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In accordance with the chronic disease model of opioid dependence, cessation is often observed as a longitu-

dinal process rather than a discrete endpoint. We aimed to characterize and identify predictors of periods of
heroin abstinence in the natural history of recovery from opioid dependence. Data were collected on participants
from California who were enrolled in the Civil Addict Program from 1962 onward by use of a natural history
interview. Multivariate regression using proportional hazards frailty models was applied to identify independent
predictors and correlates of repeated abstinence episode durations. Among 471 heroin-dependent males, 387
(82.2%) reported 932 abstinence episodes, 60.3% of which lasted at least 1 year. Multivariate analysis revealed
several important findings. First, demographic factors such as age and ethnicity did not explain variation in dura-
tions of abstinence episodes. However, employment and lower drug use severity predicted longer episodes.
Second, abstinence durations were longer following sustained treatment versus incarceration. Third, individuals
with multiple abstinence episodes remained abstinent for longer durations in successive episodes. Finally, absti-
nence episodes initiated >10 and <20 years after first use lasted longer than others. Public policy facilitating
engagement of opioid-dependent individuals in maintenance-oriented drug treatment and employment is recom-
mended to achieve and sustain opioid abstinence.

abstinence; Cox proportional hazards; frailty models; vy-frailty models; heroin use; illicit drug use; opioid

dependence; substance abuse treatment

Abbreviations: AIDS, acquired immunodeficiency syndrome; Cl, confidence interval; HR, hazard ratio.

Drug dependence is acknowledged by the medical and
scientific communities as a chronic, recurrent condition (1).
Recent surveys indicate that the general public perceives
addiction as difficult to overcome, requiring multiple
attempts and successive treatment episodes (2). Relative to
onset, maintenance, and relapse, deceleration and cessation
of use are the least studied phenomena in drug abuse
research (3-5). The process constituting cessation should
be considered in the context of a drug use career, exam-
ined through a longitudinal conceptual and analytical ap-
proach (6).

To this end, several long-term cohort studies have pro-
vided some insight into the longitudinal patterns of drug
use and cessation. Termorshuizen et al. (7) considered lon-
gitudinal patterns of opioid use cessation in the Amsterdam

675

Cohort Study. Participants were recruited primarily from
methadone treatment. At least 27% of the participants died
within 20 years after starting regular drug use; among those
alive, the estimated prevalence of opioid abstinence for at
least the past 4 months was only 27% at 20 years after initi-
ation. A subsequent analysis found that over 85% of all
abstinence episodes were followed by relapse within 5
years (8).

Studying a cohort comprising cocaine-, alcohol-, opioid-,
and marijuana-dependent individuals, Scott et al. (5) and
Dennis et al. (9) used lifetime substance use and treatment
histories, recorded at intake and annual follow-up inter-
views over a 5-year period, to estimate predictors of the
time from first illicit drug use and first treatment until a
reported 12 months of abstinence or death. The median
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time from first to last use was 27 years. During the 3 years
after intake, 47% reached at least 12 months of abstinence.
Years to recovery were significantly longer for males, those
starting use under the age of 21 (particularly those starting
under the age of 15), those who had participated in treat-
ment 3 or more times, and those with high levels of mental
distress. Subsequent research on this cohort found that
higher percentages of time abstinent and longer durations
of continuous abstinence were associated with a reduced
risk of mortality (10).

Finally, prior studies on a cohort of male heroin-
dependent individuals enrolled in the Civil Addict Program
considered, among other endpoints, the predictors of long-
term stable recovery, defined as 10-year abstinence. Results
showed that, although both recovered and nonrecovered
addicts tried formal treatment and self-directed recovery,
stable recovery 10 years following an index assessment was
predicted only by ethnicity, self-efficacy, and psychological
distress (11).

Although these studies provide a unique perspective on
the life course of drug addiction, each has considered drug
use cessation as a discrete outcome rather than one part of
a recurrent event process. In contrast, the acquired immuno-
deficiency syndrome (AIDS) Link to Intravenous Experi-
ence (ALIVE) Study found injection drug users (primarily
heroin and cocaine injectors) followed multiple longitudinal
patterns of drug injection over a 10-year time frame. Four
primary patterns were noted: 29% remained persistent drug
injectors, 20% ceased injection by the end of follow-up,
14% relapsed once, and 37% had multiple transitions
between regular illicit drug use and treatment or abstinence
(12). Evidence on patterns of methadone treatment suggests
that, for most, recovery from drug abuse is a process with a
cyclical pattern of sustained treatment and posttreatment
relapse (13, 14).

The aforementioned study by Scott et al. (10) is among
the few studies we found that considered the effects of drug
abstinence on the risk of mortality. For opioid dependence,
sustained drug treatment is known to reduce the risk of
mortality (15), as well as to decrease acquisitive crime (16)
and to improve health-related quality of life (17) among
other positive benefits; these benefits are likely to be sus-
tained or even improved during periods of abstinence,
which should be considered key markers of the pathway
toward recovery. Our objective was to characterize periods
of heroin abstinence throughout the drug use career and to
identify predictors of successive periods of heroin absti-
nence in the process of recovery from opioid dependence
among participants of the Civil Addict Program, a 33-year
follow-up of a set of male opioid-dependent individuals.

MATERIALS AND METHODS
Study population

The Civil Addict Program cohort consisted of 471 male
heroin-dependent individuals successfully followed from
581 participants originally admitted to the Civil Addict Pro-
gram from 1962 through 1964. The Civil Addict Program,

established in 1961 by California legislation, was a compul-
sory drug treatment program for heroin-dependent criminal
offenders committed under court order (18, 19).

The sample was selected from all admissions to the Civil
Addict Program during 1964-1965 and first interviewed in
1974-1975 (20), then in 1985-1986 (18), and later in
1996-1997 (19). The 1996—-1997 study had a 96% location
rate (242 were interviewed, 31 refused or were too mentally
dysfunctional to be interviewed, and 284 were confirmed to
be deceased), with 24 participants lost to follow-up. Data
on trajectories of drug use, abstinence, and other covariates
were combined from the 3 interviews at 10-year intervals.
Written, informed consent was obtained following a com-
plete study description to the participants. The University
of California, Los Angeles, Institutional Review Board
approved and monitored the successive studies.

Data were collected using the Natural History Interview
(20, 21). The Natural History Interview contains sections
on personal and family background, physical and mental
health, drug use and treatment (all instances, including
medication-based and behavioral programs), criminal his-
tory, and risk behaviors. A timeline follow-back approach,
anchored by data from official criminal justice- and Civil
Addict Program-related treatment records, collected a con-
tinuous history describing drug use and other behaviors
from first substance use until the interview. Using the
anchor-based timeline, the interviewee noted major events
for reference and then identified time periods associated
with specific behaviors, with periods delineated by changes
in behavior. These reported data were translated to monthly
longitudinal data. The Natural History Interview has been
shown to have generally high reliability; correlation coeffi-
cients of intervariable relationships, based on 46 variables
measured at 2 interviews 10 years apart, ranged as high as
0.86 and 0.90 (22-24).

Study design

This study considers the durations of successive periods
of heroin abstinence over a drug use career. These durations
are formally defined as periods in which respondents indi-
cated no heroin use (specific to heroin use) and were not
enrolled in drug treatment or incarcerated, with no interrup-
tions as a result of relapse to drug use, drug treatment, or
incarceration. The latter criterion was applied as drug use (or
drug abstinence) was not assessed during periods of incar-
ceration. Our outcome measure can therefore be described
more explicitly as community-based heroin abstinence.

An extensive set of covariates, collected throughout the
Civil Addict Program study, was then organized into sets
of 1) fixed covariates; 2) incident covariates, indicating
status in the 30 days prior to initiation of an abstinence
episode; 3) cumulative covariates, indicating status of a
covariate over the duration of time from drug use initiation
to abstinence episode initiation (either dichotomous, i.e.,
ever used stimulants, or continuous, i.e., percentage of time
using drugs); or 4) concurrent covariates, indicating covari-
ate status during the duration of abstinence under study.
Summary statistics on the full set of covariates considered
were presented in Table 1.
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Table 1. Summary Statistics, Civil Addicts Program, California,
1962-1995

Covariate No. % Mean (SD)
Race
White 134 34.6
Black 31 8.0
Hispanic 222 57.4
Age at heroin use initiation, 18.6 (4.0)
years
Age at first arrest, years 15.2 (3.6)
Age at initial abstinence
episode initiation
<25 years 138 35.7
26-35 years 137 35.4
36—45 years 81 20.9
>45 years 31 8.0
Education
Less than high school 186 52.5
High school/GED 134 37.9
College 34 9.6
Missing 33 8.5
Marital status, past 30 days® 68 19.1
Single
Divorced/separated 191 53.5
Married 98 275
Missing 30 7.8
Drug treatment, past 30 8 21
days
Treatment episode,
<6 months
Treatment episode, 55 14.2
>6 months
Employment
Cumulative past 38.5 (48.7)
employment, %°
Past 30 days 149 38.5
Cooycc:urrent employment, 38.5 (48.7)

Table continues

In some cases, continuous variables were either catego-
rized (age, heroin use in past 30 days) or dichotomized.
Categories were defined on the basis of the distributions of
the individual covariates. Three additional covariates of in-
terest were constructed: First, indicator variables for the
first to the fifth or greater abstinence episode attempt were
derived following construction of the repeated-measures
data set. Second, the cumulative length of time to absti-
nence episode initiation was calculated for each succes-
sive episode to determine whether the time from abstinence
episode initiation is a significant predictor of abstinence
episode duration. Finally, we initially considered an indica-
tor variable for drug treatment (primarily methadone main-
tenance or detoxification but also including residential forms
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Table 1. Continued

Covariate No. % Mean (SD)
Crime
Cumulative past criminal 26.5 (24.5)
involvement, %
Past 30 days 42 10.9
Concurrent criminal 7.0 (24.9)
activity, %
Incarceration
Cumulative past 35.8 (21.8)
incarceration, %
Past 30 days 227 58.7
Heroin use
Cumulative past use, 61.6 (22.0)
years used
Use in the past 30 days, 5.7 (11.2)
days used
Stimulant use
Cumulative past use, 5.4 (15.4)
years used
Use in the past 30 days, 0.6 (3.8)
days used
Concurrent use, days 0.0 (0.0)
Marijuana use
Cumulative past use, 13.3 (22.5)
years used
Use in the past 30 days, 1.5 (6.1)
days used
Concurrent use, days 18.0 (37.6)
Alcohol use
Cumulative past use, 24.5(29.1)
years used
Use in the past 30 days, 2.1 (5.0)
days used
Concurrent use, days 49.1 (48.5)

Abbreviations: GED, high school general equivalency diploma;
SD, standard deviation.

& Past 30 days: 30 days prior to first abstinence episode initiation.

b Percentage of past months prior to initial abstinence episode.

¢ Percentage of months during initial abstinence episode.

of treatment) in the 30 days prior to abstinence episode initia-
tion in preliminary analyses and then expanded our approach
to consider the duration of treatment prior to abstinence
episode initiation in order to compare the effectiveness of
shorter-duration treatment (<6 months) versus longer, pre-
sumably maintenance-oriented treatment (>6 months).

Statistical analysis

Cox proportional hazards y-frailty models can be fitted
to account for the dependence in the length of homoge-
neous repeated episodes (25-33). A prior application con-
sidered the duration of repeated exposure to methadone
maintenance treatment (14). Like standard Cox proportion-
al hazards applications, the outcome is the bivariate pair
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(duration, censorship). In instances where there are multiple
repeated durations of interest, the Cox proportional hazards
v-frailty model provides a means of explicitly modeling
these repeated measures within a standardized longitudinal
framework. Like other mixed-effects modeling applications
with longitudinal data, the Cox proportional hazards frailty
model captures the correlation in episode lengths within an
individual; conditional on the frailty terms, the episode
lengths are independent (27). The unobserved random
effect, or frailty, for the ith individual (v;) can be assumed
to follow a v distribution (v; ~y(1/(8), 1/()). Frailties are
unobservable random variables corresponding to each indi-
vidual’s underlying modification of the baseline hazard
function. Conceptually, they represent covariates capturing
time-invariant unmeasured confounding (34). The maximum
likelihood function is optimized by using the expectation-
maximization algorithm; however, other techniques have
been applied (31).

It should be noted that, although times between acute
events, or “gap times,” have been assessed in other frailty
model applications, here we incorporated only durations in
which individuals were continuously abstinent from heroin.
Although the choice of time scale differs, the Cox propor-
tional hazards y-frailty model can be useful in either appli-
cation (25).

The initial set of covariates were selected in part on the
basis of prior studies on factors associated with abstinence
and success in treatment (7, 8); however, given the paucity
of such evidence, we considered this an exploratory analy-
sis and endeavored to use the data set to its greatest extent,
particularly in regard to creating fixed, incident, cumula-
tive, and concurrent covariates, as specified above. Variable
selection for the final multivariate regression model was
conducted iteratively, first fitting models by variable classes
1-4 and then combining reduced sets of covariates from
each class into a final regression model incorporating covar-
iates from each class. Variables were otherwise excluded if
a high degree of collinearity was identified. For instance,
incident employment and cumulative employment were
found to be highly collinear; that is, employment in the
past 30 days was highly correlated with cumulative
employment or ever having been employed during the indi-
viduals’ drug use career, and thus the covariate with the
greater strength of association was included into the final
model.

The proportional hazards assumption was tested for each
covariate by using the weighted residuals score test (32)
and by inspecting Schoenfeld residual plots (33). As noted
elsewhere (14, 35), hazard ratios obtained from classical
Cox proportional hazards models are time-averaged effects,
weighted by the duration of the time-to-event intervals
under study. Schoenfeld residual plots provide a visual
representation of each parameter over the range of time-to-
event intervals under study—(f). We inspected each covar-
iate with the diagnostic tests above, not accounting for
intraindividual correlation between repeated abstinence epi-
sodes. Hazard ratios >1 indicated faster time to discontinua-
tion or shorter abstinence episodes compared with the referent
group. Analyses were conducted by using SAS, version 9.2,
software (SAS Institute, Inc., Cary, North Carolina) and R,

version 2.5.1, language (Lucent Technologies, Murray Hill,
New Jersey).

RESULTS

A total of 471 heroin-dependent individuals were recruited
into the Civil Addict Program, with 387 (82.2%) reporting
an episode of opioid abstinence lasting at least 1 month dur-
ing study follow-up; this subset of individuals comprised
our analytical sample. The mean duration of follow-up for
the sample was 33.1 years.

Patient characteristics at the time of first abstinence
episode initiation are presented in Table 1. The cohort com-
prised only males—57% Hispanic, 35% white, and 8%
black. Exactly 38.5% were employed in the month prior to
their first abstinence episode, while 58.7% had been incar-
cerated. Another 16.3% had spent time in some form of
drug treatment, with 14.2% spending at least the past 6
months in a treatment program. Heroin use was pervasive
in the cumulative months leading up to abstinence, as were
uses of marijuana and alcohol; however, stimulant use was
uncommon. We note that drug use frequency was not ascer-
tained during periods of incarceration; therefore, estimates
of cumulative drug use and use in the 30 days prior to
abstinence were likely underestimated.

Table 2 summarizes the primary study outcome: the du-
rations of successive abstinence episodes. Overall, 932
heroin abstinence episodes were observed. Their median
duration was 15 months (interquartile range: 6-46), with
60.3% lasting at least 1 year, 21.4% lasting at least 5 years,
and 20.1% ongoing at the end of follow-up. Individuals
had a maximum of 13 heroin abstinence episodes; however,
only 86 (22.2%) had 4 or more episodes. Patterns of absti-
nence episodes among individuals with 1, 2, 3, and 4 or
more episodes are illustrated in Web Figure 1 available at
http:/aje.oxfordjournals.org/. Individuals with only 1 heroin
observed-abstinence episode initiated abstinence 14.6 years
(median = 176 months, interquartile range: 107-265) after
heroin use initiation, and their abstinence episode lasted 2
years (median =24 months, interquartile range: 7-141).
Those with 2, 3, and 4 or more heroin abstinence episodes
generally initiated abstinence sooner than those with 1 ab-
stinence episode, and their abstinence episodes tended to
last progressively longer in subsequent attempts.

Results of the multivariate Cox proportional hazards
frailty model are presented in Table 3. First, using a
random intercept (frailty) model was advantageous, as wit-
nessed by a greatly increased pseudo-R? value for the
frailty model compared with a pooled Cox proportional
hazards model (R2 (frailty model) =0.27 compared with R?
(pooled model)=0.11) and joint statistical significance of
the vector of individual frailty terms (P <0.01). Weighted
residuals score tests indicated that the null hypothesis of
proportionality was not rejected for each of the covariates
listed in Table 1.

Covariates described in Table 1 but excluded in the final
multivariate model were not statistically significantly asso-
ciated with abstinence episode durations in univariate anal-
yses. With control for other covariates, neither race nor age
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Table 2. Description of Abstinence Episode Counts and Durations, Civil Addicts Program, California, 1962—1995

Abstinence Episode

E:igzgzeggsnt No. Duration, months 12 Months? 60 Months® Censored®
Mean (SD) Median (IQR) No. % No. % No. %
1 387 51.2 (88.0) 13 (6-40) 220 56.9 78 20.2 57 147
2 235 42.6 (62.1) 6 (7-46) 153 65.1 50 21.3 53 22.6
3 135 36.8 (44.5) 8 (7-49) 85 63.0 31 23.0 22 16.3
4 86 43.2 (56.8) 9 (7-58) 56 65.1 21 24.4 28 32,6
5 42 435 (45.2) 26 (8-77) 26 61.9 13 31.0 17 405
6 21 21.4 (31.4) 2 (4-21) 12 57.4 2 95 5 2358
7 11 17.8 (25.8) 9 (3-18) 5 455 1 9.1 1 9.1
8 7 31.9 (29.8) 29 (5-67) 4 57.1 2 28.6 3 42.9
9 2 10.0 (1.4) 0(9-11) 0 0 0 0 0 0
10 2 75 (2.1) 5 (6-9) 0 0 0 0 0 0
11 2 7.0 (2.8) ( 9) 0 0 0 0 0 0
12 1 9.0 9 0 0 0 0 0 0
13 1 156.0 156 1 100 1 100 1 100
Overall 932 44.4 (70.4) 15 (6-46) 562 60.3 199 21.4 187 20.1

Abbreviations: IQR, interquartile range; SD, standard deviation.
& Abstinence episode lasted at least 12 months.

b Abstinence episode lasted at least 60 months.

¢ Abstinence episode ongoing at the end of study follow-up.

at abstinence episode initiation was a statistically significant
predictor of the duration of abstinence.

High levels of heroin use in the 30 days prior to heroin
abstinence episode initiation led to shorter periods of absti-
nence: over 1.70 times shorter among those using at least
28 of the 30 days versus users for <7 days (hazard ratio
(HR) =1.77, 95% confidence interval (CI): 1.33, 2.33).

Heroin abstinence episodes initiated immediately follow-
ing incarceration (HR=1.70, 95% CI: 1.37, 2.13) were
shorter on average than episodes initiated at other time
points. In contrast, episodes initiated following drug treat-
ment tended to be longer than those initiated in the absence
of treatment. This effect was statistically significant when
the prior treatment episode lasted at least 6 months
(HR =0.50, 95% CI: 0.33, 0.74).

Employment in the month prior to heroin abstinence
episode initiation was predictive of longer durations of
abstinence (HR =0.65, 95% CI: 0.53, 0.79). Evidence of
cumulative past use of stimulants (either cocaine or meth-
amphetamine) had a large and statistically significant nega-
tive impact on durations of opioid abstinence (HR =1.34,
95% CI: 1.09, 1.66). Both alcohol intake and marijuana
use during the episode of opioid abstinence were associated
with longer durations of opioid abstinence.

The duration of successive episodes of heroin abstinence
among those with repeated attempts tended to increase in
subsequent episodes. Second attempts were 21% longer
than initial attempts, on average (HR =0.78, 95% CI: 0.63,
0.97), and fifth or greater attempts were 46% longer than
initial attempts (HR =0.64, 95% CI: 0.45, 0.92).

Finally, heroin abstinence episodes initiated 10-20 years
after heroin use initiation were longer than those initiated
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within the first 5 years of use. However, episodes initiated
5-10 or >20 years after initiation were not statistically sig-
nificantly different in duration from those commencing
within the first 5 years after initiation.

DISCUSSION

The primary result of our analysis was that durations of
heroin abstinence among individuals with multiple episodes
were successively longer in subsequent attempts. Further,
heroin abstinence episodes commencing within 5 years of
use initiation were substantially shorter than those initiated
1020 years after the onset of use. These results affirm the
chronicity of heroin dependence and underline the diffi-
culty individuals have in remaining abstinent. Drug relapse
does not preclude later sustained abstinence; rather, it is a
commonly observed step toward a drug-free state, often
occurring multiple times before sustained abstinence can be
achieved. These results are corroborated in other substances
of abuse, particularly smoking cessation (36, 37), as well as
durations of successive periods of methadone maintenance
treatment (14).

Factors indicative of drug use severity and social stability
such as heroin use intensity, cumulative past use of stimu-
lants, drug treatment, and employment were key predictors
of the durations of periods of abstinence. Our results on the
effect of employment suggest that it is an important factor
in the social rehabilitation of drug-addicted individuals.
Despite the strong hypothetical relationship between employ-
ment and either sustained treatment or successful recovery,
evidence on associations or, more importantly, temporal re-
lationships between these factors is scarce. Subjects in the
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Table 3. Results of Multivariate Analysis on the Duration of
Successive Episodes of Opioid Abstinence, Civil Addicts Program,
California, 1962—1995

Covariates Adjusted HR 95% CI
Age
<25 years 1.00 Referent
26-35 years 1.14 0.82, 1.58
3645 years 0.94 0.61,1.45
>45 years 0.82 0.50, 1.35
Race
White 1.00 Referent
Black 1.29 0.90, 1.87
Hispanic 1.22 0.99, 1.51
Heroin use in past
30 days
<7 days 1.00 Referent
7-28 days 1.45 0.98,2.16
>28 days 1.72 1.30, 2.28
Incarcerated in past 1.70 1.37,2.13
30 days
Employed in past 0.65 0.53, 0.79
30 days
Prior treatment
None in past month 1.00 Referent
Treatment lasting 0.36 0.12, 1.09
<6 months
Treatment lasting 0.50 0.33,0.74
>6 months
Abstinence episode
attempts
1 1.00 Referent
2 0.78 0.63, 0.97
3 0.80 0.62, 1.04
4 0.64 0.45,0.90
>5 0.64 0.45,0.92
Concurrent alcohol 0.75 0.63, 0.90
use
Concurrent marijuana 0.74 0.60, 0.92
use
Cumulative past 1.34 1.09, 1.66
stimulant use
Time since drug use
initiation, years
<5 1.00 Referent
5-10 0.87 0.64,1.19
11-15 0.65 0.44,0.97
16-20 0.61 0.39, 0.94
>20 0.78 0.48,1.28

Abbreviations: Cl, confidence interval; HR, hazard ratio.

Drug Abuse Treatment Outcome Study who were in recov-
ery in follow-up reported that they had relied primarily
upon personal motivation, treatment experiences, religion/
spirituality, family, and their job for their own long-term

recovery (38). Drug treatment should include employment
interventions as a means to encourage social rehabilitation;
evaluations of such programs need to be conducted longitu-
dinally to better understand and characterize the intermedi-
ate and causal pathways to recovery from illicit drug abuse.

Interestingly, both alcohol intake and marijuana use
during the episode of opioid abstinence were associated
with longer durations of opioid abstinence. As these indica-
tors were captured during the course of abstinence episode,
we cannot affirm any temporal and therefore causal rela-
tionship between the exposure and outcome. However, the
results are suggestive of some degree of substitution
between heroin and alcohol and marijuana. Within the
specified context, use of other drugs during opioid cessa-
tion has been observed in other studies (7, 8).

Many episodes of abstinence were preceded by durations
of incarceration and treatment. Even if drug use can be
effectively discontinued during incarceration, we find that
subsequent abstinence following release tends to be shorter
lived than that observed as a result of drug treatment.
Policy responses in accordance with this point (39) have
been implemented in many settings worldwide. However,
evidence of the continued use of detoxification treatment
(still offered in 60.1% of all US facilities offering substitu-
tion treatment surveyed by the Substance Abuse and
Mental Health Services Administration in 2009) (40) and a
lack of capacity for drug treatment during incarceration in
the United States in particular (41) significantly hamper
efforts to promote cessation from drug abuse.

Some questions have been raised recently regarding the
interpretation of hazard ratios obtained from standard
(single interval) Cox proportional hazards models (35).
Briefly, this critique has highlighted the fact that hazard
ratios are average effects weighted by the time-to-event
durations and, thus, highly sensitive to the duration of
follow-up and the rate of censorship. Analyses of repeated
time-to-event durations over long timeframes are less sus-
ceptible to these effects because 1) only the last time-to-
event duration for each individual can necessarily be cen-
sored, and 2) rates of censorship tend to be lower in studies
with longer durations of follow-up required for repeated
time-to-event durations. Further, we assert that inferences
drawn from these forms of analysis are, and should be,
based on the mean. Mean estimates of hazard ratios provide
the most representative and, therefore, generalizable results
from a given data set. As for the attribution of causality, we
believe that these results should be regarded no differently
from other well-designed analyses based on observational
data (42, 43). Such an assertion requires acceptance of a
number of criteria that may not be able to be drawn from a
single study.

Our study had several limitations that require consider-
ation. First, as noted, data came from self-reported inter-
views at 10-year intervals from which monthly records of
the outcome and measures of exposure were constructed.
The temporal ordering of events within the recurrent event
process may have been influenced by rounding error and
recall bias given the long duration between follow-up inter-
views, and the level of error likely increased as a function
of time from the interview date. As noted, recall bias was
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minimized by using records-based anchors. We have no
reason to believe the resulting bias in either case was differ-
ential, resulting in attenuation of hazard ratios toward the
null hypothesis. Second, although a substantial number of
participants died during the study follow-up period, we did
not model mortality explicitly. Given the 10-year follow-up
intervals, data on drug use and other factors between the
date of last interview and death were unobserved. This pre-
cludes any direct inference on the potential protective
effects of abstinence or the duration of abstinence against
mortality. Nonetheless, the Civil Addict Program is among
the longest and most comprehensive follow-up studies of
heroin users available. Third, data on drug use were not
measured during periods of incarceration, thus making us
infer the effects of covariates on periods of community-
based heroin abstinence. Fourth, as with any nonexperimen-
tal study, ours may be subject to residual and/or unmeasured
time variant confounding (43). Data on other predictors of
durations of abstinence, such as motivational status and
social support, were unavailable for the duration of follow-
up. Although we cannot ascertain the individual effects of
the unobserved factors, we can confidently state that their
omission did not bias the coefficients on the existing fixed
effects included in the analysis.

Finally, the cessation process may not be generalizable
to opioid-dependent individuals not mandated into drug
treatment. Although we have considered individual-level
factors associated with opioid cessation, the process of ces-
sation may also be influenced by external factors, such as
the state legislation on drug-related crime and repeated of-
fenders, and changes in these factors over time. Further
study is required to define the no-doubt heterogeneous
opioid use cessation process over time and across settings
with disparate social and legislative conditions.

Our results further affirm the chronicity of heroin depen-
dence and illustrate the point that the road to recovery is
aided by prolonged drug treatment, often marked by multi-
ple periods of relapse. Further emphasis is needed to facili-
tate long-term engagement of opioid-dependent individuals
with drug treatment and other social supports to maintain
stable recovery.
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