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Abstract

Background—The present study retrospectively evaluated the chronology and predictors of
substance use progression in current heroin-using individuals.

Methods—Out-of-treatment heroin users (urinalysis-verified; /= 562) were screened for
laboratory-based research studies using questionnaires and urinalysis. Comprehensive substance
use histories were collected. Between- and within-substance use progression was analyzed using
stepwise linear regression models.

Results—The strongest predictor of onset of regular heroin use was age at initial heroin use,
accounting for 71.8% of variance. The strongest between-substance predictors of regular heroin
use were ages at regularalcohol and tobacco use, accounting for 8.1% of variance. Earlier onset of
regular heroin use (<20 years) vs. older onset (=30 years) was associated with a more rapid
progression from /nitial to regular use, longer duration of heroin use, more lifetime use-related
negative consequences, and greater likelihood of injecting heroin. The majority of participants
(79.7%) reported substance use progression consistent with the gateway hypothesis. Gateway-
inconsistent individuals were more likely to be African-American and to report younger age at
initial use, longer duration of heroin use, and more frequent past-month heroin use.

Conclusions—Our findings demonstrate the predictive validity and clinical relevance of
evaluating substance use chronology and the gateway hypothesis pattern of progression.
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1. Introduction

1.1. Background

Global opioid use increased significantly in the past decade (SAMHSA, 2013; UNODC,
2013). Opioid use is implicated in more substance use-related overdose deaths than any
other drug class (UNODC, 2013). Moreover, an estimated 14 million people worldwide
administer drugs via injection (common among heroin users) which is associated with
increased risk of contracting HIV and blood-borne diseases (Chitwood, Comerford, &
Sanchez, 2003; UNODC, 2013). Heroin use is associated with severe health consequences
and, for purposes of this study, will be conceptualized as an ‘end-point’ substance-use
phenotype.

Previous research characterized substance-use progression and identified accurate predictors
of future substance use disorders that can inform prevention and/or early intervention
strategies (Hser, Longshore, & Anglin, 2007; Lee, Winters, & Wall, 2010; Vanyukov et al.,
2012). One robust predictor of earlier future substance use disorders is earlier age at initial
use of that substance (Chen, Storr, & Anthony, 2009; Windle & Windle, 2012). This intuitive
finding has been repeatedly observed for use of alcohol (Brook, Brook, Zhang, Cohen, &
Whiteman, 2002; DeWit, Adlaf, Offord, & Ogborne, 2000; Grant & Dawson, 1997; Grant,
Stinson, & Harford, 2001; Nelson & Wittchen, 1998); nicotine (Breslau, Fenn, & Peterson,
1993; Hu, Griesler, Schaffran, Wall, & Kandel, 2012); and marijuana (Chen, O’Brien, &
Anthony, 2005; Ellickson, Martino, & Collins, 2004). While informative, these findings are
limited to within-substance progression. The majority of substance using individuals
reported initial poly-substance experimentation that progressed to problematic use and
dependence (Moss, Chen, & Yi, 2013; Olthuis, Darredeau, & Barrett, 2013; Sartor, Kranzler,
& Gelernter, 2014b; Trenz et al., 2012); thus, characterization of within-substance
progression may not capture important between-substance relationships. One recent study
examined between-substance progression in current “hard” (e.g., heroin) substance users and
found age at regular use of “soft” (e.g. alcohol, marijuana) substances predicted future
“hard” substance use better than age at initial use (Baggio, Studer, Mohler-Kuo, Daeppen, &
Gmel, 2013).

Substance-use progression research has also focused on the pattern of between-substance
use. The ‘gateway hypothesis’ (Kandel, 1975) postulated two transitions in substance use
progression: legal substance use (alcohol, tobacco) preceding marijuana use, and marijuana
use preceding “hard” illegal substance use (e.g., cocaine, heroin). The gateway hypothesis
implicated initial marijuana use as the critical transition step between legal and “hard”
illegal substance use (Kandel, 1975). Experimental evidence for this hypothesis is mixed
(Mackesy-Amiti, Fendrich, & Goldstein, 1997) and criticism has generated debate regarding
its continued relevance (Golub & Johnson, 2002; Tarter et al., 2012). A novel application of
the gateway hypothesis differentiates individuals based on their gateway-pattern agreement
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(Tarter, Vanyukov, Kirisci, Reynolds, & Clark, 2006; Wells & McGee, 2008; Agrawal et al.,
2011; Sartor, Kranzler, & Gelernter, 2014a). A substance-use progression pattern that is
inconsistent with the gateway hypothesis has been associated with environmental factors
including: poorer physical environment, greater access to drugs in a neighborhood, and more
neglectful parenting (Tarter et al., 2006). In addition, a gateway-inconsistent pattern of
progression has been associated with psychiatric dysfunction (DSM-IV diagnoses of
internalizing disorders [e.g. depression, anxiety disorders]; Degenhardt et al., 2009; Wells &
McGee, 2008) and greater likelihood of progression to substance dependence (Degenhardt et
al., 2009; Sartor et al., 2014a).

1.2. Aims and hypotheses

Within a large sample of regular heroin-using, out-of-treatment volunteers, the present study
retrospectively examined: (1) age at onset of initial and regular use of tobacco, alcohol,
marijuana, and cocaine as predictors of age at onset of regular heroin use; (2) age at regular
heroin use as a predictor of current and lifetime heroin use characteristics; and (3) phenotype
individuals by agreement (or not) with the gateway pattern of progression. Consistent with
recent trends in the literature, we hypothesized that earlier age at onset of regular substance
use (as opposed to initial use) would predict earlier regular heroin use. Additionally, we
hypothesized that earlier age at onset of regular heroin use and deviating from the gateway
pattern of substance use progression would predict heroin use characteristics indicative of a
more severe condition.

2. Methods

2.1. Participant selection

Screening data from out-of-treatment, heroin-using adults (18-55 years old) recruited using
media advertisements and word-of-mouth referral for several behavioral pharmacology
studies (1998-2014) were used in the present analysis. All studies were approved by the
local Institutional Review Board and conducted in accordance with the Declaration of
Helsinki (1964). Candidates who denied major medical or psychiatric contraindications
(e.g., heavy alcohol use, major depression, cardiovascular disease) during the initial
structured phone interview were invited to undergo comprehensive in-person screening
procedures following written informed consent. Opioid-positive (>300 ng/ml), alcohol-free
(<.002%; Alco Sensor 111 Breathalyzer), and cognitively-intact (1Q score >80; Shipley
Institute of Living Scale; Zachary, 1991) individuals were included in the analysis.

2.2. Outcome measures

Lifetime and current substance use characteristics were assessed across five substances
(alcohol, tobacco, marijuana, cocaine, and heroin) via a standardized, self-report battery:
Drug History and Use Questionnaire (created in our laboratory; available upon request). Age
at initial use of a substance is defined as age at first consumption, whereas age at regular use
is defined as age when first using at least 3 times per week. Lifetime heroin-use
consequences were assessed via an 18-item checklist of items (e.g., overdose, financial
problems) not biased by age-specific consequences (problems in school, high at school, and
missed school; Woodcock, Lundahl, Burmeister, & Greenwald, in press). Given that one
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focus of the present investigation is to explore the effects of age at onset with current and
lifetime heroin use characteristics, these age-specific items were excluded to prevent biasing
the analysis. Participants indicated (ever/never) each consequence they experienced as a
direct result of heroin use in their lifetime. Summed number of items endorsed yielded a
total score for analysis (range 0-18). Lifetime consequences for the other substances
examined herein were also assessed and computed using similar scales specific to each
substance (alcohol: 20 items; tobacco: 16 items; marijuana: 22 items; and cocaine: 18
items). Self-reported lifetime number of attempts to stop using heroin was assessed via a
single item score (maximum: 100). Past-month heroin use frequency was calculated as the
product of mean daily past-week heroin use and number of past-month days using heroin
(maximum: 30 days). Duration of regular heroin use was calculated as age at screening
minus age at regular heroin use. Each participant’s pattern of substance use progression was
evaluated for gateway hypothesis agreement. Deviation from the gateway hypothesis was
operationally defined as:

1. use of marijuana prior to legal substances (tobacco and alcohol); or
2. use of cocaine or heroin prior to marijuana; or
3. use of cocaine or heroin prior to legal substances (tobacco and alcohol).

Temporal measurement sensitivity was limited, as participants were asked to describe age of
initial substance use in calendar-year format. Thus, to qualify as gateway-inconsistent,
violators would need to report use of a substance one calendar year out of order (e.g., initial
marijuana use at age 12, and tobacco and alcohol use at age 13 or later).

2.3. Data analyses

Variables were assessed for normality (West et al., 1995) and outliers (z-scores = 3.3). Non-
normally distributed variables were transformed (logyq or square root) and outliers omitted.
Substance use data were characterized using descriptive statistics, frequencies, and one-way
analyses of variance (ANOVA). To protect against Type | error inflation due to unequal
sample sizes, Levene’s Test of Equality of Error Variances was used to confirm (o> .05)
homogeneity of variance for each outcome variable examined for group differences. Any
substance-use measures (e.g., quit attempts) that correlated with duration of use (which
could bias interpretation of results) were evaluated using analyses of covariance (ANCOVA)
with heroin use duration entered as a covariate. Ordinal tertiles of substance use onset age
were created to examine the effect of onset age on other outcome variables.

Predicted outcome variables were analyzed using stepwise linear regression models
(pairwise case exclusion). Multi-collinearity was assessed for each regression model and
tolerance did not exceed 0.99. Durbin—Watson statistic indicated the independence of errors
(1.5 < d< 2.5) for each regression model. Descriptive statistics are presented as mean (M) %
one standard deviation (SD). Analyses were conducted using SPSS version 22 and criterion
to reject the null hypothesis was set at p < .05.
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3.1. Demographic characteristics

Data from 562 participants were included in the present analyses. The mean study
participant was a 42.4 £ 9.4 year-old African-American (59.6%) male (70.1%) with 12.3
+ 1.6 years of education.

3.2. Substance use characteristics

Substances first used by participants were alcohol (26.3%), tobacco (17.4%), marijuana
(11.9%) or a combination thereof (32.8%), which accounted for 88.4% of substances first
used (Fig. 1). Examining each substance individually, participants reported initiating alcohol
use first (mean age at onset: 14.8 £ 4.9), followed shortly thereafter by marijuana (15.0

+ 3.4) and tobacco (15.7 £+ 5.0), with a longer delay until initial cocaine and heroin uses
(24.7 £ 7.8 and 23.4 + 7.8; respectively) (Table 1). In contrast, participants reported regular
use of marijuana (16.3 + 3.5) before tobacco (17.6 £ 5.1) and alcohol (19.2 + 5.6) with a
longer delay until regular use of heroin (25.6 + 8.1) and cocaine (27.8 + 8.5). Mean latency
between initial and regular use was the shortest for marijuana (1.7 years) and the longest for
alcohol (4.9 years). Across the five substances surveyed, participants reported using 2.3

+ 1.2 substances (in addition to heroin) during the past month. Lifetime incidence of use was
high across all five substances (range: 91.1-100.0%).

3.3. Progression to regular heroin use

The first stepwise linear regression model examined age at initial use of each non-heroin
substance (tobacco, alcohol, marijuana, and cocaine) predicting age at regular heroin use.
Earlier onset of initial tobacco and cocaine use (zero-order correlations [rg] = .19 and .15; Bs
=.16 and .11, respectively) predicted earlier onset of regular heroin use, A2,398) = 9.70, p
<.001, and accounted for 4.7% of the total variance (3.6% and 1.1%, respectively).

The second stepwise linear regression model examined age at regular use of each non-heroin
substance predicting age at regular heroin use. Earlier onset of regular alcohol and tobacco
use (rp, = .25 and .21; Bs=.20 and .14, respectively) predicted earlier onset of regular heroin
use, A2,223) = 9.68, p< .001, and accounted for 8.1% of the total variance (6.2% and 1.8%,
respectively).

The third stepwise linear regression model examined the significant predictors from the first
two models and age at regular heroin use. Results were unchanged from the second
regression model: age at regular alcohol and tobacco use predicted earlier onset of regular
heroin use (rp = .25 and .21; Bs= .20 and .14, respectively), accounting for 8.1% of the total
variance, A2,283) = 12.31; p< .001. Further examination of age at regular alcohol use
revealed those who initiated regular use younger (earlier tertile; aged 8-16 years; n= 115;
31.1%) progressed to regular heroin use more than four years earlier (23.9 + 7.9 vs. 28.5

+ 8.4) than those who initiated regular alcohol use later (later tertile; aged 20+ years; n=
135; 36.5%) (Fig. 2). Similarly, those who reported younger age at regular tobacco use (aged
8-15 years; n=152; 34.1%) progressed to regular heroin use more than four years younger
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(23.8 + 7.9 vs. 28.3 + 8.0) than those who initiated regular tobacco use later (aged 19+
years; n=118; 26.5%) (Fig. 3).

The final stepwise linear regression model included age at initial heroin use, in addition to
the significant predictors from the third model, predicting age at regular heroin use. As
expected, earlier initial heroin use predicted earlier regular heroin use (, = .85) and
accounted for 71.8% of the total variance, A1,283) = 718.53; g= .85, p< .001. Indeed, half
the sample progressed from initial to regular heroin use within the same calendar year (7=
277; 49.3%), and more than three-quarters progressed to regular heroin use within their first
two years of heroin use (7= 428; 76.2%). Unexpectedly, age at regular alcohol use also
significantly predicted age at regular heroin use, A2,283) = 371.11; p<.001, but only
accounted for 0.7% of the variance (r, = .25; 5= ".09).

3.4. Relevance of regular heroin use onset

Participants who reported earlier onset of regular heroin use (earlier tertile; aged 9-20 years;
n=187; 33.3%) progressed from initial to regular use more quickly [A2,561) = 10.33; p<.
001; 1.0 £ 1.4 vs. 3.8 = 6.6 years], and reported a longer duration of heroin use [A2,561) =
111.11; p<.001; 24.5 £ 11.8 vs. 9.8 + 5.6 years] than those who began regular heroin use
later (later tertile; aged 30+ years; n= 182; 32.4%). Age at regular heroin use onset was
examined as a predictor of heroin use-related consequences, quit attempts, route of
administration, and past-month use frequency. Bivariate correlation analyses indicated that
heroin use duration was significantly correlated with quit attempts (r=.14; p<.001) and
past-month use frequency (r=-.10; p<.05), but not consequences (p = .84). One-way
ANOVA revealed earlier onset of regular heroin use (tertile values) was associated with
more lifetime heroin use-related consequences [H2,586) = 9.65; p<.001; 7.9 £ 4.5vs. 6.1
+ 4.1]. Earlier onset of regular heroin use (tertile values) was associated with increased
likelihood to administer heroin via injection (vs. smoking/snorting) [;(2(2) =18.25; p<.001;
36.8% vs. 26.4%]. Controlling for heroin use duration, earlier onset of regular heroin use
was not associated with more frequent past-month heroin use (p = .10) or number of lifetime
heroin quit attempts (p = .98).

3.5. Gateway hypothesis

The majority of this sample (n=401; 79.7%) reported drug-use progression consistent with
the gateway hypothesis. Gateway-consistent progression was heterogeneous (Fig. 4), such
that participants more frequently initiated marijuana use in combination with tobacco and/or
alcohol (in the same calendar year; 7= 204; 50.9%) than progressed serially from alcohol or
tobacco to marijuana use (1= 149; 37.2%). Participants were more likely to progress from
marijuana use to either heroin or cocaine use (/7= 154 vs. 153) than to both heroin and
cocaine use in the same year (7= 47; 11.7%). Those who initiated marijuana in combination
with tobacco and/or alcohol, and heroin in combination with cocaine, reported being
younger at onset than those who progressed serially (marijuana: 14.4 vs. 15.3 years; and
heroin: 23.1 vs. 25.0 years).

Gateway-pattern violations were mostly attributed to marijuana use prior to alcohol/tobacco
(67.7%) or cocaine/heroin use prior to marijuana use (29.0%). A small subset of participants
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violated multiple gateway transitions (n7= 15). Gateway-inconsistent participants were older
at screening, initiated heroin use younger, and were more likely to be African-American than
gateway-consistent participants (Table 2). Controlling for heroin use duration, gateway-
inconsistent participants reported more past-month heroin use. Participant age at screening
was correlated with heroin use duration (r=.71; p<.001). Controlling for participant age,
gateway-inconsistent participants reported more years of heroin use. No other heroin use
characteristics were related to participant’s gateway progression pattern (p > .05).

4. Discussion

The present study retrospectively examined the chronology of substance-use progression and
clinically-relevant outcomes in out-of-treatment, chronic heroin users. Results indicated age
at initial heroin use was the strongest predictor and accounted for nearly three-quarters of
the variance in age at regular heroin use. Earlier onset of regular alcohol and tobacco use
also significantly predicted earlier onset of regular heroin use. Earlier onset of regular heroin
use was associated with faster progression from initial to regular use, longer heroin use
duration, more heroin use consequences, and greater likelihood of injecting heroin. The
majority of participants progressed in a pattern consistent with the gateway hypothesis.
However, gateway-inconsistent individuals initiated heroin use younger, reported longer
heroin use duration, and more frequent past-month heroin use than gateway-consistent
individuals. Additionally, gateway-inconsistent individuals were older at screening and more
likely to report being African-American. These findings demonstrated that substance use
chronology predicted progression to regular heroin use and age at onset of regular heroin use
predicted clinically-relevant heroin use characteristics in out-of-treatment heroin users.
Additionally, gateway pattern agreement may provide valuable heroin-use subtyping
information.

4.1. Progression to regular heroin use

The present study examined predictors of age at regular heroin use onset, as opposed to age
at initial use, for two reasons: 1) recent conceptualizations (Baggio et al., 2013; Kuntsche et
al., 2013) and 2) the hypothesized proximity to the transition from presumably impulsive (or
opportunistic) experimentation to compulsive, regular substance use (Kreek, Nielsen,
Butelman, & LaForge, 2005; Storr, Westergaard, & Anthony, 2005). Similar to Baggio et al.
(2013), we found earlier regular use of alcohol and tobacco predicted earlier onset of regular
heroin use more accurately than initial use of any non-heroin substance examined. Results
indicated those who regularly used tobacco by age 15 and alcohol by age 16 progressed to
regular heroin use four years younger compared to those who regularly used tobacco and
alcohol at ages 19 and age 20 or older, respectively. As hypothesized, the strongest predictor
of regular heroin use was age at initial heroin use, accounting for 71.8% of the variance.
Half of the sample progressed to regular heroin use in the same calendar year they initiated
heroin use. Clinical studies demonstrate those who were older at substance use initiation and
reported longer latency to dependence experienced better treatment outcomes (Ellickson et
al., 2004). These findings highlight the importance of early intervention.
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4.2. Relevance of regular heroin use onset

Earlier onset of regular heroin use was associated with more rapid progression from initial to
regular use, longer duration of heroin use, more heroin use-related consequences, and
greater likelihood of administering heroin via injection. The present findings are consistent
with Chen et al. (2011) who found earlier onset was associated with greater symptom
severity in alcohol dependent individuals. Earlier-onset regular users reported more than
twice longer heroin use duration (24.5 vs. 9.8 years) and nearly four times faster progression
from initial to regular use (1.0 vs. 3.8 years) compared to later-onset regular users. Those
who progressed at a younger age reported experiencing two more heroin use-related
consequences; which is indicative of greater overall socio-behavioral dysfunction. Finally,
earlier-onset regular users reported greater likelihood of injecting heroin, which prior studies
demonstrated was associated with increased risk of contracting blood-borne diseases (e.g.,
HIV), medical consequences (e.g., collapsed veins) (Chitwood et al., 2003; UNODC, 2013)
and, in treatment-seeking individuals, worse clinical outcomes (Subramaniam et al., 2011).
Taken together, these results indicate the trajectory of heroin use significantly influences
current heroin use characteristics that are associated with a more burdensome disorder and
worse treatment outcomes.

4.3. Gateway hypothesis

Marijuana’s legal status is evolving in the United States, which complicates the already
controversial gateway theory (Kandel, 1975). The majority (79.7%) of this sample
progressed in a pattern that was consistent with the gateway hypothesis. Interestingly, more
individuals initiated marijuana use in combination (in the same calendar year) with tobacco
and/or alcohol than progressed serially from alcohol and/or tobacco to marijuana use.
Participants who reported poly-substance initiation were younger at substance use onset than
those who progressed serially. The percentage of gateway-inconsistent individuals in our
study is consistent with one report (Tarter et al., 2006), but significantly higher than others
(Degenhardt et al., 2009; Sartor et al., 2014a; Wells & McGee, 2008). These discrepant
findings could be explained by methodological differences between study samples
(nationally-representative and multi-site vs. neighborhood and out-of-treatment). Others
have demonstrated participant characteristics differed by gateway-consistent vs. inconsistent
groups (Agrawal et al., 2011; Degenhardt et al., 2009; Sartor et al., 2014a). The present
findings indicated gateway-inconsistent individuals were more likely to be African-
American and older at screening. The earlier finding is consistent with previous studies and
may reflect sociocultural differences or substance-use opportunities (Sartor et al., 2013;
Sartor et al., 2014a; White, Jarrett, Valencia, Loeber, & Wei, 2007). In the present study,
gateway-inconsistent individuals were younger at initial (but not regular) heroin use,
reported a longer duration of heroin use (controlling for age at screening), and more frequent
past-month heroin use. Unlike other studies (Degenhardt et al., 2009; Sartor et al., 2014a),
our findings indicate that ‘out-of-sequence’ substance use was associated with heroin use
characteristics (earlier onset, longer duration and more frequent use) that, in treatment
studies, predicted worse outcomes (Hillhouse, Canamar, & Ling, 2013; Soyka, Zingg,
Koller, & Kuefner, 2008; Warden et al., 2012; Ziedonis et al., 2009).
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4.4, Limitations

Several limitations of the present study should be mentioned. First, potential biases inherent
in self-reported retrospective substance use history data make it difficult to disentangle the
exact temporal sequence of poly-substance use (Johnson & Schultz, 2005). Second, the
present data were limited in their temporal precision (calendar year), which led to
conservative assignment of gateway-inconsistent progression. Third, we were not able to
address other prominent theories of substance use progression, including work by Anthony
and colleagues examining the importance of exposure opportunities (Anthony, 2002; Wagner
& Anthony, 2002; Wilcox, Wagner, & Anthony, 2002), and Vanyukov and colleagues
investigating common liability to addiction (Vanyukov et al., 2003, 2009, 2012). Fourth, this
study excluded individuals with serious psychiatric conditions (e.g. current major
depression, anxiety disorders or schizophrenia) and thus, limited our ability to examine the
association between substance use progression and psychiatric disorders. Finally, the present
study did not consider cultural or parental factors, environmental stressors, genetic
polymorphisms or personality attributes (Brook, Morojele, Pahl, & Brook, 2006) that may
have influenced the observed effects and represent important considerations for future
research.

4.5. Conclusion

In conclusion, this study examined two prominent models of substance use progression in an
under-studied population: out-of-treatment, chronic heroin users. Age at regular alcohol and
tobacco use were the strongest between-substance predictors of age at regular heroin use.
Ultimately, age at initial heroin use was the best overall predictor of age at regular heroin
use. Earlier onset of regular heroin use was associated with variables consistent with a more
burdensome and treatment non-responsive disorder, including: more rapid progression from
initial to regular use, longer duration of heroin use, more use-related consequences and
greater likelihood of injecting heroin. Finally, the majority of the sample progressed in a
pattern consistent with the gateway hypothesis. Gateway-inconsistent individuals were more
likely to be African-American, initiate heroin use younger and use longer, and report more
frequent past-month heroin use. Our findings demonstrate the predictive validity and clinical
relevance of substance use chronology and gateway sequence evaluation.
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HIGHLIGHTS

. Strongest predictor of earlier regular heroin use was earlier initial heroin use.

. Earlier-onset regular alcohol and tobacco use predicted earlier regular heroin
use.

. Earlier regular heroin use was associated with more severe heroin use
characteristics.

. Most subjects reported substance progression consistent with the gateway
hypothesis.

. Gateway-inconsistent progression was associated with heroin use

characteristics.
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Fig. 1.

Initial substance consumption is characterized (% of sample; /= 562) by substance(s) used
first across participants.
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Age at Regular Heroin Use
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Fig. 2.

Age at onset of regular heroin use (=3 uses per week) is depicted as a function of age at
onset of regular alcohol use (=3 uses per week). Percentage of each tertile of age at onset of
regular alcohol use (earlier [8-16 years], intermediate [17-19 years], and later [20+ years])
is plotted on the y-axis and considered chronologically by age (years) at onset of regular
heroin use (x-axis).
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Age at Regular Heroin Use
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Fig. 3.

Age at onset of regular heroin use (=3 uses per week) is depicted as a function of age at
onset of regular tobacco use (=3 uses per week). Percentage of each tertile of age at onset of
regular tobacco use (earlier [8—15 years], intermediate [16—18 years], and later [19+ years])
is plotted on the y-axis and considered chronologically by age (years) at onset of regular
heroin use (x-axis).
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Substance Use Progression among Gateway-Adherent (N = 401)
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Fig. 4.

Substance use progression among gateway-consistent individuals (n7= 401) is plotted by age
at onset. Each substance displayed in its own node (box) indicates that substance was used in
temporal isolation (participant reported only the one substance initiated in that calendar
year). Mean age at onset for each substance or combination of substances is depicted M (1
SD). Percentages displayed are the proportion of gateway-consistent individuals. More
common pathways and nodes are bolded for emphasis. To reduce complexity, less populated
nodes and minor pathways of drug progression (n7< 25) were omitted, and thus pathways
and nodes will not sum to 100% of the sample.
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Gateway progression pattern.

Table 2

Deviant (n=102)  Adherent (n=401) F or 32
Demographics
Age 44.6 (8.6) 41.4(9.8) 9.49
Gender (% male) 72.5% 70.8% -
Ethnicity (% African-American) 74.7% 53.1% 16.07
Education (year) 12.3(1.7) 12.4 (1.6) -
Heroin use characteristics
Route of administration (% injection)  66.0% 70.4% -
Past month use frequency? 137.7 (146.6) 114.2(97.0) 562
Lifetime use consequences 6.8 (4.3) 7.6 (4.3) -
Lifetime quit attempts? 134 (24.1) 9.9 (17.5) -
Age at first use 21.3(7.7) 23.6 (7.5) 7.84
Age at regular use 243 (8.1) 25.7 (8.0) -
Duration (year)? 205 (11.2) 15.7 (11.1) 452

Note: Data are presented as mean (+1 standard deviation) unless otherwise specified. Bold rows indicate significant differences (p < .05).

a . . . .
Indicates ANCOVA was used and heroin use duration was entered as a covariate.

b . .
Indicates ANCOVA was used and current age was entered as a covariate.

Ad(dict Behav. Author manuscript; available in PMC 2017 August 03.

Page 20



	Abstract
	1. Introduction
	1.1. Background
	1.2. Aims and hypotheses

	2. Methods
	2.1. Participant selection
	2.2. Outcome measures
	2.3. Data analyses

	3. Results
	3.1. Demographic characteristics
	3.2. Substance use characteristics
	3.3. Progression to regular heroin use
	3.4. Relevance of regular heroin use onset
	3.5. Gateway hypothesis

	4. Discussion
	4.1. Progression to regular heroin use
	4.2. Relevance of regular heroin use onset
	4.3. Gateway hypothesis
	4.4. Limitations
	4.5. Conclusion

	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Table 1
	Table 2

