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Abstract

Background: Although homelessness is a well-documented risk factor for drug overdose at the
individual level, less is known about state-level homelessness and overdose mortality in the United
States (US).

Methods: This study used 2007—-2020 panel data for all US states and the District of Columbia,
from the following sources: US Department of Housing and Urban Development (homelessness
data); Centers for Disease Control and Prevention (drug overdose death counts, population
estimates, and opioid prescribing rates); Bureau of Labor Statistics (unemployment rates); and the
National Forensic Laboratory Information System (drug seizure data). Two-way (state and year)
fixed effects models regressed log-transformed drug overdose mortality rates on homelessness
prevalence, in nested models adding demographic composition and unemployment measures, as
well as drug supply measures. Models were weighted by state population size, and standard errors
(SEs) were clustered at the state level.

Results: Homelessness prevalence was significantly and positively associated with rates of
drug overdose mortality after adjusting for nationwide trends, time-invariant differences between
states, demographic composition, and unemployment rates (4[SE]=0.98[0.36], p=0.009). The
positive association between homelessness prevalence and overdose mortality was attenuated at
higher levels of fentanyl availability (fentanyl involvement in drug seizures; interaction term
bH[SE]=-0.02[0.01], p=0.001).
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Conclusion: The positive association between state-level homelessness and drug overdose
mortality suggests that policies and programs to prevent and reduce homelessness represent
fundamental elements of a comprehensive response to the US overdose crisis.
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1. Introduction

Drug overdose deaths have increased exponentially in the United States (US; Jalal et

al., 2018), rising from 16,849 deaths in 1999 to 106,699 deaths in 2021 (Centers for
Disease Control and Prevention; CDC, 2023) and calling attention both to drug availability
and underlying social determinants of drug use and related risks (Cerda et al., 2021).
Homelessness and housing instability have been identified as risk factors for fatal or nonfatal
overdose among people who inject drugs (Jenkins et al., 2011; O’Driscoll et al., 2001; Park
et al., 2018; Sherman et al., 2007; Wagner et al., 2015), and drug overdose is a leading,

and increasing, cause of death among individuals experiencing homelessness (Baggett et
al., 2013; Cawley et al., 2022; Dickins et al., 2023; Fine et al., 2022; Fliss et al., 2022;

Funk et al., 2022; Nicholas et al., 2021). Relative to the general population, drug overdose
mortality rates are more than ten times as high in samples of individuals experiencing
homelessness across different US communities (Baggett et al., 2015; Fliss et al., 2022; Fine
et al., 2022; Rowe et al., 2019; Scott et al., 2022). At the same time, despite the abundance
of individual-level evidence regarding homelessness and overdose, it is unclear whether an
association between homelessness and overdose mortality is also observed at the state level.

Several state- or county-level housing measures (e.g., eviction rates, rental stress, and
vacant housing units) are positively associated with drug overdose mortality (Bradford
and Bradford, 2020; Monnat, 2018; Monnat et al., 2019), while other housing-related
measures (e.g., house prices, mobile homes, group quarters, Brown and Wehby, 2019;
Frankenfeld and Leslie, 2019) are negatively associated with drug overdose mortality
rates. Due to the complex and multifactorial relationships between socioeconomic factors
and community overdose mortality rates, county-level research has yielded mixed results
regarding associations between overall poverty measures and overdose (Cano et al., 2023),
and much less is known regarding fomelessness specifically. Therefore, the present study
examines the relationship between state-level rates of homelessness and US drug overdose
mortality.

2. Methods

2.1. Data Sources and Measures

2.1.1. Homelessness Data—Estimated numbers of individuals experiencing
homelessness, in each state each year (2007-2020), were obtained from the US Department
of Housing and Urban Development (HUD) Point-in-Time count, which is undertaken

each year at the end of January to provide official estimates of individuals experiencing
homelessness (sheltered and unsheltered). Detailed information about methodology used
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in Point-in-Time counts is published elsewhere (US Department of Housing and Urban
Development, 2014), and a description of this data source is also provided in Table S1,
which details all measures used in the study.

2.1.2. Mortality Data—Numbers of individuals who died of drug overdoses in each
state each year, as well as age-adjusted mortality rates, were obtained via the Centers for
Disease Control and Prevention’s (CDC) Multiple Cause of Death dataset (CDC, 2023) via
the WONDER online platform, which provides death certificate information for deaths of
US residents that occurred in the 50 states or DC. Drug overdose deaths were identified

via any underlying cause of death code within ICD-10 categories X40-44 (accidental drug
poisoning), X60-64 (intentional drug self-poisoning), X85 (homicide via drug poisoning),
or Y10-14 (drug poisoning of undetermined intent). Analyses included drug overdoses
involving any drug to avoid the bias introduced by geographic variation in drug reporting on
death certificates (Jones et al., 2019).

2.1.3. Population Estimates and Covariates—Population estimates for each state
each year were obtained from the National Center for Health Statistics’ intercensal estimates
of the July 15t resident population, accessed via the WONDER online platform (CDC, 2023).
Population estimates for Black, White, American Indian/Alaska Native, non-elderly adult
(ages 18-64), and metropolitan populations were also used to calculate the demographic
composition of each state each year (e.g., percent Black, percent ages 18-64; see Table S1).
Unemployment rates for each state each year were drawn from the US Bureau of Labor
Statistics Local Area Unemployment Statistics program (US Bureau of Labor Statistics,
2023). The number of opioid prescriptions dispensed per 100 residents, for each state each
year, was derived from the CDC (CDC, 2021), while numbers of drug seizure cases in

each state each year, overall and involving fentanyl/fentanyl analogs, were obtained from the
Public Data Query System of the US Department of Justice National Forensic Laboratory
Information System (NFLIS, 2023).

2.2. Analyses

Analyses were completed in Stata/MP 16.1 and RStudio. Using panel data (for all 50
states and DC, for the years 2007-2020), iomelessness prevalence (number of individuals
experiencing homelessness in any given state, divided by state population size, multiplied
by 100) was modeled as a predictor of the outcome of interest, the drug overdose mortality
rate per 100,000 population (log-transformed), using two-way fixed effects Ordinary Least
Squares regression models (Allison, 2009). In these models, state fixed effects adjust for
time-invariant differences between states, while year fixed effects adjust for nationwide
events or changes over time that affect all states. Estimates were weighted based on state
population size, and standard errors (SEs) were clustered at the state level.

Model 1 included the predictor and outcome variable; Model 2 adjusted for time-varying
demographic composition measures (percent: Black; White; American Indian; ages 18-64;
and in metropolitan areas) and unemployment rates. The final model, Model 3, included the
previously-mentioned time-varying demographic composition and unemployment measures,
as well as two time-varying drug supply measures: 1) number of opioid prescriptions per
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100 residents; and 2) percent of drug seizures involving fentanyl, as an interaction term with
homelessness prevalence. This interaction was modeled in consideration of the potential

for high availability of illicitly-manufactured fentanyl to compound pre-existing overdose
risks in populations experiencing homelessness, and based on prior research identifying
fentanyl availability as a moderator of the association between a county-level measure of
socioeconomic hardship and overdose mortality (Dean and Kimmel, 2019).

3. Results

Descriptive statistics for all variables are provided in Table 1, and values of the outcome
and predictor are plotted in Supplemental Figures S1-S2. Table 2 presents results

from the two-way fixed effects regression models predicting drug overdose mortality

rates based on homelessness prevalence. Homelessness prevalence was significantly and
positively associated with drug overdose mortality rates after adjusting for time-invariant
state differences and differences over time that are constant between states (Model 1,

b SE]=0.92[0.38], p=0.019) and after including time-varying state demographic composition
and unemployment measures (Model 2, 5[ SE]=0.98[0.36], p=0.009). As reflected in Model
3, which added time-varying drug supply measures, the positive association between
homelessness prevalence and drug overdose mortality was attenuated at higher levels of
fentanyl involvement in drug seizures (interaction term 5[ SE]=—-0.02(0.01), p=0.001). A
graphical representation of this interaction is provided in the Supplemental Material (Figure
S3), along with results from the sensitivity analyses modeling age-adjusted mortality rates
instead of crude rates (Table S2), for which results were nearly identical.

4. Limitations

HUD Point-in-Time counts represent the official source of US homelessness data, yet these
counts likely underestimate homelessness, due to the difficulties of counting unsheltered
populations and the definition of homelessness used, which does not include individuals
experiencing housing instability or sharing living accommodations (Fusaro et al., 2018;
Mosites et al., 2021). Counting only those experiencing homelessness on one given day
also limits the scope of the estimates (Fusaro et al., 2018), and state-level counts may be
influenced by seasonal migration patterns (Almquist et al., 2020). Furthermore, although
bound by HUD minimum standards, Point-in-Time counts in different jurisdictions include
different methodologies (e.g., censuses, sampling strategies, and extrapolation) which may
change over time (Schneider et al., 2016; Tsai and Alarcon, 2022).

Due to data availability, the study’s analyses were limited to the years 2007-2020 and to

the state level, instead of more granular geographic units. The analyses aimed to adjust for
several observed and unobserved sources of confounding within and between states, yet the
number of controls included was limited by the number of state-year observations. Finally,
percent of drug seizure cases involving fentanyl/analogs was modeled as a proxy of the
extent to which illicitly-manufactured fentanyl is represented in state drug supplies, yet these
data do not include all drug seizures or drugs not seized by law enforcement, nor do they
account for the relative size of each drug seizure (National Forensic Laboratory Information
System, n.d.).
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5. Discussion

While drug overdose mortality has increased exponentially in the US (Jalal et al., 2018),
homelessness has followed a different trajectory, declining after the years of the Great
Recession and beginning to increase again after 2016 (De Sousa et al., 2022). Based on
state-level panel data from 2007-2020, the present study’s findings offer initial evidence

of a state-level association between increased homelessness prevalence and increased rates
of drug overdose mortality in the United States. This association was observed even after
adjusting for time-invariant state differences, changes over time affecting all states, yearly
state-level unemployment rates, demographic composition measures, and opioid prescribing
rates, although the association was attenuated at higher levels of fentanyl involvement in
drug seizures.

Considering that individuals experiencing homelessness die of drug overdoses at notably
higher rates than the general population (Fine et al., 2022; Scott et al., 2022), an increase in
the proportion of the population experiencing homelessness could be expected to translate
into an increase in the overall population overdose mortality rate, due to demographic
composition change. At the same time, it is also possible that state levels of homelessness
exert indirect effects on overdose mortality rates, potentially involving community levels
of drug use and drug commerce (Werb et al., 2008), local economic and social spillover
effects, medical system strain (Abramson et al., 2021), and resource allocation. Overall,
overdose mortality rate differences between states, and within states over time, likely
represent the interplay of numerous risk and protective factors, including both supply-side
factors such as non-pharmaceutical fentanyl availability, socioeconomic vulnerabilities such
as homelessness, demographic and regional patterns, and policies and resources.

The study’s finding that the association between state homelessness and overdose
mortality was stronger at lower levels of fentanyl involvement in drug seizures may seem
counterintuitive, considering that illicitly-manufactured fentanyl may be highly accessible
to individuals experiencing homelessness, as it is relatively inexpensive and sold on the
street. At the same time, individuals experiencing homelessness are not the only population
demographic exposed to fentanyl, which has nearly replaced heroin supplies in the eastern
US (Pardo et al., 2021) and has also recently proliferated in the form of counterfeit tablets,
particularly in the West (Kilmer et al., 2022), broadening the drug’s demographic reach.
Determining optimal measures of street fentanyl availability, in light of limitations in drug
seizure data measures (McBrien and Alexander, 2022), is critical for understanding the
interplay between drug availability and social disadvantage measures such as homelessness.
Moreover, additional research is necessary to elucidate potential pathways and moderators
between state-level homelessness and overdose, to differentiate between various types of
homelessness (e.g., unsheltered, different types of shelter housing, chronic homelessness,
family homelessness), and to incorporate the role of racial disproportionality (Jones, 2016)
or examine COVID-related changes.

Homelessness prevention strategies include rental subsidies, eviction prevention programs
(Doran et al., 2022), and safety net programs, as well as policies related to zoning,
construction, and taxes (Byrne et al., 2013). With respect to improving housing outcomes,
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including among individuals experiencing chronic homelessness and co-occurring substance
use and mental disorders (US Department of Housing and Urban Development, 2007),
Housing First’s effectiveness (Baxter et al., 2019; Tsai, 2020) and cost-effectiveness (Jacob
etal., 2022) is well-documented. Overall, the association between homelessness and
overdose mortality suggests that policies and programs to prevent and reduce homelessness
represent a fundamental component of a comprehensive response to the ongoing crisis of
drug overdose deaths in the US (Doran et al., 2022).

6. Conclusion

Homelessness is not the only risk factor for overdose mortality, nor is it likely among
the largest contextual influences on state overdose rates. Nonetheless, the present study
documented a positive association between state-level homelessness prevalence and drug
overdose mortality rates in the US, 2007-2020, even after accounting for levels of
unemployment and other differences between states and years. Study findings add to
literature at the individual level concluding that not only is preventing and addressing
homelessness a priority in and of itself, but also a priority relevant in efforts to address
overdose mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Role of Funding Source:

NIDA (K01DA057514) - Sehun Oh

References

Abramson TM, Sanko S, Eckstein M, 2021. Emergency medical services utilization by
homeless patients. Prehosp Emerg Care. 25, 333-340. 10.1080/10903127.2020.1777234 [PubMed:
32501745]

Allison PD, 2009. Fixed Effects Regression Models. Sage Publications, Inc.

Almquist ZW, Helwig NE, You Y, 2020. Connecting Continuum of Care point-in-time homeless
counts to United States Census areal units. Mathematical Population Studies, 27, 46-58.
10.1080/08898480.2019.1636574

Baggett TP, Hwang SW, O’Connell JJ, Porneala BC, Stringfellow EJ, Orav EJ, Singer DE, Rigotti NA,
2013. Mortality among homeless adults in Boston: Shifts in causes of death over a 15-year period.
JAMA Intern. Med 173, 189-195. doi:10.1001/jamainternmed.2013.1604 [PubMed: 23318302]

Baggett TP, Chang Y, Singer DE, Porneala BC, Gaeta JM, O’Connell JJ, Rigotti NA, 2015. Tobacco-,
alcohol-, and drug-attributable deaths and their contribution to mortality disparities in a cohort of
homeless adults in Boston. Am. J. Public Health 105, 1189-1197. [PubMed: 25521869]

Baxter AJ, Tweed EJ, Katikireddi SV, Thomson H, 2019. Effects of Housing First approaches on
health and well-being of adults who are homeless or at risk of homelessness: systematic review
and meta-analysis of randomised controlled trials. J. Epidemiol. Community Health 73, 379-387.
10.1136/jech-2018-210981 [PubMed: 30777888]

Bradford AC, Bradford WD, 2020. The effect of evictions on accidental drug and alcohol mortality.
Health Serv. Res 55, 9-17. 10.1111/1475-6773. [PubMed: 31889303]

Brown E, Wehby GL, 2019. Economic conditions and drug and opioid overdose deaths. Med Care Res
Rev. 76, 462-477. doi: 10.1177/1077558717722592 [PubMed: 29148350]

Drug Alcohol Depend. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cano and Oh

Page 7

Byrne T, Munley EA, Fargo JD, Montgomery AE, Culhane DP, 2013. New perspectives
on community-level determinants of homelessness. J. Urban Aff 35, 607-625. 10.1111/
J.1467-9906.2012.00643.x
Cano M, Oh S, Oshorn P, Olowolaju SA, Sanchez A, Kim Y, Moreno AC, 2023. County-level
predictors of US drug overdose mortality: A systematic review. Drug Alcohol Depend. 109714.
10.1016/j.drugalcdep.2022.109714
Cawley C, Kanzaria HK, Zevin B, Doran KM, Kushel M, Raven MC, 2022. Mortality among people
experiencing homelessness in San Francisco during the COVID-19 pandemic. JAMA Netw. Open
5, €221870-e221870. doi:10.1001/jamanetworkopen.2022.1870 [PubMed: 35267030]

CDC, 2021. US opioid dispensing rate maps. https://www.cdc.gov/drugoverdose/rxrate-maps/
index.html

CDC, 2023. National Center for Health Statistics Mortality Data on CDC WONDER. https://
wonder.cdc.gov/med.html

Cerda M, Krawczyk N, Hamilton L, Rudolph KE, Friedman SR, Keyes KM, 2021. A critical review
of the social and behavioral contributions to the overdose epidemic. Annu Rev Public Health. 42,
95-114. 10.1146/annurev-publhealth-090419-102727 [PubMed: 33256535]

De Sousa T, Andrichik A, Cuellar M, Marson J, Prestera E, Rush K, 2022. The 2022 Annual
Homelessness Assessment Report (AHAR) to Congress: Part 1 point-in-time estimates of
homelessness. https://www.huduser.gov/portal/sites/default/files/pdf/2022-AHAR-Part-1.pdf

Dean A, Kimmel S, 2019. Free trade and opioid overdose death in the United States. SSM-Population
Health, 8, 100409. 10.1016/j.ssmph.2019.100409 [PubMed: 31309136]

Dickins KA, Fine DR, Adams LD, Horick NK, Lewis E, Looby SE, Baggett TP, 2023. Mortality trends
among adults experiencing homelessness in Boston, Massachusetts from 2003 to 2018. JAMA
Intern. Med doi:10.1001/jamainternmed.2022.7011

Doran KM, Fockele CE, Maguire M, 2022. Overdose and homelessness—why we need to talk about
housing. JAMA Netw. Open 5, e2142685-e2142685. doi:10.1001/jamanetworkopen.2021.42685
[PubMed: 34994799]

Fine DR, Dickins KA, Adams LD, De Las Nueces D, Weinstock K, Wright J, Gaeta JM, Baggett
TP, 2022. Drug overdose mortality among people experiencing homelessness, 2003 to 2018.
JAMA Netw. Open 5, €2142676-€2142676. doi:10.1001/jamanetworkopen.2021.42676 [PubMed:
34994792]

Fliss MD, Chung EO, Carey A, Alexander BK, 2022. People experiencing homelessness in NC have
increased mortality, including high overdose, violence, injury, and chronic disease death rates. N.
C. Med. J 83, 390-391. 10.18043/ncm.83.5.390 [PubMed: 37158551]

Frankenfeld CL, Leslie TF, 2019. County-level socioeconomic factors and residential racial, Hispanic,
poverty, and unemployment segregation associated with drug overdose deaths in the United States,
2013-2017. Ann. Epidemiol 35, 12-19. 10.1016/j.annepidem.2019.04.009. [PubMed: 31080000]

Funk AM, Greene RN, Dill K, Valvassori P, 2022. The impact of homelessness on mortality of
individuals living in the United States: A systematic review of the literature. J. Health Care Poor
Underserved 33, 457-477. doi:10.1353/hpu.2022.0035. [PubMed: 35153234]

Fusaro VA, Levy HG, Shaefer HL, 2018. Racial and ethnic disparities in the lifetime prevalence
of homelessness in the United States. Demography. 55, 2119-2128. 10.1007/s13524-018-0717-0
[PubMed: 30242661]

Jacob V, Chattopadhyay SK, Attipoe-Dorcoo S, Peng Y, Hahn RA, Finnie R, Cobb J, Cuellar
AE, Emmons KM, Remington PL, 2022. Permanent supportive housing with housing first:
findings from a community guide systematic economic review. Am J Prev Med. 62, e188—201.
doi:10.1016/j.amepre.2021.08.009 [PubMed: 34774389]

Jalal H, Buchanich JM, Roberts MS, Balmert LC, Zhang K, Burke DS, 2018. Changing dynamics of
the drug overdose epidemic in the United States from 1979 through 2016. Science. 361, eaaul1184.
doi: 10.1126/science.aaul184 [PubMed: 30237320]

Jenkins LM, Banta-Green CJ, Maynard C, Kingston S, Hanrahan M, Merrill JO, Coffin PO, 2011.
Risk factors for nonfatal overdose at Seattle-area syringe exchanges. J. Urban Health 88, 118-128.
10.1007/s11524-010-9525-6 [PubMed: 21246299]

Drug Alcohol Depend. Author manuscript; available in PMC 2024 September 01.


https://www.cdc.gov/drugoverdose/rxrate-maps/index.html
https://www.cdc.gov/drugoverdose/rxrate-maps/index.html
https://wonder.cdc.gov/mcd.html
https://wonder.cdc.gov/mcd.html
https://www.huduser.gov/portal/sites/default/files/pdf/2022-AHAR-Part-1.pdf

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cano and Oh

Page 8

Jones CM, Warner M, Hedegaard H, Compton W, 2019. Data quality considerations when using
county-level opioid overdose death rates to inform policy and practice. Drug Alcohol Depend. 204,
107549. doi: 10.1016/j.drugalcdep.2019.107549 [PubMed: 31518886]

Jones MM, 2016. Does race matter in addressing homelessness? A review of the literature. World Med
Health Policy. 8, 139-156. 10.1002/wmh3.189 [PubMed: 29576910]

Kilmer B, Pardo B, Pujol TA, Caulkins JP, 2022. Rapid changes in illegally manufactured fentanyl
products and prices in the United States. Addiction. 117, 2745-2749. 10.1111/add.15942
[PubMed: 35543081]

McBrien H, Alexander M, 2022. Trends in opioid seizure data and their
association with opioid mortality. medRxiv, 2022-10. https://www.medrxiv.org/content/
10.1101/2022.10.08.22280845v1.full.pdf

Monnat SM, 2018. Factors associated with county-level differences in US drug-related mortality rates.
Am. J. Prev. Med 54, 611-619. 10.1016/j.amepre.2018.01.040. [PubMed: 29598858]

Monnat SM, Peters DJ, Berg MT, Hochstetler A, 2019. Using census data to understand county-level
differences in overall drug mortality and opioid-related mortality by opioid type. Am. J. Public
Health 109, 1084-1091. 10.2105/AJPH.2019.305136. [PubMed: 31219718]

Mosites E, Morris SB, Self J, Butler JC, 2021. Data sources that enumerate people experiencing
homelessness in the United States: Opportunities and challenges for epidemiologic research. Am.
J. Epidemiol 190, 2432-2436. 10.1093/aje/kwab051 [PubMed: 33751025]

National Forensic Laboratory Information System., n.d. National Forensic Laboratory
Information System questions and answers. https://www.nflis.deadiversion.usdoj.gov/nflisdata/
docs/2k17NFLISQA.pdf

NFLIS., 2023. Public DQS. https://www.nflis.deadiversion.usdoj.gov/publicDQSinfo.xhtml?
Jfwid=4L2KVILH72YVIXNymbk6pQQVEOCIN9OIYyN4fmRS:0

Nicholas W, Greenwell L, Henwood BF, Simon P, 2021. Using Point-in-Time homeless counts
to monitor mortality trends among people experiencing homelessness in Los Angeles County,
California, 2015—2019. Am. J. Public Health 111, 2212-2222. 10.2105/AJPH.2021.306502
[PubMed: 34878861]

O’Driscoll PT, McGough J, Hagan H, Thiede H, Critchlow C, Alexander ER, 2001. Predictors of
accidental fatal drug overdose among a cohort of injection drug users. Am. J. Public Health 91,
984. 10.2105/AJPH.91.6.984 [PubMed: 11392946]

Pardo B, Taylor J, Caulkins J, Reuter P, Kilmer B, 2021. The dawn of a new synthetic opioid era:
the need for innovative interventions. Addiction, 116, 1304-1312. 10.1111/add.15222 [PubMed:
32869394]

Park JN, Weir BW, Allen ST, Chaulk P, Sherman SG, 2018. Fentanyl-contaminated drugs and non-fatal
overdose among people who inject drugs in Baltimore, MD. Harm Reduct. J 15, 1-8. 10.1186/
s12954-018-0240-z

Rowe CL, Riley ED, Eagen K, Zevin B, Coffin PO, 2019. Drug overdose mortality among residents of
single room occupancy buildings in San Francisco, California, 2010-2017. Drug Alcohol Depend.
204, 107571. 10.1016/j.drugalcdep.2019.107571 [PubMed: 31581024]

Schneider M, Brisson D, Burnes D, 2016. Do we really know how many are homeless?: An
analysis of the point-in-time homelessness count. Families in Society. 97, 321-329. doi:
10.1606/1044-3894.2016.97.39

Scott R, Marchand M, Stover B, Causey K, Harruff R, Hagopian A, 2022. Without shelter, people
die: Disproportionate mortality among King County’s homeless population, 2009-2019. J. Social
Distress and Homelessness, 1-11. 10.1080/10530789.2021.2021360

Sherman SG, Cheng Y, Kral AH, 2007. Prevalence and correlates of opiate overdose among
young injection drug users in a large US city. Drug Alcohol Depend. 88, 182-187. 10.1016/
j.drugalcdep.2006.10.006 [PubMed: 17110058]

Tsai J, 2020. Is the housing first model effective? Different evidence for different outcomes. Am. J.
Public Health 110, 1376. doi: 10.2105/AJPH.2020.305835 [PubMed: 32783738]

Tsai J, Alarcon J, 2022. The annual Homeless Point-in-Time count: Limitations and two different
solutions. Am. J. Public Health 112, 633-637. 10.2105/AJPH.2021.306640 [PubMed: 35319943]

Drug Alcohol Depend. Author manuscript; available in PMC 2024 September 01.


https://www.medrxiv.org/content/10.1101/2022.10.08.22280845v1.full.pdf
https://www.medrxiv.org/content/10.1101/2022.10.08.22280845v1.full.pdf
https://www.nflis.deadiversion.usdoj.gov/nflisdata/docs/2k17NFLISQA.pdf
https://www.nflis.deadiversion.usdoj.gov/nflisdata/docs/2k17NFLISQA.pdf
https://www.nflis.deadiversion.usdoj.gov/publicDQSinfo.xhtml?jfwid=4L2KVlLH72YvIXNymbk6pQQvEOC1N9OlYyN4fmRS:0
https://www.nflis.deadiversion.usdoj.gov/publicDQSinfo.xhtml?jfwid=4L2KVlLH72YvIXNymbk6pQQvEOC1N9OlYyN4fmRS:0

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cano and Oh

Page 9

US Department of Housing and Urban Development, 2007. The Applicability of Housing First Models
to Homeless Persons with Serious Mental IlIness. Office of Policy Development and Research.
https://www.huduser.gov/portal/publications/hsgfirst.pdf

US Department of Housing and Urban Development, 2014. Point-in-Time Count Methodology Guide.
https://files.hudexchange.info/resources/documents/P1T-Count-Methodology-Guide.pdf

US Bureau of Labor Statistics., 2023. Local Area Unemployment Statistics: Tables and maps. https://
www.bls.gov/lau/tables.htm#stateaa

Wagner KD, Liu L, Davidson PJ, Cuevas-Mota J, Armenta RF, Garfein RS, 2015. Association
between non-fatal opioid overdose and encounters with healthcare and criminal justice systems:
Identifying opportunities for intervention. Drug Alcohol Depend. 153, 215-220. 10.1016/
j.drugalcdep.2015.05.026 [PubMed: 26091751]

Werb D, Kerr T, Li K, Montaner J, Wood E, 2008. Risks surrounding drug trade involvement among
street-involved youth. Am. J. Drug Alcohol Abuse 34, 810-820. 10.1080/00952990802491589
[PubMed: 19016187]

Drug Alcohol Depend. Author manuscript; available in PMC 2024 September 01.


https://www.huduser.gov/portal/publications/hsgfirst.pdf
https://files.hudexchange.info/resources/documents/PIT-Count-Methodology-Guide.pdf
https://www.bls.gov/lau/tables.htm#stateaa
https://www.bls.gov/lau/tables.htm#stateaa

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cano and Oh

Page 10

Highlights
. Positive association between state rates of homelessness and overdose
mortality
. Association persisted after adjusting for demographic and unemployment
measures
. Association attenuated at higher levels of fentanyl involvement in drug
seizures
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State-Level Descriptive Statistics for 714 State-Years, United States 2007-2020

Table 1

Mean (SD)  Range [Min, Max]
Drug Overdose Mortality Rate, per 100,0004 17.30 (8.77) [2.34,74.52]
Homelessness Prevalence, per 100 Residents ~ 0.18 (0.16) [0.04, 1.23]
Percent Population Aged 18-64 62.22 (1.92) [567.92, 71.81]
Percent Black Population 12.28 (10.95) [0.67, 55.97]
Percent White Population 80.47 (12.91) [30.07, 97.03]
Percent AI/AN Population 2.17 (3.29) [0.22, 17.55]
Percent in Metropolitan Area 76.31 (18.16) [29.59, 100.00]
Unemployment Rate, per 100 Labor Force 5.96 (2.27) [2.10, 13.80]
Opioid Prescriptions, per 100 Residents 73.31 (24.85) [25.00, 146.90]
Percent Drug Seizures Involving Fentanyl 5.78 (12.86) [0.00, 81.91]

Notes.

aCrude rate for drug overdose deaths of any intent, involving any drug.

Abbreviations. SD, standard deviation; Min, minimum value; Max, maximum value.
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Results of Two-Way Fixed Effects Models Predicting Drug Overdose Mortality Rates Based on Homelessness

Prevalence, for 50 US States/DC, 2007-2020 (n=714 state-years)

Model 1 Model 2 Model 3

b (SE) p value b (SE) p value b (SE) p value
Homelessness prevalence 0.92(0.38) 0.019 0.98(0.36) 0.009 0.63 (0.31) 0.046
Percentage drug seizures involving fentany! 002(000)  <0.001

-0.02(0.01)  0.001

Homelessness prevalence x Percentage drug seizures involving
fentanyl
Opioid prescribing rate Yes
Demographic composition measures Yes Yes
Unemployment rate Yes Yes
State fixed-effects Yes Yes Yes
Year fixed-effects Yes Yes Yes
Population weighted Yes Yes Yes
R? 0.71 0.75 0.84
BIC -465.96 -544.25 -845.75

Notes. Standard errors clustered at the state level. All models are weighted by state population size. Rates of drug overdose mortality (outcome)

are log-transformed and per 100,000. Homelessness prevalence is per 100 residents. Opioid prescribing rate is per 100 residents. R2 for the within
estimator. Abbreviations. SE, robust standard error; BIC, Bayesian information criterion.
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