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Abstract

Background: Previous studies have shown that environment and health can influence drug use
trajectories and the effects of substance use disorder (SUD) treatments. We hypothesized that
trajectories of drug use-related problems, based on changes in DSM-5 symptoms, would vary by
type(s) of drugs used, health factors, and neighborhood characteristics.

Methods: We assessed mental and physical health, stress, social instability, neighborhood
characteristics (disorderliness and home value), and DSM-5 symptom counts at two study visits,
12 months apart, in a community sample (baseline N=735) in Baltimore, MD. Three prominent
categories of drug-use trajectory were identified with K-means cluster analysis of symptom
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counts: Persistent (4 or more symptoms at both visits or at Visit 2), Improved (decrease from

4 or more symptoms at Visit 1 to 3 or fewer symptoms at Visit 2), and Low-Stable (3 or fewer
symptoms at both visits). Baseline health and neighborhood measures were tested as predictors of
trajectory in mediation and moderation models.

Results: Among people with current opioid- and/or stimulant-use, odds of an Improved
trajectory were (1) decreased with neighborhood disorder and social instability, or (2) increased
with home value and social instability. Odds of a Low-Stable trajectory were decreased by social
instability and stress but increased in those who were older or self-identified as white.

Conclusions: Trajectories of drug use-related problems are influenced by sociodemographic
variables, neighborhood factors, and health. Assessing DSM-5 symptom counts as an outcome
measure may be valuable in monitoring or predicting long-term trajectories and treatment
effectiveness.

Clinicaltrials.gov /dentifier NCT01571752
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Introduction

Multiple factors influence the initiation and continuation of illicit drug use. Environment,
including the neighborhoods where one lives and spends time, is widely recognized as one
such factor. Neighborhood disadvantage, controlling for individual socioeconomic factors,
has been associated with past-year drug use (Boardman et al., 2001)—a measure that
presumably reflects, at least in part, the likelihood that lifetime drug use persists beyond
initiation. The environments in which one lives and/or obtains and uses drugs can influence
the tendency to continue use or to quit, reflecting both drug availability and social norms
or acceptability of drug use (Chang, 2017; Sherman et al., 2004). Socioeconomic stressors,
including housing (Dickson-Gomez et al., 2017), financial security (Moos et al., 1988),
employment (Henkel, 2011), and family and social relationships (Moos, 2007), are closely
related to the neighborhood environment, and can be risk factors for drug use as well.

Neighborhood environment may also impact stress and mood (Latkin & Curry, 2003; Scott
et al., 2018) which in turn influence drug use (Boardman et al., 2001; Latkin et al., 2005).
Relationships among these factors can vary across populations, at least at momentary time
scales. For instance, momentary exposure to neighborhood disadvantage relative to one’s
home neighborhood has been associated with increased momentary stress in adolescents
with substance use (Mennis et al., 2016), but, among adults receiving methadone treatment
for opioid use disorder, momentary exposure to neighborhood disorder was inversely related
to self-reports of momentary stress and drug craving (Epstein et al., 2014). The role of
mental health is also important to assess; among incarcerated men and women, mental
health problem diagnosis mediated the relationship between fear of neighborhood violence
and increased likelihood of having a substance use disorder (Rogers et al., 2012). Stress
(Furnari et al., 2015; Panlilio et al., 2020; Panlilio et al., 2019; Panlilio, 2021; Preston &
Epstein, 2011; Preston et al., 2017, 2018; Sinha, 2009), mental health (De Leon, 1989;
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Rounsaville et al., 1982), and physical health (Hasler et al., 2012; Klinkenberg et al., 2004;
Rosenblum et al., 2003) are well-established as critical factors in drug-use trajectories,
though further exploration and characterization of their interactions with neighborhood
environment in broader populations is warranted.

Many studies have assessed drug-use trajectories in terms of treatment outcomes in those
with substance use disorders (SUDs) (Grella & Lovinger, 2011; Hser et al., 2017; Ruglass
et al., 2019), but treatment populations might only represent the “tip of the iceberg” of
people who use drugs. Findings from treatment samples might not generalize to people

who initiate or continue drug use but do not enter treatment or meet criteria for an SUD.

In prior studies of use trajectories, trajectories have been defined as changes in use versus
abstinence over time (Teesson et al., 2017) or as days used in the past month (Hser et al.,
2008). In this study, we focused instead on the detrimental effects of drug use, by describing
outcomes in terms of changes in Diagnostic and Statistical Manual of Mental Disorders
(DSM) symptom counts (see (Stull et al., 2019)), which has been proposed as an alternative
to sustained abstinence to assess treatment effectiveness (Epstein et al., 2009; Kiluk et al.,
2019; Kiluk et al., 2018). Exploring drug-use trajectories across a range of substances and
symptom severities can provide opportunities to develop new approaches to SUD prevention
and management.

The purpose of this study was to examine the relationship between neighborhood
environment and drug use status in terms of DSM symptomology over a one-year period, as
well as the influence of perceived stress, mental and physical health, and social instability
on this relationship, in different drug use groups. We hypothesized that: (1) mental health,
physical health, stress, and social instability would be worse in people who use drugs than
in people who do not use drugs; (2) objective indices of neighborhood poverty and disorder
would predict deterioration in drug-use status over time; (3) these relationships would be
partly mediated by mental health, physical health, and stress; (4) these relationships would
be moderated by social instability (i.e., social instability would be a risk factor).

Methods

Participants

All participants included in the analysis enrolled in a 12-month observational study
assessing health outcomes among neighborhood-matched people who use drugs and those
who do not (ClinicalTrials.gov Identifier: NCT01571752). The Institutional Review Board
(IRB) of the National Institute on Drug Abuse (NIDA) Intramural Research Program (IRP)
approved the study, and participants gave written informed consent before enrollment.

We recruited volunteers through IRB-approved newspaper and radio advertisements and
personal referrals. Inclusion criteria were (1) being at least 18 years old and (2) living in
Baltimore City, MD, USA, or one of its surrounding counties. Exclusion criteria were (1)
inability to provide informed consent or valid self-report, and (2) medical illness severe
enough to compromise study participation.
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Participants attended two study sessions or “visits,” at baseline (“Visit 1”) and 12-15 months
later (“Visit 2”), at the NIDA IRP in Baltimore, MD, between 2012 and 2016. At each

visit, participants were assessed for substance use, mental health, physical health, stress, and
social instability. Each participant was assigned an objective neighborhood disorder score
and mean neighborhood home value based on their home address. We planned to compare
these measures at Visit 1 across drug-use groups (defined below) and to conduct parallel
analyses on these groups to determine predictors of SUD symptomology trajectory over the
12-month period. We maintained bimonthly contact with participants by telephone between
Visit 1 and Visit 2 to maximize follow-up rates. Participants who did not return within 15
months of Visit 1 were not eligible to provide follow-up data. Participants were compensated
$100 at each of the two visits for answering questionnaires ($20 if Visit 2 was conducted by
phone instead of in person), plus $10 for each bimonthly phone update. Several participants
also enrolled in a concurrent treatment study in our clinic and received medication for opioid
use disorder (MOUD) after Visit 1.

Drug use and DSM-5 SUD symptoms—\We administered the Drug Use and Patterns
of Substance Use interview, modified from the PhenX Toolkit (Hamilton et al., 2011)

to assess current and lifetime drug use. We also administered the DSM Questionnaire, a
semi structured interview assessing 11 DSM-5 criteria (American Psychiatric Association,
1994, 2013) for SUDs in the past 12 months and lifetime. Because the DSM-5 removed
the criterion related to recurrent substance-related legal problems, we did not include this
criterion in symptom counts, even for participants who completed the study prior to this
change. Another change to the DSM-5 was the addition of the craving criterion, which we
had included even prior to this change based on proposed DSM-5 criteria.

We categorized participants using items in the PhenX drug use interview. Participants who
reported use of opioids and/or cocaine or other stimulants more than 11 times in their
lifetime, and at least once in the past 30 days, were categorized in the current opioid/
stimulant use group (COSU). We combined these drug classes into one group because they
were the most commonly reported and most problematic drug use classes in our sample.

A large proportion of COSU participants reported use of both opioids and stimulants at
baseline (42%). COSU participants could also report use of other substances in addition to
opioids and/or stimulants. Participants who reported marijuana use (and no opioid and/or
stimulant use) more than 11 times in their lifetime and at least once in the past 30 days
were categorized in the current marijuana use group (CMU). The CMU group included
participants who used both marijuana and alcohol. Participants who did not report any
substance use (except alcohol) more than 11 times in their lifetime, and who endorsed
fewer than two DSM-5 symptoms for SUD (current and lifetime), were categorized in

the non-drug use group (NDU). Participants who did not meet any of these criteria were
categorized as “Unclassified.” The Unclassified group was composed of: (1) people who had
used opioids, stimulants, or marijuana more than 11 times in their life, but not in the past

30 days, and also endorsed at least two DSM-5 symptoms for SUD (current or lifetime),
including alcohol use, and (2) people who did not report any opioid, stimulant, or marijuana
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use more than 11 times in their lifetime, but endorsed at least two DSM-5 symptoms of SUD
(current or lifetime), including alcohol use.

Health measures—Participants completed self-administered questionnaires addressing
four main functional domains: stress, mental health, physical health, and social instability
(See Table 1 for a list of questionnaires.). One of the secondary objectives of the present
study was to provide neighborhood-matched control participants for a concurrent study on
individuals receiving MOUD at NIDA-IRP; thus, we included questionnaires that were used
in the treatment study. A composite score for each domain was calculated by expressing
each participant’s score on each questionnaire as a percentile score for the entire study
sample, and then averaging those percentile scores within each domain. For all domains, a
higher score indicated a poorer outcome: more stress, worse mental health, worse physical
health, and more social instability.

Environmental measures—\We used each participant’s home address to assess two
objective measures of neighborhood environment. Neighborhood disorder was measured
with the Neighborhood Inventory for Environmental Typology (NIfETy), an onsite-observer-
rated measure of physical and social disorder along 528 blockfaces in Baltimore City (Furr-
Holden et al., 2010). The presence of each of 10 indicators of disorder (e.g., abandoned
buildings, litter, drug paraphernalia) was summed to create a score of 0 to 10 for each
blockface. Higher scores indicate greater neighborhood disorder. The methods used to
calculate this value have been reported in detail in another study (Sarker et al., 2016).

We also obtained the mean monetary (dollar) value of homes within a 500-meter radius

of each participant’s home address from the Maryland State Department of Assessments
and Taxation. We used these data in a previous study (Epstein et al., 2020). We log-
transformed the home values to reduce skew. For any participant who had changed his

or her neighborhood of residence during the year, a weighted average for each measure was
calculated to reflect the amount of time lived in each neighborhood.

Statistical analyses

Group differences in domain composite measures and environmental measures at Visit 1
were analyzed with one-way ANOVAs. Substance-use trajectories were determined with
longitudinal K-means cluster analysis (Genolini et al., 2013; Stull et al., 2019) on DSM
symptom count in the past 12 months at Visit 1 and Visit 2. The symptoms for the primary
substances used in each category were used in the analyses. For the COSU group, the
symptom counts for opioids and stimulants were combined. For the Unclassified group, any
substance use symptoms were combined and used in the analyses. For the CMU group,
symptoms for marijuana use were used in the analyses. By definition, the CMU group

did not report opioid or stimulant use or symptoms at Visit 1, but if they reported this at
Visit 2, we included these symptoms as well. Based on this analysis, the Low-stable cluster
consisted of participants who had low symptom counts (i.e., 3 or fewer symptoms) at both
visits. The Improved cluster consisted of participants who improved from a moderate or high
symptom count at Visit 1 (4-11 symptoms) to a low count at Visit 2 (3 or fewer symptoms).
A small number of participants increased from a low count to a moderate or high count; this
group was combined with those who had a moderate/high symptom count at both visits. This
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combined group was the Persistent cluster, consisting of participants who either maintained
or developed a moderate or high level of symptoms by Visit 2 (4 or more). Participants
who reported no current drug use at Visit 2 were labeled separately as “Abstinent.” The
cluster analysis was conducted with the COSU, Unclassified, and CMU groups; most NDU
participants did not change in drug use status at Visit 2. Due to lack of variability in the
NDU group, the small N of the CMU group at Visit 2, and the heterogeneity in substance
use history of the Unclassified group, additional analyses on substance use trajectory for
these groups were not conducted.

Multinomial logistic regression analyses were conducted for the COSU group, with

each environmental measure and functional-domain composite measure at Visit 1 tested
separately as a predictor of trajectory. If trajectory category was predicted by stress, mental
health, and/or physical health, and by environmental measures, then mediation analyses
(MacKinnon et al., 2007) were conducted to determine whether the effect of environment
was wholly or partly accounted for by the other significant predictors. If trajectory category
was predicted by social instability, then moderation analyses were conducted with social
instability as a predictor in a multinomial logistic regression model that included other
significant predictors and an interaction term with each predictor, to test whether social
stability protects against effects of environment and health measures on trajectory.

Trajectory categories were individually compared to a reference category, which was the
category with the largest N. The reference category was the Persistent trajectory for the
COSU group. Predictor variables were standardized to have a mean of zero and standard
deviation of 1. Moderation and mediation analyses were conducted as multinomial (i.e.,
categorical) regressions with Bayesian regression models in RSTAN (R Core Team, 2018;
Stan Development Team, 2022) with brms software (Burkner, 2021) for mediation with a
categorical outcome, and rstanarm software (Goodrich et al., 2022) for moderation with
a binary outcome. Default priors were used: flat for predictors and a half-Student’s t
distribution with 3 degrees of freedom for intercepts and sigmas in brms, and weakly
informative with a Gaussian (mean = 0, standard deviation = 2.5) prior for intercepts,
moderators and covariates in rstanarm. Other analyses were conducted using SPSS (IBM
Corp, Released 2019).

Baseline characteristics and differences across groups

There were 735 participants with sufficient data collected at baseline to determine drug-

use category: 236 (32%) NDU, 102 (14%) CMU, 290 (39%) COSU, and 107 (15%)
Unclassified. These groups differed in sex, race, employment, education, and age (Table

2). The NDU and CMU groups were younger than the COSU and Unclassified groups. The
CMU group had more non-white participants than the other groups, and the NDU group had
more female participants. The NDU group also had more participants with post-high school
education. The COSU group had more unemployed participants compared to other groups.
There were also significant differences across these groups in NIfETy score, home value,
and composite scores for social instability, stress, physical health, and mental health (Table
2). Post hoc comparisons using Tukey’s HSD test showed that, compared to the NDU group,
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the COSU and CMU groups had lower home value scores, and the COSU group had higher
NIfETy scores (i.e., more disordered neighborhood). The COSU, CMU and Unclassified
groups had worse (higher) composite scores for social instability, stress, physical health,
and mental health than the NDU group. The COSU group had worse social instability and
mental health scores compared to the Unclassified group, and a worse physical health score
compared to all other groups.

Changes in drug-use status at 12-month follow-up

Participants who completed Visit 2 (n=380) were older (39.2 vs. 36.0; t(733) = -3.80, p <
.001) and had lower (better) mental health scores (48.2 vs. 52.0; t(733) = 1.97, p < .05)
compared to the participants who only completed Visit 1. There were no differences by
sex, race, employment, education, marital status, neighborhood measures, or other health
measures.

There were 136 (58%) NDU participants who completed Visit 2. Drug-use group
classification changed at Visit 2 for some NDU participants; 5 were classified as CMU, 1
was classified as COSU, and 18 were Unclassified, mainly due to reporting lifetime DSM-5
symptoms related to alcohol use. Three participants reported marijuana use with at least one
DSM-5 symptom at Visit 2, but no other participants reported changes in past-12-month
symptoms related to substance use (total number of symptoms were 0 or 1 for both visits).

There were 38 (37%) CMU participants who completed Visit 2. The cluster analysis resulted
in three groups: 8 Persistent, 27 Low-stable, and 3 Abstinent. An average of 2.1 symptoms
(SD=2.1, range 0-8) were reported at Visit 1 and 1.97 (SD=2.5, range 0-10) at Visit 2. Two
participants reported opioid use at Visit 2, endorsing at least two DSM-5 symptoms. Further
analyses were not conducted due to sample size. However, general trends in composite
scores showed that the Persistent group tended to have worse mental and physical health,
higher stress, and higher social instability, whereas they also had the lowest (i.e., least
disordered) average NIfETy score (followed by Low-stable and then Abstinent).

In the COSU group, 140 (48%) participants completed Visit 2. The cluster analysis
resulted in three groups: 37 Improved, 25 Low-stable, and 52 Persistent (reference group);
additionally, 26 participants were abstinent at Visit 2. The average symptom count (based
on total symptoms related to both opioid and stimulant use) at Visit 1 was 6.56 (SD=4.6,
range 0-19) and 3.93 at Visit 2 (SD=4.36, range 0-19). Trajectory was related to NIfETy
scores (x2(3) =8.7, p<0.05), with a trend for higher (more disordered) NIfETy scores to

be associated with membership in the Low-stable group (OR=1.4, p =.055) compared to
the Persistent group. Higher average home value was more likely in the Improved group
(OR=9.17, p<0.05). Lower stress was more likely in the Low-stable group (OR=.927,
p<0.005). Lower social instability also was more likely in the Low-stable group (OR=.937,
p<0.005) and the Improved group (OR=.96, p<0.05). Non-white participants were less likely
to be in the Improved group (OR=.344, p<0.05) compared to the Persistent group (Table 3).

In the Unclassified group, 66 (62%) participants completed Visit 2; 50 participants showed
a Low-stable trajectory, and 15 participants showed a Persistent trajectory. One participant
was classified as Improved. The average symptom count was 0.89 at Visit 1 (SD=1.7, range
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0-9) and 1.73 at Visit 2 (SD=3.0, range 0-10). General trends in composite scores showed
that the Persistent group tended to have worse mental and physical health, higher stress,
higher social instability, and higher (i.e., more disordered) average NIfETy scores.

Of those who completed Visit 2, 32 (49.2%) of the Unclassified participants had a history of
opioid and/or stimulant use, including 8 with current alcohol or marijuana DSM symptoms
at Visit 1. Of the participants with a history of opioid and/or stimulant use, 11 (34.4%) had
a Persistent trajectory and 21 (65.6%) had a Low-stable trajectory. Of the 33 Unclassified
participants with no history of opioid and/or stimulant use, 4 (12.1%) had a Persistent
trajectory and 29 (87.9%) had a Low-Stable trajectory. These participants included 7 with
current alcohol DSM symptoms and 26 with past alcohol or marijuana DSM symptoms at
Visit 1. Those with a history of opioid and/or stimulant use tended to have worse physical
health and greater stress and social instability regardless of trajectory.

Mediation analyses

According to our analysis plan, we based the mediation analyses on the results of the

initial multinomial regression analyses. If trajectory category was predicted by stress, mental
health, and/or physical health, and by environmental measures, then mediation analyses
were conducted to determine whether the effect of environment was wholly or partly
accounted for by the other significant predictors.

For the COSU group, two mediation hypotheses were tested: (1) stress mediates the effect
of NIfETy on trajectory, and (2) stress mediates the effect of home value on trajectory. Both
models included the predictors that were significant in the multinomial logistic regression
analyses described above for each group, and included age, race, sex, and education as
covariates. Results were expressed as odds ratios (Table 4), with credible intervals indicating
a reliable effect if they did not include a value of 1. In all models, the interval for the indirect
effect did include 1, suggesting that mediation did not occur. However, the models indicate
that there were direct effects, including a higher home value increasing the odds of having an
Improved trajectory in COSU (Figure 1, right panel).

Moderation analyses

According to our analysis plan, we based the moderation analyses on the results of the

initial multinomial regression analyses. If trajectory category was predicted by social
instability, then moderation analyses were conducted with social instability as a predictor

in a multinomial logistic regression model that included other significant predictors and an
interaction term with each predictor, to test whether social stability protects against effects of
environment and health measures on trajectory.

In the COSU group, social instability was examined as a moderator in two models:

Model 1 (NIfETYy, stress, social instability, and their interactions predict trajectory); and
Model 2 (home value, stress, and social instability predict trajectory). In Model 1, the
interaction of NIfETy x Stress x Social instability affected odds of having an Improved
trajectory (Figure 2). This effect involved high probability of having an Improved trajectory,
compared to the Persistent trajectory, in participants with low neighborhood disorder and
low social instability regardless of stress, or with low neighborhood disorder, moderate
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social instability, and low stress (see Supplementary Figure 1, Supplemental file). Older age
and white race increased the probability of an Improved trajectory.

In Model 2, the interaction of Home value x Stress x Social instability affected the odds of
being in the Abstinent or Improved trajectories, compared to the Persistent trajectory (Figure
3). Low stress and moderate/high social instability increased the probability of an Improved
trajectory (and to a lesser extent, the Abstinent trajectory) in those with a high home value
(see Supplementary Figure 2, Supplemental file). White race increased the probability of the
Improved trajectory. Odds of the Low-stable trajectory were decreased by social instability
and stress but increased by age and white race.

Discussion

In this sample of people in the Baltimore, MD area, we found baseline differences across
drug-use groups in measures of health and neighborhood. For the COSU group, changes

in drug-use status over the 12-month study period were related to baseline measures of
objective neighborhood disorder, home value, stress, and social instability. Social instability
moderated the relationships among participants’ neighborhood, stress, and trajectory.

In our study protocol, we initially planned to define trajectory by absolute increases or
decreases in DSM-5 symptom count from baseline to the 12-month follow-up, but this
method did not account for baseline symptom count. Therefore, we developed a data-driven
method to identify trajectory categories using k-means cluster analysis, and we tested the
criterion validity of this approach using some of the predictor variables measured in the
study. Using this method, the trajectories for the COSU group were previously described

as “Symptomatic” (persistent), “Chippers” (low-stable), “Converted chippers” (improved),
or “Quitters” (abstinent) (Stull et al., 2019). These trajectories were significantly related

to a subset of factors that were measured for the study, including demographic variables,
treatment history, psychological health, and neighborhood poverty and disorder (Stull et al.,
2019). For the present report, we extended this method, (1) to determine trajectory across
other drug use groups and (2) to include all domains of health and environment measured in
the study as predictors of trajectory.

As planned in our study’s protocol, we ran mediation models to see if the effects of
neighborhood disorder and home value on SUD symptom trajectory would be mediated by
stress in the COSU group. Mediation effects were not detected, but our planned moderation
models showed that at different levels of social instability, the probabilities of certain
trajectories were differentially affected by stress, neighborhood disorder, and home value.
For the COSU group, reduced symptoms (Improved trajectory) or becoming abstinent

may be partly attributed to living in less disordered and impoverished neighborhoods. The
probability of the Improved trajectory decreased with neighborhood disorder in those with
low or moderate social instability. Although the probability of the Improved trajectory
increased with home value across all levels of social instability, the relationship was,
surprisingly, most pronounced for those with moderate or high social instability. The social
instability composite score intentionally reflects a broad array of factors, including access to
food, housing, and healthcare, as well as neighborhood perceptions, performance at work,
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and personal relationships. Experiencing certain social stressors could be a driving factor
in reducing problematic substance use within the protective context of a less impoverished
neighborhood, where access to treatment or other resources might be greater.

Although mental health disorders are frequently comorbid with SUDs (Grella et al., 2009;
Rounsaville et al., 1982), the COSU group in our study did not show a direct relationship
between mental health indices and SUD-symptom trajectory. However, it should be noted
that our analyses were conducted according to the protocol for the study, which was
designed to be conservative by only testing for interactions involving variables that had

a direct effect; thus, it is possible that mental health affected trajectory in the COSU group
through interaction with neighborhood variables. In addition, to avoid capitalizing on chance
in these per protocol analyses, we only tested effects on composite score, not individual
measures. Further exploration of each measure, or a principal components analysis, could
highlight other specific aspects of mental health, and of other domains, that may have the
most influence on drug-use trajectory.

Without accounting for environment, mental health tended to be worse in participants who
had a Persistent trajectory in the Unclassified group. Many of the Unclassified participants
who were in the Persistent trajectory had a large (3+) increase in symptoms at follow-up,
whereas the COSU participants with Persistent trajectories generally had a high symptom
count at both visits. For the Unclassified group, deterioration in drug-use status may be
preceded by or simply related to mental health issues (Angst et al., 2010; Crum et al., 2018;
Lopez-Quintero et al., 2011). In contrast, stress was associated with the Persistent trajectory
for the COSU group, and thus may contribute more to the maintenance of a moderate to
severe level of symptoms. This result is consistent with our EMA studies on participants in
methadone or buprenorphine treatment, which showed that real-time self-reports of stress
coincided with reports of heroin craving (Panlilio, 2021; Preston et al., 2017) and exposure
to drug cues (Preston & Epstein, 2011), and that stressful events can increase in severity

in the days preceding cocaine use (Furnari et al., 2015). End-of-day EMA reports of daily
hassles are also associated with opioid and cocaine use (Preston et al., 2018), as well as
treatment dropout (Panlilio et al., 2019).

Limitations of this study include the use of self-report measures and composite scores for
each domain, the psychometric properties of which have not been established. Composite
scores were created to avoid capitalizing on chance with multiple analyses. Another
limitation is the low follow-up rate of the marijuana-use group, which was not sufficient

to analyze changes in, or predictors of changes in, drug-use status. The overall follow-up
rate of 51.7% was close to what we expected (50%) given previous experience with similar
populations and results from other studies (Genberg et al., 2011; Murphy et al., 2010).
Participants who completed Visit 2 were slightly older with better mental health scores
compared to the participants who only completed Visit 1, but there were no differences by
sex, race, employment, education, marital status, neighborhood measures, or other health
measures, supporting the generalizability of the results. The current study was powered to
detect medium effects for testing predictors of drug-use trajectory, and while the results
support certain moderation effects, additional studies would be useful to clarify relationships
detected here. In addition, sampling of DSM-5 symptoms over a more extended period and
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with more time points would provide additional information about longer-term trajectories
(Hser et al., 2008; Hser et al., 2007). However, we were able to observe changes in drug-use
status with a 12-month follow-up period, which may reflect the beginning of various types
of longer-term trajectories. We used the DSM definition of current symptomology of “within
the past 12 months” at both visits, but assessment of symptoms occurring within a more
recent timeframe could help to clarify current symptom status and give a more accurate
characterization at a 12-15 month follow-up visit.

Another limitation of this study is that our sample was composed primarily of residents

of Baltimore City, which reduces generalizability. Also, only those who lived in the city
(536 of 750 study participants) had a NIfETy score assigned to them, which limited the
sample size for analyses related to this measure. Using property-tax data as an objective
measure of neighborhood poverty circumvented this problem, because estimates could be
determined for all participants, regardless of whether they lived in the city or a surrounding
county. Additional objective measures of neighborhood environment will also be important
to consider for future studies, to include participants from a greater variety of geographic
contexts.

With our previously defined methods for categorizing drug-use trajectory (Stull et al.,
2019), we used DSM-5 symptoms counts, as well as substance type and history of use,

to assess risk and protective factors for changes in drug-use status in subgroups of people
with drug use. Further use of DSM-5 symptom counts may be valuable in monitoring
long-term trajectories, as other studies have suggested they may be a meaningful alternative
to sustained abstinence as an outcome measure to assess treatment effectiveness (Epstein

et al., 2009; Kiluk et al., 2019; Kiluk et al., 2018). Relationships among sociodemographic
variables, environment, health, and drug use may not be apparent without comparing drug-
use status at baseline to follow-up periods, which can be defined using DSM-5 criteria
(Angst et al., 2010; Swendsen et al., 2009). Likewise, changes (or absence of changes) in
symptom counts must be considered within the context of various social, environmental, and
individual factors, to better adapt prevention and treatment efforts to specific populations.
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group. Mediation models compared Abstinent, Improved, and Low-Stable trajectories to the

Persistent trajectory (reference category). Total and direct effects were detected for home

value and stress (right panel; Improved vs. Persistent).
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Model 1:Neighborhood Disorder,
Stress and Social Instability in COSU
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Odds ratios with Bayesian 90% credible intervals for moderation model 1: NIfETy
(neighborhood disorder), stress, and social instability in COSU (reference category =
Persistent). There was a NIfETy x stress x social instability interaction and effects of age and
race that increased odds of the Improved trajectory.
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Model 2: Home Value, Stress and
Social Instability in COSU
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Odds ratios with Bayesian 90% credible intervals for moderation model 2: home value,
stress, and social instability in COSU (reference category = Persistent). There was a home
value x stress x social instability interaction which increased the odds of the Abstinent and
Improved trajectory groups. Social instability, home value, and race effects also increased
odds of the Improved trajectory. Social instability, stress, age, and race effects increased

odds of the Low-stable trajectory.
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Table 1.

Page 20

Stress, mental health, physical health, and social instability assessments

Domain Assessment Reference
Stress Life Events Questionnaire (Norbeck, 1984)
Life Events Checklist (Gray et al., 2004)
Hassles and Uplifts Scale DeLongis et al., 1988
Perceived Stress Scale (Cohen et al., 1983)
Coping Orientation to Problems Experienced Inventory (Carver et al., 1989)
Vulnerability to Stress subscale of the NEO Personality Inventory ~ (Costa & McCrae, 1985)
Mental 15-item Profile of Mood States (Cranford et al., 2006)
Health
Abbreviated Comprehensive Psychopathology Rating Scale (Asberg et al., 1978)
Mood Disorder Questionnaire (Hirschfeld et al., 2000)
Post-Traumatic Stress Disorder Checklist (Weathers et al., 1991)
Adult Attention Deficit Hyperactivity Disorder Self-Report Scale (Adler et al., 2006)
Symptom Checklist
Physical World Health Organization Quality of Life-BREF (World Health Organization, 2004)
Health
Pittsburgh Sleep Quality Index (Buysse et al., 1989)
National Health and Nutrition Examination (NHANES) Study (Centers for Disease Control and Prevention (CDC),
Oral Health Questionnaire 2009-2010)
Brief Pain Inventory (Keller et al., 2004)
HIV Risk Taking Behavior Scale (Ward, 1990)
Nowinski and Lopiccolo Sexual History Form (Creti et al., 1998)
Social Social-Adjustment Scale-Self-Report (Weissman & Bothwell, 1976)
Instability

NHANES Food-Security Questionnaire

Housing-Security Questionnaire
NHANES Health-Insurance Questionnaire

NHANES Hospital-Utilization and Access-to-Care Questionnaire

Perceived Neighborhood Scale

(Centers for Disease Control and Prevention (CDC),
2009-2010)

(Jahiel, 1992)

(Centers for Disease Control and Prevention (CDC),
2009-2010)

(Centers for Disease Control and Prevention (CDC),
2009-2010)

(Martinez et al., 2002)
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Participant characteristics by drug use category

Non-druguse Current

Table 2.

Current Opioid/

Unclassified Comparison

Page 21

(NDU) Marijuana Use Stimulant Use n=107
n=236 (CMU) (Cosv)
n=102 n=290
Age 34.0 29.1 42.7 40.1 Welch’s F(3, 295.98)=68.32,
(11.1) (8.3) (10.4) (11.0) p<0.001
Sex (% male) 40.3 65.7 75.5 65.4 x2(3) = 70.404, p<0.001
Race (% non-white) 80.9 89.2 70.7 68.2 x%(3) = 21.045, p<0.001
Education (% < HS) 39.4 66.7 72.8 48.6 %2 (3) = 66.287, p<0.0001
Employment x2 2(6) = 28.942, p<0.0001
% currently employed 81.8 81.4 63.8 80.4
% retired or disabled 3.0 29 7.0 47
% unemployed 15.3 15.7 29.3 15.0
Marital Status X2 (6) = 3.469, p=0.748
% unmarried 84.7 86.3 83.4 79.4
% married 8.9 59 9.7 10.3
% unknown 6.4 7.8 6.9 10.3
NIfETy 3.95 4.55 4.64 4.22 F(3, 532) =3.53, p<0.05
(2.15) (2.2) (2.08) (2.2)
Mean home value in -.92 -1.04 -1.03 -.972 Welch’s F(3, 265.33) =5.837,
500 m radius (log (:29) (:34) (:33) (:31) p<0.001
transformed)
Mental health percentile 36.32 54.64 59.06 50.46 F(3,551)=41.53, p<0.001
(19.66) (20.43) (21.76) (19.35)
Physical health percentile  40.40 48.32 57.42 46.57 F(3,547)=44.42, p<0.001
(14.14) (14.87) (15.17) (15.28)
Stress percentile 45.14 51.76 52.37 51.45 F(3,728)=19.41, p<0.001
(11.89) (10.11) (11.58) (11.55)
Social instability 42.99 52.58 54,77 47.75 F(3,596)=27.04, p<0.001
percentile (14.29) (13.06) (13.85) (14.77)

Table shows Mean (Standard Deviation) unless otherwise specified.

Higher percentile scores indicate worse conditions.
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Table 3.

Multinomial logistic regression analyses by trajectory in the COSU group

Low Stable Improved Abstinent

OR p OR p OR p
NIfETY 1.37 .055 | .869 .260 | 1.166 291
Average home value 701 .614 | 9.17 .007 | 2.313 272
Physical health 975 217 | .986 .390 | .990 .601
Mental health 979 116 | .996 737 | 1.008 .534
Stress 927 .003 | .976 251 | .993 .783
Social instability .937 .004 | .959 .034 | 482 .985
Race .837 774 | 344 .033 | 1.151 .830
Sex .612 387 | 496 158 | .450 .140
Age 1.04 147 | 1.011 .632 | 1.039 153
Education 402 .087 | .559 234 | 1.476 .544
Employment
Currently employed vs. unemployed 1.983 216 | 1.167 739 | 1.40 516
Currently employed vs. retired or disabled | 3.50 400 | 8.750 .060 | 2.625 513

Reference group = Persistent

Bolded values indicate significant effects (p<0.05).
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Table 4.

Odds ratios for mediation effects of NIfETy and home value on stress in the COSU group.

Effect | Median | 5% limit | 95% limit

NIfETy mediating effect of Stress (reference = Persistent)

Outcome = Abstinent

Indirect 1.00 0.95 1.09
Direct 121 0.74 2.02
Total 1.22 0.75 2.04

Outcome = Improved

Indirect 1.03 0.96 1.16
Direct 0.64 0.39 1.00
Total 0.66 0.41 1.05

Outcome = Low Stable

Indirect 1.06 0.94 1.25
Direct 1.57 0.91 2.74
Total 1.63 0.93 2.87

Home Value mediating effect of Stress

(reference = Persistent)

Outcome = Abstinent

Indirect 1.00 0.96 1.06
Direct 1.35 0.88 2.09
Total 1.35 0.81 2.33

Outcome = Improved

Indirect 1.01 0.91 1.12
Direct 2.16 1.38 3.47
Total 217 1.29 3.94

Outcome = Low Stable

Indirect 1.00 0.96 1.03
Direct 0.89 0.59 1.34
Total 0.90 0.53 1.49
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