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Abstract

Background—Despite extensive research on gender differences in addiction, there are relatively 

few published reports comparing treatment outcomes for women versus men based on evidence-

based treatments evaluated in randomized clinical trials.

Methods—An aggregate sample comprised of data from five randomized clinical trials of 

treatment for cocaine dependence (N = 434) was evaluated for gender differences in clinical 

outcomes. Secondary analyses compared gender differences in outcome by medication condition 

(disulfiram versus no medication) and across multiple behavioral treatment conditions.

Results—Women, compared with men, had poorer treatment outcomes on multiple measures of 

cocaine use during treatment and at post-treatment follow-up. These results appear to be primarily 

accounted for by disulfiram being less effective in women compared with men. There was no 

evidence of meaningful gender differences in outcome as a function of the behavioral therapies 

evaluated.

✩Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:.
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Conclusions—These findings suggest that women and men may benefit to similar degrees from 

some empirically validated behavioral treatments for addiction. Conversely, some addiction 

pharmacotherapies, such as disulfiram, may be associated with poorer outcomes among women 

relative to men and point to the need for careful assessment of pharmacological treatments in both 

sexes prior to widespread clinical implementation.
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1. Introduction

Despite a growing appreciation of the importance of considering gender in clinical studies 

(Wetherington, 2007) and explicit National Institutes of Health (NIH) guidelines supporting 

this practice, a minority of published clinical trials test for gender-sensitive treatment effects 

(Marrocco and Stewart, 2001; Toneatto et al., 1992; Vidaver et al, 2000). Women have 

lower rates of substance use and dependence than men (SAMHSA, 2004) and represent a 

minority of those enrolled in substance use treatments (approximately 32% in the U.S.; 

Brady and Ashley, 2005). Thus, even well-controlled trials including both genders are likely 

more representative of men's treatment response or may have limited power to detect gender 

differences. Overgeneralization of results from studies in one gender can result in 

suboptimal treatment efficacy for the understudied gender (Nieuwenhoven and Klinge, 

2010).

There are several compelling reasons for carefully considering gender differences in 

treatment outcome. First, gender differences are widely reported at substance abuse 

treatment-entry on characteristics associated with clinical outcomes. Treatment-seeking 

women tend to report more medical, social/family and psychological problems, are more 

likely to meet diagnostic criteria for depression, anxiety or post-traumatic stress disorder, 

but are less likely than treatment-seeking men to meet criteria for alcohol use disorders, 

antisocial personality disorder or attention deficit hyperactivity disorder; characteristics 

associated with cocaine use outcomes (Alterman et al., 2000; Brady and Ashley, 2005; 

Carroll et al., 1993; Crits-Christoph et al, 1999; Elman et al., 2002; Grella et al., 2003; 

Griffin et al., 1989; Hien et al., 2010; McCance-Katz et al., 1999; Najavits and Lester, 2008; 

Perez de Los Cobos et al., 2011). These gender differences are not unique to cocaine-

dependent populations, but are also observed in groups dependent on other substances 

(Hernandez-Avila et al., 2004) as well as general population samples (SAMHSA, 2004). 

Demographic differences at treatment entry (e.g., women's greater likelihood of having 

children or being unemployed) impact treatment needs and accessibility and are cited as 

reasons for gender-specific treatment adaptations (Greenfield et al., 2007, 2011).

Second, clinical progression of cocaine dependence may differ by gender. Faster transition 

to problematic substance use in women than men (i.e., ‘telescoping’) was initially described 

for alcohol use disorders (e.g., Randall et al, 1999). In cocaine-dependent samples, women 

report fewer years or lower volumes of use but equivalent severity at treatment-entry 

compared with men (Griffin et al., 1989; Haas and Peters, 2000; Lozano et al., 2008; 
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McCance-Katz et al., 1999), but other studies have not found indications of ‘telescoping’ in 

cocaine samples (e.g., Hernandez-Avila et al., 2004).

Third, significant biological differences (e.g., sex-linked genetic differences, gonadal 

hormones) in addiction-relevant systems likely contribute to sex-sensitive responses to acute 

substance administration or withdrawal, which influence patterns of self-administration or 

transition to addiction (e.g., Becker and Hu, 2008; DeVito et al., 2013; Lynch, 2006; Lynch 

et al., 2002; Ramoa et al., 2013; Sinha et al., 2007; Sofuoglu et al., 1999). In as much as 

different treatments for addiction work through different mechanisms of action, biological 

sex differences may affect response to certain treatments more than others.

The literature on gender and cocaine treatment outcomes is limited and mixed. Several 

studies report no gender differences within cocaine dependent samples for behavioral 

treatments. In a randomized clinical trial (RCT) of cocaine-dependent inpatients (77M, 31F) 

receiving treatment as usual plus cocaine-specific coping-skills treatment or meditation-

relation treatment, there were no gender or gender-by-treatment differences in cocaine use 

outcomes at one year follow-up (Rohsenow et al., 2000). Cocaine-dependent individuals 

(47M, 34F) randomized to a self-regulation of cocaine cue-response using biofeedback 

versus treatment as usual found no gender or gender-by-treatment interactions on cocaine 

use outcomes, despite higher cue reactivity and better regulation of cue-response with 

biofeedback in men than women (Sterling et al., 2004). An RCT (350M, 104F, 5 sites) 

comparing manual-guided psychotherapies (individual or group drug counseling, cognitive 

therapy, supportive expressive therapy) found no gender or gender-by-treatment effects on 

cocaine use outcomes, but men transitioned between use and abstinence states (or vice 

versa) more frequently (Gallop et al., 2007). Following inpatient treatment for cocaine use 

wherein within-treatment abstinence was ensured (64M, 37F), women were less likely than 

men to relapse to cocaine by 6-month follow-up (Weiss et al., 1997). However survey data 

from individuals who had undergone standard inpatient or outpatient treatment (i.e., not an 

RCT) (65M, 29F) found no gender differences in cocaine use outcomes at one year follow-

up (McCance-Katz et al., 1999).

Several studies in mixed substance-using samples including substantial proportions of 

cocaine-dependent individuals receiving a mix of standard behavioral treatments also 

reported no gender differences in substance use outcomes. A survey of mixed substance 

users (552M, 201F, 52 sites) found no gender or gender-by-treatment-setting (residential 

versus outpatient) effects on cocaine use outcomes during treatment or follow-up but did not 

analyze by treatment type or primary substance of abuse (Stewart et al., 2003). A survey of 

cocaine or alcohol-dependent individuals (145M, 149F, 9 sites) found no gender or gender-

by-treatment (managed care versus fee-for-service) effects on addiction severity in the first 

two weeks of treatment and gender did not predict drug use outcomes at follow-up 

(Alterman et al., 2000). In a mixed substance-using sample receiving methadone-

maintenance plus counseling (343M, 205F, 6 sites), changes in frequency of cocaine use 

from baseline to 6 months post-treatment did not significantly differ (but were also not 

statistically equivalent) by gender (Mulvaney et al., 1999). In polysubstance users (72.7% 

primary cocaine), female gender was indirectly associated (via baseline resource needs) with 

greater likelihood of relapse during follow-up (Walton et al., 2003). Therefore, most survey 
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assessments (non-RCT) of mixed substance using groups receiving standard care have not 

reported finding gender differences.

In contrast, several RCTs of pharmacotherapies for cocaine dependence reported poorer 

cocaine-outcomes for women. Within cocaine-dependent individuals (122M, 69F) 

randomized to standard treatments (psychotherapy; methadone maintenance) plus disulfiram 

or placebo, men receiving disulfiram had superior clinical outcomes compared to men on 

placebo, but no clinical benefit of disulfiram was observed within women (Nich et al., 

2004). Similarly, RCTs of modafinil (157M, 53F; Dackis et al., 2012) and naltrexone plus 

CBT or medication management (116M, 48F; Pettinati et al., 2008 reported improved 

cocaine outcomes in men relative to placebo, but women tended towards worse outcomes on 

medication relative to placebo, even after accounting for depressive symptoms or alcohol 

use. Women's higher attrition rates were associated with more baseline psychiatric 

symptoms and more naltrexone-induced nausea (Pettinati et al., 2008; Suh et al., 2008)). 

Although a memantine trial reported no gender differences, this reflected no effects of 

medication versus placebo in either gender, and no gender difference in the effect of 

concurrent psychotherapy on cocaine outcomes (Bisaga et al., 2010). The one study 

reporting better cocaine use outcomes in women on standard treatment plus 

pharmacotherapy was a small trial (53M, 19F) that did not report gender-by-medication 

condition analyses (desipramine or lithium carbonate versus placebo), and gender 

differences only emerged in the follow-up period, not during the active medication trial 

period. Thus, it was not possible to determine whether women benefitted from the 

medications more than men (Kosten et al., 1993).

Therefore, a substantial majority of studies of behavioral treatments have found no gender 

differences in cocaine outcomes, while the fewer existing reports on pharmacotherapies tend 

to report poorer cocaine outcomes in women compared with men during the active 

medication phase. However, in the cocaine treatment outcome literature as a whole, gender 

analyses are often not reported. Frequent problems with this literature are that careful 

description of the treatment modalities administered and indicators of treatment dose/

engagement are often not reported, analysis for differential gender effects across treatment 

condition are not always considered, sample sizes are varied and some of the available data 

on larger datasets are based on survey studies across clinics (which often include mixed and 

undefined treatment conditions) rather than RCTs.

Given the dearth of clinical trials of cocaine treatment that administer controlled treatment 

types and report on gender analyses overall or by treatment subtype, we evaluated gender 

differences in response to an evidence-based pharmacotherapy (disulfiram) and behavioral 

therapies (e.g., cognitive behavioral therapy, twelve-step facilitation) for cocaine 

dependence in an aggregate sample of five RCTs. Parallel methods and assessment batteries 

permitted evaluation of a comparatively large and heterogeneous sample. We assessed 

whether there were gender differences in clinical outcomes during treatment or follow-up, or 

gender-by-treatment interactions for evidence-based pharmacological and behavioral 

therapies. Based on the literature reviewed above, we hypothesized that women would show 

less therapeutic benefit from disulfiram than men (e.g., McCance-Katz et al., 1999; Nich et 
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al., 2004) but we did not predict significant gender differences in outcomes from behavioral 

therapies (e.g., Rohsenow et al., 2000; Sterling et al., 2004; Woody et al., 2003).

2. Method

2.1. Participants

Participants (N = 434; 291M, 143F) were outpatient treatment-seeking individuals who met 

DSM-IV criteria for cocaine dependence as their primary diagnosis and reported using 

cocaine in the prior month.

2.2. Procedures

The data represent a combined dataset from five RCTs of cocaine-dependent individuals 

receiving behavioral and/or pharmacological treatments, delivered in outpatient clinic 

settings. The combined dataset was compiled for and used in a previous set of analyses 

which focused on cocaine-dependence and involved analyses with one-year follow-up 

outcomes (Carroll et al., 2014).

The main study procedures and outcomes from the five RCTs are described in detail 

elsewhere (Carroll et al., 2008, 2009, 2004, 2014, 2000, 1998; Carroll et al., under review; 

see Table 1 for overview). For the RCTs, participants were assessed at pre-treatment, during 

treatment and at post-treatment follow-up appointments for up to one year. Common 

assessments included the Structured Clinical Interview for DSM-IV (SCID; Spitzer et al., 

1990) to assess Axis I psychiatric co-morbidities and Antisocial Personality Disorder 

(ASPD); the Addiction Severity Index (ASI; McLellan et al., 1992), a structured interview 

measuring problem severity across a range of domains affected by substance use (see 

Supplemental Material for detailed description of ASI Composite Scores1); at least weekly 

urine toxicology screens throughout treatment; and self-reported recent substance use with 

the Timeline Follow-back method (Carroll et al., 2004; Robinson et al., 2012; Sobell and 

Sobell, 1992), which involves calendar-guided retrospective day-to-day reporting of 

substance use across a recent time point of interest (e.g., since prior visit).

2.3. Data analyses

We used analysis of variance (ANOVA), chi-square tests and logistic regression to compare 

men and women within the overall combined dataset on (I) baseline demographic and 

clinical measures; (II) clinical outcomes; (III) differential response to pharmacological or 

behavioral treatments; and (IV) analyses of gender differences in clinical outcomes were re-

run including baseline variables that differed by gender as covariates. Primary clinical 

outcomes were those found to be most reliable, sensitive, and predictive of longer-term 

functioning in this sample (Carroll et al., 2014). Secondary analyses including study as a 

random effect did not significantly alter the results (data not shown).

To assess differential effects of disulfiram on clinical outcome by gender, the sample was 

grouped into those randomized to any treatment condition including disulfiram (without 

1Supplementary material can be found by accessing the online version of this paper at http://dx.doi.org and by entering doi:…
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regard to additional behavioral or psychological treatment conditions (N = 212)) versus 

randomized to no medication conditions (including placebo or no-medication conditions (N 

= 222)). Although these analyses assess within treatment and follow-up time points, 

disulfiram (or placebo) treatment was offered during the active treatment phase, and was not 

provided during follow-up.

To assess differential effects of behavioral treatment condition on clinical outcome by 

gender, individuals randomized to any disulfiram condition were excluded; hence these 

behavioral treatment analyses only included individuals assigned to placebo or no 

medication conditions. Individuals from one of the trials (Study E; Carroll et al., under 

review) were excluded for this analysis since CBT was included as a platform treatment in 

that study (to which CM and DSF were added), precluding evaluation of specific treatment 

by gender responses. Remaining individuals were coded as randomized to the following 

treatment conditions: CBT (N = 57), TSF (N = 48) or OTHER (including control and TAU 

conditions; N = 75).

3. Results

3.1. Baseline gender differences

Baseline variables by gender are presented in Table 2. Relative to men, women were less 

likely to have completed high school, paid for fewer days of work in the prior month, more 

likely to be on public assistance, and had lower ASI employment composite scores. Women 

were more likely to have a lifetime diagnosis of major depression, but less likely to have a 

lifetime diagnosis of an alcohol use disorder or antisocial personality disorder. Women 

reported fewer days of alcohol use in the month prior to treatment, but did not significantly 

differ from men in reported days of cocaine, cannabis, or cigarette use in that period. 

Although women showed a trend towards a later age of cocaine-use onset, women had more 

prior outpatient substance use treatments and higher ASI cocaine composite scores at 

baseline than men.

3.2. Gender differences in clinical outcomes

Table 3 presents overall within-treatment and follow-up outcomes by gender. Men and 

women did not significantly differ on indicators of treatment dose and compliance (days in 

treatment, number of urines submitted). However, women had poorer substance use 

outcomes (see Fig. 1). Women reported more days of cocaine use, were less likely to report 

3 or more weeks of consecutive abstinence, and submitted a higher percentage of cocaine-

positive urines than men during active treatment. Women, compared to men, also reported 

more days of psychological trouble in the month prior to their final within-treatment ASI 

assessment. During the post-treatment follow-up period, women reported more days of 

cocaine use within the first follow-up month, but there were no significant gender 

differences by 6 or 12 month follow-ups.

3.3. Differential effects of gender-by-treatment condition

Analyses evaluating outcomes by medication condition and gender are presented in Table 4. 

Although there was an effect of medication condition on days in treatment (with participants 
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receiving disulfiram showing better treatment retention), there were no gender or gender-by-

medication group interactions on treatment compliance measures (days in treatment, number 

of urines submitted). Gender-by-medication group interactions on percent days self-reported 

abstinence during treatment reflected a diminished benefit from disulfiram for women 

relative to men during treatment (see Fig. 2). This difference did not persist through follow-

up, when medications were no longer administered. Other non-significant trends in 

treatment outcome indicators suggested men benefitted from disulfiram more than women.

Data for behavioral treatment condition-by-gender analyses for clinical outcome variables 

are presented in Table 5. Within the sample not receiving disulfiram, there were no overall 

gender differences in treatment outcomes and no gender-by-behavioral treatment condition 

effects on any measure of treatment compliance or outcome.

3.4. Covarying for baseline gender differences

The pattern of results held when analyses of gender on clinical outcomes or gender-by-

treatment type were re-run including the following baseline variables as covariates: ASI 

alcohol and employment composite scores, number of previous outpatient treatments, and 

lifetime diagnoses of alcohol use disorder, major depression, and antisocial personality 

disorder, as determined by the SCID.

4. Discussion

4.1. Summary

Data from this aggregate sample drawn from five RCTs evaluating different forms of 

treatment for cocaine dependence found the following: First, in terms of baseline 

differences, women and men differed in rates of co-morbid psychiatric disorders, 

socioeconomic status and alcohol use, but not on baseline indicators of cocaine use 

frequency, duration, or route of administration. Second, women had poorer treatment 

outcomes than men across a range of clinical indicators, including measures of cocaine use 

during treatment and early follow-up. Third, analyses by treatment condition found support 

for poorer treatment outcomes for women than men amongst patients receiving disulfiram, 

but did not identify gender differences in outcomes amongst patients receiving behavioral 

treatment without disulfiram. Finally, the findings remained consistent when baseline gender 

differences were included as covariates.

The gender differences in pre-treatment clinical characteristics were consistent with patterns 

previously reported in the literature, supporting the clinical representativeness of this 

sample. Women had lower rates of lifetime alcohol use disorders and ASPD, higher rates of 

lifetime major depression, and unemployment than men, replicating findings in other clinical 

SUD samples (Griffin et al., 1989; Hernandez-Avila et al., 2004; White et al., 1996), and 

general population samples (SAMHSA, 2004). Baseline cocaine use indices were generally 

consistent with ‘telescoping’. Women trended towards later age of first use yet had more 

prior substance use treatments. While the genders did not differ in days of cocaine use in the 

month prior to treatment, women reported higher ASI cocaine composite scores, indicating 

greater severity of cocaine-associated problems. Patterns similarly consistent with cocaine 
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‘telescoping’ have been reported in other samples (Griffin et al, 1989; Haas and Peters, 

2000; Lozano et al., 2008; McCance-Katz et al., 1999).

To assess whether baseline gender differences contributed to differential treatment outcomes 

we re-ran analyses including these baseline variables as covariates. The same overall pattern 

of results remained, suggesting our findings are not explained by gender differences at 

treatment entry, but by treatment response. Our findings are consistent with previous reports 

that baseline gender differences do not fully account for gender differences in treatment 

outcomes (e.g., Dackis et al, 2012; Pettinati et al, 2008).

In this aggregate sample, women's poorer cocaine use outcomes following treatment 

appeared to be driven more by their poorer response to disulfiram treatment, rather than by 

differential response to behavioral therapies. It is noteworthy that the gender differences in 

outcomes were less pronounced over the follow-up period (when medications were no 

longer administered), compared to the within-treatment period. These findings replicate and 

extend previous findings from our group in a smaller yet partially overlapping sample 

showing disulfiram to be less effective in women than men for the treatment of cocaine 

dependence (Nich et al., 2004). Additionally, these findings are consistent other trials of 

pharmacotherapies for cocaine dependence showing poorer outcomes in women (Dackis et 

al., 2012; Pettinati et al., 2008). None of these trials were specifically designed to assess 

gender differences so these findings should be interpreted with caution. However, the 

pattern across trials should encourage careful assessment of pharmacological treatments in 

both sexes prior to widespread clinical implementation.

Women may experience more frequent adverse reactions to pharmacotherapies (Domecq et 

al., 1980), which may contribute to diminished efficacy (e.g., non-compliance, drop-out). 

However, in our sample there were no medication-by-gender interactions on treatment-

engagement measures (days in treatment, number of urines submitted) and individuals 

randomized to disulfiram remained in treatment for longer. So, early treatment drop-out 

does not explain gender effects in this sample.

It is not clear whether poorer outcomes in women on disulfiram are specific to its efficacy in 

treating cocaine dependence or also extends to other applications. Although no 

pharmacotherapies are approved for treatment of cocaine dependence, disulfiram is an 

approved pharmacotherapy for alcohol use disorders. The landmark studies testing 

disulfiram's efficacy in treating alcohol use disorders were predominantly in men (e.g., 

Fuller et al., 1986; Fuller and Roth, 1979; Ling et al., 1983) or included few women and did 

not report results by gender (e.g., 120M, 20F; Chick et al., 1992). Female gender predicted 

poorer 6-month post-treatment outcomes in an alcohol dependence treatment study (176M, 

33F) wherein 82% of patients were prescribed disulfiram during the treatment period 

alongside other treatments (Aguiar et al., 2012). However, treatments were not randomly 

assigned, and neither the breakdown of numbers of men and women receiving disulfiram 

nor gender-by-treatment analyses were included. Therefore, it is unclear whether women's 

poorer outcomes were disulfiram-dependent. Given the relative dearth of data testing the 

efficacy of disulfiram in women for addictive behaviors, this topic deserves more direct 

assessment.
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Several potential mechanisms of action of disulfiram as a treatment for cocaine dependence 

have been proposed. Disulfiram is thought to reduce alcohol use largely due to its effects on 

alcohol metabolism that result in an aversive reaction to alcohol (e.g., nausea; Kitson, 1977). 

Due to the high rates of co-morbid alcohol use disorders in cocaine dependent populations 

and frequency of concurrent alcohol and cocaine consumption (e.g., Carroll et al.,1993), 

disulfiram was proposed as a treatment for cocaine dependence partly on the logic that its 

reduction of alcohol consumption would mediate its effects on cocaine use (e.g., Higgins et 

al., 1993). In our sample, women reported less alcohol use and alcohol-related problems and 

lower rates of lifetime alcohol use disorders at pre-treatment compared to men. However, 

covarying for baseline alcohol variables did not significantly change the pattern of findings. 

Furthermore, self-reported alcohol use during treatment was very low in both the medication 

and placebo groups in the disulfiram trials, perhaps due to participants being strongly 

advised to avoid alcohol use since the study medication could interact negatively with 

alcohol. In addition, within women in this sample there was no significant lifetime alcohol 

use disorder diagnosis by medication condition effects on within-treatment or follow-up 

cocaine use outcomes (data not shown), further suggesting that lower rates of alcohol use 

disorders in the women were unlikely to be accounting for disulfiram's diminished efficacy 

in women relative to men. Previous studies have found disulfiram to reduce cocaine use 

even in individuals who do not concurrently abuse alcohol (Carroll et al., 2004; George et 

al., 2000; Petrakis et al., 2000). As such, gender differences in alcohol use are unlikely to 

fully explain differential responses to disulfiram.

Disulfiram has also been proposed to influence cocaine use by other mechanisms (for 

review, Gaval-Cruz and Weinshenker, 2009). For example, disulfiram affects cocaine 

metabolism, possibly shifting the rewarding or aversive properties of acute cocaine. 

Disulfiram has been proposed to normalize dopaminergic tone in hypodopaminergic cocaine 

dependent individuals. Disulfiram may also interference with cocaine's addictive properties, 

through its action on dopamine or indirect impact on noradrenaline or glutamate systems. 

Therefore, sex differences in cocaine's acute rewarding or aversive properties (e.g., Lynch, 

2006; Sofuoglu et al., 1999); striatal dopaminergic function (e.g., Laakso et al., 2002); or 

effects of dopamine-manipulations on addiction-relevant cognitive effects (de Wit et al., 

2012; Robinson et al., 2010) are all candidate mechanisms through which disulfiram may 

have sex-sensitive effects on cocaine use.

In contrast, these analyses provided little support for gender differences in primary clinical 

outcomes with behavioral treatments. Within the sample that received behavioral treatment 

without disulfiram, no significant gender or gender-by-treatment type effects were observed 

on cocaine outcomes. These findings are consistent with the bulk of prior research in 

behavioral treatments reviewed above, and extend these findings to different behavioral 

treatments (e.g., CBT), which have not been formally assessed in this manner in cocaine-

dependent samples. One possible reason why behavioral treatments may have less gender-

sensitive effects than pharmacological treatments could be that behavioral therapies' 

mechanisms of action may be broader and more varied than those of pharmacotherapies. For 

example, if a given medication predominantly works by diminishing the rewarding 

properties of acute cocaine administration (e.g., ‘high’), that medication will be most 

effective in individuals whose drug-taking is primarily driven by that ‘high’ and may be 
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ineffective in individuals whose cocaine use is primarily driven by other factors (e.g., to 

alleviate a negative mood state). In contrast, psychotherapies such as CBT incorporate a 

range of behavioral and cognitive strategies and skills (Carroll, 1998) which may be more 

broadly applicable and adaptable to individuals' drug use patterns and motivations. 

Additionally, in most cases, behavioral therapies are intended to be targeted to the patient's 

greatest need, which may allow them to effectively address gender differences at treatment 

entry, even when gender-specific approaches are not being deliberately employed.

4.2. Strengths and limitations

This study has several strengths. The five studies included in the aggregate sample were all 

RCTs with participants randomized to well-defined evidence-based treatments versus 

control conditions. Measures of treatment engagement were collected and substance use 

outcomes were available for the treatment and follow-up periods. The sample size was large 

relative to most other clinical trials investigating gender differences. Use of data from 

separate trials spanning decades and several clinical settings may increase the 

generalizability of the findings. We analyzed a range of well-validated and widely-used 

cocaine and other life (as measured by ASI) outcomes.

Despite substantial strengths, there are some noteworthy limitations. The studies were not 

primarily designed to assess gender differences and included a range of treatment types. We 

had less power to detect behavioral treatment differences than medication treatment 

differences, due to comparison across three behavioral treatment conditions and smaller 

sample size after excluding medicated individuals and one group of participants (Study E). 

Behavioral therapy analyses focused on CBT, TSF and a range of control conditions 

(typically ‘treatment as usual’). Since the original studies were not designed to directly 

compare these three conditions, additional study-related variance (e.g., treatment setting, 

therapists, total treatment time) were not controlled across these conditions. As such, these 

findings do not rule out the possibility of gender differences in certain clinical outcomes 

from these or other behavioral therapies and the analyses comparing behavioral treatments 

should be considered preliminary. Structured, well-validated assessment measures (e.g., 

urine toxicology) were used to minimize bias, but societal expectations of gender roles and 

related reporting biases could still have influenced outcomes; particularly with the ASI 

composite scores which include participants' subjective assessment of severity and need for 

treatment. Since this was a secondary analysis of existing data, some variables of interest for 

gender differences were unfortunately unavailable (e.g., sexual, emotional or physical abuse 

history, post-traumatic stress disorder or Axis II personality disorders other than ASPD). 

Furthermore, factors related to gender roles (e.g., child-rearing or child-custody concerns, 

substance use of the current partner) could not be assessed with this secondary analysis, but 

should be examined in further studies. Finally, different aspects of treatment engagement, 

treatment satisfaction, quality of life or other life functioning metrics may be important to 

assess further in the context of evidence for gender differences in motivations for treatment 

and life consequences from substance dependence.
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4.3. Conclusions

These findings reinforce the importance of considering gender-sensitive effects of novel or 

established treatments for substance use disorders. While behavioral treatments appear to be 

efficacious for men and women, disulfiram appears less effective for treating cocaine 

dependence in women than in men. Gender difference analyses in treatment outcome 

research should be more consistently integrated with ongoing research into the mechanisms 

of actions for behavioral or pharmacological therapies, given the literature suggesting 

gender differences in mechanisms contributing to the development and maintenance of 

addictive behaviors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We gratefully acknowledge Tami Frankforter and Karen Hun-kele for their invaluable help with assembling the 
dataset and the participants, research staff and colleagues who participated in the original clinical trials.

Role of funding source: Support for this study was provided by a supplement to National Institute on Drug Abuse 
(NIDA) grant R01 DA015969-09S1 (Carroll, PI), as well as grants P50-DA09241 and U10 DA015831 (Carroll, 
PI). Dr. DeVito was supported by K12DA031050 (BIRCWH, CM Mazure, PI) from ORWH, NIDA, NIAAA and 
OD. The funding bodies had no further role in study design; in the collection, analysis and interpretation of data; in 
the writing of the report; or in the decision to submit the paper for publication.

References

Aguiar P, Neto D, Lambaz R, Chick J, Ferrinho P. Prognostic factors during outpatient treatment for 
alcohol dependence: cohort study with 6 months of treatment follow-up. Alcohol Alcohol. 2012; 
47:702–710. [PubMed: 22986010] 

Alterman AI, Randall M, McLellan AT. Comparison of outcomes by gender and for fee-for-service 
versus managed care: a study of nine community programs. J Subst Abuse Treat. 2000; 19:127–134. 
[PubMed: 10963924] 

Baker, SM. Twelve Step Facilitation Therapy for Drug Abuse and Dependence. Yale University 
Psychotherapy Development Center; New Haven: 1998. 

Becker JB, Hu M. Sex differences in drug abuse. Front Neuroendocrinol. 2008; 29:36–47. [PubMed: 
17904621] 

Bisaga A, Aharonovich E, Cheng WY, Levin FR, Mariani JJ, Raby WN, Nunes EV. A placebo-
controlled trial of memantine for cocaine dependence with high-value voucher incentives during a 
pre-randomization lead-in period. Drug Alcohol Depend. 2010; 111:97–104. [PubMed: 20537812] 

Brady, TM.; Ashley, OS. Women In Substance Abuse Treatment: Results From The Alcohol And 
Drug Services Study (ADSS). SAMHSA, Office of Applied Studies; 2005. http://www.samhsa.gov/
data/womentx/womentx.pdf

Carroll, KM. A Cognitive-Behavioral Approach: Treating Cocaine Addiction. NIDA; Rockville, MD: 
1998. 

Carroll KM, Ball SA, Martino S, Nich C, Babuscio T, Gordon MA, Portnoy GA, Rounsaville BJ. 
Computer-assisted cognitive-behavioral therapy for addiction. A randomized clinical trial of 
‘CBT4CBT’. Am J Psychiatr. 2008; 165:881–888. [PubMed: 18450927] 

Carroll KM, Ball SA, Martino S, Nich C, Babuscio TA, Rounsaville BJ. Enduring effects of a 
computer-assisted training program for cognitive behavioral therapy: a 6-month follow-up of CBT4. 
CBT Drug Alcohol Depend. 2009; 100:178–181.

DeVito et al. Page 11

Drug Alcohol Depend. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.samhsa.gov/data/womentx/womentx.pdf
http://www.samhsa.gov/data/womentx/womentx.pdf


Carroll KM, Fenton LR, Ball SA, Nich C, Frankforter TL, Shi J, Rounsaville BJ. Efficacy of 
disulfiram and cognitive behavior therapy in cocaine-dependent outpatients: a randomized 
placebo-controlled trial. Arch Gen Psychiatry. 2004; 61:264–272. [PubMed: 14993114] 

Carroll KM, Kiluk BD, Nich C, DeVito EE, Decker SD, LaPaglia D, Duffey D, Babuscio TA, Ball 
SA. Toward empirical identification of a clinically meaningful indicator of treatment outcome: 
features of candidate indicators and evaluation of sensitivity to treatment effects and relationship 
to one year follow up cocaine use outcomes. Drug Alcohol Depend. 2014; 137:3–19. [PubMed: 
24556275] 

Carroll KM, Nich C, Ball SA, McCance E, Frankforter TL, Rounsaville BJ. One-year follow-up of 
disulfiram and psychotherapy for cocaine-alcohol users: sustained effects of treatment. Addiction. 
2000; 95:1335–1349. [PubMed: 11048353] 

Carroll KM, Nich C, Ball SA, McCance E, Rounsavile BJ. Treatment of cocaine and alcohol 
dependence with psychotherapy and disulfiram. Addiction. 1998; 93:713–727. [PubMed: 
9692270] 

Carroll KM, Nich C, Petry NM, et al. Disulfiram and contingency management to enhance CBT for 
cocaine dependence: Effects on cocaine use. under review. 

Carroll KM, Nich C, Shi JM, Eagan D, Ball SA. Efficacy of disulfiram and Twelve Step Facilitation in 
cocaine-dependent individuals maintained on methadone: a randomized placebo-controlled trial. 
Drug Alcohol Depend. 2012b; 126:224–231. [PubMed: 22695473] 

Carroll KM, Rounsaville BJ, Bryant KJ. Alcoholism in treatment-seeking cocaine abusers: clinical and 
prognostic significance. J Stud Alcohol. 1993; 54:199–208. [PubMed: 8459714] 

Carroll KM, Nich C, Lapaglia DM, Peters EN, Easton CJ, Petry NM. Combining cognitive behavioral 
therapy and contingency management to enhance their effects in treating cannabis dependence: 
less can be more, more or less. Addiction. 2012a; 107(9):1650–1659. [PubMed: 22404223] 

Chick J, Gough K, Falkowski W, Kershaw P, Hore B, Mehta B, Ritson B, Ropner R, Torley D. 
Disulfiram treatment of alcoholism. Br J Psychiatry. 1992; 161:84–89. [PubMed: 1638335] 

Crits-Christoph P, Siqueland L, Blaine J, Frank A, Luborsky L, Onken LS, Muenz LR, Thase ME, 
Weiss RD, Gastfriend DR, Woody GE, Barber JP, Butler SF, Daley D, Salloum I, Bishop S, 
Najavits LM, Lis J, Mercer D, Griffin ML, Moras K, Beck AT. Psychosocial treatments for 
cocaine dependence: National Institute on Drug Abuse Collaborative Cocaine Treatment Study. 
Arch Gen Psychiatry. 1999; 56:493–502. [PubMed: 10359461] 

Dackis CA, Kampman KM, Lynch KG, Plebani JG, Pettinati HM, Sparkman T, O'Brien CP. A double-
blind, placebo-controlled trial of modafinil for cocaine dependence. J Subst Abuse Treat. 2012; 
43:303–312. [PubMed: 22377391] 

de Wit S, Standing HR, DeVito EE, Robinson OJ, Ridderinkhof KR, Robbins TW, Sahakian BJ. 
Reliance on habits at the expense of goal-directed control following dopamine precursor depletion. 
Psychopharmacology (Berl). 2012; 219:621–631. [PubMed: 22134475] 

DeVito EE, Herman AI, Waters AJ, Valentine GW, Sofuoglu M. Subjective, Physiological, and 
cognitive responses to intravenous nicotine: effects of sex and menstrual cycle phase. 
Neuropsychopharmacology. 2013; 39:1431–1440. [PubMed: 24345818] 

Domecq C, Naranjo CA, Ruiz I, Busto U. Sex-related variations in the frequency and characteristics of 
adverse drug reactions. Int J Clin Pharmacol Ther Toxicol. 1980; 18:362–366. [PubMed: 7409941] 

Elman I, Karlsgodt KH, Gastfriend DR, Chabris CF, Breiter HC. Cocaine-primed craving and its 
relationship to depressive symptomatology in individuals with cocaine dependence. J 
Psychopharmacol. 2002; 16:163–167. [PubMed: 12095075] 

Fuller RK, Branchey L, Brightwell DR, Derman RM, Emrick CD, Iber FL, James KE, Lacoursiere 
RB, Lee KK, Lowenstam I. Disulfiram treatment of alcoholism. A Veterans Administration 
cooperative study. JAMA. 1986; 256:1449–1455. [PubMed: 3528541] 

Fuller RK, Roth HP. Disulfiram for the treatment of alcoholism, an evaluation in 128 men. Ann Intern 
Med. 1979; 90:901–904. [PubMed: 389121] 

Gallop RJ, Crits-Christoph P, Ten Have TR, Barber JP, Frank A, Griffin ML, Thase ME. Differential 
transitions between cocaine use and abstinence for men and women. J Consult Clin Psychol. 2007; 
75:95–103. [PubMed: 17295568] 

DeVito et al. Page 12

Drug Alcohol Depend. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Gaval-Cruz M, Weinshenker D. Mechanisms of disulfiram-induced cocaine abstinence: antabuse and 
cocaine relapse. Mol Interventions. 2009; 9:175–187.

George TP, Chawarski MC, Pakes J, Carroll KM, Kosten TR, Schottenfeld RS. Disulfiram versus 
placebo for cocaine dependence in buprenorphine-maintained subjects: a preliminary trial. Biol 
Psychiatry. 2000; 47:1080–1086. [PubMed: 10862808] 

Greenfield SF, Brooks AJ, Gordon SM, Green CA, Kropp F, McHugh RK, Lincoln M, Hien D, Miele 
GM. Substance abuse treatment entry, retention, and outcome in women: a review of the literature. 
Drug Alcohol Depend. 2007; 86:1–21. [PubMed: 16759822] 

Greenfield SF, Rosa C, Putnins SI, Green CA, Brooks AJ, Calsyn DA, Cohen LR, Erickson S, Gordon 
SM, Haynes L, Killeen T, Miele G, Tross S, Winhusen T. Gender research in the National Institute 
on Drug Abuse National Treatment Clinical Trials Network: a summary of findings. Am J Drug 
Alcohol Abuse. 2011; 37:301–312. [PubMed: 21854272] 

Grella CE, Joshi V, Hser YI. Followup of cocaine-dependent men and women with antisocial 
personality disorder. J Subst Abuse Treat. 2003; 25:155–164. [PubMed: 14670521] 

Griffin ML, Weiss RD, Mirin SM, Lange U. A comparison of male and female cocaine abusers. Arch 
Gen Psychiatry. 1989; 46:122–126. [PubMed: 2913971] 

Haas AL, Peters RH. Development of substance abuse problems among drug-involved offenders, 
evidence for the telescoping effect. J Subst Abuse. 2000; 12:241–253. [PubMed: 11367602] 

Hernandez-Avila CA, Rounsaville BJ, Kranzler HR. Opioid-, cannabis- and alcohol-dependent women 
show more rapid progression to substance abuse treatment. Drug Alcohol Depend. 2004; 74:265–
272. [PubMed: 15194204] 

Hien DA, Jiang H, Campbell AN, Hu MC, Miele GM, Cohen LR, Brigham GS, Capstick C, Kulaga A, 
Robinson J, Suarez-Morales L, Nunes EV. Do treatment improvements in PTSD severity affect 
substance use outcomes? A secondary analysis from a randomized clinical trial in NIDA's Clinical 
Trials Network. Am J Psychiatry. 2010; 167:95–101. [PubMed: 19917596] 

Higgins ST, Budney AJ, Bickel WK, Hughes JR, Foerg F. Disulfiram therapy in patients abusing 
cocaine and alcohol. Am J Psychiatry. 1993; 150:675–676. [PubMed: 8465895] 

Kitson TM. The disulfiram—ethanol reaction: a review. J Stud Alcohol. 1977; 38:96–113. [PubMed: 
319300] 

Kosten TA, Gawin FH, Kosten TR, Rounsaville BJ. Gender differences in cocaine use and treatment 
response. J Subst Abuse Treat. 1993; 10:63–66. [PubMed: 8450576] 

Laakso A, Vilkman H, Bergman J, Haaparanta M, Solin O, Syvalahti E, Salokan-gas RK, Hietala J. 
Sex differences in striatal presynaptic dopamine synthesis capacity in healthy subjects. Biol 
Psychiatry. 2002; 52:759–763. [PubMed: 12372667] 

Ling W, Weiss DG, Charuvastra VC, O'Brien CP. Use of disulfiram for alcoholics in methadone 
maintenance programs. A Veterans Administration Cooperative Study. Arch Gen Psychiatry. 
1983; 40:851–854. [PubMed: 6347118] 

Lozano OM, Domingo-Salvany A, Martinez-Alonso M, Brugal MT, Alonso J, de la Fuente L, 
Investigators I. Health-related quality of life in young cocaine users and associated factors. Qual 
Life Res. 2008; 17:977–985. [PubMed: 18679826] 

Lynch WJ. Sex differences in vulnerability to drug self-administration. Exp Clin Psychopharmacol. 
2006; 14:34–41. [PubMed: 16503703] 

Lynch WJ, Roth ME, Carroll ME. Biological basis of sex differences in drug abuse: preclinical and 
clinical studies. Psychopharmacology (Berl). 2002; 164:121–137. [PubMed: 12404074] 

Marrocco A, Stewart DE. We've come a long way, maybe: recruitment of women and analysis of 
results by sex in clinical research. J Womens Health Gend Based Med. 2001; 10:175–179. 
[PubMed: 11268300] 

McCance-Katz EF, Carroll KM, Rounsaville BJ. Gender differences in treatment-seeking cocaine 
abusers—implications for treatment and prognosis. Am J Addict. 1999; 8:300–311. [PubMed: 
10598213] 

McLellan AT, Kushner H, Metzger D, Peters R, Smith I, Grissom G, Pettinati H, Argeriou M. The 
fifth edition of the addiction severity index. J Subst Abuse Treat. 1992; 9:199–213. [PubMed: 
1334156] 

DeVito et al. Page 13

Drug Alcohol Depend. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Mulvaney FD, Brown LS Jr, Alterman AI, Sage RE, Cnaan A, Cacciola J, Rutherford M. Methadone-
maintenance outcomes for Hispanic and African-American men and women. Drug Alcohol 
Depend. 1999; 54:11–18. [PubMed: 10101613] 

Najavits LM, Lester KM. Gender differences in cocaine dependence. Drug Alcohol Depend. 2008; 
97:190–194. [PubMed: 18571340] 

Nich C, McCance-Katz EF, Petrakis IL, Cubells JF, Rounsaville BJ, Carroll KM. Sex differences in 
cocaine-dependent individuals' response to disulfiram treatment. Addict Behav. 2004; 29:1123–
1128. [PubMed: 15236812] 

Nieuwenhoven L, Klinge I. Scientific excellence in applying sex-and gender-sensitive methods in 
biomedical and health research. J Womens Health. 2010; 19:313–321.

O'Malley SS, Carroll KM. Psychotherapeutic considerations in pharmacological trials. Alcohol Clin 
Exp Res. 1996; 20(7 Suppl):17A–22A.

Perez de Los Cobos J, Sinol N, Puerta C, Cantillano V, Lopez Zurita C, Trujols J. Features and 
prevalence of patients with probable adult attention deficit hyperactivity disorder who request 
treatment for cocaine use disorders. Psychiatry Res. 2011; 185:205–210. [PubMed: 20537723] 

Petrakis IL, Carroll KM, Nich C, Gordon LT, McCance-Katz EF, Frankforter T, Rounsaville BJ. 
Disulfiram treatment for cocaine dependence in methadone-maintained opioid addicts. Addiction. 
2000; 95:219–228. [PubMed: 10723850] 

Petry NM, Martin B, Cooney JL, Kranzler HR. Give them prizes, and they will come: contingency 
management for treatment of alcohol dependence. J Consult Clin Psychol. 2000; 68(2):250–257. 
[PubMed: 10780125] 

Pettinati HM, Kampman KM, Lynch KG, Suh JJ, Dackis CA, Oslin DW, O'Brien CP. Gender 
differences with high-dose naltrexone in patients with co-occurring cocaine and alcohol 
dependence. J Subst Abuse Treat. 2008; 34:378–390. [PubMed: 17664051] 

Ramoa CP, Doyle SE, Naim DW, Lynch WJ. Estradiol as a mechanism for sex differences in the 
development of an addicted phenotype following extended access cocaine self-administration. 
Neuropsychopharmacology. 2013; 38:1698–1705. [PubMed: 23481437] 

Randall CL, Roberts JS, Del Boca FK, Carroll KM, Connors GJ, Mattson ME. Telescoping of 
landmark events associated with drinking: a gender comparison. J Stud Alcohol. 1999; 60:252–
260. [PubMed: 10091964] 

Robinson OJ, Standing HR, DeVito EE, Cools R, Sahakian BJ. Dopamine precursor depletion 
improves punishment prediction during reversal learning in healthy females but not males. 
Psychopharmacology (Berl). 2010; 211:187–195. [PubMed: 20495788] 

Robinson SM, Sobell LC, Sobell MB, Leo GI. Reliability of the timeline followback for cocaine, 
cannabis, and cigarette use. Psychol Addict Behav. 2012; 28:154–162. [PubMed: 23276315] 

Rohsenow DJ, Monti PM, Martin RA, Michalec E, Abrams DB. Brief coping skills treatment for 
cocaine abuse: 12-month substance use outcomes. J Consult Clin Psychol. 2000; 68:515–520. 
[PubMed: 10883569] 

Rounsaville BJ, Gawin F, Kleber H. Interpersonal psychotherapy adapted for ambulatory cocaine 
abusers. Am J Drug Alcohol Abuse. 1985; 11(3-4):171–191. [PubMed: 4091157] 

SAMHSA. Results from the 2003 National Survey on Drug Use and Health: National Findings. 
SAMHSA; Rockville, MD: 2004. 

Sinha R, Fox H, Hong KI, Sofuoglu M, Morgan PT, Bergquist KT. Sex steroid hormones, stress 
response, and drug craving in cocaine-dependent women: implications for relapse susceptibility. 
Exp Clin Psychopharmacol. 2007; 15:445–452. [PubMed: 17924778] 

Sobell, KM.; Sobell, MB. Timeline followback: a technique for assessing self-reported alcohol 
consumption. In: Litten, RZ.; Allen, J., editors. Measuring Alcohol Consumption: Psychosocial 
And Biological Methods. Humana Press; Tottowa, NJ: 1992. p. 41-72.

Sofuoglu M, Dudish-Poulsen S, Nelson D, Pentel PR, Hatsukami DK. Sex and menstrual cycle 
differences in the subjective effects from smoked cocaine in humans. Exp Clin Psychopharmacol. 
1999; 7:274–283. [PubMed: 10472516] 

Spitzer, RL.; Williams, JBW.; Gibbon, M.; First, MB. Structured Clinical Interview for DSM-III-R-
Patient Edition (With Psychotic Screen-Version 1.0). American Psychiatric Press, Inc.; 
Washington, DC: 1990. 

DeVito et al. Page 14

Drug Alcohol Depend. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Sterling RC, Dean J, Weinstein SP, Murphy J, Gottheil E. Gender differences in cue exposure 
reactivity and 9-month outcome. J Subst Abuse Treat. 2004; 27:39–44. [PubMed: 15223092] 

Stewart D, Gossop M, Marsden J, Kidd T, Treacy S. Similarities in outcomes for men and women after 
drug misuse treatment: results from the National Treatment Outcome Research Study (NTORS). 
Drug Alcohol Rev. 2003; 22:35–41. [PubMed: 12745357] 

Suh JJ, Pettinati HM, Kampman KM, O'Brien CP. Gender differences in predictors of treatment 
attrition with high dose naltrexone in cocaine and alcohol dependence. Am J Addict. 2008; 
17:463–468. [PubMed: 19034737] 

Toneatto A, Sobell LC, Sobell MB. Gender issues in the treatment of abusers of alcohol, nicotine, and 
other drugs. J Subst Abuse. 1992; 4:209–218. [PubMed: 1504644] 

Vidaver RM, Lafleur B, Tong C, Bradshaw R, Marts SA. Women subjects in NIH-funded clinical 
research literature: lack of progress in both representation and analysis by sex. J Womens Health 
Gend Based Med. 2000; 9:495–504. [PubMed: 10883941] 

Walton MA, Blow FC, Bingham CR, Chermack ST. Individual and social/environmental predictors of 
alcohol and drug use 2 years following substance abuse treatment. Addict Behav. 2003; 28:627–
642. [PubMed: 12726780] 

Weiss RD, Martinez-Raga J, Griffin ML, Greenfield SF, Hufford C. Gender differences in cocaine 
dependent patients: a 6 month follow-up study. Drug Alcohol Depend. 1997; 44:35–40. [PubMed: 
9031818] 

Wetherington CL. Sex-gender differences in drug abuse: a shift in the burden of proof? Exp Clin 
Psychopharmacol. 2007; 15:411–417. [PubMed: 17924775] 

White KA, Brady KT, Sonne S. Gender differences in patterns of cocaine use. Am J Addict. 1996; 
5:259–261.

Woody GE, Gallop R, Luborsky L, Blaine J, Frank A, Salloum IM, Gastfriend D, Crits-Christoph P. 
Cocaine Psychotherapy Study Group. HIV risk reduction in the National Institute on Drug Abuse 
Cocaine Collaborative Treatment Study. J Acquir Immune Defic Syndr. 2003; 33:82–87. 
[PubMed: 12792359] 

DeVito et al. Page 15

Drug Alcohol Depend. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 1. 
Gender differences in cocaine use across time-points. Data presented as means with standard 

error of the mean error bars. * Indicates significant gender difference (p < 0.05).
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Fig. 2. 
Gender by Medication group effects on cocaine use across time-points. Data presented as 

means with standard error of the mean error bars. ** Indicates significant gender by 

medication interaction (p < 0.05).
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