in diverse
settings, is urgently needed to support implementation of effective and cost-effective
strategies to improve health and housing outcomes among people experiencing
homelessness and who have unmet mental health needs. A recent pre-post evaluation of a

CTI adaptation for adults experiencing homelessness and mental health needs who were
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9 transitioning from hospital to community services in Toronto, Canada, reported significant
improvements in mental and physical health, substance use, and quality of life in the six

14 months following the intervention?*. Expanding on this work, the primary objective of this
16 study was to use administrative health care utilization data to evaluate whether a brief CTI
adaptation for adults experiencing homelessness and mental health needs who were

2 discharged from hospital services was associated with significant changes in health care

23 utilization outcomes in the year post-intervention compared to the year prior. This analysis
25 in addition compared changes in health care utilization among participants with a recent
hospitalization to those of a matched cohort of people experiencing homelessness over the

30 same time period who did not receive the intervention.
33 2. Methods
36 2.1 Intervention

39 The Coordinated Access to Care for Homeless adults (CATCH-Homeless) program
4 is a CTI adaptation in Toronto, Canada, supporting adults experiencing homelessness and
mental health needs following discharge from hospital. The program is facilitated through
46 partnerships between three local hospitals serving large numbers of people experiencing

48 homelessness, a primary care team, a homeless shelter, a large community mental health

50 agency, and a physician practice plan. The program accepts referrals from all partner
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hospital emergency departments (EDs) and inpatient units, or from community agencies,
and connects participants with transitional case managers who coordinate access to a full
range of post-discharge community-based services, including mental health and addiction
services, medical care, peer support, housing assistance, and other resources described in

depth elsewhere?3.

2.2 Study design

This study is part of a larger mixed-methods evaluation described elsewhere??33.
Using provincial population-based administrative databases at ICES (formerly known as
the Institute for Clinical Evaluative Sciences), a single-arm pre-post analysis among
intervention participants was conducted to evaluate health care utilization outcomes in the
year following enrolment in the intervention compared to the year prior. In addition,
changes in health service utilization of a subgroup of intervention participants with a recent
hospitalization were compared to those of a matched cohort of adults experiencing
homelessness with at least one psychiatric hospitalization over the same time period who

did not receive the intervention.

2.3 Data sources
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9 All administrative health care data were obtained from ICES. ICES is an
independent, non-profit research institute funded by an annual grant from the Ontario

14 Ministry of Health (MOH). As a prescribed entity under Ontario’s privacy legislation,

16 ICES is authorized to collect and use health care data for the purposes of health system
analysis, evaluation and decision support. Secure access to these data is governed by

2 policies and procedures that are approved by the Information and Privacy Commissioner of
23 Ontario. The Ontario Mental Health Reporting System (OMHRS) and the Canadian

25 Institute for Health Information’s Discharge Abstract Database (DAD) include data on all
psychiatric and acute hospitalizations, respectively. The Ontario Health Insurance Plan

30 (OHIP) claims database contains physician billings data, and the National Ambulatory Care
32 Reporting System gathers data on hospital- and community-based ambulatory care, such as
ED visits. The Ontario Registered Persons Database (RPDB) is a registry of all individuals
37 living in Ontario who are eligible for public health care insurance and holds data on patient

39 demographics, such as age, sex, and postal code.
42 2.4 Sample
45 2.4.1 Intervention participants

48 Intervention participants were those referred to the intervention by partner sites

50 following discharge from EDs and inpatient units. Intervention eligibility criteria included
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current homelessness status (defined as living in a crisis/emergency shelter, living on the
street, or couch surfing), provider-determined unmet mental health needs, and participant-
identified need for support services. Individuals were ineligible for this community-based
intervention if they had recent severe aggression or illness severity that required
institutional care. Study eligibility criteria included being a resident of the province of
Ontario, age 18 years and older, and not having previously received services from the
program. For the current analysis, 197 individuals, who received the intervention between
an index date of January 7, 2013 and May 16, 2014, completed a baseline interview, and
agreed to health care record linkage were included. Twenty-six individuals (11.7% of total
participants enrolled in the intervention) did not consent to health care record linkage and
were excluded from the current analysis. These individuals were not different from
consenting individuals in terms of gender but were younger (mean age: 34.9 years vs. 40.3
years; P=.021). Furthermore, they were not different in terms of baseline ED visits but had
fewer baseline hospitalizations (mean: 0.7 vs. 1.2; P=.022). Additional exclusion criteria
for this analysis included missing patient identifier (required for data linkage), not being

enrolled in OHIP, and/or missing data on sex and/or age.

2.4.2 Matched cohort participants

11
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9 The comparison group was composed of individuals aged 18 years and older with
recorded homelessness (as identified by a residence variable in the OMHRS or a

14 homelessness variable in the DAD), who had at least one hospitalization for mental health
16 or substance use during the exposure period (index date: January 1, 2013 to May 31, 2014).
Individuals who received the intervention and who had at least one hospitalization in the 12
2 months prior to the index date were then matched 1:2 with the comparison group of adults
23 experiencing homelessness who had not received the intervention using propensity score-
25 based matching. Variables used to calculate the propensity score included having a
hospitalization in the 12 months prior to the index date, age, sex, neighbourhood income

30 quintile and administrative health region of residence. We selected the closest control that
32 met the following criteria: age within two years at the index date, same sex (hard match)
and a propensity score within a caliper width of 0.20. To evaluate matching success,

37 standardized baseline differences were calculated between the subset of intervention

39 participants and the matched cohort. Standardized differences of 0.10 or less are considered
negligible3*. Individuals were excluded from the matched group if they were ineligible for

44 OHIP and/or had missing sex and/or age data.

47 2.5 Outcome measures
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To evaluate changes in acute health care utilization, count outcomes including the
total number of all-cause and mental health and substance use-specific ED visits,
hospitalizations, and total hospital days were calculated. Dichotomized outcomes indicating
whether or not a participant had any all-cause and mental health and substance use-specific
ED visits and hospitalizations during the observation period were also calculated. To
evaluate changes in outpatient service use, count outcomes including the total number of
psychiatrist visits, all-cause and mental health and substance use-specific general
practitioner (GP) visits, and the sum total of outpatient visits were calculated, as well as
dichotomized outcomes indicating whether or not a participant had any psychiatrist visits
and all-cause and mental health and substance use-specific GP visits during the observation
period. Diagnostic codes used to determine mental health and substance use-specific

hospital and outpatient visits are provided in Supplemental Table 1.

2.6 Data collection

Intervention participants’ demographic and administrative health care records, held
by ICES, were linked using unique encoded identifiers, deterministic linkage was applied
using OHIP numbers. Health care records were examined for the 12 months pre- and post-
index date. The index date for exposure was the intervention enrolment date, ranging from

January 7, 2013 to May 16, 2014; the study period was January 2012 to May 2015. All

13
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participants provided written informed consent and the study received Research Ethics
Board approval from Unity Health Toronto. To identify the matched cohort used in
comparative analyses, population-based administrative demographic and health records

were retrieved and reviewed for the same time periods.

2.7 Statistical analyses

2.7.1 Single arm pre-post analysis

Baseline characteristics for both intervention participants and individuals included
in the matched cohort were calculated using frequencies and proportions for categorical
variables and means and standard deviation for continuous variables. In the pre-post
evaluation, inferential analyses for each count outcome included rates and rate ratios and
their respective 95% confidence intervals estimated using generalized estimating equation
(GEE) models with a negative binomial distribution and a log link. For each binary
outcome, predicted probabilities and prevalence ratios and their respective 95% confidence
intervals were estimated using GEE models with a Poisson distribution and a log link. All
models were adjusted for age, sex and neighbourhood income quintile (measured at the
Census tract level). An offset variable for person-years was included to adjust for different

follow-up lengths.

14
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All analyses were conducted using SAS Enterprise Guide 7.1. A significance level

of .05 was used to interpret statistical significance.

2.7.2 Post-hoc comparative analysis

Baseline demographic characteristics were calculated between intervention
participants with at least one hospitalization in the 12 months pre-index date and their
matched counterparts using frequencies and proportions for categorical variables and means
and standard deviation for continuous variables. To show trends between groups and over
time, GEE models specifying a negative binomial distribution and a log link were
conducted for each count outcome to estimate rate ratios and relative rate ratios; for each
binary outcome, GEE models specifying a Poisson distribution and a log link were
conducted to calculate prevalence ratios and relative prevalence ratios. All post-hoc models
were adjusted for age, sex and neighbourhood income quintiles and included group, time

and group by time interaction variables.

3. Results

The cohort selection is detailed in Figure 1. Of the 197 eligible individuals who
received the intervention during the study period, 11 health records were unlinkable (six

were blank and five were invalid), resulting in a cohort of 186 participants. Of those, 51

15
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individuals were excluded from the matched analysis because they did not have a
hospitalization for mental health or substance use in the 12 months prior to the index date
required for comparison with the matched sample, leaving a subset of 125 individuals.
Among 3,555 administrative records of people experiencing homelessness with a mental
health or substance use-specific hospitalization during the exposure period, 250 individuals

(1:2 matching) were selected for inclusion in the matched cohort.

3.1 Demographic characteristics

The demographic characteristics of intervention participants (n=186) are presented
in Supplemental Table 2. The majority of the sample (78.5%) was male. Participants had a
mean age of 40.3 years (SD=12.0), with an even distribution across age brackets between

18 and 59 years; only 4.3% of participants were over the age of 60.

Table 1 shows the demographic characteristics of the 125 intervention participants
included in the matched cohort analysis and their matched counterparts; these were similar
to those of the full cohort of intervention participants in age, sex, and neighbourhood
income quintile as indicated by no standardized difference between the two groups being

greater than 0.10.

3.2 Pre-post analysis

16
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Rates per person-year and rate ratios (RR) for intervention participants (n=186) in
the 12 months pre- and post-intervention enrolment for the number of hospital admissions,
hospital days, ED visits and outpatient visits are presented in Table 2; results for binary
outcomes are presented in Supplemental Table 3. Overall, results reveal changes in health
care utilization patterns, with decreased inpatient care and increased outpatient care in the
12 months following enrolment in the intervention, compared to the 12 months prior.
Inpatient hospital use decreased significantly among intervention participants in the 12
months following enrolment, especially for mental health and substance use-specific visits.
Adjusted admission rates decreased significantly for both all cause and mental health and
substance use-specific causes, by 33% (95% CI 15%-47%; P=.001) and 43% (95% CI
26%-66%; P<.001), respectively, in the 12 months post-intervention relative to 12 months
prior. The total number of hospital days also decreased significantly, by 54% (95% CI
36%-77%; P<.001) for all-cause days and by 63% (95% CI 48%-74%; P<.001) for mental
health and substance use days. While the number of ED visits did not change significantly
over time, the overall prevalence of ED visits did decrease significantly, by 14% for any
reason (95% CI 7%-20%; P<.001); and by 31% for mental health and substance use
reasons (95% CI 12%-39%; P<.001) (Supplemental Table 3). In contrast to the decrease in

acute hospital service use, outpatient psychiatrist visits increased by 40% (95% CI 1.15-

17
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9 1.70; P=.001) in the 12 months following the intervention compared to the 12 months prior;

GP visits did not change significantly.
3.3 Matched cohort analysis

Rate ratios and relative rate ratios (RRR) for the subset of intervention participants
20 with at least one hospitalization in the 12 months prior to the index date (n=125) compared
22 to matched controls (n=250) 12 months pre- and post-intervention, for the number of
hospital admissions, hospital days, ED visits and outpatient visits are presented in Table 3.
57 Prevalence ratios (PR) and relative prevalence ratios (RPR) are presented in Supplemental
29 Table 4. For both count and binary outcomes, results of the matched cohort analysis suggest
31 that while results generally trended in the same direction as the pre-post analysis, the
changes in health service use experienced by intervention participants in the year following
36 receipt of the intervention as compared to the year prior were not significantly different

38 than the changes experienced by their matched counterparts (Table 3).
4 4. Discussion

44 Care continuity® is essential to the delivery of high quality services for people
living with chronic health conditions, including mental illness and addictions, and is

49 associated with improved health and service use outcomes3®. Our findings of decreased
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acute care service use and increased outpatient service use in the 12 months following the
intervention as compared to the 12 months prior are consistent with previous outcomes of
critical time intervention (CTI) studies, finding significant changes in outcome
measures?*??30, In addition, our findings further support and are supported by previous
qualitative research suggesting improved experiences of continuity of care among adults
experiencing homelessness receiving CTI or CTI adaptations®>>7. Notably, our findings
highlight continued high rates of emergency department (ED) visits post-intervention
among participants, suggesting that this population may have more acute and/or enduring
needs than the brief CTI adaptation can address in our local context. Access to housing and
high quality intensive case management in Toronto, for example, are extremely limited and
hindered by long wait lists; it is possible that participants continued to visit the ED for
immediate shelter and support post-intervention, as intervention resources were limited and
not linked to housing. Persisting high ED use among participants reaffirms the need for

inclusion of housing in mental health policy priorities.!’

Although prior controlled studies of CTI have demonstrated improvements in acute
care utilization in some settings?°, the addition of a matched cohort analysis in the current
study indicates that changes in service use patterns of recipients of a brief CTI adaptation

within our setting of universal health insurance and a relatively service-rich environment

19
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9 are not significantly different than those of their matched counterparts. Similar to this
analysis, a prior post-hoc analysis of intervention participants using self-reported data and a
14 comparison group of adults experiencing homelessness and mental illness who were

16 receiving usual care found successful reduction in mental health symptoms and alcohol and
drug use problems among intervention participants, but increased ED visits and days spent
2 in hospital over six months?4. The current post-hoc analysis, in using administrative data

23 and a cohort matched on prior hospitalizations, was intended to build off the limitations of
25 the aforementioned prior analysis®* by focusing on service use outcomes using
administrative data and exploring between-group differences with added methodological

30 rigor. Additional measures including clinical characteristics such as diagnosis and acuity,
32 and demographic and service use factors such as geographical location and resource
availability, may help to better explain the identified non-significant differences between

37 groups in future studies.

40 Our findings further highlight the need for rigorous methods in evaluating new
42 interventions in diverse contexts. The brief CTI adaptation evaluated in the current study
was set in a large urban centre under a universal health insurance system and included a
47 dedicated, low-barrier, multidisciplinary weekly physician clinic in addition to brief case

49 management support with limited training and supervision of frontline staff, in keeping
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with a pragmatic field intervention. Our findings suggest that participants’ access to
preventative outpatient services was successfully facilitated by streamlined access to GPs
and psychiatrists. Such an approach may be particularly relevant to similarly large urban
centre where timely access to physician and case management resources is hindered by
rapid general and homeless population growth and corresponding demand for services.
While fidelity standards for CTI have been developed, detailing the key model components
requiring adherence, and the contextual structures and staff competencies needed to ensure
model integrity®3-4°, a recent systematic review indicates that fidelity and adaptations
remain highly variable?® and should be a required component of rigorous evaluations. The
fidelity of the intervention to the CTI model was not formally assessed in this study. Future
efforts should ensure that local adaptations of evidence-based interventions balance local
needs and resources with fidelity to key intervention ingredients, so that evidence generated

can be reliably attributed to the model of interest.

4.1 Strengths and limitations

Our findings contribute to the growing evidence on the impact of CTI and its
adaptations on health service use. Results are strengthened by the study’s methodological
approach, which included the use of population-based administrative data and a rigorous

selection process to ensure the appropriateness of comparators. However, the identification

21
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9 of a matched cohort was challenged by the lack of a baseline acuity measure, requiring us
to match on recent hospitalizations as a proxy for acuity, although post-matching

14 demographic comparisons suggested the groups were minimally different. Additionally,

16 intervention participants were selected using some clinical criteria that could not be applied
to matched individuals identified from administrative data. In the absence of a built-in

2 control group, this an acknowledged design limitation that could have resulted in selection

23 bias.

26 We were also limited by our sample size and underpowered to detect hospitalization
28 differences. It is possible that the lower relative rates of psychiatric hospitalizations
observed in the intervention group would be significantly different with a larger sample.

33 Still, without a randomized design, it is possible the improvements in health care use

35 observed in the pre-post analysis are due to regression to the mean, rather than the effect of

the intervention.

Given the high cost of hospitalizations and from a quality of care perspective, future
43 research should focus on rigorous evaluations using experimental methods with large
45 samples and robust sets of explanatory variables, in addition to approaches to strengthening

fidelity of local adaptations to evidence-supported treatments. Related research should
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investigate the cost-effectiveness of these interventions to maximize health outcomes given

the limited resources available.

5. Conclusions

Study findings suggest that participants of a brief Critical Time Intervention (CTI)
for adults experiencing homelessness and unmet mental health needs had decreased acute
care use and increased outpatient service use post-intervention. Post-hoc analyses, however,
found that changes in service use patterns were not significantly different from those of a
matched cohort of adults experiencing homelessness. While CTI and its adaptations hold
promise in improving continuity of care and health outcomes for this population, more
rigorous study designs with adequate sample sizes are needed to further examine the

effectiveness of CTI and local adaptations in diverse health care contexts.

23
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9 Data Access

12 Data included in this publication are not publicly available and were collected by
ICES. As a prescribed entity under Ontario’s privacy legislation, ICES is authorized to

17 collect and use health care data for the purposes of health system analysis, evaluation and
19 decision support. Secure access to these data is governed by policies and procedures that
are approved by the Information and Privacy Commissioner of Ontario. For further

24 questions regarding data accessibility, please contact the corresponding author.
57 Acknowledgements

This study was supported by ICES, which is funded by an annual grant from the

32 Ontario Ministry of Health (MOH). Parts of this material are based on data and information
34 compiled and provided by: MOH and the Canadian Institute for Health Information. The
analyses, conclusions, opinions and statements expressed herein are solely those of the

39 authors and do not reflect those of the funding or data sources; no endorsement is intended

41 or should be inferred.
44 Conflict of Interest Disclosure: none.

47 Funding: This study was supported by ICES, which is funded by an annual grant from the

49 Ontario Ministry of Health.

58 24

60 For Peer Review



oNOYTULT D WN =

The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie

References

1.

Abbé Pierre Foundation, European Federation of National Organisations Working
with the Homeless [FEANTSA]. Fifth Overview of Housing Exclusion in Europe
2020. FEANTSA: Brussels; 2020.

Henry M, Watt R, Mahathey A et al. The 2019 Annual Homeless Assessment
Report (AHAR) to Congress: Part 1. Point-in-time estimates of homelessness. The
U.S. Department of Housing and Urban Development; 2020.

Gaetz S, Dej E, Richter T et al. The State of Homelessness in Canada 2016.
Toronto: Canadian Observatory on Homelessness Press; 2016.

Fazel S, Geddes JR, Kushel M. The health of homeless people in high-income
countries: Descriptive epidemiology, health consequences, and clinical and policy
recommendations. Lancet. 2014;384(9953):1529-1540.
https://doi.org/10.1016/S0140-6736(14)61132-6

Depp CA, Vella L, Orff HJ et al. A quantitative review of cognitive functioning in
homeless adults. J Nerv Ment Dis. 2015;203(2):126-131.

https://doi.0org/10.1097/NMD.0000000000000248

25

For Peer Review

Page 66 of 83



Page 67 of 83

oNOYTULT D WN =

10.

11.

12.

The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie

Stergiopoulos V, Cusi A, Bekele T et al. Neurocognitive impairment in a large
sample of homeless adults with mental illness. Acta Psychiatr Scand.
2015;131(4):256-268. https://doi.org/10.1111/acps.12391

Hwang SW. Homelessness and health. CMAJ. 2001;164(2):229-233.

Aldridge RW, Story A, Hwang SW et al. Morbidity and mortality in homeless
individuals, prisoners, sex workers, and individuals with substance use disorders in
high-income countries: A systematic review and meta-analysis. Lancet.
2018;391(10117):241-250. https://doi.org/10.1016/S0140-6736(17)31869-X
Corrigan P, Pickett S, Kraus D et al. Community-based participatory research
examining the health care needs of African Americans who are homeless with
mental illness. J Health Care Poor Underserved. 2015;26(1):119-133.
https://doi.org/10.1353/hpu.2015.0018

Gelberg L, Browner CH, Lejano E et al. Women & Health. 2004;40(2):87-100.
https://doi.org/10.1300/J013v40n02_06

Khandor E, Mason K. The Street Health Report 2007. Toronto, ON: Street Health;
2007.

Skosireva A, O’Campo P, Zerger S et al. Different faces of discrimination:

Perceived discrimination among homeless adults with mental illness in healthcare

26

For Peer Review



oNOYTULT D WN =

13.

14.

15.

16.

The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie Page 68 of 83

settings. BMC Health Serv Res. 2014;14:376. https://doi.org/10.1186/1472-6963-
14-376

Buck DS, Brown CA, Mortensen K et al. Comparing homeless and domiciled
patients’ utilization of the Harris County, Texas public hospital system. J Health
Care Poor Underserved. 2012;23(4):1660-1670.
https://doi.org/10.1353/hpu.2012.0171

Fazel S, Geddes JR, Kushel M. The health of homeless people in high-income
countries: Descriptive epidemiology, health consequences, and clinical and policy
recommendations. Lancet. 2014;384(9953):1529-1540.
https://doi.org/10.1016/S0140-6736(14)61132-6

Hwang SW, Weaver J, Aubry T et al. Hospital costs and length of stay among
homeless patients admitted to medical, surgical, and psychiatric services. Med Care.
2011;49(4):350-354. https://doi.org/10.1097/MLR.0b013e318206c50d

Saab D, Bisenbaum R, Dhalla I et al. Hospital readmissions in a community-based
sample of homeless adults: A matched-cohort study. J Gen Intern Med.

2016;31(9):1011-8. https://doi.org/10.1007/s11606-016-3680-8

27

For Peer Review



Page 69 of 83

oNOYTULT D WN =

17.

18.

19.

20.

21

The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie

Pevalin DJ, Reeves A, Baker E et al. The impact of persistent poor housing
conditions on mental health: A longitudinal population-based study. Prev Med.
2017;105:304-310. https://doi.org/10.1016/j.ypmed.2017.09.020

Klinkenberg WD, Calsyn RJ. Predictors of psychiatric hospitalization: A
multivariate analysis. Adm Policy Ment Health. 1998;25(4):403-410.
https://doi.org/10.1023/A:1022292407868

Burra TA, Hwang SW, Rourke SB et al. Homeless and housed inpatients with
schizophrenia: Disparities in service access upon discharge from hospital. Int J
Ment Health Addict. 2012;10(5):778-789. https://doi.org/10.1007/s11469-012-
9392-3

Laliberte V, Stergiopoulos V, Jacob B et al. Homelessness at discharge and its
impact on psychiatric readmission and physician follow-up: A population-based
cohort study. Epidemiol Psychiatr Sci. 2020;29:e21.

https://doi.org/10.1017/S2045796019000052

. Hwang SW, Burns T. Health interventions for people who are homeless. Lancet.

2014;384(9953):1541-1547. https://doi.org/10.1016/S0140-6736(14)61133-8

For Peer Review

28



oNOYTULT D WN =

22.

23.

24.

25.

26.

The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie Page 70 of 83

Lamanna D, Stergiopoulos V, Durbin J et al. Promoting continuity of care for
homeless adults with unmet health needs: The role of brief interventions. Health
Soc Care Community. 2018;26(1):56-64. https://doi.org/10.1111/hsc.12461
Stergiopoulos V, Gozdzik A, Misir V et al. Effectiveness of Housing First with
intensive case management in an ethnically diverse sample of homeless adults with
mental illness: A randomized controlled trial. PLoS One. 2015;10(7):e0130281.
https://doi.org/10.1371/journal.pone.0130281

Stergiopoulos V, Gozdzik A, Nisenbaum R et al. Bridging hospital and community
care for homeless adults with mental health needs: Outcomes of a brief
interdisciplinary intervention. Can J Psychiatry. 2018;63(11):774-784.
https://doi.org/10.1177/0706743718772539

Tomita A, Herman DB. The role of a critical time intervention on the experience of
continuity of care among persons with severe mental illness following hospital
discharge. J Nerv Ment Dis. 2015;203(1):65-70.
https://doi.org/10.1097/NMD.0000000000000224

Ponka D, Agbata E, Kendall C et al. The effectiveness of case management

interventions for the homeless, vulnerably housed and persons with lived

29

For Peer Review



Page 71 of 83 The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie

oNOYTULT D WN =

9 experience: A systematic review. PLoS One. 2020;15(4):e0230896.
https://doi.org/10.1371/journal.pone.0230896
14 27. Herman DB, Conover S, Gorroochurn P et al. Randomized trial of critical time

16 intervention to prevent homelessness after hospital discharge. Psychiatr Serv.

18 2011;62(7):713-719. https://doi.org/10.1176/ps.62.7.pss6207_0713

2 28. Herman DB, Susser ES, Jandorf L et al. Homelessness among individuals with

23 psychotic disorders hospitalized for the first time: Findings from the Suffolk County
25 Mental Health Project. Am J Psychiatry. 1998;155(1):109-113.
https://doi.org/10.1176/ajp.155.1.109

30 29. Shaffer SL, Hutchison SL, Ayers AM et al. Brief critical time intervention to reduce
32 psychiatric rehospitalization. Psychiatr Serv. 2015;66(11):1155-1161.

34 https://doi.org/10.1176/appi.ps.201400362

37 30. Tomita A, Herman DB. The impact of critical time intervention in reducing

39 psychiatric rehospitalization after hospital discharge. Psychiatr Serv.

41 2012;63(9):935-937. https://doi.org/10.1176/appi.ps.201100468

44 31. Kasprow WJ, Rosenheck RA. Outcomes of critical time intervention case

46 management of homeless veterans after psychiatric hospitalization. Psychiatr Serv.

48 2007;58(7):929-935. https://doi.org/10.1176/ps.2007.58.7.929.

58 30

60 For Peer Review


https://doi.org/10.1176/ps.62.7.pss6207_0713

oNOYTULT D WN =

32.

33.

34.

35.

36.

The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie Page 72 of 83

Jones K, Colson PW, Holter MC. Cost-effectiveness of critical time intervention to
reduce homelessness among persons with mental illness. Psychiatr Serv.
2003;54(6):884-90. https://doi.org/10.1176/appi.ps.54.6.884

Stergiopoulos V, Gozdzik A, Nisenbaum R et al. Integrating hospital and
community care for homeless people with unmet mental health needs: Program
rationale, study protocol and sample description of a brief multidisciplinary case
management intervention. Int J Ment Health Addict. 2017;15:362-378.
https://doi.org/10.1007/s11469-017-9731-5

Austin PC. Using the standardized difference to compare the prevalence of a binary
variable between two groups in observational research. Commun Stat-Simul
Comput. 2009;38(6):1228-1234. https:// doi.org/10.1080/03610910902859574
Haggerty JL, Reid RJ, Freeman GK et al. Continuity of care: A multidisciplinary
review. Br Med J. 2003;327(7425):1219-1221.
https://doi.org/10.1136/bm;j.327.7425.1219

Puntis S, Rugkasa J, Forrest A et al. Associations between continuity of care and
patient outcomes in mental health care: A systematic review. Psychiatr Serv.

2015;66(4):354-363. https://doi.org/10.1176/appi.ps.201400178

31

For Peer Review



Page 73 of 83 The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie

oNOYTULT D WN =

9 37. Dixon L, Goldberg R, Iannone V et al. Use of a critical time intervention to promote
continuity of care after psychiatric inpatient hospitalization. Psychiatr Serv.

14 2009;60(4):451-458. https://doi.org/10.1176/ps.2009.60.4.451

16 38. da Silva TFC, Lovisi GM, Conover S. Developing an instrument for assessing
fidelity to the intervention in the Critical Time Intervention — Task Shifting (CTI-

2 TS) — preliminary report. Arch Psychiatry Psychother. 2014;1:55-62.

23 https://doi.org/10.12740/APP/23279

25 39. De Vet R, Lako DAM, Jeijersbergen MD et al. Critical time intervention for people
leaving shelters in the Netherlands: Assessing fidelity and exploring facilitators and
30 barriers. Adm Policy Ment Health. 2017;44:67-80. https://doi.org/10.1007/s10488-
32 015-0699-9

34 40. Shaw J, Conover S, Herman D et al. Critical time intervention for severely mentally
37 ill prisoners (CrISP): A randomized controlled trial. Health Services and Delivery

39 Research. 2017;5(8). https://doi.org/10.3310/hsdr05080

58 32

60 For Peer Review



oNOYTULT D WN =

The Canadian Journal of Psychiatry/La Revue canadienne de psychiatrie

Tables

Table 1: Demographic characteristics of CATCH-H participants with at least one

hospitalization in the 12 monthspre-intervention (n=125) and matched controls (n= 250)

Demographic variables CATCH-H Matched  Standardized
participants controls difference
with (n=250)
hospitalization
(n=125)
n % n %

Age (years) 18 to 29 29 232 58 232 0
30 to 39 27 21,6 52 20.8 0.02
40 to 49 36 288 73 29.2 0.01
50 to 59 25 20 49 19.6 0.01
60 and over 8 64 18 7.2 0.03
Mean (SD) 41.1(124) 41 123 0
Sex Female 27 21,6 52 20.8 0

Male 98 784 19 79.2

8

Neighbourhood 1* (low) 39 31.2 90 36 0.09
income quintile 2 (medium low) 30 24 55 22 0.05
3 (medium) 26 208 49 19.6 0.03
4 (medium high) 13 104 23 9.2 0.04
5 (high) 17 13.6 33 132 0.01

Legend: SD = standard deviation

*1: includes individuals in the 1st income quintile and those where this information was missing
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Table 2: Rates per person-year and rate ratios (RR) for CATCH-H participants (n=186) 12

months pre-intervention vs. 12 months post-intervention for number of hospital admissions,
hospital days, ED visits and outpatient visits estimated from adjusted generalized
estimating equations with negative binomial distribution

CATCH-H participants (n=186)

Rate per person-year

Rate ratio (RR)

. 12 months 12 months
Outcome variable
~ pre- ~ post- RR 95% P-
intervention Iintervention CI value
Rate 95% CI Rate 95% CI
1.54- 0.96- 0.53-
Hospital All cause 2.00 2.60 1.35 1.88 0.67 0.85 001
admissions Mental health
and substance 0.92- 0.48- 0.44-
use 1.22 1.63 0.69 1.01 057 074 <.001
18.93- 8.09- 0.33-
Days in All cause 24.66 32.12 11.37 1599 046 0.64 <.001
hospital Mental health
and substance 12.34- 4.22- 0.26-
use 17.67 2532 647 993 037 052 <.001
6.76- 6.90- 0.90-
All cause 8.98 11.94 9.57 13.29 1.07 1.25 446
ED visits Mental health
and substance 2.79- 2.49- 0.75-
use 3.77 5.08 3.57 5.11 0095 1.19 .645
2.36- 3.32- 1.15-
Psychiatrist 3.16 425 442 5.88 1.40 1.70 001
6.30- 6.63- 0.88-
All cause 7.49 891 7.70 8.94 1.03 1.20 725
Outpatient GP Mental
visits health and
substance 2.70- 3.16- 0.93-
use 3.38 423 3.80 458 1.13 1.37 224
Total outpatient 9.35- 10.81- 1.00-
Visits 11.05 13.07 12.64 14.77 1.14 1.31 .049
34
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(Psychiatrist +
GP)
Legend: CI = confidence interval; GP = general practitioner

Table 3: Rate ratios (RR) and relative rate ratios (RRR) for CATCH-H participants with at
least one hospitalization in the 12 months pre-intervention (n=125) compared to matched
controls (n=250) 12 months pre-intervention vs. 12 months post-intervention for number of
hospital admissions, hospital days, ED visits and outpatient visits estimated using adjusted
generalized estimating equations with negative binomial distribution

Relative rate ratio

(RRR)
12 months 12 months 12 months
pre-intervention  post-intervention post-intervention
Outcome variable vs. 12 months

pre-intervention
RR 95 P- RR 95% P- RR 95%CI P-

% valu CI value R valu
CI e e
0.99
All cause - 0.82- 0.9 0.71-
Hospital 1.20 1.45 .057 1.17 1.66 .38 7 1.33 .870
admissions Mental health 0.87
and substance - 0.64- 0.8 0.63-
use 1.06 129 565 095 1.39 .78 9 1.26 .522
0.75
All cause - 0.51- 0.7 0.46-
Days in 1.04 143 .808 0.77 1.17 22 4 1.20 .225
hospital Mental health 0.67
and substance - 0.38- 0.6 0.38-
use 0.93 129 .667 0.60 0.95 .03 4 1.10 .104
1.01
ED visits All cause - 1.19- 1.2 0.95-

135 1.79 .040 1.69 242 .004 6 1.67 .113
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Mental health 0.95
and substance - 1.11- 1.2 0.89-
use 1.33 1.86 .096 1.64 2.43 .01 3 1.71 212
0.96
Psychiatrist - 1.02- 1.0 0.77-
1.29 1.74 091 134 1.77 04 4 1.40 .806
0.96
All cause - .10 1.06- 1.1 0.86-
1.22 1.56 2 136 175 .02 1 1.44  .409
Outpatient }()} Mental
Vi:itls)a ten health and 0.85
substance - .35 0.98- 1.1 0.84-
use 1.16 1.58 6 132 177 .07 4 1.55 .408
Total
outpatient
visits 1.02
(Psychiatrist + - 1.10- 1.0 0.87-
GP) 1.24 152 .035 133 1.62 .003 7 1.33  .522
Legend: CI = confidence interval; GP = general practitioner
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Figures

Figure 1. Exposed and matched cohort selection
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Exposed cohort Matched cohort
Recanac imekvion, 3,555 mental health and
completed baseline interview subs:tance use hospitalizations
(ns2d) from January 2013 to May
26 individuals (12%) 0,
»  did not consent to health record » exclut;lggl gz(;olrg ?n(er/\:)entian
linkage status
Y v
Received intervention, completed 3,394 mental health and substance
baseline interview, and agreed to use hosptializations
have health records linked (n=197)
114 records (3%) excluded
11 records (6%)
unable to be linked to 1 record with missing sex status
administrative database using 33 records ineligible for OHIP
OHIP number and deterministic 40 records not in Ontario
il linkage 40 records with age < 18 years old
186 records linked to administrative
database 3,280 records
59 records (32%) 859 ds (26%)
— ) : records o
did not have a hospital cost duplicate individuals excluded
Y
127 records had a hospital cost one 2,421 individuals eligible to be
year prior to the index date matched
2 records (2%) 2,171 individuals (90%)
were not matched excluded
b d v
125 individuals matched 250 individuals selected using the
1:2 matching criteria
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Supplementary Materials

Supplemental Table 1: Diagnostic codes used in cohort selection

oNOYTULT D WN =

9 Mental health Diagnostic Codes
10 outcomes

12 Hospitalizations ICD-10-CA: all F codes (main diagnosis)
14 OMHRS: all discharges

16 Emergency ICD-10-CA: F04 to F99 (main diagnosis)

17 department visit
"y cpartment Visits ICD-10-CA: X60-X84, Y10-Y19, Y28 (any diagnosis)

20 Psychiatrist visits OHIP visit/consult to a psychiatrist [SPEC = 19]

22 General practitioner OHIP visit/consult to a general practitioner [SPEC = 00] AND a mental health

23 outpatient visits . _
24 diagnostic code:295, 296, 297, 298, 300, 301, 302, 306, 309, 311, 303, 304,

26 897, 898, 899, 900, 901, 902, 904, 905, 906,909
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Supplemental Table 2: Demographics of CATCH-H cohort (n=186)

Demographic variables N %
18 to 29 43 23.1
30 to 39 46 24.7
40 to 49 51 274
Age (years)
50 to 59 38 20.4
60 and over 8 4.3
Mean (SD) 40.3 (12.0)
Female 40 21.5
Sex
Male 146 78.5
Missing 6 3.2
1 (low) 56 30.1
Neighbourhood 2 (medium IOW) 44 23.7
income quintile 3 (medium) 41 22.0
4 (medium high) 16 8.6
5 (high) 23 12.4

Legend: SD = standard deviation
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Supplemental Table 3: Predicted probabilities and prevalence ratios (PR) for CATCH-H

participants (n=186) 12 months pre-intervention vs. 12 months post-intervention for any hospital

admission, any ED visit, and any outpatient visit estimated from adjusted generalized estimating
equations with Poisson distribution

CATCH-H participants (n=186)

Predicted probability (PP)

Prevalence ratio (PR)

pre- post- P-
intervention intervention PR 95% CI value
PP 95%CI PP 95%CI
All cause 0.68- 0.40-
Any 0.77 0.86 0.48 0.57 0.62 0.52-0.74 <.001
hospital
admission 0.46- 0.24-
Mental health ) o 0.73 031 041 054 044-0.67 <.001
All cause 091- 0.77-
Any ED 0.96 1.01 0.83 0.89 0.86 0.80-0.93 <.001
visit
0.71- 0.47-
Mental health ——, -4 0.87 0.54 0.63 0.69 0.61-0.78 <.001
Psychiatrist 0.65- 0.60-
y 0.74 0.85 0.69 0.79 093 0.84-1.03 .174
All cause 0.80- 0.83-
0.86 093 0.89 095 1.03 0.96-1.10 .392
Any GP
visit health 0.73 0.80 0.76 0.84 1.04 0.94-1.16 .449
Total outpatient
Visits
(Psychiatrist + 0.92- 0.95-
GP) 0.95 0.99 0.98 1.01 1.03 0.98-1.07 .231

Legend: CI = confidence interval; GP = general practitioner
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Supplemental Table 4: Prevalence ratios (PR) and relative prevalence ratios (RPR) for CATCH-
H participants with at least one hospitalization in the 12 months pre-intervention (n=125)

compared to matched controls (n=250) 12 months pre-intervention vs. 12 months post-
intervention for any hospital admission, ED visit and outpatient visit estimated using adjusted
generalized estimating equations with Poisson distribution

Page 82 of 83

12 months

pre-intervention

12 months

post-intervention

Relative prevalence

ratio (RPR)

12 months post-

intervention
Outcome variable vs. 12 months pre-
intervention
PR  95%CI P- PR 95%CI P- RP 95%CI P-
valu valu R valu
c c c
Any 0.99- 08  0.72-
hospltal o 1.00 1.0l 982 089 072-1.10 30 9  L10 .297
admissio 0.80- <.00 09  0.71-
n Mental health 0.86 092 1 078 0.60-1.00 .047 1 117 .450
Al cause 0.99- 1.0 0.94-
Any ED 1.03 1.06 142 1.07 096-120 20 5 1.17 428
visit 0.89- 09  0.78-
Mental health 0.97 105 456 091 075111 36 4  1.14 .546
Psychiatrist 1.01- 0.9 083
Y 1.13 126 .040 1.09 096-125 .18 7 1.14 728
Al cause 0.98- 1.0 0.96-
1.08 .19 .120 1.16 1.06-1.27 .002 7 120 239
Any GP
nt visit health 1.14 132 066 1.26 1.10-1.45 .001 0 131 259
Total outpatient
Visits
(Psychiatrist + 0.97- 1.0 0.93-
GP) 1.03 1.09 368 1.03 098109 24 1 1.08 .890

Legend: CI = confidence interval; GP = general practitioner
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Evaluer effet d’une adaptation de I’intervention en temps critique sur I’utilisation
des soins de santé chez des adultes itinérants ayant des besoins de santé mentale dans

un grand centre urbain

Objectif : La présente étude a évalué I’effet d’une adaptation de ’intervention en temps
critique (ITC) sur les résultats de I’utilisation des soins de santé chez des adultes en

situation d’itinérance et ayant des besoins de santé mentale dans un grand centre urbain.

Méthode : Des données administratives provinciales dans la population de I’Ontario,
Canada, ont servi a une méthode avant et apres pour une cohorte de 197 personnes qui ont
recu I’intervention entre janvier 2013 et mai 2014, et ont été appariées a une cohorte
d’adultes en situation d’itinérance qui n’ont pas regu I’intervention durant la méme période.
Les changements des résultats de ’utilisation des soins de santé dans I’année avant et apres
I’intervention ont été évalués a 1’aide d’équations d'estimation généralisées et des analyses

a posteriori ont évalu¢ les différences entre les groupes.

Résultats : Les analyses avant et apres ont révélé des changements statistiquement
significatifs des modeles d’utilisation des soins de santé chez les bénéficiaires de
I’intervention, notamment une utilisation réduite des services pour les patients hospitalisés
et une utilisation accrue des services pour les patients ambulatoires dans 1’année suivant
I’intervention comparé a I’année précédente. Toutefois, I’analyse de la cohorte appariée a
constaté des différences non significatives dans les changements d’utilisation des services
de sant¢ entre un sous-groupe de bénéficiaires de I’intervention et leurs homologues

appariés.
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Conclusions : Un modéle adapté d’ITC était associé a des changements de 1’utilisation des
soins de santé chez les personnes en situation d’itinérance et ayant des besoins de santé
mentale. Cependant, les changements n’étaient pas différents de ceux observés dans une
cohorte appariée. Il faut des méthodes rigoureuses et des échantillons adéquats dans les
études qui examinent I’efficacité de ’'ITC et les adaptations locales dans divers contextes

de soins de santé.
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