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Objective. To assess the impact of a New York City supportive housing program on
housing stability and preventable emergency department (ED) visits/hospitalizations
among heads of homeless families with mental and physical health conditions or sub-
stance use disorders.

Data Sources. Multiple administrative data from New York City and New York State
for 966 heads of families eligible for the program during 2007-12.

Study Design. We captured housing events and health care service utilization during
2 years prior to the first program eligibility date (baseline) and 2 years postbaseline.
We performed sequence analysis to measure housing stability and compared housing
stability and preventable ED visits and hospitalizations between program participants
(treatment group) and eligible applicants not placed in the program (comparison
group) via marginal structural modeling.

Data Collection/Extraction Methods. We matched electronically collected data.
Principal Findings. Eighty-seven percent of supportive housing tenants experienced
housing stability in 2 years postbaseline. Compared with unstably housed heads of
families in the comparison group, those in the treatment group were 0.60 times as likely
to make preventable ED visits postbaseline (95% CI = 0.38, 0.96).

Conclusions. Supportive housing placement was associated with improved housing
stability and reduced preventable health care visits among homeless families.

Key Words. Administrative data uses, homeless populations, Medicaid

Homelessness is associated with increased risk of emergency department
(ED) visits and hospitalizations that might have been avoided with proper
management of chronic conditions (Kushel et al. 2006; Bharel et al. 2013).
Homeless individuals may experience a financial barrier to primary care due
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to urgent needs for survival such as food and stable housing (Kushel et al.
2006; White and Newman 2015). Additionally, distrust in public health sys-
tems, social isolation, and discrimination might be nonfinancial barriers to pri-
mary care among homeless individuals (Baggett et al. 2010; Hwang and
Henderson 2010).

Despite recent efforts to increase access to health care via the Affordable
Care Act, urban homelessness in the United States has been associated with
preventable ED visits and hospitalizations even when controlling for health
insurance coverage (Lin et al. 2015). A similar result was observed in Canada,
where the universal health insurance system guarantees access to care for all
citizens (Hwang et al. 2013). These studies highlight the importance of efforts
to address the social welfare and primary care needs of homeless individuals
to reduce risk of preventable ED visits and hospitalizations.

Several studies of homeless, single adults have found that supportive
housing effectively reduced homelessness, health care costs, ED visits, and
hospitalizations (Larimer et al. 2009; Sadowski et al. 2009; Parker 2010). Yet
evidence is lacking for homeless families. Between 2009 and 2017, the number
of families with children living in New York City (NYC) shelters increased
from 8,081 to 12,761 and families currently represent two-thirds of the home-
less population in NYC (New York City Department of Homeless Services
2017). The association between supportive housing and residential stability is
inconclusive among homeless families in the United States (Bassuk et al.
2014), indicating that the impact of supportive housing for homeless single
adults may be different from that of homeless families.

The purpose of this evaluation was to assess the impact of a NYC sup-
portive housing program, known as New York/New York III (NY/NY III),
on housing stability among heads of chronically homeless families with seri-
ous mental illness, substance use disorders, physical disabilities, or HIV/
AIDS. In addition, we tested whether housing stability influences the
association between supportive housing and preventable ED visits and
hospitalizations.
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Epidemiology, New York City Department of Health and Mental Hygiene, 42-09 28th Street,
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M.P.H., and L. Hannah Gould, Ph.D., are with the Bureau of Epidemiology Services, Division of
Epidemiology, New York City Department of Health and Mental Hygiene, Queens, NY. Gerod
Hall, Ph.D., is with the Office of School Health, Division of Family and Child Health, New York
City Department of Health and Mental Hygiene, Queens, NY.
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METHODS
Setting and Samples

The population evaluated herein included heads of chronically homeless
families with mental illness, substance use disorders, physical disabilities,
or HIV/AIDS who were eligible applicants to the NY/NY III supportive
housing program. NY/NY III is funded by NYC and New York State
and provides permanent, independent housing to individuals who are
chronically homeless or have high risk of homelessness. The NY/NY III
program defines a chronically homeless family if (1) a family has lived in
a homeless shelter for at least 365 days of the last 2 years (not necessar-
ily consecutively), or (2) a head of household with mental illness or sub-
stance use disorders has spent at least one of the last 2 years in a shelter
or lived on the street and will reunify with their child(ren) via the NY/
NY III supportive housing program. Homeless families are placed in
congregate housing, and contracted agencies provide case management
and other services such as primary medical care, counseling, and child-
care, either directly or through referral.

The NY/NY III housing application collected baseline (i.e., on the date
a person was determined to be eligible for NY/NY III) and prebaseline infor-
mation about demographics, substance use, and physical and mental health
conditions. Administrative records about eligible applicants for 2 years prior
to baseline and 2 years postbaseline were also pulled from matches with a
number of other data sources: NYC health registries (mortality, HIV, and
STI), NYC subsidized housing programs, jails, homeless shelters, New York
State psychiatric facilities, Medicaid, cash assistance, and food stamps.
Detailed information about the NY/NY III program has been published else-
where (Levanon Seligson et al. 2013).

There were 966 heads of families eligible for NY/NY III during
2007-12. Applicants were categorized into two groups: (1) placed in NY/
NY IIT housing for >7 days (“treatment group”); and (2) not placed in
NY/NY III or placed in NY/NY III for <7 days (“comparison group”).
Housing placement was not random, and persons were selected by hous-
ing agencies after interviewing a maximum of three eligible applicants for
each vacant unit. Eight treated persons who resided in other government-
subsidized housing within 1 day prior to their move-in to NY/NY III
were excluded because they were considered to have received
treatment prior to baseline. In addition, 32 persons placed in other
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government-subsidized housing in the first 6 months after eligibility deter-
mination were excluded because they were considered to be treated. The
final sample in this evaluation had 926 heads of families. Treated persons
remained in the analysis as part of the treatment group even if they left
the NY/NY III housing, and comparison persons remained in the com-
parison group even if they were placed in other government-subsidized
housing after the first 6 months. The NYC Department of Health and
Mental Hygiene Institutional Review Board determined this study to be
program evaluation not human subjects research and therefore not under
its purview.

Variables

The primary outcome of interest was housing stability in the 2 years after
baseline. This outcome was measured using sequence analysis, which
allowed us to characterize the pattern of occupancy in supportive housing,
jails, homeless shelters, and hospitals (i.e., “housing patterns”). In this evalu-
ation, we defined housing stability as a pattern of a continuous placement
in supportive housing, rarely disrupted by incarceration, homelessness, or
hospitalization. We did not consider consistent placement in other types of
institutions as housing stability because supportive housing placement, as
opposed to other institutional placement, was designed to result in perma-
nent, independent living.

The secondary outcome was ambulatory care sensitive (ACS or pre-
ventable) ED visits and hospitalizations postbaseline. ACS conditions
included in the analysis were angina, asthma, bacterial pneumonia, chronic
obstructive pulmonary disorder, chronic ulcer of skin, congestive heart fail-
ure, convulsion, dehydration, diabetes, gastroenteritis, hypoglycemia, hyper-
tension, kidney/urinary infection, severe ENT infections, and tuberculosis
(Billings et al. 1993). We calculated ACS rates as the total number of ACS ED
visits or hospitalizations per individual divided by the total Medicaid eligible
days per individual. A decrease in preventable ED visits and hospitalizations
might lead to an increase in outpatient care visits for ACS conditions; there-
fore, we calculated the rate of outpatient care visits for ACS conditions post-
baseline.

Along with the outcomes, we included covariates that captured demo-
graphic, clinical, and public service use characteristics to describe the sample
and adjust for baseline differences between the treatment and comparison
groups. See Appendix SA2 for the full list of covariates.
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Statistical Analysis

Sequence Analysis. We performed sequence analysis to identify distinct housing
patterns for 1 year before program eligibility and 2 years after eligibility.
Sequence analysis is a statistical method that generates nonoverlapping groups of
individuals who share similar duration and sequencing of events (Abbott and Tsay
2000; McAllister, Lennon, and Kuang 2011). We used five types of events for this
analysis: jail incarceration, medical and psychiatric hospitalization, unstable gov-
ernment housing (homeless shelter system, supported or transitional single room
occupancy), stable government housing (public housing, NY/NY III, other gov-
ernment-subsidized housing programs), and noninstitutional stay (e.g., indepen-
dent housing, street homelessness, and residence outside of NYC). Each person’s
records were divided into time periods of 30 days, and a single housing event
was assigned to each 30-day period. For example, if a person was incarcerated
during a given 30-day period, that period was marked as an incarceration event.
If there was no record of stable housing or an institutional stay during a 30-day
period (i.e., no record of where a family was housed), that period was categorized
as a noninstitutional stay. If more than one type of event occurred within a 30-day
period, which was less than 1 percent of total housing events, the number of days
associated with each was counted and the event with the higher numbers of days
was assigned to that period. If the events were of equal duration, the event less
prevalent in the overall individual-level sequence was assigned. We assessed the
degree of dissimilarity among all possible pairs of sequences using an algorithm
known as Levenshtein distance (Abbott and Tsay 2000). This was repeated over
all possible pairs and summarized as a distance matrix. We then performed a hier-
archical cluster analysis with the Ward method, resulting in nonoverlapping clus-
ters representing housing patterns. In other words, individual-level sequences of
monthly housing events (represented as horizontal lines) for 1 year before pro-
gram eligibility and 2 years after eligibility were stacked together and divided into
distinct clusters based on their similarities. A full description of sequence analysis
to describe housing patterns has been previously published (Lim, Singh, and

Gwynn 2017).

IPTW and Marginal Structural Modeling. We used inverse probability of treat-
ment weights (IPTW) to control for observed differences in baseline and pre-
baseline characteristics between treatment and comparison groups. To obtain
an individual’s probability of being in the treatment group (i.e., propensity
score), we developed a propensity score model using logistic regression with
placement in NY/NY III as the dependent variable and covariates listed in
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Appendix SA2 as the independent variables. A categorical variable for the
prebaseline housing pattern was also included in the propensity score model.
IPTW were calculated as the inverse of the propensity score. To minimize
influences from large weights, we created stabilized IPTW by multiplying the
IPTW by the marginal probability of treatment (Robins, Hernan, and Brum-
back 2000; Cole and Hernan 2008).

A separate marginal structural model for each of three outcomes (pre-
ventable ED visits, preventable hospitalizations, and outpatient visits due to
ACS conditions) was used to estimate an average treatment effect of NY/NY
IIT placement while adjusting for confounding via stabilized IPTW (Robins,
Hernan, and Brumback 2000). The covariates listed in Appendix SA2 were
included as independent variables to make point estimates robust against model
misspecification (i.e., doubly robust estimation; Funk et al. 2011). The total
number of ED visits, hospitalizations, or outpatient visits prior to baseline were
included as an additional covariate in each marginal structural model because
health service use prebaseline was strongly associated with use postbaseline.
The number of days of Medicaid eligibility postbaseline was included as an off-
set term to account for the greater probability of health service use for persons
with health insurance. A sandwich estimator was used to calculate standard
errors that were robust against model misspecification. Note that we did not use
IPTW when performing sequence analysis. The purpose of sequence analysis
was to create a housing stability outcome for all participants, and we believed
that this measurement, similar to health outcomes, was independent of treat-
ment status. Lastly, because housing placement was not random, we conducted
a sensitivity analysis to quantify bias due to unobserved confounding using the
bias equation of VanderWeele and Arah. Specifically, we assessed the impact of
unobserved confounding on the rate ratios of preventable ED visits by support-
ive housing placement (VanderWeele and Arah 2011).

Statistical significance was determined using two-sided p value <.05.
Sequence analysis was performed using TraMineR and cluster packages in R
2.14.2 software (R Foundation for Statistical Computing, Vienna, Austria). All
other analyses were performed using SAS 9.2 software (SAS Institute, Inc.,
Cary, NC).

RESULTS

Of 926 eligible heads of families experiencing chronic homelessness who
applied for the NY/NY III supportive housing program, most were women
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and persons of color (Table 1). Their average age was 35 years. Compared
with unplaced applicants (comparison group), those placed in NY/NY III
(treatment group) were less likely to be mentally ill, have a history of substance

Table 1: Selected Baseline Demographic Characteristics among Heads of
Homeless Families Who Were Eligible for the NY/NY III Program

Total Treatment ~ Comparison  p-Value

N 926 300 626
Sex
Female 79% 78% 80% .51
Male 21% 22% 20%
Race/ethnicity
Non-Latino white 7% 7% 7% 99
Non-Latino black 47% 48% 47%
Latino 44% 44% 44%
Others 2% 1% 2%
Any substance use histories™: yes 33% 23% 38% <.01
Any mental illness at the time of application': yes 77% 65% 83% <.01
Severe physical illness*: yes 48% 50% 47% .36
Any diagnoses of physical illness: yes 67% 65% 68% .28
Education
<High school diploma 53% 51% 54% .63
High school diploma or higher 45% 47% 44%
Others 2% 2% 2%
No. of assistance required for activities of daily living§
0 28% 20% 32% <.01
1 16% 19% 15%
2-3 28% 31% 26%
4-10 28% 29% 27%
Mean age on 1/1/2007 (SD) 35 (11) 35 (10) 34 (11) .18
Mean outpatient visits for 2 years prior to 71 (82) 76 (74) 69 (86) 18
baseline (SD)
Mean hospitalizations for 2 years prior 1(3) 1(3) 1(2) .97
to baseline (SD)
Mean ED visits for 2 years prior to 3(5) 3(4) 3(6) 13
baseline (SD)

*Based on use of substances (alcohol, amphetamines, cocaine, crack, hallucinogens, opiates, mari-
juana, PCP, sedative/hypnotics, others) in the past.

"Determined according to Axis I or Axis IT codes of the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition.

*Determined according to Charlson comorbidity index (Charlson, M. E., P. Pompei, K. L. Ales,
and C. R. MacKenzie. 1987. A New Method of Classifying Prognostic Comorbidity in Longitudi-
nal Studies: Development and Validation. Journal of Chronic Diseases 40 (5): 373-83.)

SActivities for daily living include walking and climbing, traveling, hearing, vision, feeding and
meal preparation, housekeeping, cognitive functions, managing finances, toileting, and personal
hygiene.

SD, standard deviation.
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use, and have a history of violence-related symptoms or behaviors. Treated
persons were more likely to need assistance with activities of daily living.
There were no significant differences in health care utilization between the
treatment and comparison group for the 2 years before baseline. Three hous-
ing patterns were identified in the year before baseline: (1) unstable housing;
(2) increasing housing instability; and (3) noninstitutional stay
(Appendix SA3). Those in the treatment group, as opposed to the comparison
group, were more likely to have the unstable housing pattern (75 vs. 62 per-
cent), reflecting more homeless shelter stays, and less likely to have the nonin-
stitutional stay pattern (13 vs. 27 percent) prior to being eligible for NY/NY
I11.

Sequence analysis identified four housing patterns during the 2 years
postbaseline: (1) stable housing; (2) noninstitutional stay; (3) unstable housing;
and (4) transition to noninstitutional stay (Figure 1). Twenty-nine percent of
the cohort followed the stable housing pattern, which was characterized by
consistent placement in supportive housing (568 days on average, Table 2)
after a brief period of unstable government-subsidized housing. Seventeen
percent followed the noninstitutional stay pattern as they spent most of the fol-
low-up period in a noninstitutional setting. Twenty percent had consistent
placement (585 days on average) in unstable government housing, which was
labeled as the unstable housing pattern. Lastly, the one-third of the cohort (34
percent) experienced a transition from unstable government housing to a non-
institutional setting (transition to noninstitutional stay).

After controlling for differences in baseline characteristics between the
treatment and comparison groups via stabilized IPTW, 87 percent of the treat-
ment group experienced housing stability, and the remaining 13 percent had
the three other housing patterns. In contrast, only 1 percent of the comparison
group exhibited the stable housing pattern. The remaining persons in the
comparison group followed the transition to noninstitutional stay (53 percent),
unstable housing (24 percent), and noninstitutional stay (22 percent) patterns.

On average, the treatment and comparison group persons were eligible
for Medicaid for 1.8 years and 1.6 years of the 2-year follow-up period,
respectively. The weighted rate of preventable ED visits among the treatment
group was (.78 times that among the comparison group (95% CI = 0.58, 1.05;
309 vs. 408 per 1,000 person-years), but this difference was not statistically sig-
nificant (Table 3). When stratified by postbaseline housing pattern—where
patterns with a small number of persons were combined with the stable hous-
ing pattern (treatment) and noninstitutional stay pattern (comparison)—the
association between the NY/NY III and preventable ED visits was statistically
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Figure 1: Postbaseline Housing Stablity Patterns among Heads of Homeless
Families Who Were Eligible for the NY/NY III Program [Color figure can be
viewed at wileyonlinelibrary.com]

Stable housing (N=268) Non-institutional stay (N=155)
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Notes: Each horizontal line in the y-axis represents an individual-level sequence of monthly hous-
ing events during 2 years postbaseline. The x-axis represents each month during 2 years postbase-
line. Change in color indicates transition between different housing events. For example, if a blue
line up to the first six months is switched to a red line afterwards, it represents an individual who
initially stayed in unstable government housing for 6 months and moved out of NYC institutions
for the next 18 months. These individual-level sequences are stacked together and divided into
four distinct clusters (or plots) based on their similarities. The height of the original plot is propor-
tional to the number of individuals in each cluster, but then adjusted to the same size to more
clearly show color patterns.
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significant. The treatment group had a lower rate of preventable ED visits
(Relative Risk [RR] = 0.60, 95% Confidence Interval [CI] = 0.38, 0.96) than
the comparison group persons with unstable housing pattern. For the treat-
ment group, the rate of preventable ED visits decreased each year postbase-
line (Figure 2). There was no decreasing trend for the comparison group as a
whole or for comparison group members in the unstable housing pattern. The
weighted rate of preventable hospitalizations among the treatment group was
0.69 times (95% CI = 0.42, 1.14; 100 vs. 120 per 1,000 person-years) that of
the comparison group. After stratification by housing pattern, the association
between NY/NY III and preventable hospitalizations remained nonsignifi-
cant. Lastly, NY/NY III program participation was not associated with the

Figure 2: Annual Rates of Preventable ED Visits by Treatment versus Com-
parison Groups and Housing Stability Patterns among Heads of Homeless
Families Who Were Eligible for the NY/NY III Program
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rate of outpatient visits due to ACS conditions and this null finding remained
after stratification by housing pattern (data not shown).

As a sensitivity analysis, we tested the extent to which the relative risk of
preventable ED visits was biased due to unobserved confounding
(Appendix SA4). If an unobserved risk factor was more prevalent among the
comparison versus treatment groups (e.g., substance use behaviors), an unbi-
ased estimate of the upper bound of the 95% CI would have been greater than
one, and the relative risk by the NY/NY III placement would no longer have
been statistically significant. On the other hand, if an unobserved risk factor
among the comparison persons were less prevalent (e.g., assistance for inde-
pendent living), the 95% CI upper bound would have contained below one,
and the relative risk remained statistically significant.

COMMENT

In this evaluation, we found that the NY/NY III supportive housing program
was associated with improved housing stability among heads of homeless fam-
ilies who had underlying mental and physical health conditions or substance
use disorders. Nearly 90 percent of the program participants experienced
housing stability in the 2 years after baseline, whereas only 1 percent of appli-
cants not placed in the program achieved housing stability through govern-
ment-subsidized housing. Seventy-five percent of nonplaced applicants were
in (or transitioned to) noninstitutional settings, while nearly one in four (24
percent) were consistently in unstable housing—primarily homeless shelter.
Placement in the housing program was also associated with reduced pre-
ventable ED visits when stratified by housing pattern. Compared with home-
less families who spent most of the postbaseline period in unstable
government housing such as homeless family shelters, those placed in the
NY/NY III program were less likely to make ED visits for chronic conditions
that may have been avoided with proper primary care.

Unlike previous studies which found mixed results for housing stability
for families in supportive housing, the current evaluation found a positive and
statistically significant association (Bassuk et al. 2014). This might be because
we used a housing stability measure that incorporated order and duration of
multiple housing events from administrative data, which might be more valid
than self-reported measures or single housing events as reported in previ-
ousstudies (McAllister, Lennon, and Kuang 2011; Lim, Singh, and Gwynn
2017).
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The current evaluation advances existing knowledge by establishing a
relationship between supportive housing and reduced preventable medical
care among heads of homeless families. Although there was little difference in
the prevalence of chronic conditions between the treatment and comparison
groups at baseline, when 2-year housing stability was factored in, the NY/NY
III participants had a lower rate of preventable ED visits postbaseline than
persons who remained unstably housed. Similar to a previous study that
reported positive associations between HIV treatment adherence and housing
stability, our finding demonstrates that addressing housing, a fundamental
social determinant of health, can lead to significant reductions in avoidable
health care utilization as well as to improved health outcomes (Lim et al.
2015). On the other hand, a positive impact of NY/NY III on preventable hos-
pitalizations was not observed. Total counts of preventable hospitalization
events were small, suggesting that more follow-up time might be needed to
detect a trend influenced by supportive housing. In this population, the
decrease in preventable ED visits was not associated with an increase in outpa-
tient visits for ACS conditions. It might be that stable housing allows formerly
homeless families to meet their urgent need and thus manage their chronic
conditions via medication and social services (White and Newman 2015). Fur-
ther studies using detailed service and program data are warranted to test an
exact mechanism for the pathway between supportive housing and reduced
preventable care.

This evaluation finding also provides evidence for a noneconomic bene-
fit of supportive housing programs. In a recent policy debate, researchers have
argued that a conventional approach to assess short-term cost-effectiveness of
the housing program might not be adequate because it fails to capture the
complex life challenges and trauma experienced by homeless persons. For
example, traditional analyses focused on cost-effectiveness do not capture
urgent needs such as the burden of chronic diseases or unmet needs for child-
care (Kertesz et al. 2016). Homeless families derive great value from stable
housing assistance, resulting in reduced anxiety and the ability to use
resources to restart stable and independent lives (Fisher et al. 2014). As we
found in this analysis, supportive housing provides societal benefits beyond
costs savings by reducing the use of the ED for preventable conditions. In
addition to the health care benefits, we believe that consistent and stable sup-
portive housing creates a setting where families can maintain routines and
activities, develop family identities, and achieve physical and mental well-
being.
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This evaluation had several limitations. First, we were not able to track
housing events outside of NYC institutions (e.g., street homelessness, resi-
dence outside of NYC). It results in possible misclassification of housing stabil-
ity and biasing our findings toward the null (i.e., weaker associations between
the housing program and outcomes) because we coded these events as nonin-
stitutional stays and the comparison group had more persons with noninstitu-
tional stays. Among noninstitutional events, we also could not separate stable
housing experiences from unstable ones due to lack of relevant administrative
data. Second, supportive housing placement was not randomly assigned.
Although a large number of covariates were used to account for this selection
process, we could not rule out residual confounding due to unobserved covari-
ates that could bias findings. As seen in the sensitivity analysis, depending on
the prevalence ratio of unobserved risk factors among the treatment versus
comparison persons, the RR could be biased toward or away from the null.
Third, the definition of housing stability did not incorporate a threshold to
quantify occurrence of incarceration, homelessness, or hospitalization while
experiencing continuous placement in supportive housing. Instead, we let
sequence analysis identify groups of individuals whose sequences of housing
events met our definition of housing stability. Despite these limitations, use of
sequence analysis allowed us to incorporate order and duration of multiple
housing events from administrative data, which greatly improved validity of
the housing stability measure compared with traditional mean or frequency-
based measures (McAllister, Lennon, and Kuang 2011). Another strength of
the evaluation was the use of the matched administrative data, which
improved measurement (e.g., reduced recall bias) and provided more com-
plete data to capture potential confounders and various service use outcomes.

In conclusion, NY/NY III had a positive impact on housing stability
among heads of homeless families having serious mental illness, substance use
disorders, physical disabilities, or HIV/AIDS. This improved housing stabil-
ity was associated with a reduction in preventable ED visits among those
placed in the program. These findings provide important evidence for the con-
tinuation and expansion of supportive housing programs for homeless
families.
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