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Abstract
This randomized clinical trial retrospectively examined the effect of Post Traumatic Stress
Disorder (PTSD) and contingency management (CM) on cocaine use in opioid and cocaine
dependent individuals maintained on high or low-dose LAAM randomly assigned to CM or a
yoked-control condition. Cocaine-positive urines decreased more rapidly over time in those
without PTSD versus those with PTSD in the non-contingency condition. In participants with
PTSD, CM resulted in fewer cocaine positive urines compared to the non-contingent condition.
This suggests that CM may help improve the potentially worse outcomes in opioid-and cocaine
dependent individuals with PTSD compared to those without PTSD.
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Introduction
Although psychiatric co-morbidities, including Post Traumatic Stress Disorder (PTSD), are
prevalent in persons with substance use disorders (1–4), their impact on treatment outcome
is unclear. For instance, one of the earliest studies to examine the interaction between
psychiatric severity, as measured by the Addiction Severity Index, and treatment modality
on treatment outcomes found that alcohol- and other drug-dependent males with low
psychiatric severity improved regardless of the treatment modality, while those with high
psychiatric severity showed virtually no improvement in any treatment setting (5). Other
studies utilizing different instruments to assess psychiatric comorbidity as well as different
measures of treatment outcome had similar findings in heterogeneous substance abusing
populations (6–8).

On the other hand, results of studies limited to opiate dependent populations are mixed in
terms of the impact of psychiatric co-morbidity on treatment outcomes (9–12). For instance,
comorbid psychiatric diagnosis has been shown to have a negative impact on functioning up
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to 2.5 years after seeking treatment (10, 11). However, although Axis I or II diagnosis has
been shown to predict poorer psychosocial functioning and medical status at the time of
admission and follow-up (10), comorbid psychiatric diagnosis had no impact on the number
of positive urines for opiates or cocaine at 7 months follow-up (9,10). In contrast, patients
with an antisocial personality disorder diagnosis reportedly have higher rates of cocaine and
heroin use (12).

Whether comorbid psychiatric illness impacts retention in treatment is also somewhat
unclear. Although the results of numerous studies demonstrated no impact of comorbid
psychiatric illness on treatment outcome as determined by retention in treatment (10, 12–
16), others found that patients with a personality disorder diagnosis were less likely to stay
in treatment continuously for 7 months (9). In contrast, Gelkopf and colleagues (16) found
that patients with a comorbid Axis I diagnosis stayed in treatment longer than those with no
Axis I diagnosis.

Likewise, whether PTSD impacts treatment response is unclear. Two previous studies
specifically examining the impact of PTSD on substance abuse treatment outcomes suggest
that higher levels of PTSD are associated with negative substance use disorder treatment
outcomes (17,18), whereas two other recent studies indicate no significant difference in
outcome (19,20). Ouimette et al. (17) demonstrated that male heterogeneous substance
abusing veterans with PTSD have more rapid relapse, greater substance use, and more
problems from substance use following an intensive treatment or residential substance use
disorder treatment program than veterans without PTSD. Moreover, Hien et al. (18) reported
that new methadone patients with current PTSD had significantly more ongoing drug use,
including cocaine use, at 3 months than those without PTSD. A more recent study
examining 6-month treatment outcomes among cocaine-dependent outpatients with and
without PTSD found that substance use disorder-PTSD (SUD-PTSD) patients were more
impaired, and showed significantly less improvement in alcohol use and most addiction-
related psychosocial problems compared with SUD-only patients (21). However, the two
groups did not differ significantly in improvement over time on drug use or global
psychological severity.

In contrast, Mills et al. (19) reported that, although PTSD was associated with continued
physical and mental disability and reduced occupational functioning in heroin-dependent
patients across a variety of settings, no significant differences in treatment retention and no
significant differences in rates of other substance use were found between those with and
without current PTSD across the two years of the study. Those with current PTSD were also
less likely to use heroin than those without current PTSD (19). In addition, no significant
differences in opiate or cocaine use were found between predominately male veterans in
opiate agonist treatment with and without a PTSD diagnosis (20). Trafton et al. (20) suggest
several possible reasons for the differences in outcomes across these studies, including
differences in dropout-rate between the Hien et al. and Trafton et al. studies and the lack of
detail regarding the treatment intervention such as methadone maintenance doses (20). In
addition, methodological differences, such as the measures employed to assess outcome,
methods to determine PTSD diagnosis or symptom severity, and comorbid drug dependence
may be at least partial determinants of these seemingly conflicting data.

Meanwhile, behavioral interventions, notably contingency management procedures (CM),
have been increasingly examined in drug dependent individuals, demonstrating some
efficacy in facilitating illicit drug abstinence in general, as well as in dually cocaine and
opioid dependent populations (22–30). Contingency management has also been shown to
improve treatment retention in cocaine abusers (31). Yet, to our knowledge, only a few
studies have examined the relative impact of psychiatric comorbidity and severity on
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outcome under contingency management conditions. For instance, in alcohol, cocaine or
opioid-dependent individuals who received standard treatment or standard treatment plus
contingency management, which rewarded negative urine screens and completion of goal-
related activities, a significant interaction was found between psychiatric severity and
treatment modality in relation to treatment retention, such that participants with greater
psychiatric severity were more likely to dropout of treatment earlier in the standard
treatment condition, while retention was similar across the psychiatric severity groups in the
contingency management condition (22). In contrast, Saxon et al. (32) examined predictors
of outcome at 18 months post-treatment entry for 353 admissions to methadone maintenance
who received random assignment to one of three counseling conditions: (1) medication only,
(2) standard counseling and (3) enhanced services with either no contingencies or
contingency contracting. Subjects in contingency contracting were placed on contingency
contracts that punished positive urine toxicology results and ultimately discharged patients
for unremitting drug use. Lower ASI psychiatric composite scores consistent with lower
psychiatric symptom severity predicted higher rates of total, opiate and cocaine positive
urines. Higher rates of opiate positive urines were also predicted by assignment to
medication only condition. Lower rates of cocaine positive urines were predicted by
assignment to the enhanced contingency contracting condition. Overall, these findings
suggest that contingency management and psychiatric severity impact treatment outcomes in
a complex manner and deserve further study.

To our knowledge, only one study has examined the prognostic relevance of trauma history
and PTSD symptoms on outcome in a randomized trial of contingency management (CM)
compared to standard treatment in cocaine- or heroin-dependent outpatients (33). Results
were that the severity of complex PTSD symptoms predicted poorer outcomes in terms of
retention in treatment and objectively verified continuous abstinence from cocaine and
heroin use in treatment. The absence of an interaction effect for complex PTSD symptoms
and treatment condition suggested that the predictive relationship occurred both in standard
treatment and CM. However, closer inspection of the results for each treatment condition
showed that complex PTSD symptoms were predictive of outcome only in the CM
condition. However, in this study a third of participants met criteria for opiate dependence,
and only slightly more than one-fifth were receiving opiate agonist treatment at baseline.
Taken together, these findings suggest that the impact of PTSD diagnosis and contingency
management on treatment outcomes in cocaine abusing, opiate dependent patients needs
further exploration.

A previous clinical trial examined the effects of levoalpha-acetyl methadyl (LAAM)
maintenance dose and contingency management procedures aimed at facilitating illicit drug
abstinence in dually cocaine- and opioid-dependent individuals (30). Results showed that
contingency management increased cocaine abstinence over time to a greater degree in those
maintained on an adequate dose of LAAM relative to a yoked control. Given that opioid
maintenance dose was fixed and contingency management procedures were employed, we
conducted a retrospective analysis to examine the prognostic significance of PTSD diagnosis
on outcome in this sample. Our hypothesis was that those with PTSD would have poorer
outcomes than those without PTSD and contingency management would facilitate better
outcomes than the yoked control in those with PTSD.

Methods
Subjects

Data were obtained from a previously-reported study (30). One hundred forty male and
female dually cocaine and opioid-dependent individuals (ages 21–55, including 45 females,
39 African-Americans, 10 Hispanics, and 91 Caucasians) seeking opioid maintenance
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treatment were recruited from the greater New Haven area after giving informed consent to
participate in this randomized clinical trial approved by the Yale Human Investigations
Committee and the VA Connecticut Human Studies Subcommittee. Subjects were entered
into this study from 1997 through 2000. Thus data collected in this previous study were
obtained prior to safety requirements for LAAM regarding ECG testing to monitor QTc
interval or a review of other medications that might extend LAAM half-life or produce
independent QTc interval changes. Individuals who could not tolerate LAAM were tapered
off LAAM and referred to a local opioid maintenance program. Only two subjects were
unable to tolerate LAAM at the dose outlined in the protocol. All participants met the
Diagnostic and Statistical Manual of Mental Disorder (DSM-IV) criteria for opioid and
cocaine dependence, as determined from the Structured Clinical Interview for DSM-IV
(SCID), and had urine toxicologies positive for both drugs. Exclusions included medical
reasons contraindicating LAAM maintenance (e.g., pregnancy, respiratory condition such as
asthma, abnormal liver enzyme levels, or use of medications that might interact with
LAAM), a current diagnosis of other drug or alcohol physical dependence (other than
tobacco), a history of major psychiatric disorder (psychosis, schizophrenia, bipolar), current
suicidality, and an inability to read and understand the consent form. Alcohol physical
dependence was defined as those having experienced tolerance or withdrawal during the
preceding 12 months. Women of childbearing age were included provided they had a
negative urine pregnancy test, agreed to use adequate contraception to prevent pregnancy
during the study, and agreed to monthly pregnancy tests.

Research design and procedures
In this 12-week, randomized, double blind, outpatient clinical trial, 140 patients were
randomized by sex to one of the following treatment groups: low-dose LAAM (30, 30, 39
mg/MWF) with contingency management procedures (LC); low-dose LAAM (30, 30, 39
mg/MWF) without contingency management procedures (LY); high-dose LAAM
(100,100,130 mg/MWF) with contingency management procedures (HC); high-dose LAAM
(100, 100, 130 mg/MWF) without contingency management procedures (HY). During
LAAM induction, patients received an initial dose of 20 mg of LAAM on Monday of week
1. This dose was increased by 10 mg at next dosing such that patients received 30 mg on
Wednesday of week 1. The patients in the low-dose group then received their maintenance
doses of LAAM (30 mg on Mondays and Wednesdays; 39 mg on Fridays), while subjects in
the high-dose group continued to be inducted onto LAAM in 10 mg dose increments until
they received their maintenance dose of 100 mg by Friday of week 4. All patients were then
maintained on their respective maintenance dose of LAAM through week 12. Further details
regarding LAAM induction procedures are described elsewhere (30). At the end of the
study, subjects were detoxified from LAAM over a 4-wk period unless they opted to transfer
to a regular opioid maintenance program.

Contingency Management Procedures
The contingency management procedures used in this study were adapted from those
developed by Higgins et al (31, 34–35). Supervised urines were collected thrice-weekly
(MWF) prior to being medicated in order to implement the contingency management
procedures, which began during week 1 along with weekly group and weekly individual
therapy sessions. During weeks 1–12, subjects in the contingency management group had
the opportunity to obtain vouchers for illicit drug abstinence. Subjects received a monetary
voucher for every drug-free urine sample. During weeks 1–12, the first drug-free urine
sample was rewarded with a $3 monetary voucher. The value of the voucher increased by $1
for every consecutive drug-free urine sample thereafter. A drug-positive urine sample reset
the voucher value back to $3. Those subjects not placed on contingency management
procedures were each yoked to a subject in the contingency group, such that he/she received
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monetary vouchers whenever the subject in the contingency group received them. Subjects
were blind to this schedule, but were informed that they may receive vouchers on a random
basis. Subjects exchanged their vouchers for mutually agreed-upon goods or services at any
time during the course of the study. Subjects in the contingency management group who
remained abstinent during the first 12 weeks earned goods and services worth a maximum of
$738.00. Additional details regarding contingency management procedures and weekly/
individual therapy sessions can be found elsewhere (30).

Laboratory tests
Urine samples were analyzed for the presence of opioids and cocaine metabolites upon
submission of a urine sample on a thrice-weekly basis. This frequency of urine testing was
employed in order to detect most opioid and cocaine use. Breath analysis for alcohol was
performed on a random basis or when recent alcohol use had been suspected. If the breath
alcohol level was > 0.00 and < 0.05, one-half the LAAM dose was administered. Breath
alcohol levels ≥ 0.05 resulted in the LAAM being withheld on that day. Urines were also
screened for barbiturates and benzodiazepines on a weekly basis. A urine sample was rated
positive if the quantity of opioids was greater than 200 ng/ml for opioids and quantity of
other drugs and their metabolites was 300 ng/ml. Urine toxicology results were available the
next day from the VA Clinical Laboratory. Blood chemistries (SMA 20, CBC) and
electrocardiogram (ECG) as well as a general physical examination were performed during
screening.

Psychosocial assessments
Self-reported opioid and cocaine use, as well as opiate withdrawal symptoms, were assessed
at baseline and weekly using instruments we have developed in previous studies (36–37).
Since medication hours were between 7 and 10 a.m., the time of day for these ratings was
relatively standardized. Ratings were completed before LAAM dosing.

At intake, the SCID interview was completed for DSM-IV psychiatric diagnoses. Subjects
identified to have been exposed to a traumatic event were first identified using the traumatic
events booklet (38) and impact of events scale (39). Those events were then used as
reference points during the PTSD portion of the SCID. Substance-related problems and
psychosocial functioning were assessed at intake using the Addiction Severity Index (ASI),
a 140-item structured clinical interview using both subjective and objective information to
make severity ratings on 10-point scales in seven areas: alcohol and drug use, medical
status, legal status, psychiatric symptoms, occupational functioning, and family/social
functioning (40). Information on training of raters is published elsewhere (30).

Data analyses
Information regarding current PTSD diagnosis was available on 137 of 140 participants. The
intent to treat sample of 137 participants was used for the statistical analyses. Subjects were
grouped within each treatment cell by the presence or absence of current PTSD. Information
about the lifetime rate of PTSD in this sample was unavailable. Baseline and retention data
were analyzed between those participants with PTSD and those without PTSD with t-tests
on the continuous variables and chi-square for categorical variables. For data sampled at
several time points, participants were assigned to eight groups (HC with PTSD, HC without
PTSD, HY with PTSD, etc.) Hierarchical Linear Modeling (HLM) was used to determine
whether the number of positive urines decreased at a different rate across conditions over
time (41, 42).

The primary outcome in the intent to treat sample was urine toxicology screening result. We
compared the mean proportion of the three weekly urine samples that were opiate-positive,
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cocaine-positive, and negative from both each week ranging between 0 and 1 in a manner
similar to that described previously (38, 39). Urinalyses were analyzed using hierarchical
linear models (HLMs), which examine the linear trend of categorical and continuous data
over time and the interaction of temporal trend with treatment factors and subject
characteristics (42). The HLMs allow for inclusion of data from patients who did not
complete treatment, varying assessment times, and different numbers of assessments per
subject. Urinalysis data were first calculated as weekly proportion of urines positive for the
target drug; zero reflected “no drug screens positive,” one of two, one of three, or two of
three drug screens positive were recoded 1 for “some use”, and all drug screens positive was
recoded 2, reflecting “all drug screens for that week positive”. These data were entered into
2 × 2 × 2 (high dose vs. low dose, contingency vs. non-contingency, and PTSD vs. no-
PTSD) design over 12 time points to give an 8 × 12 ordinal response hierarchical linear
model with random intercept (41,42) Slopes were compared over the 8 groups to compare
rate of positive urine decrease over time. We used the MIXOR program of Hedeker (43) for
ordinal HLM analyses and SAS for baseline analysis. These analyses yielded z-scores for
pair wise comparison of slopes that assessed the linear increase or decrease in data values
over the course of the study as a function of LAAM dose, contingency management
condition, and PTSD diagnosis. This approach was selected to maintain the power of the
analyses given smaller sample sizes in each of the 8 groups. For all analyses, statistical
significance was inferred by a p value less than 0.05.

Results
Baseline characteristics and treatment retention

Baseline and demographic characteristics of 137 subjects based on the presence or absence
of a PTSD diagnosis are shown in Table 1. Thirty-one of 137 (22.6 %) of participants met
DSM IV criteria for PTSD. Participants with PTSD were more likely to be female, have a
diagnosis of alcohol dependence, and have a diagnosis of major depression. Baseline
cocaine-positive urine screens did not differ across groups.

There was a trend toward a longer duration of participation in those without PTSD than
those with PTSD. Participants with PTSD were more likely to leave the study early
compared to those without PTSD in the absence of contingency management (t=2.46,
p=0.02), but not in the contingency management condition (t=0.45, p=0.65).

Cocaine use during the trial
Illicit opioid use and the combination of opioids and cocaine use are not reported here as
there were no significant differences in urine toxicology results when examining participants
with and without a diagnosis of PTSD. Complete results without PTSD as a factor have
already been published elsewhere (30).

The overall impact of PTSD and contingency management on cocaine use is shown in
Figure 1. Regardless of LAAM dose and contingency management condition, changes in
cocaine-positive urines over time did not differ by the presence or absence of PTSD (z = 0.8,
p = 0.43). Furthermore, the presence or absence of PTSD did not impact cocaine positive
urines in the contingency management condition (z = −0.1, p = 0.92). However, for
participants without contingency management, cocaine-positive urines decreased more
rapidly over time in those without a PTSD diagnosis relative to those with a PTSD diagnosis
(z = 2.3, p = 0.02). In participants with PTSD contingency management was associated with
fewer positive urines for cocaine over time compared to the yoked control (z = 2.5, p =
0.014).
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When controlling for both LAAM dose and contingency management condition, cocaine
positive urines decreased more rapidly over time in the HY group without PTSD relative to
the HY group with PTSD (z = −2.4, p = 0.015) (see figure 2). Cocaine use decreased over
time in the LY group without PTSD while increasing over time in the LY group with PTSD
(z = 4.1, p < 0.001). The change in the proportion of cocaine positive urines over time did
not differ in the HC group with PTSD relative to HC group w/o PTSD (z = −0.65, p =0.51).
Similarly, changes in the proportion of cocaine positive urines over time did not differ
between LC group with PTSD and without PTSD (z = −1.0, p = 0.32) (see figure 3).

Discussion
To our knowledge, this is the first study to examine the impact of PTSD diagnosis on the
efficacy of contingency management procedures in a dually cocaine- and opioid-dependent
population maintained at different doses of an opioid agonist. The prevalence of PTSD in
our study population (i.e., 22.6 %) is consistent with other clinical studies that report high
rates of PTSD among people in treatment for opioid dependence (life-time: 14–41%;
current: 20–31%) (15, 18, 44, 45) relative to those observed among the general population
(life-time: 1–8%; current: 1–4%) (46–49). That those with PTSD were more likely to be
female, be alcohol dependent or depressed is also consistent with previous studies. For
instance, PTSD diagnosis is reportedly more common in females (18–20). In addition,
patients diagnosed with PTSD have significantly longer histories of drinking alcohol to
intoxication (20) and are also more likely to be diagnosed with depression (19, 20).

Our study did not show any significant differences in outcome with regard to opiate positive
urines in participants with PTSD compared to those without PTSD. It has been postulated
that the need for an adequate dose of opiate medication is perhaps the most important factor
in treatment outcome, especially as it pertains to opiate use (13, 20, 32). That opioid use
differed between the high and low LAAM maintenance dose conditions (30), but not
between those with and without PTSD within each dose condition supports this view.

The finding that cocaine positive urines did not differ between those with and without a
PTSD diagnosis regardless of treatment condition during the study would seem to be in
agreement with recent studies (20, 21). However, one of these studies reported that patients
with PTSD received higher doses of opiate medication, attended more psychosocial
treatment sessions for substance-use disorder, and had better treatment retention (20). These
additional contacts may have contributed to outcomes that were similar between those with
and without PTSD.

In contrast, a trend toward earlier dropout for participants with PTSD compared to those
without PTSD was observed in the present study. Furthermore, the addition of the
contingency management condition was associated with an elimination of the differences
seen in dropout between those with and without PTSD. That participants with PTSD had
worse outcomes than participants without PTSD in terms of retention in treatment and
cocaine positive urines in the absence of contingency management is in keeping with the
findings of others demonstrating worse outcomes in patients with higher levels of PTSD
(18,19).

The fact that participants with PTSD in the contingency management conditions had greater
reductions in cocaine use over time relative to participants with PTSD in the non-
contingency condition suggests that negative outcomes due to the presence of PTSD may be
diminished by incorporating contingency management procedures that reward positive
behavior change into the treatment program. To our knowledge, this is the first report that
contingency management procedures using positive reinforcement for drug abstinence may
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improve upon treatment outcomes for those with PTSD. As such these findings extend
findings from earlier studies that demonstrate some efficacy in facilitating illicit drug
abstinence (22–30) to facilitating abstinence in the context of a comorbid psychiatric
disorder. Thus, contingency management procedures may be especially beneficial in
substance abusers with PTSD. Even within the context of a fixed opioid maintenance dose,
those with PTSD had a more rapid decline in cocaine positive urines over time in the
contingency management group relative to the yoked control. Moreover, within the yoked
control low LAAM dose condition cocaine positive urines increased over time in those with
PTSD, but decreased over time in those without PTSD. This is consistent with previous
findings (32) that lower methadone dose predicts higher rates of cocaine positive urines.
However, this earlier study did not specifically examine the impact of PTSD on treatment
outcomes. The Hien et al. (18) study also reported that new methadone patients with current
PTSD had significantly more ongoing cocaine use, at 3 months than those without PTSD.
This study did not specifically examine the interaction between dose and treatment outcome
so it is difficult to draw comparisons between these previous studies and the current study
which examines both the impact of dose and PTSD as well as contingency management on
outcomes.

It could be argued that one of the main limitations of this study relates to baseline
characteristics associated with the PTSD diagnosis. Indeed in our study population PTSD
diagnosis was associated with being female, having a lifetime alcohol diagnosis and having
a depression diagnosis. However, similar analyses including each of these as a co-factor did
not show similar patterns of effect observed with PTSD in the contingent versus non-
contingent conditions. (These data are not shown due to being beyond the scope of the
current paper.) Thus, the co-occurring presence of female sex, lifetime alcohol dependence
diagnosis or depression diagnosis does not appear to account for the more rapid decrease in
cocaine positive urines over time in those with PTSD under contingency management
relative to yoked control.

Nevertheless, there were several limitations of this study. For instance, these data were
analyzed retrospectively. Thus, treatment groups had not been stratified on PTSD diagnosis.
Be that as it may, there were not significant differences in the proportion of those with and
without PTSD across treatment groups. Moreover, retention was relatively low, with only
53% of participants completing the 12-week trial. However, the analytic strategy employed
(i.e., HLM) does allow inclusion of data from participants who have missing data, including
those who drop out prior to study completion, and uses existing data to estimate a linear
trend of changes over time, if any. Nevertheless, we cannot account for potential sample bias
due to the relatively small sample size for those with PTSD relative to those without,
although the association of PTSD with other subject characteristics did not appear to impact
outcome. In addition, given that LAAM maintenance is no longer a common opioid agonist
treatment because of the black box warnings related to adverse cardiac events, whether these
findings extend to those on methadone or buprenorphine maintenance is unclear. Additional
work is necessary in cocaine-dependent methadone and buprenorphine maintained
individuals to clarify better both the impact of PTSD diagnosis on outcome and the potential
of contingency management to improve outcomes.

Conclusion
These results suggest that dually cocaine and opioid-dependent individuals with PTSD may
have worse treatment outcomes than those without PTSD. However, in the presence of
contingency management procedures, dually cocaine and opioid dependent patients with and
without PTSD have similar treatment outcomes during opioid maintenance.
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Figure 1.
Cocaine use as a function of time over a 12 week period. Left panel: HLM Point Estimate to
show lack of any change over time in cocaine positive urines in participants with PTSD
(open squares) versus those without PTSD (closed squares). Right panel: HLM Point
Estimate to show direction of change in cocaine positive urines in participants with PTSD
receiving contingency (open circles), those with PTSD and no contingency (open squares),
those without PTSD receiving contingency (closed triangles) and those without PTSD and
no contingency (closed squares).
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Figure 2.
Cocaine use as a function of time over 12 weeks in participants receiving high dose LAAM.
Left panel: Mean percentage of cocaine positive urines in participants with PTSD receiving
contingency (HC-open circles), those with PTSD and no contingency (HY-open squares),
those without PTSD receiving contingency (HC-closed triangles) and those without PTSD
and no contingency (HY-closed squares). Right panel: HLM generated estimates to show the
direction of changes, if any.
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Figure 3.
Cocaine use as a function of time over 12 weeks in participants receiving low dose LAAM.
Left panel: Mean percentage of cocaine positive urines in participants with PTSD receiving
contingency (LC-open circles), those with PTSD and no contingency (LY-open squares),
those without PTSD receiving contingency (LC-closed triangles) and those without PTSD
and no contingency (LY-closed squares). Right panel: HLM generated estimates to show the
direction of changes, if any.
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