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Abstract
Aims—To determine the incidence of long-term injection cessation and its association with
residential relocation and neighborhood deprivation.

Design—ALIVE (AIDS Linked to the Intravenous Experience) is a prospective cohort with
semi-annual follow-up since 1988. Multi-level discrete time-to-event models were constructed to
investigate individual and neighborhood-level predictors of long-term injection cessation.

Setting—Baltimore, USA

Participants—1,697 active injectors from ALIVE with at least 8 semi-annual study visits.

Measurements—Long-term injection cessation was defined as three consecutive years without
self-reported injection drug use.

Findings—706 (42%) injectors achieved long-term cessation (incidence = 7.6 per 100 person-
years). After adjusting for individual-level factors, long-term injection cessation was 29% less
likely in neighborhoods in the third quartile of deprivation (Hazard Ratio [HR] =0.71, 95% CI:
0.53–0.95) and 43% less likely in the highest quartile of deprivation (HR=0.57, 95% CI:0.43,
0.76) as compared to the first quartile. Residential relocation was associated with increased
likelihood of long-term injection cessation (HR=1.55, 95% CI:1.31, 1.82); however the impact of
relocation varied depending on the deprivation in the destination neighborhood. Compared to
those who stayed in less deprived neighborhoods, relocation from highly deprived to less deprived
neighborhoods had the strongest positive impact on long-term injection cessation (HR=1.96, 95%
CI:1.50, 2.57), while staying in the most deprived neighborhoods was detrimental (HR=0.76, 95%
CI:0.63, 0.93).

Conclusions—Long-term cessation of injection of opiates and cocaine occurred frequently
following a median of 9 years of injection and contextual factors appear to be important. Our
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findings suggest that improvements in the socio-economic environment may improve the
effectiveness of cessation programs.

INTRODUCTION
Injection drug use is associated with substantial morbidity, mortality, social and economic
consequences (1–6). Sustained injection cessation is the most effective way to prevent
transmission of blood-borne infectious diseases and to improve the health of injectors.
Despite the high public health burden of injection drug use, few studies have adequately
examined the incidence and predictors of prolonged injection cessation.

Most research on cessation has examined short-term changes in drug-using behaviors (7–
14). We previously demonstrated a high rate of short-term injection cessation in Baltimore,
but 75% relapsed within one year of stopping (15). More recently in an analysis of patterns
of injection over 20 years, we found that although 16% demonstrated frequent stopping and
relapse, nearly half reported declining use over time, with approximately 20% demonstrating
evidence of long-term cessation, and a median time of cessation of approximately 3 years in
length (16).

The individual-level predictors of short-term injection cessation have been well
characterized. There is increased recognition that contextual factors at multiple nested levels
of influence (e.g., families and social networks within neighborhoods within cities) interact
to influence individual health behaviors, physiological processes, and ultimately health (17).
Conceptual models of addiction also suggest examining individual drug use within the
context of broader interacting levels of influence (18,19). While accumulating research
supports the role of the social, economic, and physical environment in shaping individual
drug use (19,20,20–26), there remains a limited understanding of the impact of the
environment on longer-term maintenance of cessation.

Contextual factors, like individual behaviors, are not static; changes in environment impact
health behaviors and outcomes. For example, relocation out of high poverty neighborhoods
has been associated with improvements in health outcomes (e.g., mental health status,
frequency of drug use) among individuals who relocate (27–29). Relocation itself may
directly and/or indirectly promote changes in drug use behaviors through the weakening of
conditioned responses associated with elements of the environment (30). Alternatively, the
benefits derived from relocation may reflect that new socio-economic and physical
environments are more supportive of changes in drug use behaviors, particularly when
moving out of high poverty neighborhoods characterized with high levels of drug activity.

In the current study, we characterized the incidence of long-term injection cessation among
a well-defined community-based cohort of injection drug users (IDUs) with a specific focus
on the effects of contextual (neighborhood deprivation and residential relocation)
determinants of drug cessation.

METHODS
Study Participants

The ALIVE (AIDS Linked to the Intravenous Experience) study design and methods have
been described in detail previously (31). Briefly, during three enrollment periods (1988–89,
1994–5, and 1998), 2,944 current and former IDUs were recruited into a prospective cohort
of IDUs in Baltimore, Maryland. Individuals were eligible if they were older than 18 years
of age, AIDS-free, and had a history of injecting at baseline. At baseline, the median age of
the cohort was 34 years, 81% were male, 95% African American and 25% HIV-positive.
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Since our focus was on long-term injection cessation, we restricted our analysis to
participants who reported injecting during at least two follow-up visits and had six or more
study visits after the second visit when they reported injecting (through June 2008) without a
long lapse between visits (see Missing Data). Study participants without two injecting visits
(n=581) were older, had shorter follow-up, fewer visits reporting injection, and fewer years
of injection at baseline than active injectors (n = 2,363; p<0.001 for all comparisons). Those
without six study visits (n=666) had fewer years of injection at baseline, fewer visits
reporting injecting, and higher mortality than those who had six visits (n=1,697; p<0.001 for
all comparisons). A total of 1,697 individuals with 33,945 observations, over a median nine
visits (IQR: 2–20), were included.

Measures
Baseline interviews provided information on socio-demographics, injection history, lifetime
medical history, HIV-risk behaviors (sexual and drug-related) and drug treatment history. At
each semi-annual visit, participants provided information on characteristics and behaviors
with respect to the previous six months. Data were collected on socio-demographics, drug
use behaviors (e.g., frequency and types of drugs injected, non-injection drug and alcohol
use), health care utilization (e.g., methadone maintenance, outpatient visits), and life events
(e.g., incarceration, homelessness). Healthcare utilization information was collected via
interviewer-administered questionnaires; beginning in 1998, behavioral information was
collected via Audio Computer-Assisted Self-Interview (ACASI). Participants were tested
semi-annually for HIV infection.

Participants provided updated residential information at each study visit. Residential
addresses were geocoded and mapped to US census tracts using ArcGIS version 9.3 (ESRI
Inc, 2008). If participants reported homelessness, a shelter or temporary address was
geocoded if available, otherwise it was excluded. Addresses from 1988–1999 were mapped
to 1990 US Census tracts and addresses from 2000–2008 to 2000 US Census tracts.
Neighborhood deprivation scores were created based on a scale previously validated in
Baltimore, Maryland (32). Briefly, we conducted principal components analysis using the
following eight indicators separately for 1990 and 2000: percent of individuals employed in
professional/managerial occupations, percent of households with crowding, percent of
households living in poverty, percent of female-headed households with dependent children
(<18 years), percent of households on public assistance, percent of households earning low
income, percent of individuals with less than high school education, and percent of
unemployed males and females (>16 years). The resulting component, neighborhood
deprivation, explained 68% and 64% of the total variability in Maryland in 1990 and 2000,
respectively. Component loadings ranged from 0.27–0.40. Factor loadings were used to
create standardized neighborhood deprivation scores for each census tract and quartiles were
created based on cutoffs within Baltimore City. Residential relocation was defined as a
change in residential information from the previous semi-annual visit. Residential relocation
was further characterized according to deprivation in the origin and destination
neighborhood.

Missing Data
Injection drug use and other covariates were carried forward for 1,299 short lapses in
follow-up (up to 1.5 years). Data from the last study visit were carried forward and data
from the subsequent study visit were dropped back for 447 longer lapses (1.5–2.2 years).
Data from lapses greater in length than 2.2 years (<3% of visits) were not imputed and
considered missing.
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Statistical Analysis
The outcome of interest was long-term injection cessation, defined as six consecutive visits
(three years) with no self-reported injection drug use. Differences in baseline characteristics
by those who did and did not achieve cessation were examined using frequencies. Incidence
rates of long-term injection cessation per person-year were calculated by baseline and time-
varying characteristics.

Predictors of long-term injection cessation were identified using discrete-time survival
analysis methods (complementary log-log). The time origin was the first eligible study visit
(sixth consecutive visit following the second injecting visit). Individuals were censored
either at the time of the outcome, death, when lost-to-follow-up, or administratively in June
2008. Time-fixed covariates included sex, age, race, educational attainment, marital status,
income, employment, history of drug treatment, and years injected at baseline. Time-varying
characteristics included injection-related behaviors (frequency and types of drugs injected,
overdose), health care utilization (methadone maintenance, detoxification, inpatient
admission, outpatient care, usual source of primary care), non-injection drug use (alcohol,
marijuana, crack, snorting cocaine, snorting heroin), sexual behaviors (sex with an
anonymous partner, sex with an IDU), HIV infection, and housing-related factors
(residential relocation, homelessness) from the prior six months. Time-varying covariates
were lagged to ensure temporality. Covariates were lagged six visits to correspond to the last
visit where IDUs who achieved the outcome were injecting. Relocation, homelessness, and
neighborhood deprivation were lagged five visits to correspond to the time when individuals
who achieved the outcome stopped injecting (Figure 1).

We constructed several models; those that included neighborhood deprivation and
residential relocation included a random-intercept to account for the clustering of
participants within neighborhood. Model I included quartiles of neighborhood deprivation
and individual-level factors. Model II added residential relocation, parameterized as a
dichotomous variable (yes/no) in the prior six months. For Model III relocation was
categorized by the level of deprivation in the origin and destination neighborhoods
concurrent to cessation (i.e., lagged five semi-annual visits). The reference group was living
in the most deprived neighborhood without having relocated in the prior six months. In
adjusted models, non-injection cocaine and heroin use were combined into a single summary
variable. Time-fixed socio-demographic factors and time-varying confounders that were
included in all adjusted models were determined a priori from previous research (15,20,33).
Adjusting for baseline demographic characteristics controlled for factors associated with
selection into neighborhoods in Baltimore City, as well as injection behaviors. The time-
varying confounders included preceded relocation (i.e., lagged six semi-annual visits) and
were factors associated with drug use and drug use treatment in order to address any
selection of neighborhood due to drug use behaviors (see Figure 1). Adjusted models were
compared to the model with only time-fixed predictors using the change in log likelihood.
Model fit was further examined using Akaike’s Information Criteria (AIC) and Bayesian
Information Criteria (BIC) statistics, since some model comparisons were non-nested (34).
All statistical analyses were conducted in Stata version 10.1 (College Station, TX).

RESULTS
Sample Characteristics

Of the 1,697 individuals, 75% were male, 95% were African-American, 57% did not have a
high school diploma, and 66% had never married at the baseline assessment (Table 1). The
median age was 35 years (IQR: 30–39) and the median number of years injected was 14
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(IQR: 7–20). Approximately 50% reported injecting daily or more frequently and 65%
reported injecting both heroin and cocaine (speedball).

The majority (58%) resided in the most deprived (4th quartile) neighborhoods over the study
period; 24% resided in the 3rd quartile, 11% in the 2nd quartile, and only 7% in the least
deprived (1st quartile). Study participants reported residential relocation in 30% of study
visits. The median number of relocations per participant was 4 (IQR: 2–7), with 10% of
participants reporting ten or more moves and 8% never having moved. Of the visits with a
move, 44% were moves between or within the most deprived neighborhoods (see Figure 2).

Long-term Injection Cessation
Seven hundred and six individuals (42%) achieved long-term cessation (incidence rate: 7.6
per 100 person-years; 95% CI: 7.0, 8.1). The median time from the first eligible visit to
long-term injection cessation was 9 years (IQR: 4–15). Forty-six of the 1,697 participants
(3%) died before the median time to long-term injection cessation without having had the
outcome and 14% (n=235) were alive, but were lost-to-follow-up without having had the
outcome. Table 1 presents the frequency of long-term injection cessation by time-fixed
characteristics. There were no significant associations between the incidence of long-term
injection cessation and baseline characteristics.

Predictors of Long-term Injection Cessation
In unadjusted analyses, there was a dose-response relationship between quartiles of
neighborhood deprivation at the time of cessation and long-term injection cessation (Table
2). Living in a highly deprived neighborhood decreased the likelihood of long-term injection
cessation. Residential relocation predicted long-term injection cessation; however, the
relationship varied by the type of origin and destination neighborhoods.

Homelessness, daily injection, mixed cocaine/heroin injection, crack use, snorting cocaine,
sex with an IDU partner, and recent incarceration were inversely related to long-term
injection cessation. Methadone maintenance, recent detoxification, inpatient and outpatient
care, were positively associated with long-term injection cessation. HIV-infection, recent
overdose, having had a usual source of primary care, and sex with an anonymous partner
were not associated with long-term injection cessation in unadjusted analysis.

In adjusted analysis, the dose-response relationship observed between long-term injection
cessation and quartiles of neighborhood deprivation persisted (Model I), with long-term
injection cessation being 29% and 43% less likely in neighborhoods of the third and fourth
quartiles of deprivation compared with the least deprived quartile, respectively (HR=0.71,
95% CI: 0.53, 0.96; HR=0.57, 95% CI: 0.43, 0.76). Model II again demonstrated the dose-
response relationship between neighborhood deprivation and long-term injection cessation;
however, after controlling for residential relocation, which was associated with an increased
likelihood of long-term injection cessation (HR=1.55, 95% CI: 1.31, 1.82), the associations
were slightly weakened. Compared with no relocation and living in less deprived
neighborhoods (Model III), staying in the most deprived neighborhoods decreased the
likelihood of achieving long-term injection cessation (HR=0.76, 95% CI: 0.63, 0.93).
Moving from the most deprived (Q4) to less deprived neighborhoods (Q1–Q3) increased the
likelihood of long-term injection cessation by nearly twofold (HR=1.96, 95% CI: 1.50,
2.57), while moving within less deprived neighborhoods slightly increased the likelihood of
the outcome (HR=1.39, 95% CI: 1.02, 1.89). There was no association between long-term
injection cessation and moving within the most deprived neighborhoods (HR=1.01, 95% CI:
0.77, 1.32) or moving from a less deprived neighborhood into the most deprived
neighborhoods (HR=1.26, 95% CI: 0.89, 1.79).
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DISCUSSION
In this community-based cohort of IDUs, long-term injection cessation was frequently
observed over 20 years of observation. Beyond the individual-level factors that have
previously been associated with shorter periods of injection cessation, our analyses
demonstrated an important role for contextual factors. Neighborhood deprivation impacted
successful long-term injection cessation and relocation out of the most deprived
neighborhoods appeared to be the most beneficial move for IDUs in relation to cessation.

This study is one of the first to examine long-term injection cessation in a community-based
sample. Previous analyses in this cohort demonstrated that a large majority of IDUs quit
injecting for short periods of time, however, more than three-quarters relapsed within one
year of stopping (15,33). Interestingly, many of the individual-level factors such as
homelessness, methadone maintenance, and less intense injection behaviors, previously
identified as predictors of short-term cessation, were also important for long-term cessation.
However, while use of non-injection cocaine was not a predictor of short-term injection
cessation previously (15), it was associated with a decreased likelihood of long-term
injection cessation. Our results collectively suggest that while some factors that facilitate
short term-behavior change are also important for long-term behavior change, further
research is needed to understand the relationships between injection, non-injection drug use,
and long-term cessation.

Our study further expands on existing research by characterizing the role of environmental
determinants. We observed that increased deprivation in residential neighborhoods was
negatively associated with long-term injection cessation among IDUs. These findings
support the results of other work in Baltimore that showed that neighborhood-level poverty
was associated with decreased injection cessation in the short-term (20,21).

There are many potential social and economic mechanisms at work in highly deprived
neighborhoods that impact drug use. Economically deprived neighborhoods foster and
support active and visible drug markets more so than less disadvantaged neighborhoods (35–
38). The presence and widespread exposure to drug markets may shape social norms
regarding involvement in the drug trade and resultant drug use, creating social environments
more tolerant of drug use and with limited social control against drug use. Neighborhoods
with active drug markets may also have more visible cues to inject than neighborhoods with
less active drug markets. A prior study in Baltimore reported that persistent injectors were
more likely to have bought drugs near their residence compared to those who stopped
injecting in the short-term (10), suggesting that living in an area where drugs are not readily
accessible or tolerated may contribute to cessation. Together the same social and economic
forces supporting the drug trade may function to impede cessation among active IDUs in the
area.

It is also possible that the association between neighborhood deprivation and long-term
injection cessation reflects the topography of social networks in deprived neighborhoods.
Social networks in poor neighborhoods may have a higher density of individuals within the
drug subculture and limited ties outside of poor neighborhoods. As a result, networks in
poor neighborhoods may contain inadequate social and economic capital specifically
supportive of behavior change and disengagement with the drug subculture. For example,
living in deprived neighborhoods may constrain the number of network ties to employed
individuals, a network property that has been shown to reduce drug use (21).

Finally deprived neighborhoods place a considerable psychosocial burden on residents,
prompting continued drug use (26). In Baltimore neighborhood social disorder was recently
shown to predict depressive symptoms among drug users, which were in turn predictive of
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injection behaviors (39). Additional research is needed to determine the specific
mechanisms through which neighborhood deprivation, as well as additional features of the
environmental context, acts on long-term injection behaviors and cessation.

The impact of neighborhood deprivation on long-term injection cessation was further
reinforced by the observation that moving from a highly deprived into a less deprived
neighborhood was predictive of sustained positive behavior change. Several studies have
demonstrated how changes in environment were associated with reduced drug use behaviors
and dependence (40, 27, 29). Changes in residential environments may reflect disruptions to
the social and economic environments which constrain behaviors, or in the conditioned
responses to cues and triggers in the environment. Prior studies have demonstrated that drug
users form conditioned responses (e.g., craving, withdrawal symptoms) to elements of the
environment when consistently paired with drug use (30,41); residential relocation to a new
environment lacking such conditioned stimuli may reduce physiological prompts to use,
resulting in increased probability of maintaining abstinence. However, in this study, the
most beneficial move was from a highly deprived to a less deprived neighborhood. Moving
between other types of neighborhoods did not demonstrate a positive association, suggesting
that altering the social and economic contextual elements of the environment may be more
important to long-term cessation than disrupting the conditioned elements of the
environment. Our data suggest that the traditional strategy -- of changing “people, places
and things”-- may work only for those who are able to markedly improve their social and
economic surroundings. Residential relocation into less deprived neighborhoods is an
appealing strategy in theory; however, the extent to which poor, inner city IDUs have the
resources to relocate out of deprived neighborhoods is limited. In fact the vast majority of
relocations in this study were between and within the most deprived neighborhoods.

The current study has several limitations. Problems related to violations of the
exchangeability criteria due to the presence of time-varying exposures and confounders
when the time-varying confounders are affected by prior exposure, such as the non-random
allocation of people into neighborhoods in this study, limit our ability to make causal
statements about the relationships observed (42). There may also be unmeasured common
causes of residential relocation and long-term injection cessation. For example, residential
relocation may be a proxy for previous attempts to quit injecting prior to study enrollment,
or individual characteristics that foster upward mobility, among IDUs who have begun to
change their behaviors and also relocate to sustain their behavior change.

The focus of our analysis was on predictors of cessation; thus we did not include covariates
during the period of cessation because these might reflect consequences of cessation. With
respect to incarceration and non-injection drug use, this is an important limitation. While the
current analysis excluded long periods of incarceration due to the restrictions on the sample,
it is possible that some of the IDUs who achieved long-term cessation did so at least
partially during a period of incarceration. Additionally we examined only cessation of
injection drugs, and acknowledge that the participants may have been using non-injection
drugs during the cessation period.

Other limitations include potential survival bias since our sample was limited to IDUs who
survived long enough to complete sufficient follow-up. Our analysis may not completely
account for the competing risks of mortality and losses to follow-up. Drug use may also be
influenced by factors operating on a smaller scale than the census tract, or IDUs may not
spend the majority of their time in their neighborhood of residence. Administrative data
were only available decennially and may not capture finer changes in neighborhood
indicators over time; however, there was little substantive change in the indicators defining
neighborhood deprivation in Baltimore City from the years 1990 to 2000. The semi-annual

Genberg et al. Page 7

Addiction. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



structure of data collection also limited our ability to determine the precise temporality of
residential relocation during the prior six months. Finally, findings from this cohort of IDUs
in Baltimore may not be generalizable to other IDU populations, particularly those who are
younger and not African-American. However the results are relevant for marginalized
groups with long histories of drug use, a growing population in the US and other countries.

Our findings collectively support efforts to treat addiction as a chronic condition and suggest
that programs must offer treatment and care designed to maintain long-term behavioral
changes among drug users (43). Given that there is no accepted definition of long-term
cessation, future research should examine the appropriateness of three years as a measure of
long-term changes in behaviors. Future research should also determine the mechanisms
through which relocation and neighborhood deprivation impact long-term changes in drug
use. Programs to promote cessation among drug users may consider improving the social
and economic environment of the drug user in order to maximize effectiveness and decrease
drug use in the long-term. As a start, programs may consider providing permanent stable
housing options, outside of deprived neighborhoods, for IDUs who are stopping injecting
(44, 45). The findings of this study add to our knowledge of injection drug use cessation;
however, the recommendations offered here may also be considered by public health
programs targeted to alcohol, tobacco, and other drug cessation, as well as other health
behaviors that contribute to chronic conditions.
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Figure 1.
Diagram depicting cessation event and lagged covariates. Solid lines represent injection
drug use, dotted lines represent no injection drug use. Cessation occurs at time t; baseline at
time B.

Genberg et al. Page 11

Addiction. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Diagram showing residential relocation between and within neighborhoods of differing
levels of deprivation among ALIVE study participants in Baltimore City, 1988–2008. Q1–
Q4: quartiles of neighborhood deprivation in Baltimore City.
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Table 1

Baseline (Time-fixed) Characteristics and Crude Hazard Ratios (and 95% Confidence Intervals [CI]) of Long-
Term Injection Cessation among 1,697 Injection Drug Users in the ALIVE Study in Baltimore, Maryland
(1988–2008).

Total No long-term cessation Long-term cessation Crude Hazard Ratio (95% CI)

(n=1,697) (n=991) (n=706)

% % %

Total 58.4 41.6 --

Sex

 Male 74.7 77.6 70.5 1.00

 Female 25.3 22.4 29.5 1.16 (0.99, 1.37)

Age

 <30 yrs 24.1 23.3 25.2 1.00

 30–34 yrs 28.1 27.0 29.5 1.01 (0.83, 1.23)

 35–39 yrs 20.8 21.9 19.3 0.76 (0.61, 0.95)

 >40 yrs 27.1 27.8 26.1 1.11 (0.91, 1.36)

Race

 White/Other 4.8 5.0 4.5 1.00

 African-American 95.2 95.0 95.5 0.92 (0.67, 1.24)

Educational attainment

 Less than HS 57.0 56.6 56.4 1.00

 HS diploma 30.8 29.7 32.3 1.12 (0.95, 1.31)

 Greater than HS 12.7 13.7 11.3 0.88 (0.69, 1.12)

Marital status

 Never married 65.7 66.8 64.0 1.00

 Married 5.4 4.2 6.9 1.28 (0.96, 1.72)

 Other 29.0 29.0 29.0 1.04 (0.88, 1.22)

Income, annually at baseline

 <$5,000 75.9 76.5 73.7 1.00

 >=$5,000 24.1 23.5 26.3 1.16 (0.98, 1.37)

Employed at baseline

 No 81.2 81.6 80.7 1.00

 Yes 18.8 18.4 19.3 0.86 (0.57, 1.31)

History of drug treatment

 No 41.6 43.9 38.4 1.00

 Yes 58.4 56.1 61.6 1.12 (0.96, 1.30)

Number of years injected

 1–7 years 25.8 22.9 29.8 1.00

 8–14 years 25.1 25.7 24.4 0.90 (0.73, 1.10)

 15–20 years 26.2 25.7 26.9 0.85 (0.70, 1.03)

 Over 20 years 22.9 25.8 19.0 0.81 (0.65, 1.00)
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Table 2

Crude Hazard Ratios and 95% Confidence Intervals (95% CI) of Long-Term Injection Cessation by Time-
Varying Characteristics

Crude Hazard Ratio (95% CI)

Neighborhood deprivation, quartiles

 Q1: least deprived 1.00

 Q2 0.98 (0.72, 1.34)

 Q3 0.76 (0.58, 1.01)

 Q4: most deprived 0.55 (0.43, 0.71)

Residential relocation 1.41 (1.20, 1.65)

Residential relocation by neighborhood quartile

 No move, Q1–Q3* 1.00

 No move, Q4 0.72 (0.59, 0.88)

 Moved, Q1–Q3 to Q1–Q3 1.26 (0.92, 1.71)

 Moved, Q4 to Q1–Q3 1.75 (1.35, 2.27)

 Moved, Q1–Q3 to Q4 1.12 (0.80, 1.58)

 Moved, Q4 to Q4 0.87 (0.67, 1.13)

In the prior 6 months

Homeless 0.49 (0.38, 0.63)

HIV infection 1.02 (0.87, 1.19)

Crack use 0.56 (0.45, 0.70)

Snort cocaine 0.41 (0.28, 0.62)

Snort heroin 0.78 (0.61, 1.00)

Any alcohol use 0.31 (0.26, 0.36)

Marijuana use 0.52 (0.42, 0.63)

Frequency of injection

 Less than daily 1.00

 Daily or more frequent 0.45 (0.38, 0.53)

Type of drug injected

 Heroin only 1.00

 Cocaine only 0.93 (0.73, 1.20)

 Mixed use 0.42 (0.35, 0.52)

Overdose 0.78 (0.53, 1.16)

Methadone maintenance 1.61 (1.33, 1.93)

Detoxification 2.29 (1.89, 2.77)

Inpatient admission 1.47 (1.22, 1.76)

Outpatient care 1.44 (1.21, 1.72)

Usual source of primary care 1.16 (0.96, 1.39)

Sex with anonymous partner 0.98 (0.77, 1.23)

Sex with IDU partner 0.66 (0.56, 0.79)

Incarceration, at least 7 days 0.76 (0.61, 0.96)
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*
Q1–Q4: Quartiles of neighborhood deprivation, where Q4 is the most deprived; Non-injection drug use, HIV, frequency of injection, type of drug

injected, overdose, methadone, detoxification, inpatient admission, outpatient care, usual source of primary care, sexual behavior, and incarceration
were lagged six study visits to precede cessation; Neighborhood deprivation, residential relocation, homelessness were lagged five study visits to
correspond to the first visit of cessation; Neighborhood deprivation and residential relocation models included a random intercept.
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