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Abstract

Objective—Cocaine users often present to treatment with a multitude of problems typically
considered ‘addiction-related’, however there is little evidence that reductions in cocaine use are
followed by reductions in these problems. This study evaluated the relationship between rates of
cocaine use during treatment and the level of non-cocaine life problems experienced during a 12-
month period following treatment in a pooled sample of 434 cocaine dependent individuals
participating in one of five randomized controlled trials.

Method—Structural equation modeling (SEM), and latent growth curve modeling (LGCM) were
used to evaluate the relationship between frequency of cocaine use within treatment (8- or 12-
weeks) and a latent construct of ‘global problems” indicated by the days of problems reported on
the Addiction Severity Index (ASI) across follow-up time points (1-, 3-, 6-, and 12-months after
treatment).

Results—Both a continuous latent cocaine use outcome measure (percent days abstinent, percent
positive urines, and maximum days of consecutive abstinence) and a dichotomous measure of
cocaine use (=21 consecutive days of abstinence) during the treatment period were associated with
frequency of cocaine use and global problems during follow-up. Overall, results indicated greater
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cocaine abstinence during the treatment period was associated with higher rates of abstinence and
fewer global problems experienced following treatment.

Conclusion—This is one of the first studies to support a model that suggests ‘addiction-related’
problems decrease in accordance with achieving abstinence from cocaine, thereby providing
evidence that within-treatment cocaine abstinence has benefits that extend beyond the frequency
of drug use.

Keywords

cocaine use; addiction-related problems; treatment outcomes; follow-up; structural equation
modeling

Substance users present for treatment with a multitude of problems in various life areas,
including employment, physical health, legal, family, social, and psychological function.
Problems in these areas are often the reasons for initial referral or re-entry to addiction
treatment (Grella, Hser, & Hsieh, 2003), important for determining the setting and content of
care (American Society of Addiction Medicine, 2007), and typically the major reasons for
relapse to substance use following initial care (Hall et al., 1998; Marlatt & Gordon, 1980;
McLellan et al., 1994; McLellan, Luborsky, Woody, O’Brien, & Druley 1983; McMahon,
2001). Such problems are generally considered “addiction-related,” and thus evaluated as
part of most clinical and research assessment protocols, yet they are rarely deemed primary
measures of treatment success. While the aim of treatment is often expressed as an effort to
modify patients’ drug use behavior, improvement in psychosocial functioning is also the
desired effect, as minimal change in drug use behavior without an impact on the
psychosocial consequences “would be pointless” (Winchell, Rappaport, Roca, &
Rosebraugh, 2012). Although there has been an implicit assumption that resolution of the
primary substance use problem would produce improved functioning in other areas, this
long held assumption has not been empirically confirmed.

Early evidence refuting the assumption that abstinence from alcohol or drug use would
result in general improvement in other life areas appeared in a landmark paper by McLellan
and colleagues (1981). They found that although significant reductions in problem severity
were evident in the areas of employment, family, legal, psychological function, and drug and
alcohol use following treatment, there was virtually no relationship between improvement in
substance use and these other areas, with the exception of psychological functioning
(McLellan et al., 1981). Specifically, the correlations between change in drug use and
change in problem severity for other areas, such as medical, employment, and family
domains were strikingly low (e.g., r = —.03, .01, .09, respectively) (McLellan et al., 1981).
This early work supported the use of a multidimensional assessment of substance use
treatment outcome (McLellan, Luborsky, Woody, & O’Brien, 1980). Subsequent studies
have provided further support that these problem areas were relatively independent and
weakly related to reductions in substance use (Borders et al., 2009; Kosten et al., 1992;
Kosten, Rounsaville, & Kleber, 1987; Rounsaville, Tierney, Crits-Christoph, Weissman, &
Kleber, 1982). On the other hand, some studies have reported improvements in psychosocial
functioning were associated with drug abstinence: Rounsaville, Kosten, and Kleber (1987)
found that among opioid dependent patients re-interviewed 2 ¥ years after treatment,

J Consult Clin Psychol. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Kiluk et al.

Page 3

achieving abstinence from illicit opioids was associated with improvement in medical status
and social functioning, as well as reduced criminal activity and abuse of other substances. A
subsequent evaluation of these data found that those opioid dependent patients who
increased their frequency of cocaine use had more severe problems on a wide range of
dimensions than those who decreased use, with attainment of cocaine abstinence associated
with improved psychosocial functioning (Kosten, Rounsaville, & Kleber, 1988). However,
there is relatively little evidence that meaningful improvements in functioning are associated
with reductions in cocaine use among cocaine-dependent individuals, nor strong evidence
that better cocaine use outcomes are associated with better functioning after treatment ends.

Although several studies point to significant effects of behavioral therapies on increasing
abstinence (see Dutra et al., 2008), in many studies these effects did not appear to extend to
other problem areas, such as medical, legal, employment, family/social, or psychological.
Whereas the field of alcohol treatment research has reported that within-treatment outcome
measures such as greater abstinence rates and/or decreased percentage of heavy-drinking-
days are associated with fewer drinking-related consequences at follow-up (Falk et al.,
2010), there is little evidence of such associations among treated cocaine users. Improved
psychosocial outcomes have been reported following cocaine treatment in general (Carroll et
al., 1994; Crits-Christoph et al., 2001; Higgins, Wong, Badger, Haug-Ogden, & Dantona,
2000; Simpson, Joe, Fletcher, Hubbard, & Anglin, 1999), yet there are very few reports on
associations between periods of cocaine abstinence during treatment and decreased
problems at follow-up. Empirical evidence supporting such an association would be
important to validate the patterns of within-treatment drug use behavior as a surrogate for
clinical benefit, as the reduction in *addiction-related’” problems are often not evident during
a short-term treatment period (McLellan, McKay, Forman, Cacciola, & Kemp, 2005).
Furthermore, in the absence of complete drug abstinence, identification of patterns of drug
abuse within treatment that are consistent with ‘good functioning’ in the long term would be
useful for establishing markers of treatment effectiveness (Winchell et al., 2012).

A recent study by Ghitza and colleagues (2007) retrospectively analyzed data from two 25-
week randomized controlled trials of abstinence reinforcement (i.e., contingency
management) in 368 cocaine/heroin users maintained on methadone and found greater
cocaine use during treatment (measured by urine toxicology) was associated with worse
social adjustment, current cocaine dependence, and depression at study exit. Although this
study did not examine medical or legal problems, it was one of the few direct tests
supporting the association between the frequency of cocaine use and other psychosocial
outcome variables, such as social functioning and depression, within treatment. Studies
evaluating these relationships among cocaine users who are not maintained on methadone
(and hence likely to be primary opioid users) are sparse, and fewer still have evaluated
whether this association holds up during the months following treatment (i.e., does reduced
cocaine use during treatment have long-term effects on other areas of functioning?).

To address these issues, the current study sought to evaluate the relationship between in-
treatment cocaine use and problems in major life areas other than drug use (e.g., medical,
legal, employment, family/social, psychological) within and following treatment. To

enhance generalizability and power, this study used data collected from five independent,
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completed randomized controlled trials evaluating treatments for cocaine dependence. We
hypothesized that, regardless of treatment received, greater periods of abstinence from
cocaine (e.g., longer durations of consecutive abstinence, higher percentage of days
abstinent) during the treatment period would be associated with better outcomes during the
period following treatment (i.e., fewer problems in major life areas).

Data for this study were gathered from five independent randomized controlled trials
evaluating behavioral (e.g., cognitive behavioral therapy [CBT], twelve-step facilitation
[TSF], interpersonal therapy [IPT], contingency management [CM]) and pharmacologic
(e.g., disulfiram) treatments for cocaine dependence in different populations (e.g.,
outpatient, methadone maintenance). The five studies were:

Study # 1—12-week trial evaluating five treatment arms (CBT plus disulfiram; TSF plus
disulfiram; CBT alone; TSF alone; disulfiram plus clinical management) for ambulatory
cocaine-dependent individuals with comorbid alcohol abuse or dependence (Carroll, Nich,
Ball, McCance-Katz, & Rounsaville, 1998; Carroll et al., 2000);

Study # 2—12-week trial evaluating four treatment arms (CBT plus disulfiram; CBT plus
placebo; IPT plus disulfiram; IPT plus placebo) in a general outpatient sample of cocaine-
dependent individuals (Carroll et al., 2004);

Study # 3—12-week trial evaluating four treatment arms (TSF plus disulfiram; TSF plus
placebo; disulfiram plus standard counseling; placebo plus standard counseling) in sample of
cocaine-dependent individuals also receiving methadone maintenance therapy for opiate
dependence (Carroll, Nich, Shi, Eagan, & Ball, 2012);

Study # 4—12-week trial evaluating four treatment arms (Disulfiram plus CM; Disulfiram
alone; placebo plus CM; placebo alone) in a general outpatient sample of cocaine dependent
individuals. Participants in each of the four treatment arms also received weekly individual
cognitive behavioral therapy (Carroll, Petry, Eagan, Shi, & Ball, 2013).

Study # 5—8-week trial evaluating the effectiveness of a computer-delivered version of
cognitive behavioral therapy (CBT4CBT) as an adjunct to treatment as usual in a general
outpatient sample of substance users (Carroll et al., 2008; Carroll et al., 2009);

The sample size of participants randomized to a treatment condition in each trial were as
follows: Study #1 (N = 117), Study #2 (N = 121), Study #3 (N = 112), Study #4 (N = 99),
and Study #5 (N = 73). It should be noted that one trial (Study #5) included a general
outpatient sample of substance users, and only the subgroup who reported cocaine as their
primary substance of abuse (n = 43) were included here. Participants in all trials: (1) were 18
years of age or older, (2) met criteria for current cocaine dependence according to
Diagnostic and Statistical Manual — fourth edition (DSM-I1V; American Psychiatric
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Association, 1994) [DSM-111-R for Study #1; current substance dependence for Study #5],
(3) did not meet DSM criteria for a lifetime psychotic or bipolar disorder, and (4) were not
physically dependent on alcohol, such that detoxification was necessary.

Assessments

Each of the five trials included an identical assessment schedule, with assessments
administered prior to treatment initiation, weekly and monthly during the treatment period,
at the end-of-treatment, and at several follow-up time points. The follow-up assessments
occurred at 1, 3, 6, and 12-months post-treatment, with the exception of Study #5
(‘CBT4CBT study’), which included only a 1-, 3- and 6-month follow-up assessment. All
trials used a brief version of the Addiction Severity Index (ASI; McLellan et al., 1992),
which was utilized for analysis in the current study. The ASI is one of the most commonly
used interview-based assessments in the field of substance use disorders for measuring the
severity of problems in several non-drug using domains, such as medical, employment,
legal, family and social relationships, and psychiatric. In terms of substance use, each trial
utilized a Substance Use Calendar (Carroll et al., 2004), similar to the reliable and valid
Timeline Follow Back (Fals-Stewart, O’Farrell, Freitas, McFarlin, & Rutigliano, 2000;
Hjorthgj, Hjorthgj, & Nordentoft, 2012; Sobell & Sobell, 1992) for self-reported cocaine
use, as well as urine toxicology screens at each research visit. The frequency of urine
toxicology screens varied across study depending on the setting, with once per week
toxicology screens in Study #2 (general outpatient setting), up to three times per week in
Study #3 (outpatient methadone maintenance setting). The substance use calendar allowed
the collection of information on cocaine use on a day-by-day basis, as well as to “back fill’
missing data in case participants missed an assessment appointment, and thus provided a
highly detailed and sensitive index of change in cocaine use and periods of abstinence
(Donovan et al., 2012).

Data Analysis

Statistical models, described below, were estimated using Mplus version 7 (Muthen &
Muthen, 2012). Given that participants were drawn from five different studies, we first
assessed the effect of “study” on all outcomes. Intraclass correlations (ICC) for all outcome
measures were calculated to determine the degree of dependence between participants
within studies. Results indicated that ICCs were near zero for all outcomes (range = 0.000 —
0.001), suggesting that most of the variance was not explained by clustering within studies.
Nonetheless we took into account the clustering of participants within studies by estimating
all parameters using a weighted maximum likelihood function with the standard errors
computed using a sandwich estimator (e.g., standard errors were adjusted for clustering in
the data). Maximum likelihood estimation provides the estimated variance-covariance
matrix for the available data and therefore all available data were included in the models.

The first step in the current analyses was to define the constructs in the model. Because there
is little consistency within the cocaine treatment literature regarding a well-established
common outcome measure (Donovan et al., 2012), we evaluated several indicators of
cocaine use during the treatment period in order to define the ‘within-treatment cocaine use’
construct. Thus, this construct initially consisted of 11 different indicators that included both
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dichotomous and continuous indicators commonly reported in the cocaine treatment
literature (Carroll et al., in press; Donovan et al., 2012; Dutra et al., 2008; McKay et al.,
2001). Separate models were constructed for each of the within-treatment cocaine use
indicators in order to determine which indicators had the strongest and most consistent
relationship with cocaine use during the follow-up period across studies. The “follow-up
cocaine use’ construct in these models was indicated by the mean days of cocaine use during
the prior 28 at each of the expected follow-up assessment points. We then evaluated the
strongest continuous outcome measures as a latent construct of ‘within-treatment cocaine
use’ in a confirmatory factor model.

To evaluate the effect of within-treatment cocaine use on the change in global problems over
time, we used latent growth curve (LGC) modeling. First, in order to examine global
problems at each time point, we used longitudinal confirmatory factor analysisto create a
latent measure of ‘global problems’ at each follow-up time point and to evaluate the
equivalence of the ASI problem subscales over time. Due to some limitations regarding the
ASI composite scores, particularly with respect to the subjective nature of respondents’
rating of severity or need for treatment (Alterman, Brown, Zaballero, & McKay, 1994;
Brown, Seraganian, & Shields, 1999; Melberg, 2004; Wertz, Cleaveland, & Stephens,
1995), we chose to use the respondents’ report of the number of days in the past 28 that s/he
experienced problems in that given area as the indicators of global problems. Second, we
examined whether the factor structure was metric invariant over time by comparing a model
with all item loadings and intercepts constrained to be equal at each time point to an
unconstrained model with item loadings and intercepts freely estimated at each time point.
Next, unconditional latent growth curve modeling was used to examine the changes in
global problems over time. Finally, conditional latent growth curve modeling was used to
examine the association between within-treatment cocaine use and follow-up levels of
global problems over time controlling for baseline problems.

Table 1 provides an overview of sample composition across studies. All trials included
follow-up data on at least 80% of the randomized sample, with Study #1 as the exception
(78%), with samples sizes of 91, 108, 112, 85, and 38 for the five trials, respectively.
Overall, the pooled sample (N=434) was composed primarily of individuals who were male
(67%), Caucasian (52%), not married/cohabitating (71%), unemployed (53%), with at least a
high school degree/GED (78%). The average age was 36.5 years old, and few were on
probation or parole at the time of treatment entry (15%). Mean days of cocaine use during
the 28 days prior to treatment entry was 13.4 (SD=8.5).

Continuous and Dichotomous Indicators

Results of the SEMs to evaluate the relationship between indicators of within-treatment
cocaine use and follow-up cocaine use are displayed in Table 2. As expected, the continuous
outcome variables were more strongly related to follow-up cocaine use than the
dichotomous outcome variables. The continuous indicators with the consistently strongest
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standardized correlation across the five studies were ‘percent days abstinent” (3 ranged from
-.25 to -.83), ‘maximum days of consecutive abstinence’ ( ranged from -.38 to -.52), and
‘percent cocaine positive urines’ (B ranged from .33 to .53). The confirmatory factor model
with these three indicators was just identified (x2 (0) = 0.00, p = 1.00; RMSEA = 0.00; CFI
= 1.00) with factor loadings that exceeded .70 for all three indicators, and hence was deemed
appropriate for use as a latent construct of ‘within-treatment cocaine use’ in the subsequent
longitudinal models. Also, these three indicators of ‘within-treatment cocaine use’ had good
internal consistency (Cronbach’s alpha = .83).

The dichotomous indicator with the strongest standardized correlation with the follow-up
days of cocaine use across studies was ‘=21 consecutive days of abstinence’ (3 ranged from
-.30 to -.58). This dichotomous indicator was chosen for use in a separate longitudinal
model to provide a clinically useful predictor of post-treatment functioning, as it
outperformed the shorter durations of abstinence in terms of association with follow-up
cocaine use here and its specificity/sensitivity to treatment effects in a separate evaluation of
these data (Nich et al., 2013).

Within-Treatment Cocaine Use and Change in Global Problems

Results of longitudinal confirmatory factor analysis (LCFA) used to create a latent measure
of global problems at each follow-up time point and to evaluate the equivalence of the ASI
problems subscales over time revealed that at all time points the global problems latent
factor provided an adequate fit to the data (1-month follow-up: x2 (9) = 15.09, p = 0.09;
RMSEA = 0.04; 3-month follow-up: x2 (9) = 22.39, p = 0.01; RMSEA = 0.06; 6-month
follow-up: ¥2 (9) = 13.10, p = 0.16; RMSEA = 0.03; and 12-month follow-up: ¥2 (9) =
14.91, p = 0.09; RMSEA = 0.04). Also, the model with loadings and intercepts constrained
to equality did not fit significantly worse than the unconstrained model based on a y2
difference test (A2 (Adf = 33) = 44.1, p = 0.09), indicating the factor structure was
metrically invariant over time. Results of unconditional latent growth curve modeling used
to examine the changes in global problems over time, revealed the global problems model,
which included the global problems latent factor models at each follow-up time point, with a
linear slope, provided an adequate fit to the observed data based on the CFI = 0.94 and
RMSEA = 0.04 (90% CI of RMSEA: 0.03-0.04). The slope of problems was non-significant
(linear slope B (SE) = -0.09 (0.09), p = 0.29), suggesting minimal changes in levels of
global problems across the follow-up period.

Finally, conditional latent growth curve modeling was used to examine the association
between within-treatment cocaine use and follow-up global problems over time using a
continuous latent measure of cocaine use during treatment (described above) and a
dichotomous measure of >21 days of abstinence from cocaine during treatment. In both
models we controlled for baseline global problems and follow-up cocaine use (mean self-
reported days of cocaine use during the prior 28 days at each of the expected follow-up
assessment points).

The model of latent within-treatment cocaine use (including percent days abstinent, percent
positive cocaine urines, and maximum consecutive days of abstinence), revealed the latent
growth model with covariates (see Figure 1) provided an adequate fit to the data based on
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the CFI = 0.92 and RMSEA = 0.03 (90% CI of RMSEA: 0.02-0.04). Results indicated that
the latent measure of cocaine use during treatment was significantly associated with levels
of cocaine use during follow-up (§ = —0.43; B(SE) = -0.12 (0.007), p < 0.001) and the
intercept of global problems at follow-up (B = -0.17; B (SE) = —0.01 (0.003), p = 0.002),
such that less within-treatment cocaine use (i.e., greater percent days abstinent, fewer
positive urines, more days of consecutive abstinence) was associated with significantly less
cocaine use and lower levels of global problems at the initial follow-up time point.
Likewise, the intercept of global problems at follow-up was significantly associated with
cocaine use (p =0.32; B (SE) = 0.32 (0.07), p < 0.001), such that more problems were
associated with more days of cocaine use (on average) at follow-up. The slope of global
problems was significantly associated with baseline problems (p = -0.50; B (SE) = -0.23
(0.11), p = 0.03), but was not associated with the latent measure of within-treatment cocaine
use (B = 0.26; B (SE) = 0.01 (0.003), p = 0.06) or follow-up cocaine use (p = —0.18; B (SE)
=-0.36 (0.73), p = 0.63). The combination of baseline problems and within-treatment
cocaine use explained 52.7% of the variance in the global problems intercept (i.e., initial
level of problems at the first follow-up time point) and 32.4% of the variance in the slope
(i.e., change in levels of problems during the entire 12-month follow-up period).

Using =21 consecutive days of abstinence from cocaine during treatment as a dichotomous
predictor of global problems during follow-up also provided an adequate fit to the data
based on the CFI = 0.93 and RMSEA = 0.027 (90% CI of RMSEA: 0.02-0.03). Results
indicated that 21 or more days of consecutive abstinence during treatment significantly
predicted the average level of follow-up cocaine use (f = -0.36, B (SE) = —4.19 (0.36), p <
0.001) and the intercept of global problems at follow-up (8 = —0.20; B (SE) = —0.46 (0.12),
p < 0.001). Results were such that continuous abstinence for 21 days or more during
treatment was associated with significantly less cocaine use and lower levels of global
problems at follow-up. Again, the intercept of global problems at follow-up was
significantly associated with average cocaine use during follow-up (3 = 0.31; B (SE) = 0.31
(0.10), p = 0.002). The slope of global problems was not significantly associated with
baseline problems, within-treatment cocaine use, as measured by 21 days or more of
consecutive abstinence, or average cocaine use at follow-up. The combination of baseline
problems and within-treatment cocaine use explained 53.6% of the variance in the global
problems intercept and 25.5% of the variance in the slope.

Additional analyses were conducted with (1) global problems at end-of-treatment as an
additional indicator in the growth model; (2) within-treatment cocaine use examined as a
latent growth curve model with global problems at follow-up regressed on the level of
cocaine use and change in cocaine use during treatment; and (3) with a negative binomial
distribution with log link function used to estimate the global problems latent factors at each
time-point. Results were consistent across these additional analyses: within-treatment
cocaine use was associated with global problems at the end-of-treatment and during follow-
up, regardless of whether using the latent measure of within-treatment cocaine use, the
dichotomous indicator of =21 days of consecutive abstinence, or a growth model of cocaine
use during treatment.
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Discussion

This study evaluated the strength of the relationship between within-treatment cocaine use
outcomes and both cocaine use and global problems during a 6- to 12-month follow-up
period among a pooled sample of 434 cocaine-dependent individuals participating in one of
five clinical trials. This pooled sample of individuals had similar demographic and cocaine
use characteristics as the population of individuals entering treatment for cocaine use in the
United States in 2011 (SAMHSA, 2013). These analyses indicated: (1) both continuous and
a dichotomous measure of cocaine use during treatment were strongly associated with
cocaine use over a 12-month follow-up period, such that greater rates of abstinence during
treatment were associated with less cocaine use during the follow-up; (2) higher rates of
cocaine use reported during a 12-month follow-up period were associated with more
problems in major life areas (e.g., medical, legal, employment, psychological, family and
social conflict) during the same time period; and (3) higher levels of cocaine abstinence (as
measured by a continuous latent construct or dichotomous indicator) during treatment were
associated with fewer reported problems in major life areas at the end of treatment and
during the initial period following treatment, controlling for baseline levels of problems.
This latter finding is notable, as there has been little direct evidence that abstinence achieved
during treatment is strongly associated with other life problems (i.e., ‘addiction-related
problems’), particularly after treatment ends. Despite the lack of change in problem areas
over time during the follow-up period (i.e., after treatment termination) and some limitations
in the available data from the five trials examined in this study, it appears that greater
abstinence achieved during treatment is associated with fewer addiction-related problems
after treatment.

Although the rates of co-occurring problems among cocaine users presenting for treatment
are relatively high, the effectiveness of a given treatment has typically been measured by its
ability to reduce cocaine use. However, merely reducing cocaine use during treatment
(which has proven difficult, in its own right), has not been considered sufficient for most
patients, treatment providers, payers, and policy-makers, who place a greater emphasis on
‘recovery’ (i.e., positive function in most outcome domains) from drug use disorders
(McLellan, Chalk, & Bartlett, 2007). Recently, an editorial comment provided by Winchell
and colleagues (2012) from the US Food and Drug Administration (FDA) in response to a
‘responder analysis’ study by McCann and Li (2012), highlighted the need for drug abuse
treatment trials, particularly pharmacotherapy trials, to demonstrate some clinical benefits of
the abstinence-based measure used to define responders versus non-responders. Specifically,
Winchell and colleagues noted a need for data supporting either the health benefits of a
given abstinence-based outcome or data supporting that outcome as a predictor of ongoing
abstinence, in order to use the responder definition as an endpoint (i.e., establishing a cutoff
level of abstinence as a marker of treatment success). The findings presented here provide
evidence to support both of these criteria. Both the latent construct (percent days abstinent,
percent cocaine positive urines, maximum consecutive days of abstinence) and dichotomous
measure (= 21 consecutive days of abstinence) of cocaine use during the treatment period
were strongly associated with cocaine use following treatment (i.e., ‘ongoing abstinence’).
Importantly, both measures of cocaine use were associated with global problems following
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treatment, with less cocaine use associated with fewer problems (i.e., “clinical benefits”).
Thus, data from this set of randomized controlled trials provide evidence that levels of
within-treatment cocaine abstinence can be used as a valid indicator for defining success
from treatment, with benefits that extend beyond merely the frequency of drug use.

These results are valuable for both researchers and clinicians in the field of treatment for
cocaine use disorders. For researchers, evidence that standard cocaine use outcome
measures, such as the percentage of days abstinent, the maximum number of consecutive
days of abstinence, and the percentage of cocaine positive urine toxicology screens, are
associated with less cocaine use and fewer global problems following treatment offers some
greater validation of these measures as valid outcome indicators for establishing treatment
effectiveness in future clinical trials. Furthermore, the dichotomous measure of “>21
consecutive days of abstinence” may be useful as a benchmark (i.e., primary efficacy
endpoint) for future pharmacotherapy clinical trials, as it can serve as a valid surrogate for
long-term clinical benefits, which is essential for achieving FDA approval (as there is no
currently approved medication for cocaine dependence). The establishment of “no heavy
drinking days” as a valid primary efficacy endpoint for alcohol clinical trials was supported
by evidence of its association with fewer alcohol-related consequences following treatment
(Falk et al., 2010), and thus the similar results presented here offer support for “>21
consecutive days of abstinence” as a potential benchmark for cocaine pharmacotherapy
trials. Such results have implications for clinicians as well, as there is now some support for
the implicit assumption that reducing cocaine use has clinical benefits in the long-term,
which had not previously been empirically supported. Also, the cutoff of 21 days of
consecutive abstinence could be useful as a treatment target with clients, as these results
offer evidence of the benefits of such a cutoff. Lastly, because these results were generated
from a large, pooled sample fairly representative of the population of individuals entering
treatment for cocaine use, the findings are particularly generalizable to the community at
large, rather than being limited by homogeneous, high-functioning samples of cocaine users
that are common in well-controlled clinical trials.

One potential reason this study was able to find an association between cocaine abstinence
and overall functioning in non-drug areas from the ASI, whereas others have not, was the
use of a latent construct of ‘global problems’ rather than examining each problem area
individually. Cocaine users may have certain areas that are more problematic than others,
with many having no problems in some life areas, resulting in negatively skewed data on the
non-drug use ASI problem areas. This in turn, affects the likelihood of significant results
when examining correlations or mean differences on problem areas according to level of
cocaine abstinence. This study also utilized the ‘days of problems’ item from the ASI,
whereas most prior studies have examined the composite scores of non-drug use areas,
which have shown little relation to the severity of drug dependence (Romelsjo, 2004). By
including ‘days of problems’ from all non-drug use ASI areas as indicators of a global latent
construct, we may have improved the sensitivity toward finding an effect by increasing the
variability in the sample.

The findings of longitudinal growth curve models suggest there was relatively little change
overall in the level of problems experienced during the 12-month period following treatment
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termination. This was not particularly surprising. Although some studies have reported
significant reductions in problem severity on the ASI between pre- and post-treatment
periods (Crits-Christoph et al., 2001; Vaughan & McMahon, 2006), the effect size of change
is considerably larger for the drug- and alcohol-use areas compared to the non-drug areas,
with some areas showing little meaningful change (e.g., medical, employment). Moreover,
significant reductions are often found within the first few months following entry into
treatment, yet tend to level off over the course of longer-term follow-up periods, which
suggests maintenance of treatment gains following treatment termination (Guydish et al.,
1999). Results from this set of randomized trials provide similar results, suggesting stability
of treatment gains with little change in global problems during the 12 months following
treatment, which likely limited the association between within-treatment cocaine use and the
slope of global problems during the follow-up period. However, even when controlling for
the baseline level of problems, the frequency of cocaine use was significantly associated
with the global problems construct at the end of treatment and with the intercept of global
problems during the follow-up period. Taken together, this indicates the frequency of
cocaine use during treatment affects the level of global problems at the end of treatment and
through an initial period following treatment (i.e., 1-month follow-up), with gains
maintained over the course of a 12-month follow-up period.

The primary strength of this study is the use of a large, pooled sample of participants across
five well-controlled randomized trials for cocaine dependence, which used a common
assessment approach and included follow-up interviews up to a year after treatment.
Structural equation modeling (SEM) allowed for the evaluation of several indicators of
problems in major life areas as well as cocaine use, without having to statistically correct for
the multiple analyses when using separate regression analyses. Furthermore, we were able to
evaluate a latent construct of within-treatment cocaine use that included both self-report and
urine toxicology. Also, the use of advanced SEM procedures, such as latent growth curve
modeling, allowed for examination of change in global problems over time using all
available data, with the ability to relate change in problems to levels of cocaine abstinence
achieved during the treatment period.

Despite the strengths, there were some limitations with the available data used in this study.
First, the main source of information regarding psychosocial functioning was the subscales
of the Addiction Severity Index, which limited the ability to evaluate comprehensive
physical health outcomes. That is, although the ASI is well-validated and widely used, the
measure still relies on participant self-report, which has its limitations. Second, the trials did
not include a ‘quality of life’ or other life satisfaction measure, which could have added an
indicator of overall functioning potentially more useful as an outcome of addiction treatment
(Miller & Miller, 2009; Tiffany, Friedman, Greenfield, Hasin, & Jackson, 2012). Lastly, our
analyses did not include a ‘treatment’ construct in order to evaluate the effect of treatment
on cocaine abstinence and global problems. Defining a ‘treatment’ variable in this study was
particularly difficult given the range of treatments provided across the five trials, with some
including various combinations of behavioral and pharmacotherapy without placebo
controls. Although we considered including a ‘retention in treatment’ variable as an
indicator of the level of treatment received, we ultimately decided against it because of the
misleading assumption regarding the actual number and quality of treatment sessions
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received solely based on the number of days retained in the treatment study, and it’s poor
performance as a clinically meaningful indicator of treatment outcome relative to other
measures in these studies (Carroll et al., in press).

Nevertheless, this study provides evidence that the level of cocaine abstinence achieved
while in treatment is related to the amount of problems experienced following treatment in a
number of major life areas. Although there was relatively little change in overall problems
during a 12-month period following treatment, less cocaine use during treatment as indicated
by either a latent continuous construct or a dichotomous measure, was associated with fewer
addiction-related problems following treatment, even when controlling for baseline levels of
problems. This relationship appears to be in part accounted for by the frequency of cocaine
use during the follow-up period. However, these findings suggest that within-treatment
cocaine use outcome measures can be valid indicators of treatment success because they are
directly related to cocaine use and the level of global problems following treatment.
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