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Abstract
A typical approach to categorizing substance users for epidemiologic purposes or to identify
substance use problems at treatment admission is by indicating the primary substance used and/or
for which treatment is sought. But does such singular focus on the primary drug limit the validity
of conclusions from longitudinal analysis of drug use patterns over time? This analysis combined
data from five longitudinal studies conducted in California and examined 10-year patterns of
heroin, cocaine, methamphetamine (meth), marijuana, and alcohol use for primary users of heroin
(n=629), cocaine (n=694), and meth (n=474). Results suggest relatively low levels of use of non-
primary heroin, cocaine, and meth, but moderate levels of alcohol and marijuana use. Growth
models showed declining primary drug levels for heroin and meth users and relatively consistent
levels over 10 years for cocaine users, while levels of non-primary drugs remained at consistently
low levels or declined in tandem with the primary drug. Results indicate that group descriptions of
primary heroin, cocaine, or meth use trajectories over time may present valid information about
drug use patterns in general.
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1. Introduction
A typical approach to categorizing substance users for epidemiologic purposes or to identify
substance use problems at treatment admission is by indicating the primary substance used
and/or for which treatment is sought. Classification by primary substance allows both
comparative analyses across primary users of different substances and clinical
individualization of treatment since many neurophysiologic and psychosocial differences
exist across drugs. However, a weakness of such a classification approach is the possibility
that substance users may use more than one substance within any specified observation
period. In practical terms, it is easier to compare and interpret differences among primary
substance use typologies (e.g. opiates vs. stimulants vs. marijuana) as opposed to multiple
categories representing all possible combinations of such substances in differing frequency
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of use. However, use of multiple substances may complicate some aspects of the assessment
and understanding of dependence (Gossop, 2001). For example, focusing on a single
primary substance may obscure the overall picture of substance use behavior if there is
considerable polydrug use; and studies suggest that multiple dependencies may present a
barrier to successful treatment intervention (e.g. Bovasso and Cacciola, 2003; Downey et al.,
2000; Williamson et al., 2006).

But do these issues reduce the validity of studies of drug use patterns over time and related
treatment outcomes? This may become an important issue when considering longitudinal
patterns of substance use if “drug switching” is commonplace. In such a case, a researcher
may conclude based on the primary drug that substance use is declining (e.g. as a result of
treatment), but may miss observing an increase in the use of an alternative substance. While
patterns of multiple substances can be analyzed simultaneously, the required analytic models
can easily become too complex for reliable estimation and results may be difficult to
interpret. To help elucidate these issues, we focus on the following questions: 1) to what
extent do primary users of opiates, cocaine, and methamphetamine also use others of these
substances or use marijuana or alcohol during the same periods observed over time, and 2)
are trajectories of primary substance use over time related to trajectories of use of other
substance. Results from the second question allow indirect inferences related to whether
users tend to change to other drugs as use of their primary drug declines or whether a
general use trajectory applies to all their drugs. Additional exploration targets the
relationship of levels of use between different drugs at different points throughout the
observation period.

Considerable polydrug use has been reported among substance users, from treatment and
community samples (e.g. Booth et al., 2006; Byqvist, 2006; Darke et al., 2007; Flannery et
al., 2004; Gossop et al., 2002; Hubbard et al., 1997; Leri et al., 2003; Malcolm et al., 2006;
Martin et al., 1996). For example, in several studies one-third to over half of substance
misusers or treatment samples (of primarily cocaine or heroin users) reported misuse of
more than one class of substances (Gossop et al. 2003; Grella et al., 1995, 1997; Leri et al.
2005; Substance Abuse and Mental Health Services Administration [SAMHSA], 2007).
Darke and Hall (1995) found that primary heroin users also used an average of 5.2 other
classes of substances in the six months prior to treatment admission; primary
methamphetamine (meth) users averaged 6.3 classes of other drugs in addition to meth
(Brecht et al., 2005).

Research results also support the clinical and treatment implications of polydrug use, in
terms of greater psychopathology (Beswick et al., 2001; Booth et al 2006; Malcolm et al.,
2006; also Medina and Shear, 2007; Sumnall et al., 2004); higher levels of health risk
behaviors (Patterson et al., 2005); and difficulties in engaging in treatment (John et al.,
2001). There are also challenges in developing effective treatment approaches for polydrug
users because of the different psychological and physiological effects of different substances
(Kenna et al., 2007). While evidence is not consistent (Prendergast et al., 2002), several
studies focusing primarily on heroin and cocaine use found polydrug use to be negatively
related to treatment outcomes (Bovasso and Cacciola, 2003; DeMaria, et al., 2000; Downey
et al., 2000; Williamson et al., 2006). Among meth users, secondary use of cocaine or heroin
was a predictor of not completing treatment (Brecht et al., 2005). But the impact of polydrug
use on treatment outcomes may also be dependent on the specific combinations of
substances; for example, Epstein and Preston (2003) found little evidence of poorer
treatment outcomes for heroin users who also used cannabis.

Evidence relevant to the issue of possible drug switching comes from several perspectives.
A community prevalence study documented an increase in cocaine use following a heroin
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shortage in Australia (Topp et al., 2003). Jones and Weatherburn (2001) asked cannabis
users directly whether they would switch drugs if cannabis became harder to get: about 1/3
said that they would switch to more alcohol use; fewer than 10% said that they would be
likely to switch to other drugs. Studies of treatment outcomes (primarily for heroin and
cocaine users) suggest that while some individuals may switch use (Gossop et al., 2002),
drug switching may not be the norm. For example, Darke et al. (2006) found that among
primary heroin users declines in weekly heroin use within the month preceding each
interview (four observations over 24 months following treatment) coincided with decreasing
use of other illegal drugs and with stability in alcohol use patterns. These results were
similar to earlier studies (e.g. DeMaria et al., 2000; Fairbank et al. 1993; Gossop et al.
(2003). Simpson et al. (2002) reported that among primary cocaine users, there were overall
decreases in cocaine use as well as decreases in heroin and alcohol use at one- and five-year
follow-up compared with treatment intake. However, the coincidence of patterns of use for
primary and non-primary drugs may also be affected by other factors including type of
treatment; for example, Hubbard et al. (1997) reported a stronger effect of residential
treatment on non-primary drug use than that seen from outpatient methadone maintenance.

Thus, while polydrug use appears to be common among substance abusers, the longitudinal
patterns of use of multiple substances, particularly in relation to the use of different types of
primary substances, remain understudied. The current study expands the existing research
base to include drug use trajectories covering 10-year substance abuse histories for primary
users of heroin, cocaine, or methamphetamine. Together, these three drugs were the primary
substance for 36% of admissions to treatment for substance use nationwide in 2005
(Substance Abuse and Mental Health Services Administration, 2007) and for 63% of
California admissions in 2006 (CA Department of Alcohol and Drug Programs [CA ADP],
2007).

2. Methods
2.1 Sample/Data

To provide detailed data on patterns of substance use from a comprehensive sample of drug
users, the current analysis combined non-overlapping samples from five studies that
collected longitudinal information using the Natural History Instrument (described below).
All studies were conducted in California. We selected from each study those subjects who
reported a primary drug problem of heroin, cocaine, or meth.

Studies included the following (with numbers in parentheses of subjects selected for the
current analysis): 1) 33-year Heroin Follow-up Study (n=472), in which subjects were
originally sampled because of their participation in the California Civil Addict Program for
their heroin use (Hser et al., 2001; data collected in 1996–97); 2) the Cocaine Treatment
Evaluation (n=319), where the primary drug for treatment at study baseline assessment was
cocaine (Hser et al., 2006; data collected in 1989–91 and 2002–2003); 3) Methamphetamine
Natural History Study (n=350), in which subjects were originally sampled from treatment
admissions for meth use (Brecht et al., 2004; data collected in 1998–2002); 4) Treatment
Process Study (n=391), which sampled those treated for primary use of one of several types
of substances (Hser et al., 2004; data collected in 1996); 5) Treatment Utilization and
Effectiveness study (n=265), which included subjects recruited from non-treatment settings
(emergency rooms, sexually transmitted disease clinics, and jails) and the primary drug type
was self-identified (Hser et al., 2003; data collected in 1995–96). Each database provided
sufficient numbers of cases of the primary drug type; when data were pooled (N=1,797), the
number of subjects was 629 for heroin (35%), 694 for cocaine (39%), and 474 for meth
(26%). See Hser et al., (under review) for additional detail comparing patterns of drug use.
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2.2 Instruments
Data were collected using the Natural History Instrument (NHI) (McGlothlin et al, 1977;
Nurco, et al., 1975). The NHI contains sections on personal and family background, physical
and mental health, drug use and treatment, criminal history, and risk behaviors. A time-line
follow-back type of approach for part of the interview collects a continuous history
describing drug use and other behaviors from first substance use until the interview. Using a
time line, the interviewee notes major events for reference and then identifies time periods
associated with specific behaviors, with periods delineated by changes in behavior. These
reported data are translated to time series-type data of behaviors for each month (including
number of days of use of each designated substance). Test-retest and pattern reliability for
NHI have been shown acceptable, for reported behaviors for a specified period recalled from
initial and follow-up interviews (Anglin et al., 1993; Chou et al., 1996; Hser et al., 1992).

2.3 Variables
The term polydrug use has been applied to several different substance use contexts and
definitions, which are important to differentiate in order to provide a context for the current
analysis (e.g. Earleywine and Newcomb, 1997; McCabe et al., 2006; Schensul et al., 2005).
The broadest interpretation relates to the substance user’s historical drug use, indicating
previous use of other drugs, but not necessarily during relatively short specified observation
periods. A narrower usage indicates use of other drugs during the same specified
observation period (e.g. past 30 days, past year), including use of different drugs on different
occasions within that period; this is sometimes labeled concurrent usage. A still narrower
definition relates to simultaneous use of other drugs (that is, drugs consumed or
administered together), also sometimes labeled co-ingestion or co-use. Our analyses focus
on the second of these definitions, which also picks up the general levels of drug use from
the third (narrowest) definition, but not specifically the co-use of drugs.

Levels of use of five substances (heroin, cocaine, methamphetamine, marijuana, and
alcohol) were each measured in terms of number of days per month of use. For each
substance, available monthly measures were averaged over annual periods beginning at
initiation of the reported primary drug. The current analysis used data from the first 10 years
following initiation of the primary drug. The primary drug was self-identified, either as a
basis for treatment admission and a recruitment criterion for the study or as part of the
interview process. These five substances are the most common substances for treatment
admission in California (CA ADP, 2007).

Other measures for sample description included selected user characteristics (e.g., age,
gender, race/ethnicity), drug use history (ages of initiation and regular use), drug treatment
history (age of initial treatment, cumulative months of treatment for the entire period), and
criminal history (age at first arrest, months incarcerated).

2.4 Analyses
For each of the three primary drug subsamples (heroin, cocaine, meth), a random effects
growth model was estimated using Mplus (Muthen and Muthen, 2007). Models included
random intercept and slope parameters for all five substances (i.e. patterns for each of five
substances over time) as well as variance and covariance parameters among intercepts and
slopes. From these models, covariances between slope parameters can be interpreted as
indicating whether the directions of change in use of other substances parallel or differ from
that of the primary drug. To further explore the relationships of levels of use of the various
substances across time, a second set of growth models were estimated. This second set of
models (one for each primary drug) included random intercept and slope parameters for the
primary drug, with levels of use of the other substances considered as time-dependent
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covariates. Thus, there were parameters indicating the relationship of the level of use of the
primary drug with levels of use of each of the other substances at each of the 10
observations across time.

3. Results
3.1 Sample Description

The combined sample was 73% male, and 34% white, 32% African American, 30%
Hispanic, and 4% Asian or other racial/ethical groups. The average age of initiation into use
of the primary drug use was 20.7 years (standard deviation=6.1) with regular use beginning
at an average age of 22.9 (sd=6.9). The average age of first drug treatment was 28.9 years
(sd=7.6), and the average time in treatment during the first 10 years of primary substance
use was 4.5 months (sd=9.3). Criminal involvement resulted in an average of 17.3 months
(sd=24.1) in prison or jail during the first 10 years of primary substance use.

3.2 Levels of Use of Primary and Other Substances
The trajectories of average number of days per month with use of each of the five substances
appear in Figure 1 for each of the primary drug subsamples: heroin, cocaine, and meth.
Results show that there was very low usage of non-primary heroin, cocaine, or meth
measured during periods concurrent with use of these primary drugs. For primary heroin
users, usage of cocaine or meth averaged less than 1.5 days per month across the entire
period. Likewise, for primary cocaine users, usage levels of heroin or meth were low,
averaging less than one day per month; and for primary meth users, heroin usage was at that
same very low level. Cocaine usage by primary meth users was slightly higher, at around
2.5–3.0 days per month.

However, for users of all three primary drugs, their concurrent usage of marijuana and
alcohol was consistently at a moderate level. The biggest discrepancy between usage of the
primary drug and other substances occurred for primary heroin users, with alcohol and
marijuana quite low at 3–4 days per month after the first two years. For primary cocaine
users, alcohol use was actually higher than their primary cocaine use for most of the 10-year
period; and marijuana usage, while less than that of cocaine for most of the observation
period, was still at moderate levels of 7–11 days per month. For primary meth users, alcohol
and marijuana use was at a moderate level of about 6–11 days per month across the
observation period, but lower than the reported levels of meth use.

3.3 Differing Trajectories of Use across Time
Results in Table 1 show the estimated trajectories and relationships across drugs for each of
the primary drug subsamples. Results show that for heroin users their use of their primary
drug generally declined across the 10-year observation period (slope=−0.56), while no
significant pattern of linear change occurred in their cocaine, meth, or alcohol use. While
their marijuana use also declined overall (slope=−0.38), the decrease was at a lower rate
than for heroin, resulting in a significant negative covariance between the slopes (−0.28).
For cocaine users, use of their primary drug showed no significant linear trend over time,
and their use of heroin and meth remained at consistently low levels; but their use of
marijuana and alcohol declined significantly over time (slopes=−0.59 and −0.21,
respectively). For meth users, use of their primary substance declined (slope=−0.58), as did
their use of cocaine (slope=−0.15), marijuana (slope=−0.72), and alcohol (slope=−0.25),
while their use of heroin remained at consistently low levels.
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3.4 Associations of Levels of Use between Substances
Table 2 displays estimates of relationships between levels of use for pairs of substances at
each year of the drug histories. Note that coefficients can be interpreted similarly to
correlation coefficients. Results showed that for primary heroin users, higher levels of their
heroin use were associated with higher levels of alcohol use beginning at year 5 of the
observation period (significant positive coefficient of 0.21), with the relationship continuing
through year 10. Their levels of heroin use were also associated with levels of cocaine use in
years 4 and 6–8. There was no relationship of levels of their heroin use with meth use. The
relationship with marijuana use was inconsistent, negative at the beginning of the period
(year 1) and positive toward the end of the period (in year 9).

For primary cocaine users, higher levels of primary drug use were associated with higher
levels of alcohol use across the entire observation period, higher levels of heroin use in years
6–9, and lower levels of meth use in years 5 and 7. In addition, an inconsistent relationship
occurred between levels of cocaine and marijuana use, much like that for heroin users:
negative at the outset (years 1–2) and positive later in the observation period (for cocaine
users at years 6–7).

For primary meth users, higher levels of meth use were associated consistently with higher
levels of alcohol and marijuana. But no significant relationships were seen with levels of
heroin or cocaine.

4. Discussion
4.1 Summary

Results show relatively low frequencies of use of non-primary heroin, cocaine, and meth by
primary users of these drugs. This suggests that while individuals may differ, group
descriptions of primary drug trajectories over time may present valid information about
overall use of these three types of drugs. However, results indicate that there are subgroups
of these users who do use other drugs; this supports a need for future targeted subgroup
examination in order to provide additional detail to guide the development of specialized
services for subgroups that continue use of multiple drugs.

While a main conclusion of relatively low levels of non-primary use of heroin, cocaine, and
meth is supported for all three primary drug subsamples, their levels of alcohol and
marijuana use were considerably higher. This is consistent with prior studies (e.g. Byqvist,
2006; SAMHSA, 2001, 2005). In addition, differences between the primary drug
subsamples were seen in their use of alcohol and marijuana. Levels of marijuana and alcohol
use were comparable to those of the primary drug for primary cocaine and meth user
subsamples. However, primary heroin users had overall levels of alcohol and marijuana use
considerably lower than levels of their primary drug and also lower than alcohol and
marijuana use by primary cocaine and meth users. Primary cocaine and meth users had
almost identical patterns of marijuana use over time, while cocaine users had slightly higher
levels of alcohol use than did meth users. The general picture from these analyses remains
consistent with continuing concern about polydrug use, at least for subgroups of users and
for certain substances (e.g., Community Epidemiology Work Group [CEWG], 2007;
SAMHSA, 2005).

Analysis results complement several earlier studies in showing the aggregate picture of use
of most substances declining in tandem over time (Darke et al., 2006; DeMaria et al., 2000;
Fairbank et al., 1993; Gossop et al., 2002, 2003). Our results showed generally that primary
heroin and meth use gradually declined over the 10-year period, whereas cocaine use
showed no overall change (although levels increased slightly for five years and then began
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to decline slightly). Our results were also similar to earlier studies in showing that use of
other non-primary drugs (heroin, cocaine, and meth) declined, but there was less decrease or
continuing stability in alcohol and marijuana use. The lack of reciprocal trends suggests
little switching of drugs for this sample within the 10-year period following initiation of
primary drug. Note that while results show overall patterns for the sample, it is important to
consider that there are individuals who diverge from the general pattern and may exhibit
drug switching (e.g. Bovasso and Cacciola, 2003; Gossop et al., 2002). In addition, patterns
may be related to other individual or contextual characteristics; this should be explored in
further work.

When examined as time-dependent variables, levels of use of non-primary and primary
substances were more often not related than related; that is, more days of use of the primary
drug did not necessarily mean more days of use of non-primary substances. However,
significant relationships were seen at some specific time points. Days of use of heroin and
cocaine were positively related for both primary heroin and cocaine users several years after
their initiation of primary substance use, albeit the level of non-primary use of both of these
drugs was very low overall. This suggests that for heroin and cocaine users in the earlier
phases of their use trajectories, treatment focus on the primary substance may be adequate.
However, users with longer use histories may profit from treatment which includes
prevention/intervention for other drugs as well. Use of alcohol for cocaine users and use of
alcohol and marijuana for meth users, on the other hand, were more consistently positively
related to the use of the primary substance. This might suggest users’ desire to
counterbalance stimulant effects. Therefore, treatment for cocaine and meth users should
also consider addressing alcohol and marijuana use, particularly among those with higher
usage levels of the primary drug.

Overall, relationships (when they existed) were usually positive rather than negative
between levels of primary and non-primary drug use. Thus, polydrug use in our sample
suggests primarily concurrent patterns of use, rather than drug-switching. The differential
patterning of the relationships for the primary drug groups, as well as the level of use of
non-primary substances, suggest specific intervention targets identifiable through levels of
the primary drug; e.g. heroin users later in their use careers (five years or later) with higher
levels of heroin use may benefit from attention to their possible cocaine use; cocaine and
meth users with higher levels of their primary drug may benefit from interventions related to
alcohol and marijuana use at any point in the first 10 years of their primary drug use. But the
other sporadically occurring relationships suggest that interventions should always consider
the possible subgroups of users who may be using multiple substances during any given
period. Future analyses should consider in more detail what individual user characteristics
might be associated with specific types, patterns, or timing of polydrug use; e.g. national
treatment data suggest more polydrug use among younger age groups (SAMHSA, 2005).

4.2 Limitations
Interpretation of results should occur within the context of limitations of this study. The
inclusion of only first-order growth parameters (linear/slope) limits the interpretation to that
of general trend over time; further detail in patterns of change within the general trend
required complex models whose lack of parsimony resulted in unreliable estimation. While
the study considered use of multiple substances within the same observation period, it did
not distinguish simultaneity or co-use of drugs (Shensul et al., 2004). Such simultaneous use
of multiple substances may distinguish a subset of users whose patterns should be
considered in detail in future research. While analysis models included individual trajectory
variability, results describe an aggregate picture. Analyses estimated a single summary
pattern for use of each substance for each subsample by primary drug. However, it may be
that there exist subgroups with different patterns and combinations of patterns. Further

Brecht et al. Page 7

Drug Alcohol Depend. Author manuscript; available in PMC 2013 February 07.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



analyses can explore this issue in more detail. Interpretation of results is constrained to the
10-year drug use histories used in the analyses. For example, longer-term follow-up with
heroin users suggest a continuing decline in use (but at a slowing rate) in later years (Hser et
al., 2001). Note also that level of substance use was measured as days of use per month;
future analyses should also include detail on frequency and/or quantity of use, particularly
for alcohol.

Interpretation should also consider potential limitations of the data sets. Contributing studies
were done in California, with most data collected from 1996–2003 (and one study
additionally in 1989–91). However, the 10-year trajectories for individual users occurred at
different calendar times even within studies. No adjustment was made in the current
analyses for contextual effects occurring as a result of the era or decade during which the
user initiated the primary drug. Note, however, that while treatment admission fractions
have shifted across primary drugs, polydrug use reported at treatment admission has
changed little in California during the past 15 years (Brecht et al., 2005; CA ADP, 2007).
Polydrug use may differ geographically, so the California data may not represent national
trends or other specific geographic locations (CEWG, 2007). The studies were quasi-
experimental as opposed to clinical trials. The data represent trajectories of substance use for
individuals who were sampled because of their drug treatment participation or who self-
identified a primary drug problem; thus, the results do not reflect substance use patterns for
a general population. In addition, there may be selection factors influencing choice of
primary drug that may, in turn, influence longitudinal patterns of both primary and non-
primary drugs; selection models could be incorporated into future analyses.

4.3 Conclusions
In summary, analyses support the validity of longitudinal analysis results relating to drug
use over time based on classification by use of primary drug for heroin, cocaine, and meth
users. Use of the non-primary drugs (of heroin, cocaine, and meth) were at considerably
lower levels than the primary drug across the entire trajectories, and use levels of alcohol
and marijuana varied across the primary drug subgroups. Relationships between trajectories
suggest general declines (more or less in tandem) or consistent levels across the various
substances. However, future focus on individuals who diverge from the general patterns may
be helpful in identifying strategies for prevention or intervention.
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Figure 1.
Observed Average Number of Days per Month of Use of Five Substances by Primary Drug
Subsample. A) Primary Heroin Users (N=629). B) Primary Cocaine Users (N=724). C)
Primary Methamphetamine Users (N=474)
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Table 1

Results of growth model estimation for use of five substances over a 10-year period following initiation of
primary drug1

Primary Drug2

Parameters Heroin (N=629) Cocaine (N=694) Methamphetamine (N=474)

Regression coefficients3

 Heroin Intercept 14.56* 0.70* 0.34

Slope −0.56* −0.03 0.02

 Cocaine Intercept 0.45* 8.36* 2.97*

Slope −0.02 0.14 −0.15*

 Methamphetamine Intercept 1.01* 0.63* 13.61*

Slope −0.03 −0.01 −0.58*

 Marijuana Intercept 5.86* 11.04* 11.74*

Slope −0.38* −0.59* −0.72*

 Alcohol Intercept 4.40* 11.46* 8.94*

Slope −0.08 −0.21* −0.25*

Covariances of slopes across substances4

 Heroin Cocaine 0.03 0.06 −0.03

Methamphetamine −0.01 −0.01 −0.11

Marijuana −0.28* −0.04 −0.01

Alcohol −0.10 −0.03 −0.01

 Cocaine Methamphetamine −0.01 −0.09 −0.23

Marijuana 0.03* −0.19 −0.10

Alcohol −0.003 0.47* 0.19*

 Methamphetamine Marijuana 0.12* 0.06 0.35*

Alcohol 0.06* 0.02 0.31*

 Marijuana Alcohol 0.11* 0.52* 0.39*

*
p<.01

1
Results are from multiple trajectory growth models; parameters included random intercept and slope for each of five substances, plus their

variances and covariances.

2
Each column represents a separate analysis (of the specified primary drug subsample).

3
Interpret the parameter estimates as regression coefficients. Note that all variance parameters for intercept and slope were significant at p<.01 and

are not shown in the table.

4
Interpret the parameter estimates as relationships between slopes of growth curves for the different pairs of drugs (e.g. the slope of heroin use

pattern with the slope of cocaine use pattern). Note that all intercept-with-slope covariances for each drug were negative and significant at p<.01
and are not shown in the table.
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Table 2

Further exploration of patterns of use of five drugs over a 10 year period: relationships of levels of use at each
year1

Primary Drug2

Time-dependent covariate (i.e. level of non-primary substance
use at each time period)3

Heroin (N=629) Cocaine (N=694) Methamphetamine (N=474)

Year 1

 Heroin -- −0.05 0.30

 Cocaine 0.13 -- −0.07

 Methamphetamine 0.06 0.06 --

 Marijuana −0.12* −0.09* 0.21*

 Alcohol −0.01 0.22* 0.22*

Year 2

 Heroin -- 0.08 0.40

 Cocaine 0.18 -- −0.10

 Methamphetamine 0.07 0.01 --

 Marijuana −0.04 −0.08* 0.23*

 Alcohol 0.01 0.23* 0.23*

Year 3

 Heroin -- 0.10 0.16

 Cocaine 0.09 -- −0.15

 Methamphetamine 0.09 −0.09 --

 Marijuana −0.04 −0.02 0.26*

 Alcohol 0.07 0.23* 0.28*

Year 4

 Heroin -- 0.19 0.04

 Cocaine 0.44* -- −0.13

 Methamphetamine 0.10 −0.26 --

 Marijuana −0.01 −0.01 0.27*

 Alcohol 0.14 0.27* 0.29*

Year 5

 Heroin -- 0.20 0.13

 Cocaine 0.31 -- −0.10

 Methamphetamine −0.03 −0.24* --

 Marijuana 0.04 0.02 0.27*

 Alcohol 0.21* 0.32* 0.27*

Year 6

 Heroin -- 0.35* 0.10
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Primary Drug2

Time-dependent covariate (i.e. level of non-primary substance
use at each time period)3

Heroin (N=629) Cocaine (N=694) Methamphetamine (N=474)

 Cocaine 0.40* -- −0.07

 Methamphetamine −0.19 −0.24 --

 Marijuana 0.06 0.08* 0.32*

 Alcohol 0.25* 0.34* 0.27**

Year 7

 Heroin -- 0.35* 0.09

 Cocaine 0.34* -- −0.04

 Methamphetamine −0.16 −0.23* --

 Marijuana 0.05 0.09* 0.29*

 Alcohol 0.27* 0.37* 0.30*

Year 8

 Heroin -- 0.49* 0.05

 Cocaine 0.53* -- 0.02

 Methamphetamine −0.10 −0.05 --

 Marijuana 0.10 0.07 0.37*

 Alcohol 0.22* 0.38* 0.27*

Year 9

 Heroin -- 0.41* 0.07

 Cocaine 0.01 -- 0.01

 Methamphetamine −0.07 −0.10 --

 Marijuana 0.15* 0.06 0.36*

 Alcohol 0.22* 0.40* 0.31*

Year 10

 Heroin -- 0.28 −0.06

 Cocaine −0.11 -- −0.12

 Methamphetamine 0.14 −0.31 --

 Marijuana 0.11 0.08 0.39*

 Alcohol 0.33* 0.38* 0.32*

*
p<.01

1
Results are from three growth models; parameters included random intercept and slope of primary drug over time and levels of use of non-

primary substances as time-dependent covariates.

2
Each column represents a separate analysis (of the specified primary drug subsample).

3
Results in the table are estimates of parameters for each time period and indicate the relationship of the level of use of the primary drug to that of

each of the non-primary drugs. Note that for simplicity, other parameters in the models are not shown in table (intercept, slope, variance,
covariance).
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