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Abstract

Background—This study examines 30-year trajectories of heroin and other drug use among men
and women who were in methadone maintenance treatment in California in the late1970s and
interviewed in 1978-1981.

Methods—Nearly half (n = 428; 46.8%) of the original study sample (N = 914) was deceased. Of
the remaining 486 subjects, 343 (44.3% female) completed a follow-up interview in 2005-09
(70.6% of those not deceased). Average age at follow-up was 58.3 (SD = 4.9) years for males and
55.0 (SD = 4.1) years for females. Longitudinal data was obtained on their drug use, treatment
participation, and criminal justice status over the follow-up period. Trajectory group modeling was
used to identify distinctive trajectory groups based on monthly averages of heroin and other drug
use per year; group differences were examined.

Results—Four heroin and five alcohol and other drug (AOD) trajectory groups were identified.
A greater proportion of women (60%) were in the “rapid decrease” heroin group (odds of use less
than 10% by 10 years following initiation of use) as compared with the other groups. More rapid
decrease of heroin use was associated with increases in AOD use, whereas a gradual decrease in
heroin use was associated with a gradual decrease in AOD use. More school problems and earlier
age at onset of heroin use and first arrest were associated with more persistent heroin use.

Conclusion—Heroin-use trajectories were linked with changes in AOD use. Childhood
antecedents of heroin-use trajectories were identified as well as gender differences.

Keywords
longitudinal research; gender; heroin dependence; trajectory group models

1. Introduction

The study uses a life course perspective (Anglin et al., 2001; Hser et al., 2007b; Hser and
Anglin, 2010) to examine longitudinal trajectories of heroin and other drug use over
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approximately 30 years for a sample of men and women who were enrolled in methadone
maintenance treatment in the late 1970s in California. Childhood risk and protective factors
and ages at critical events, including initiation of heroin and other drug use, are examined in
relation to longitudinal drug-use patterns.

1.1. Childhood antecedents of heroin addiction

Childhood and family-related factors were examined in relation to onset of heroin addiction
among a cohort of male heroin addicts and two matched community comparison groups
(Nurco et al., 1981a, 1981b). This early retrospective study established that several
childhood factors were related to onset of heroin addiction, including “deviant acts,” earlier
use of alcohol and marijuana, greater levels of family deviance and family disruption, and
deviant peers (Nurco et al., 1994). Moreover, several indicators of family functioning in
early adolescence were identified as protective factors that decreased the likelihood of later
heroin addiction (Nurco and Lerner, 1996). They later derived four subtypes of male heroin
addicts who varied by age at first addiction and subsequent amount of time incarcerated and
actively using over the initial 10 years following onset of addiction (Nurco et al., 1997).

Similarly, Hser and colleagues (Hser et al., 2007a) examined early “deviant” behavior and
family/social problems as predictors of longitudinal (33-year) heroin use trajectories among
an all-male sample. Although childhood characteristics were not predictive of later
outcomes, individuals who ceased heroin use early (i.e., after approximately 10 years) had
initiated heroin use at a later age than those with longer-use trajectories.

1.2. Longitudinal studies of heroin users

Several major longitudinal studies of heroin users, with assessments spanning periods of 10
— 33 years, have been conducted in the United States (Goldstein and Herrera, 1995; Hser et
al., 1997; Maddux and Desmond, 1981, 1992; O'Donnell, 1964, 1969; Simpson et al., 1986;
Vaillant, 1970). Most such studies, however, have included all- or mostly male samples,
precluding analyses of gender differences.1

This extant body of research has established that individuals with heroin dependence have
higher rates of morbidity and mortality over time, as compared with their counterparts in the
general population (Darke et al., 2007a). Further, although rates of abstinence increase over
time, a substantial proportion of men continue chronic heroin use over extended periods
(Winick, 1974). A recent systematic review showed that most individuals dependent on
opioids eventually achieve remission over variable follow-up periods (Calabria et al., 2010);
however, a minority relapses to drug use even after substantial periods of abstinence (Hser et
al., 2001). Moreover, when compared with stimulant users, heroin users show more
persistent and higher levels of use over time (Hser et al., 2008).

The current study builds upon this foundation of longitudinal research with heroin users to
examine 30-year trajectories of heroin and other drug use among both men and women.
Prior research has established that men and women differ in their drug use initiation and
progression (Grella and Joshi, 1999; Hser et al., 1987). We hypothesized that distinctive
longitudinal trajectories would be associated with both gender and background
characteristics.

1see online Supplement 1 for table summarizing prior longitudinal studies on opiate users in the United States.
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2. Methods
2.1. Study design and participants

The original study sample comprises individuals who participated in two prior studies of
participants in publicly funded methadone maintenance programs in six counties in Central
and Southern California between 1976 and 1978. Participants (N = 921)2 were initially
sampled from program records and completed baseline interviews from 1978-1981.
Interviews were conducted by study research assistants outside of the treatment settings; all
participants completed informed consent at that time. Descriptions of the prior study
methods and study findings have been published previously (McGlothlin and Anglin, 1981;
Anglin et al., 1989).

We attempted to locate and contact all participants from these two prior studies who were
not identified as deceased. The original study records were used as a starting basis for
locating the study participants. Information on current residence was obtained from the
Department of Motor Vehicles, criminal justice records, and Internet-based programs. Upon
locating the respondent, we verified that they were the same individual in the original study
based on their date of birth, residence in the specific county at the time of the original study,
and social security number.

Follow-up interviews were conducted from 2005-2009. Study participants were paid $100
for completion of the interview. All follow-up study procedures were reviewed and
approved by the UCLA Institutional Review Board and a federal Certificate of
Confidentiality was obtained.

2.2. Current study sample

At the time of the original interview, the average age of study participants was 35.4 years for
males and 30.2 years for females. Average age at the follow-up interview was 58.3 (SD =
4.9) years for males and 55.0 (SD = 4.1) years for females. The average time interval
between the baseline and follow-up interviews was 25.2 years for both men and women. All
study participants originally met clinical criteria for heroin dependence as required for
admission to methadone maintenance treatment.

The current status of subjects from the original study sample (N = 914) is as follows: 414
subjects (45.3% of original sample) were identified as deceased based on records obtained
from the National Death Index. An additional 14 subjects were reported as deceased by
family members or others, but no death certificate was obtained due to a lack of a match on
either their name or social security number. Thus, the total verified and “probable” deceased
(N = 428) constitute 46.8% of the original study sample.

Of the remaining 486 subjects, 343 completed follow-up interviews (70.6% of the still-
living subjects). Six incarcerated subjects were not interviewed, 18 subjects refused to be
interviewed, and 5 subjects were too ill to be interviewed (N = 29 unable to be interviewed,;
3.2%). The remaining 114 subjects (12.5% of original sample; 23.5% of sample excluding
deceased) were not located or interviewed.

We compared socio-demographic and background characteristics of individuals who: (1)
completed the follow-up interview, (2) were deceased at the time of follow-up, and (3) were
not located. Women were over-represented in the interviewed group (44%) as compared
with the overall sample (37%; p < .001). There was also a higher proportion of Whites in the

27 subjects participated in both studies; unduplicated N = 914
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interviewed group, and higher proportions of Hispanics and African Americans in the other
groups, relative to the total sample (p <.05). A greater proportion of the interviewed
subjects had completed high school (47%) relative to the total sample (40%, p <.01).
Further, a higher proportion of individuals in the deceased group had rated their health as
“fair or poor” (versus good or excellent) as compared to those in the other groups (p < .05).
Individuals in the deceased group were older, on average, at the baseline interview (34.2+7),
as compared with the total sample (32.2+6, p < .001). There were no significant differences
among groups, however, on ages at initiation of alcohol, tobacco, heroin, or other drug use.

2.4. Measures

2.4.1. Background characteristics—Background characteristics were assessed at the
baseline interview. These included: socio-demographics: gender, race/ethnicity, birth year;
childhood risk and protective factors: parent “had a drinking problem”; number of school
problems (truancy, probation, suspension, expulsion, dropped out, other), coded as a binary
variable (0 — 1 or 2 — 6); gang involvement; relationship with parents (good or excellent vs.
OK or very bad); whether the respondent lived with “both natural parents up to age 16”; and
family socio-economic status (poor or lower income vs. middle or upper class); age at first
use of heroin, regular use of heroin, use of alcohol to intoxication, and regular use of
cigarettes; and ever had an overdose on heroin.

2.4.2. Behavioral disorders—A computerized version of the Structured Clinical
Interview for DSM-1V (First et al., 1997) was administered to derive diagnoses of conduct
disorder and antisocial personality disorder based on DSM-IV criteria.

2.4.3. Natural history assessment—Natural history data obtained at the baseline and
follow-up interviews used a similar time-line approach to demarcate periods of heroin and
other drug use, incarceration, and treatment participation. The baseline timeline assessment
was anchored to one year prior to the onset of regular heroin use; the follow-up assessment
was anchored to the date of the prior interview. Thus, the combined natural history data
cover a cumulative period of approximately 30 years.3

The natural history interview is modeled on an approach used by Nurco et al. (1975). A
timeline of the follow-up period is first organized into periods of institutionalization (i.e.,
residential treatment, hospitalization, incarceration) and noninstitutionalization. Within each
non-institutionalized period, the respondent is asked to indicate how many months they used
heroin within the segment.# Each month in the segment is then assigned an average score
derived by dividing the number of months of heroin use by the total number of months in the
segment. Each year in the 30-year period is then assigned the average of the corresponding
12 monthly values; if the mean score for the year is greater than or equal to 0.50, the
respondent is coded as having used heroin in that year.

Similarly, yearly indicators of use of alcohol, cocaine/crack, methamphetamine/
amphetamines, marijuana, and other opioids are calculated (separately) in the same way. If
any of the substances is coded as positive in a given year (i.e., average use across the 12
months is > 0.50), then the individual is coded as having used alcohol and/or other drugs
(AQOD) for that year.

34 subjects included in the analysis had data for 29 years only and were missing on year 30; 2 additional subjects were missing data on
the natural history interview and were deleted from the trajectory analyses.

The baseline natural history interview recorded the number of months in which heroin was used in the segment, but did not capture
frequency of use. Although the follow-up interview did assess frequency of use per month, to maintain a continuous timeline over the
merged baseline and follow-up periods, all months were coded based on the average number of months each drug was used in the
segment, in the manner described.

Drug Alcohol Depend. Author manuscript; available in PMC 2012 November 1.
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With regard to treatment participation, subjects were asked about their participation in
treatment in each segment, including methadone maintenance treatment (MMT), residential,
outpatient. Because of the low rates of participation in treatment other than MMT, all other
forms of treatment were collapsed into an aggregate category. Treatment participation was
coded for each month in the segment using the same method described above for heroin and
other drug use, with an average derived for each 12-month period. Percentage of time in
MMT and in other treatment was calculated. Similarly, time incarcerated was based on the
number of months that the participant was in jail, prison, or civil commitment over the
period divided by the total number of months in the 30-year period.

2.5. Statistical analysis

3. Results

The group-based trajectory modeling approach (Jones et al., 2001; Nagin, 1999) was applied
to identify and estimate distinctive heroin-use trajectories. The approach was used because
the normality assumption for the random effects in the conventional growth model may not
be applicable if multiple different types of patterns exist across the subjects. The group-
based trajectory approach is more flexible, approximating an unspecified continuous
distribution of unobserved heterogeneity with a linear combination of discrete distributions.
That is, different groups, each with its own growth trajectory, are used to capture the overall
variation. Results thus allow subjects to be partitioned into latent classes determined by
differences in their trajectory patterns. A logit model was assumed for analysis in which
odds of use per year are derived. Intercept, slope, quadratic, and cubic parameters were
initially included in the models, and then successively deleted if doing so resulted in
improved model fit.

The first stage of the process entailed modeling trajectories separately for heroin use and
alcohol and/or other drug (AOD) use, calculating the probability of belonging to each of the
trajectory groups. The second stage consisted of modeling joint heroin and AOD use
trajectories. Analyses were conducted with the SAS PROC TRAJ procedure (Jones et al.,
2001). Estimation procedures allowed missing data, assuming it was missing at random,
similar to assumptions for random effects growth modeling. Goodness of model fit was
evaluated by Bayesian Information Criterion (BIC), with lower BIC indicating a better
model. Also taken into consideration were parsimony and interpretability, as the BIC
continued to decrease for each added group; however, the decrease in BIC was dramatically
lessened after selection of a “final” model.®

Three sets of probabilities were then examined for the joint trajectories: (1) heroin use
conditional on AOD use, (2) AOD use conditional on heroin use, and (3) probability of
belonging to each of the unique joint heroin/AOD use trajectory groups (Nagin and
Tremblay, 2001). Differences among the heroin- and AOD-use trajectory groups in socio-
demographics, background characteristics, and behavioral disorders were examined using
chi square tests for categorical variables and ANOVA (SAS Proc ANOVA) for continuous
variables.

3.1. Heroin use trajectory groups

A four-group model was derived for heroin use; the final model has two cubic trajectories,
one quadratic trajectory, and one linear trajectory (see Figure 1). The four trajectory groups
were characterized as: rapid decrease (24.6%), moderate decrease (14.7%), gradual decrease
(35.2%), and no decrease (25.5%). Mean posterior probabilities of group membership for

SInformation on BIC for the heroin and AOD use trajectory groups is available online in Supplement 2.
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the four groups were all greater than 0.95, indicating a very good model fit to the data
(Nagin, 2005).

The “rapid decrease” group had odds of heroin use of 0.16 at 10 years, but those odds were
reduced to less than 0.01 by 20 years. The “moderate decrease” group had odds of heroin
use of 0.90 at 10 years, but odds of use were reduced to less than 0.01 by 20 years. The
“gradual decrease” group had odds of use of 0.68 at 10 years, 0.44 at 20 years, and 0.07 at
30 years. Lastly, the “no decrease” group had odds of heroin use of 0.80 at 10 years, 0.75 at
20 years, and 0.79 at 30 years.

Differences among the four groups are shown in Table 1. Women made up the largest
proportion of the “rapid decrease” group (60%) and the smallest proportion of the “gradual
decrease” group (39%). The “rapid decrease” group had the smallest proportion that
reported two or more school-related problems (27%). The “rapid decrease” and “moderate
decrease” groups had the smallest proportion of those who were diagnosed with conduct
disorder (29% and 32%, respectively), whereas the “gradual decrease” group had the highest
(52%). Similarly, the “gradual decrease” group had the highest proportion of participants
with antisocial personality disorder (49%) and spent the highest proportion of time
incarcerated (20%), whereas the “rapid decrease” group had the lowest (7%).

The “no decrease” group spent the largest proportion of time in MMT (38%). The “rapid
decrease” group had the oldest age at first use and first regular use of heroin, and the
“gradual decrease” group had the youngest. As would be expected, the average age at last
use of heroin increased across the trajectory groups, with the youngest age among those in
the “rapid decrease” group and the oldest age among those in the “no decrease” group.

The “no decrease” group had the highest average proportion of time using cocaine over the
30-year period (16%), whereas the “rapid decrease” group had the lowest (6%). The “rapid
decrease” group had the highest percentage of time using amphetamines (10%) and alcohol
(40%).

3.2. AOD use trajectory groups

Five distinct trajectories of AOD use (excluding heroin) were derived in which there were
two cubic trajectories, one quadratic trajectory, and two linear trajectories (see Figure 2).
These trajectory groups were characterized as: low use (18.5%), late-onset increase (22.6%),
early-onset increase (25.2%), gradual decrease (17.6%), and no decrease (16.1%). Similar to
the previous, mean posterior probabilities of group membership for the five groups were all
greater than 0.95, indicating a very good model fit to the data.

The “low use” group had odds of AOD use of 0.08 at 10 years, 0.01 at 20 years, and 0.18 at
30 years. The “late-onset increase” group had odds of AOD use of 0.06 at 10 years, 0.73 at
20 years, and 0.87 at 30 years. The “early onset increase” group had odds of AOD use of
0.66 at 10 years, 0.96 at 20 years, and 0.89 at 30 years. The “gradual decrease” group had
odds of AOD use of 0.48 at 10 years, 0.26 at 20 years, and 0.17 at 30 years. Lastly, the “no
decrease” AOD use group had odds of use of 0.83 at 10 years, 0.94 at 20 years, and 0.98 at
30 years.

Differences among the five AOD use groups are shown in Table 2. There were no
differences among groups by gender or race/ethnicity. The “low use” group was oldest on
average and the “no decrease” group was youngest. The “low use” group had the highest
proportion with a history of gang involvement (38%) and the “early onset increase” and “no
decrease” groups had the lowest. The “late-onset increase” group had the highest proportion
that had ever had a heroin overdose (74%) and the “early-onset increase” group had the
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lowest proportion (52%). The “late-onset increase” group had the highest proportion that
had an early age of onset of regular cigarette use (51%) and the “early-onset increase” group
had the smallest (30%).

The “low use” group spent the least time in MMT (21%), whereas the “late-onset increase”
and the “no decrease” groups spent the most. The “low use” group spent the most time
incarcerated (24%), and the “early-onset increase” and “no decrease” groups spent the least.

3.3. Probability of membership in trajectory groups

Table 3A shows probability of membership in the heroin-use groups conditional on AOD
group. Among those in the “low use” AOD group, about half (51%) were in the “gradual
decrease” heroin use group. Individuals in the “late-onset increase” AOD use group were
about equally likely to be in the “gradual decrease” or “no decrease” heroin use groups.
Among those in the “early-onset increase” AOD group, 55% were in the “rapid decrease”
heroin use group, suggesting that decreases in heroin use were accompanied by increases in
alcohol and/or other drug use for a majority of this group. A majority of those in the
“gradual decrease” AOD use group were also in the “gradual decrease” heroin use group.
Lastly, among those in the “no decrease” AOD use group, about one third each were in the
“rapid decrease” or “no decrease” heroin use groups, suggesting highly divergent patterns
within this group.

Table 3B shows the probability of AOD use trajectory group membership contingent on
heroin use groups. Among those in the “rapid decrease” heroin use group, 55% were in the
“early-onset” AOD use group, again suggesting that a majority of this group increased AOD
use concurrent with their reduction in heroin use. The “moderate decrease” heroin use group
was diversified across the AOD use groups. Similarly, the “gradual decrease” heroin use
group was diversified, with about one third in the “gradual decrease” AOD use group, 27%
in the “low use” AOD group, and 25% in the “late-onset increase” AOD group. Lastly, one
third of those in the “no decrease” heroin use group were in the “late-onset” AOD use group,
and 20% each were in the “early-onset increase” and “no decrease” AOD use groups.

Table 3C shows the probability of membership in each of the 20 joint heroin and AOD
trajectory groups and thus represents the distribution of longitudinal patterns of heroin and
AOD use over time. Overall, the joint patterns of use were highly diversified, with only 3
groups each comprising 10% or more of the sample. The group with highest joint
membership (13%) was the “rapid decrease” heroin use group and the “early-onset increase”
AOD use group. About 11% of the sample was jointly in the heroin and AOD “gradual
decrease” groups. Another 10% of the sample was in the joint “gradual decrease” heroin and
“low use” AOD group. Lastly, about 8% of the sample was in the joint “no decrease” heroin
use and “late-onset increase” AOD use group, suggesting that this group maintained a
consistent level of heroin use as well as increasing levels of AOD use over time.

4. Discussion

Few studies have examined the status of heroin users as they enter into middle- and older-
age (Rosen et al., 2011). This study identified distinctive trajectory patterns of heroin and
AOD use over a 30-year period among men and women who were originally participants in
methadone treatment in California in the 1970s. About two fifths of the sample ceased
heroin use within 10 — 20 years of initiation. Over half used more consistently over the 30
years, including about one quarter who were using at the time of follow-up. Among those
who stopped heroin use most rapidly, over half increased their use of AOD (particularly
amphetamines) over time. Moreover, women were significantly more likely to be in this
group as compared with those who decreased heroin use more gradually or not at all.

Drug Alcohol Depend. Author manuscript; available in PMC 2012 November 1.
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The finding that gender is an important covariate of longitudinal patterns of heroin and other
drug use was obscured in previous studies of male heroin users. It is consistent with other
research showing higher rates of remission from alcohol among women than men over
periods ranging up to 16 years (Grella et al., 2010; Chi and Weisner, 2008; Moos et al.,
2006). Additionally, other studies have shown high rates of polydrug use and comorbidity
among heroin users, particularly women, in both treatment (Best et al., 2008; Brecht et al.,
2008; Rounsaville et al., 1982) and population-based (Grella et al., 2009) samples, however,
few studies have examined jointly changes in use of heroin and other drugs over time.

The two groups that persisted in using heroin the longest were characterized by relatively
higher levels of childhood conduct problems and adult antisocial personality disorder.
Individuals in these groups were youngest at heroin use initiation and at first arrest and spent
the most time incarcerated. This profile suggests that their drug use and criminal
involvement may be associated with an underlying psychopathology that stems from
childhood (Darke et al., 1994; Luther et al., 1996). Moreover, such individuals may be less
responsive to treatment (Brooner et al., 1997). Distinctions among these use trajectories may
correspond to underlying typologies of heroin users, differentiated by age of onset,
childhood risk factors, severity, and psychopathology, much as distinctions among
alcoholics with differing profiles have been identified (Babor et al., 1992).

4.1. Study limitations and strengths

Several factors related to the study design need to be considered in the interpretation of
findings. The sample's origin from methadone treatment in California limits the
generalizability of study findings. Previous studies have shown good reliability and validity
of data collected through the retrospective timeline approach (Chou et al., 1996) and good
concordance with other longitudinal measures of drug-use status (Murphy et al., 2010).
However, undoubtedly there were errors of recall in the frequency or timing of events over
the follow-up period. In addition, the timeline data was aggregated such that use periods
were based on average number of months used in a given year. Similarly, alcohol and/or
other drug use was aggregated and does not indicate the specific drugs that were used in a
given year (although percentage of time using specific substances indicates relative
magnitude of use among the trajectory groups). Lastly, the resultant follow-up sample is
inherently subject to “survivor bias.” It is noteworthy that those subjects who were deceased
had rated their health more poorly at the baseline interview.

Yet the study also has several important strengths. Chief among these is the availability of
background information and comparable natural history data from the original baseline
assessment, which enabled us to examine distal events as predictors of longitudinal
trajectory patterns. Moreover, the follow-up interview completion rate of 71% over a period
of approximately 25 years is comparable to follow-up rates achieved in other studies of
heroin users over much shorter durations (Darke et al., 2007b).

4.2. Conclusion

The study findings have several implications for clinical practice and policy. The
significance of childhood behavioral problems and early onset of heroin use, and their
relationship with longitudinal drug use patterns, supports the importance of early
intervention to address childhood conduct problems. The greater involvement in methadone
treatment among individuals who sustained heroin use the longest confirms the importance
of opiate-substitution therapy for individuals who are at high risk of relapse and overdose.
Moreover, the relatively high rates of persistent drug use over the follow-up period suggest
that many aging heroin users are in need of treatment interventions.
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Figure 1.
Heroin use trajectories based on joint trajectory models; odds of use calculated per year
beginning with year of heroin use initiation. N = 341.

Drug Alcohol Depend. Author manuscript; available in PMC 2012 November 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Grella and Lovinger

Page 13

Figure 2.
Alcohol and/or other drug use trajectories based on joint trajectory models; odds of use
calculated per year beginning with year of heroin use initiation. N = 341.
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