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Abstract

This study examines cigarette smoking trajectories from homelessness to housing and
assesses demographic and clinical characteristics associated with multiple longitudi-
nal smoking behavior patterns. Data were drawn from a longitudinal prospective cohort
study of 421 adults experiencing homelessness who entered permanent supportive hous-
ing (PSH). Four quantitative surveys (baseline [while homeless], 3-, 6-, and 12 months
post-housing) gathered participants’ smoking frequency used for Repeated Measure Latent
Class Analysis (RMLCA), which identified subgroups that share longitudinal smoking
behavior patterns. Baseline and time-varying demographic, mental health (e.g., schizo-
phrenia), and substance use (e.g., cannabis use) measures were examined as correlates of
class membership. RMLCA estimates supported a three-class model: (1) mixed-frequency
decreasers (n=T1): who smoked at differing frequencies while demonstrating a significant
decrease over time; (2) high-frequency maintainers (n=194): participants who smoked
daily/almost-daily and maintained this smoking rate across waves; and (3) low-frequency
increasers (n=>56): participants who generally were non-smokers at baseline and signif-
icantly increased to monthly or weekly consumption longitudinally. Compared to Black
and African American participants, Hispanic and Latino participants had greater odds of
low-frequency increaser and mixed-frequency decreaser membership. Schizophrenia and
bipolar disorder diagnoses increased odds of high-frequency maintainer membership com-
pared to the two less-frequent-using subgroups. Cannabis use increased longitudinally and
was associated with greater odds of high-frequency maintainer membership. This is the
first study to find smoking changes from homelessness to housing. While encouraging that
some residents reduce their smoking post-housing, many maintained high smoking rates.
Cessation services that address mental health and co-occurring substance use within PSH
are warranted.
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Cigarette smoking among adults experiencing homelessness is nearly five times that of
housed adults (Soar et al., 2020). While homeless, this population faces a multitude of hin-
drances to smoking cessation, including the experience of homelessness itself and subse-
quent health and social deficits that accompany housing instability. High smoking rates
are frequently attributed to clinical characteristics that typify adults experiencing home-
lessness, including poor mental health and high-risk substance use behaviors (Soar et al.,
2020). Particularly, mental health conditions with psychotic features (e.g., schizophrenia
and bipolar disorder) and post-traumatic stress disorder (PTSD), along with moderate to
high-risk use of cannabis, illicit substances, and alcohol exacerbate smoking frequency
for this population (Baggett et al., 2016; Harris et al., 2019a; Tsai & Rosenheck, 2012;
Vijayaraghavan et al., 2016). Moreover, there is disproportionate representation of persons
living in extreme poverty, Black and African American persons, and persons with lower
levels of educational attainment within the homeless adult population (Henry et al., 2018;
Soar et al., 2020); demographic characteristics correlated with increased smoking and
reduced cessation (Businelle et al., 2013; Kulak et al., 2016; Soar et al., 2020).

Adults experiencing homelessness desire to cease smoking and make quit attempts at
rates comparable to domiciled adults (Baggett et al., 2013; Businelle et al., 2013), yet their
cessation outcomes have not been promising following intervention. Randomized con-
trolled trials using counseling and pharmacotherapy while persons are experiencing home-
lessness report low quit rates (4-14%; Baggett et al., 2020, Burling et al., 2001; Okuyemi
et al., 2013; Rash et al., 2018; Segan et al., 2015), and few have assessed abstinence beyond
8 weeks due to challenges retaining this population in clinical trials (Vijayaraghavan et al.,
2020). Permanent supportive housing (PSH) is a leading solution to reducing homelessness
through the provision of long-term, affordable housing and supportive services (Tsemberis,
2010). Housing is a potential facilitator of smoking cessation as it is a social determinant of
health and can be a catalyst for health recovery and improved quality of life for homeless-
experienced persons (Fitzpatrick-Lewis et al., 2011; Harris et al., 2019b; Henwood et al.,
2014). While there are several studies identifying post-housing improvements to physical
and mental health, which may show promise for post-housing smoking cessation outcomes
(Fitzpatrick-Lewis et al., 2011; Harris et al., 2019b; Henwood et al., 2014), more rigorous
evidence is needed to support the claim that PSH improves health (National Academies of
Sciences, Engineering & Medicine, 2018).

This study responds to this need by examining changes in tobacco use from homeless-
ness to housing, which, to date, has been largely unresearched. To the authors’ knowledge,
there is only one previous study that examined changes in smoking from homelessness to
housing; in a sample of homeless Veterans — a subset of which entered housing within
the observation year — Tsai & Rosenheck, (2012) found no significant changes in smok-
ing after 12 months (Tsai & Rosenheck, 2012). This work is distinct from that of Tsai
and Rosenheck in two prominent ways: a portion of their cohort entered housing whereas
the total sample from the current study entered PSH, and their study assessed smoking
changes in aggregate while ours identifies multiple patterns of smoking behavior over time.
Such studies outlining differential smoking patterns are well-aligned with smoking pattern
variation documented in representative, longitudinal studies with the general adult popula-
tion (Choi et al., 2019; Lee et al., 2022), providing enhanced detail and granularity via the
opportunity to assess etiological factors that correlate with each smoking behavior pattern.

This study is the first to use repeated measures of smoking frequency to identify trajec-
tories of smoking behavior in the transition from homelessness to housing. Specifically,
this study draws upon four waves of data from a cohort of adults who were homeless at
baseline, and across their initial year in PSH in Los Angeles. By grouping participants
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based on their shared smoking behavior patterns over time, this study is also enabled to
examine demographic and clinical characteristics associated with multiple smoking trajec-
tories. Understanding differential smoking trajectories that occur when homeless adults are
housed and identifying characteristics driving behavior change patterns is critical for tar-
geting subpopulations of tobacco users and tailoring efforts accordingly to overcome cessa-
tion barriers for this highly vulnerable population.

Methods

Data for this study were drawn from a longitudinal prospective cohort study designed to
understand clinical, behavioral, and social changes in the transition from homelessness to
PSH. Participants were recruited between 2014 and 2016 via collaborations with 26 agen-
cies that constitute most supportive housing providers in Los Angeles County (LAC). Par-
ticipants were eligible if they were 39 years old or older, spoke English or Spanish, and
were currently homeless, unaccompanied adults (without minor children). The minimum
age of 39 (thereby turning 40 during the course of the study) was chosen to reduce vari-
ability attributed to differing developmental stages within the life course. Given the empha-
sis on addressing chronic homelessness, individuals in PSH increasingly tend to be older
and unaccompanied (Henry et al., 2018). Persons experiencing homelessness are typically
placed into supportive housing in LAC through housing-, social service-, or hospital-
appointed staff. The Vulnerability Index Service Prioritization Decision Assistance Tool is
used to assess health and risk status and designed to prioritize placement of the most vul-
nerable persons into supportive housing (United Way Greater Los Angeles, 2016).

At baseline, while experiencing homelessness, 421 adults were recruited to participate
in quantitative and social network surveys 1-1.5 hours in length, conducted in English or
Spanish, and led by trained interviewers using iPads. Follow-up surveys were conducted
at 3 months (n=405; 96% retention), 6 months (n=400; 95% retention), and 12 months
(n=383; 91% retention) post-housing entry. Interviewers maintained contact with partici-
pants between interviews via monthly phone calls. Although participants who were not
interviewed at a midpoint wave were eligible for later interviews, there was some attrition
due to death, incarceration, withdrawal, and loss of contact. Participants completed written
informed consent prior to participation. All study procedures were approved by the Uni-
versity of Southern California institutional review board. Additionally, the study received
a US Department of Health and Human Services certificate of confidentiality to protect
participant data from subpoena.

Measures
Tobacco Use

Past-3-month smoking frequency, assessed at each wave, was used as the repeated indi-
cator of latent class membership. Drawn from the National Institute on Drug Abuse-
Modified Alcohol, Smoking and Substance Involvement Screening Test (NIDA-Modified
ASSIST)—which is well-regarded for its accuracy of self-reported substance use, good
to excellent sensitivity and specificity, and excellent test—retest reliability (McNeely et al.,
2014; Zgierska et al., 2014)—inquired whether respondents used substances never, once
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or twice, monthly, weekly, or daily/almost-daily in the past 3 months (National Institute on
Drug Abuse, 2009). If participants reported past-3-month smoking, a separate question on
the NIDA-Modified ASSIST asked whether they had “tried and failed to control, cut down,
or stop smoking” (National Institute on Drug Abuse, 2009). A dichotomous indicator of
past-3-month cessation attempt was subsequently created for each wave.

Demographic Characteristics

Demographic characteristics included age, gender, race and ethnicity, education, Veteran
status, lifetime literal homelessness, and income (California Health Interview Survey,
2014). A combined measure of race and ethnicity was created for analyses, leading to
four subgroups: Black and African American, Non-Hispanic White, Hispanic and Latino,
and Other (Native American, Alaska Native, Asian, Native Hawaiian, Pacific Islander, or
Multiracial). Race and ethnicity terms used follow the response options used in the study
survey and the US Department of Housing and Urban Development. Four participants
identified as male-to-female transgender and were subsequently combined with the female
subgroup for analytic purposes. Education captured total years of scholarship; completion
of high school was equivalent to 12 years of education, and each year of post-high school
education (e.g., vocational, trade school, and college) was subsequently added. Veteran sta-
tus indicated whether participants served in any branch of the U.S. military. Participants’
lifetime history of unsheltered homelessness (i.e., staying outside on the streets, park, or
beach; in an abandoned building, garage, shed, indoor public place, car, truck, van, or rec-
reational vehicle; on a bus, subway, or train; or in a shelter) prior to PSH was assessed in
years (U.S. Department of Housing and Urban Development, 2015).

All demographic characteristics were assessed at baseline except for past-30-day income
from all sources (i.e., jobs, tips, welfare, general relief, governmental assistance, illegal
activities, and under-the-table payments), which was assessed across each wave.

Mental Health

At baseline, an adapted measure (Parsons, 2014) assessed self-reported lifetime histories of
mental health conditions (i.e., schizophrenia, major depressive disorder, bipolar disorder,
anxiety, and PTSD) diagnosed by a mental health provider or other healthcare professional
with response options informed by prior literature (Bassuk et al., 1998; Hwang, 2001;
Wenzel, 2009). At each wave, participants’ past-month overall psychological functioning
was assessed using the Modified Colorado Symptom Index; a cutoff score of 16 indicated
the presence of a psychiatric disability (Boothroyd & Chen, 2008).

Substance Use

The NIDA-Modified ASSIST determined participants’ use of cannabis and illicit sub-
stances (cocaine, methamphetamine, hallucinogens, and street opioids [i.e., heroin and
opium]) at each wave (National Institute on Drug Abuse, 2009). Participants who endorsed
use of stimulant, sedative, or opioid prescriptions were asked a follow-up question about
misuse of each type of prescription (Al-Tayyib et al., 2014; Rice, 2011). For analyses,
illicit substances from the NIDA-Modified ASSIST were combined with prescription mis-
use indicators to determine any illicit substance use.
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A National Institute on Alcohol Abuse and Alcoholism adapted item assessed past-3-
month binge drinking at each survey (National Institute on Alcohol Abuse, 2003). Binge
drinking was defined as consuming at least four (for women) or five (for men) alcoholic
drinks during a 2-hour period (National Institute on Alcohol Abuse, 2003). Respondents
who reported any past-3-month binge drinking were considered positive for binge drinking.

Analysis

Repeated Measures Latent Class Analysis (RMLCA) was used to determine subgroups that
reflect distinct patterns of smoking change in the transition from homelessness to housing.
Smoking frequency at each wave (baseline, 3, 6, and 12 months post-housing), totaling
four variables, served as the RMLCA item indicators. The analysis was restricted to par-
ticipants who reported using tobacco at least once across the four assessments, given our
interest in identifying smoking trajectories. This resulted in 321 participants (76.24%) who
served as the analytic sample. To determine the number of subgroups, or classes, estima-
tions for one to four classes were conducted. Determination of the best model fit was based
on several fit indexes: the Akaike information criterion, Bayesian information criteria, Lo-
Mendell-Rubin likelihood ratio test, and latent class entropy and interpretability (Collins &
Lanza, 2009). Missing data in RMLCA are treated using a missing at random assumption
and are handled using the Mplus full information maximum likelihood estimation proce-
dure (Muthén & Muthén, 1998). All models and model comparisons were conducted using
Mplus version 8.0.

An RMLCA is ideal for these data and the aims of this study for several reasons. This
statistical approach can garner new information about multiple patterns of smoking behav-
ior longitudinally by grouping participants that share similar patterns (Collins & Lanza,
2009). RMLCA allows for the determination of latent patterns using categorical items and
identifies proportions expected for each class, resting on the assumption of conditional
independence; that is, the latent variable explains all variation between the repeated meas-
ures of smoking frequency used to identify each class (Collins & Lanza, 2009). Built up
latent class modeling, like RMLCA, is considered a person-centered approach and is par-
ticularly valuable over variable-centered approaches, like mixed-effects modeling, which
aggregates persons into a single group and examines them as a collective set of independ-
ent (i.e., predictor) and dependent variables (Collins & Lanza, 2009). We also conducted
a mixed-effects model with a logit function using the same variables the RMLCA uses
(time and smoking frequency) to determine whether there was a significant effect of time
on smoking changes when participants were aggregated. By comparing the mixed-effects
logit model and RMLCA results, we sought to highlight RMLCA'’s value—that it offers a
more granular understanding of longitudinal smoking behavior and enhances the ability to
target cessation efforts by identifying multiple cigarette smoking trajectories and determin-
ing the characteristics serving as correlates to each longitudinal smoking pattern.

Following the identification of classes, we examined demographic characteristics, clini-
cal characteristics, and cessation attempts associated with class membership using multino-
mial logistic regression. To account for time-variant predictors (i.e., income, psychological
functioning, and substance use measures), distributed lag models were used. Distributed
lag modeling is suitable for time-series data, wherein time-varying explanatory measures
are fitted to the person levels and are regressed to predict person-level latent classes (Gas-
parrini & Leone, 2014). Each time-variant measure at baseline (T0) was modeled simulta-
neously with a change score that captured differences between baseline and final follow-up
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scores of that variable (T1; 12 months post-baseline). Predictor variables were initially
assessed individually in univariable, unadjusted models with class membership serving as
the multinomial categorical dependent variable. Comparisons of the smaller latent classes
were made to the largest latent class (one vs. two, one vs. three). All univariable asso-
ciations significant at p <0.10 were subsequently analyzed in multivariable multinomial
logistic regression models, which included all demographic control variables (regardless
of demographics’ statistical significance in univariable models). In multivariable models,
statistical significance was determined by p <0.05. Mental health and substance use meas-
ures were examined in separate multivariable models due to collinearity of measures. All
multinomial logistic regression models were conducted using Stata version 16.

Results
Participants

Across all participants who reported smoking during the study (N=321), the average age
was 54.54 years (SD="7.21; range: 39-79). The sample was predominantly male (74.14%),
and more than half were Black and African American (57.01%). On average, residents had
1 year of post-high school education (SD=3.68) and approximately a third (31.15%) had
military service experience. Participants experienced an average of 6.38 years of literal
homelessness across their lifetime. The most prevalent mental health diagnosis reported
was depression (57.01%).

Regarding time-varying measures—at baseline, the total sample reported an average
of $565.41 (SD=$352.92) in monthly income and there was an approximate increase of
$62 in past-month income 12 months post-housing (p <0.01). Cannabis use was reported
by 31.97% while participants were homeless, with the odds of cannabis use increasing
by 2.03 at 6 months (p=0.02) and 1.83 at 12 months (p=0.04) post-housing. Baseline
illicit substance use was reported by 22.12% with 45% lower odds at the 6-month follow-
up (OR=0.55, p=0.04). Smoking cessation attempts were reported by 39.09% at base-
line, with 33% lower odds of attempting cessation 12 months post-housing (OR=0.67,
p=0.05). Table 1 presents descriptive statistics and changes in time-variant measures for
the total sample and across each latent class.

RMLCA

An assessment of fit indexes, model parameters of class membership probabilities, and
gamma parameters of latent class prevalence revealed a three-class model best fit the data.
Classes were labeled and described as (1) mixed-frequency decreasers (n="T1): residents
who smoke at differing frequencies at baseline while demonstrating a significant decrease
in smoking over time (f= —0.28, p=0.01, 95% CI= —0.49,—0.07); (2) high-frequency
maintainers (n=194): participants who smoked daily/almost-daily and maintained this
smoking rate across waves (f=—0.04, p=0.18, 95% CI=—0.10, 0.02); and (3) low-
[frequency increasers (n=>56): a subset of participants who were generally non-smokers at
baseline and significantly increased their smoking to monthly or weekly consumption lon-
gitudinally (#=0.13, p=0.03, 95% CI=0.01, 0.24). See Table 2 for a summary of model
indexes and model comparisons. Figure 1 depicts the proportions of past 3-month smoking
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Table 2 Model fit indexes for
repeated measures latent class
models with one to four classes

Model 1 Model 2 Model 3 Model 4

Log likelihood 659.54 331.59 269.25 231.08
2df 593 584 573 556
Parameters 16 33 50 67

AIC 2661.76 2161.16 2080.59 2077.56
BIC 2722.10 2285.62 2269.16 2330.25
Lo-Mendell-Rubin - 529.2 112.62 36.50
Entropy - 92 .89 90
LMR probability - p<.001 p<.001 p=.88

frequencies across latent classes and assessment waves and Fig. 2 depicts average smoking
frequencies and linear trajectories of smoking across each latent class.

Comparison of RMLCA to Mixed-Effects Modeling

The authors sought to compare RMLCA results to a mixed-effects model: a more commonly
used statistical approach that assesses participants in aggregate. The mixed-effects model with
a logit function indicated that, when examining the total sample of tobacco-using participants
together, smoking frequency significantly declined over time (= —0.07, SE=0.03, p=0.03).

Multinomial Logistic Regression - Univariable and Multivariable Models

All univariable model associations (Table 3) significant at p <0.10 were retained for analy-
ses in multivariable models (Table 4). With high-frequency maintainers serving as the ref-
erence group, results indicated Hispanic and Latino participants were 3.10 times as likely to
be members of the mixed-frequency decreasers class (p <0.01) and 2.97 times as likely to
be members of the low-frequency increasers class, compared to Black and African Ameri-
can participants (p=0.03). There were three clinical characteristics significant in univari-
able models, which were examined in separate multivariable models with demographic
controls. Participants with schizophrenia had 56% reduced odds of low-frequency increaser
membership (OR=0.44, p=0.03), while participants with a bipolar disorder diagnosis had
51% reduced odds of mixed-frequency maintainer membership (OR=0.49, p=0.03) and
56% reduced odds of low-frequency increaser membership (OR=0.44, p=0.01), indicat-
ing a greater prevalence of participants with these conditions in the high-frequency main-
tainers class. A change in cannabis use was associated with 62% reduced odds (OR=0.38,
p=0.02) of being a low-frequency increaser in multivariable analyses, indicating high-
frequency maintainers had a greater likelihood of baseline cannabis use and of increasing
their cannabis use over time. Due to small cell size, low-frequency increasers were omitted
from the model examining cessation attempts as a predictor of class membership; no sig-
nificant difference in cessation attempts was detected between high-frequency maintainers
and mixed-frequency decreasers.
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the past 3 months (National Institute on Drug Abuse, 2009). Smoking frequencies are color-coded to
demonstrate their movement over time across latent classes.

Fig.1 Mixed-frequency decreasers, high-frequency maintainers, and low-frequency increasers’ past
3-month smoking rates across each assessment wave
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Note. Multilevel linear regression models confirmed Mixed-Frequency Decreasers’ smoking frequency
significantly decreased over time (B=-.28, p=.01, 95% CI=-.49, -.07), while Low-Frequency increasers
significantly increased their smoking over time (B=.13, p=.03, 95% CI=.01, .24). There was no significant
change in smoking frequency among the High-Frequency Maintainers (B=-.04, p=.18, 95% CI=-.10, .02).
*= Past 3-month smoking frequency was assessed using the NIDA-Modified ASSIST (National Institute
on Drug Abuse, 2009).

Fig.2 Longitudinal change and stability in average smoking frequency across latent classes
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Table 3 Univariable, unadjusted
multinomial logistic regression
models with demographic and
clinical predictors of longitudinal
smoking behavior patterns
among adults who were homeless
at baseline and across their initial
year transitioning to PSH

Discussion

Mixed-frequency Low-

decreasers vs. frequency
high-frequency ~ decreasers
maintainers (ref) vs. high-
frequency
maintainers
(ref)
OR P OR P
Age 0.98 0.48 1.01  0.69
Gender (female) 1.11 0.74 1.02  0.96
Race and ethnicity
Black and African American (ref)
Hispanic and Latino 2.97 <.01 256 0.04
Non-Hispanic White 0.93 0.85 1.85  0.08
Other 1.34 0.54 251 0.09
Veteran 0.72 0.29 124 051
Education 0.99 0.78 1.05 0.27
Income (baseline) 0.99 0.64 1.00 0.53
Income A 1.00 0.76 1.00  0.52
Homelessness (years) 0.98 0.27 097 0.24
Mental health
Schizophrenia 0.81 0.45 048 0.03
PTSD 0.66 0.10 0.75 0.32
Bipolar disorder 0.50 0.02 0.46 0.02
Depression 0.77 0.25 0.71  0.21
Anxiety 1.012  0.61 090 0.69
Psychiatric disability (baseline) 1.11 0.72 0.79 045
Psychological disability A 0.92 0.76 0.89 0.72
Substance use
Cannabis use (baseline) 1.12 0.69 042 0.05
Cannabis use A 0.92 0.82 032 <.01
Illicit drug use (baseline) 1.19 0.57 0.76  0.49
Illicit drug use A 0.94 0.87 0.78 047
Binge drinking (baseline) 1.61 0.29 042  0.17
Binge drinking A 1.34 0.41 1.03 094

Values in bold are significant at p <.10. A=change from baseline to

12 months (T1-TO)

This study identified smoking frequency trajectories among a sample of adults experi-
encing homelessness who transitioned to PSH in Los Angeles. Of three identified latent
classes, two classes were characterized by behavior change; one class increased their
smoking, and one class decreased their smoking over time. The third class, who smoked
daily, maintained their smoking behavior over time. When we conducted a mixed-effects
logit model to compare to RMLCA results, we found that, when aggregated, the sample
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Table 4 Multivariable, adjusted

) . - ) High-frequency maintainers (Ref) ~ Mixed- Low-
multinomial logistic regression frequency frequency
models with demographic and decreasers increasers
clinical predictors of latent
classes of longitudinal smoking Demographics OR p OR p
behavior in the transition from
homelessness to housing Race and ethnicity

Black and African American (ref)

Hispanic and Latino 3.10 <.01 297 0.03
Non-Hispanic White 098  0.96 1.80  0.12
Other 147 043 219 020
Mental health

Schizophrenia 0.76  0.37 044 0.03
Bipolar disorder 049 0.03 044 0.01
Substance use

Cannabis use (baseline) 1.24 0.54 0.47 0.10
Cannabis use A 1.14  0.74 0.38  0.02

Values in bold are significant at p <.05. A=change from baseline to
12 months (T1-T0) to account for time-varying measures and fit to the
person-level. Mental health and substance use measures were exam-
ined in separate multivariable models due to collinearity of measures.
All demographic control variables, along with race, were included in
multivariable models

demonstrated significant decreases in smoking over time. Our results from this sample
differ from Tsai and Rosenheck’s work, which did not find significant change in smok-
ing in a cohort of Veterans in a supportive housing program, a portion who entered PSH
(Tsai & Rosenheck, 2012). While our mixed-effects model finding a change in smoking
from homelessness to housing is novel itself, it nonetheless highlights the importance of an
RMLCA approach, which allowed trends in smoking change and maintenance to be parsed
out. Specifically, RMLCA identified two integral target groups of tobacco-using residents:
the low-frequency increasers, who may benefit from brief smoking cessation and preven-
tion efforts in the nascent months of housing to thwart uptake or increased smoking fre-
quency, and the high-frequency maintainers whose daily smoking maintenance over time
likely necessitates more intensive cessation treatments and efforts.

RMLCA also enabled the examination of factors associated with class membership,
which bolstered identification of characteristics that define each class. The sole demo-
graphic correlate of class membership was race and ethnicity, with more membership
of Hispanic and Latino participants in low-frequency increaser and mixed-frequency
decreaser classes compared to Black and African American participants. National and
state-level data suggest Hispanic and Latino adults smoke less frequently compared to
other racial and ethnic groups (Bandiera et al., 2016). Although mechanisms underlying
these differences are less known, collectivism and connection to cultural identity may be
protective in Hispanics and Latinos’ smoking behavior risk, as it has been for other health
behaviors (Bandiera et al., 2016). For example, Latino subpopulations’ sense of commu-
nity is protective against experiences of discrimination, which is tied to increased smoking
frequency among racial minority subgroups (Ai et al., 2014). Discrimination, in addition
to low socioeconomic status, high stress levels, living in food deserts, and use of men-
tholated cigarette brands, are common among Black and African American persons and
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are considered barriers to cessation (Brondolo et al., 2015; Kulak et al., 2016); such bar-
riers may be at play in the high proportion of Black and African American participants in
the high-frequency maintainers class. Future research would benefit from a deeper qualita-
tive exploration of the role of race and ethnicity in PSH residents’ smoking behavior and
cessation.

Poor mental health—specifically severe conditions characterized by psychotic features
or chronic mood dysregulation—is believed to be a primary reason for high smoking rates
among persons experiencing homelessness (Baggett et al., 2016; Harris et al., 2019a, b; Soar
et al., 2020; Tsai & Rosenheck, 2012; Vijayaraghavan et al., 2016). In this study, bipolar
disorder and schizophrenia were correlates of class membership, indicating high-frequency
maintainers had significantly more members with these conditions than the two lower-risk
classes. Research supports increased smoking risk among adults with these conditions: a
meta-analysis of world-wide studies found persons with schizophrenia who smoke cigarettes
have increased odds of heavy smoking, high nicotine dependence, and lower cessation rates
(De Leon & Diaz, 2005), while a systematic review of adults with bipolar disorder indicates
smoking initiation is two to three times higher, and cessation initiation and maintenance is less
likely to occur, compared to individuals without bipolar disorder (Heftner et al., 2011).

For persons with more severe psychiatric conditions, smoking may be used as a mecha-
nism of self-medicating, i.e., using a substance to reduce the effects of an undesired emo-
tional state attributed to their diagnoses or antipsychotic medications (Gehricke et al., 2007).
In particular, for persons with bipolar disorder, smoking may be a means to reduce negative
affect during depressive episodes and enhance cognitive functioning during episodes of mania
(Heffner et al., 2011). Bipolar disorder and schizophrenia are known to co-occur with other
risk factors and health considerations, including suicidal ideation, co-occurring substance
abuse, mood fluctuation, low social support, and lengthier hospital stays making smoking
cessation an increased challenge (Heffner et al., 2011; Ostacher et al., 2006). Having bipo-
lar or schizophrenia may also enhance exposure to social and environmental settings where
smoking is pervasive and condoned, even by treatment staff or case managers (Heffner et al.,
2011; Prochaska, 2011). These mental health conditions commonly elicit cautionary practices
among providers, including a lower likelihood of prescribing smoking cessation medications
(Taylor et al., 2020)—often out of concern cessation medications may worsen mental health
or inhibit psychotropic medication effectiveness—despite research suggesting they are gen-
erally safe for this population and that quitting smoking positively affects mood regulation
(Evins et al., 2021; Prochaska, 2011; Taylor et al., 2020). Though some aspects of mental
health undoubtedly make cessation more challenging, the presence of a psychotic condition
does not diminish readiness to quit or attempts at cessation (Prochaska, 2011). Incorporat-
ing cessation treatment into mental health treatments has proven to be an effective approach
for promoting long-term smoking abstinence; one that may be particularly beneficial for PSH
residents (Prochaska, 2011).

Across the sample, cannabis use increased over time and this change was associated with
a greater likelihood of high-frequency maintainer class membership, when compared to the
low-frequency increasers. This likely indicates participants who smoke cigarettes frequently
also use cannabis frequently (Agrawal et al., 2012), rather than their substituting cannabis for
tobacco; a topic worth exploring in future research as the significant decrease in illicit drug use
over time may suggest harm reduction processes are involved in these relationships. Data for
the present study were collected prior to Los Angeles’ increase in cigarette taxation effective
in 2017; however, cannabis dispensaries had become commonplace prior to the legalization of
cannabis effective in 2018 (Goldstein & Sumner, 2019). In other states where legalization and
recreational cannabis use has been established, increased rates of tobacco and cannabis use
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have been observed (Wang & Cataldo, 2016). For a high-risk population like PSH residents,
cannabis use can seem secondary to concerns with illicit substance use; however, in the con-
text of improving cessation outcomes, more attention to this relationship may be needed.

Limitations

This study comes with limitations. Smoking frequency was reported using the NIDA Mod-
ified ASSIST which is not a fine-grain assessment of smoking frequency; the use of a dif-
ferent measure, such as number of cigarettes per day, may result in different latent classes.
Mental health and substance use measures were self-reported which may increase bias,
although this population’s self-reported health information has demonstrated high inter-
nal consistency and healthcare utilization has demonstrated good concurrent validity, even
among chronically homeless persons with risky substance use (Conrad et al., 2001). E-cig-
arette usage and noncombustible cannabis routes of administration were not widely popular
during the study observation period and may impact current smoking trajectories for this
population. Additionally, these data draw from Los Angeles-based residents, and environ-
mental factors not explored in this study may affect residents’ smoking differentially in
other regions. Last, this study did not assess whether providers intervened on PSH resi-
dents’ smoking or if participants engaged in any cessation interventions; though it should
be noted that cigarette smoking has been coined “the neglected addiction” for this popula-
tion, with prior research suggesting providers place smoking cessation as lower priority to
their other acute health and mental health needs (Baggett et al., 2013).

Conclusion

While this was the first study to find post-housing smoking reductions, use of RMLCA
demonstrated this was applicable to a portion of PSH residents, and the largest portion
of tobacco-using participants smoked daily and maintained this smoking frequency over
time. As interventions for smoking have faced challenges to improve cessation outcomes
while adults are experiencing homeless, this study may offer insight into future experimen-
tal designs that examine whether housing itself is a catalyst for smoking reductions. These
findings also highlight the great need for implementation of smoking cessation services
within PSH. Efforts that address both mental health symptoms and co-occurring substance
use, in conjunction with smoking cessation are warranted. This includes support with man-
agement of mental health symptomatology and incorporating smoking into PSH harm
reduction practices. Additionally, adapting cessation interventions to incorporate racial and
cultural factors related to residents’ smoking may advance the much-needed improvements
in cessation outcomes for this highly disadvantaged population.
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