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Abstract

It is well-documented in the literature that individuals repeatedly exposed to cocaine exhibit
cognitive impairment and that cognitive dysfunction is a risk factor for poor treatment outcomes in
those with cocaine use disorder (CUD). Specific deficits related to attention, episodic memory,
working memory, and executive functioning are the most common deficits noted in this
population. Given that cognitive impairment is a risk factor for poor treatment outcomes in those
with CUD, identifying possible moderating factors contributing to and/or exacerbating cocaine-
related cognitive deficits is of great importance. Some of these factors may include premorbid
intellectual functioning, cocaine use patterns, polysubstance use, comorbid emotional symptoms,
and sleep dysfunction. It is plausible that by identifying moderating factors impacting cognition,
behavioral interventions can then be modified accordingly and/or treatment regimens can be
augmented with pharmacological interventions (e.g., cognitive enhancing agents), leading to a
reduction in treatment attrition and improved treatment outcomes. The currently available
treatments for CUD are mainly behavioral with variable efficacy, and even though there have been
great preclinical and clinical research efforts focused on medication development for CUD, there
are currently no Food and Drug Administration-approved medications for CUD. A description of
some of the several potential moderating factors, along with some pharmacological treatments
which have been shown to ameliorate, at least to some extent, cognitive dysfunction in those with
CUD are discussed.
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According to the 2017 National Survey on Drug Use and Health (NSDUH), an estimated 2.2
million of Americans reported using cocaine within the last month (473,000 reported using
crack cocaine), approximately half of which met criteria for cocaine use disorder (CUD;
Center for Behavioral Health Statistics and Quality, 2018). The current conceptualization
regarding the neural effects of cocaine use (and substance use in general) focuses on
dopamine (DA) and the nucleus accumbens (NAc; Di Chiara, 2002; Koob & Volkow, 2016;
Volkow, Koob, & McLellan, 2016; Volkow & Morales, 2015; Volkow, Wang, Fowler, &
Tomasi, 2012). The NAc maintains direct and indirect involvement with several brain
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regions which are associated with emotions, self-regulation, disinhibition, insight, craving,
and habit forming, including the dorsal striatum, amygdala, hippocampus, and prefrontal
cortex (Molkow et al., 2016). The acute effects of cocaine use result in a surge of DA
throughout the reward circuitry, subse quently increasing the probability of continued and
future cocaine use, given the reinforcing effects. Chronic cocaine use, however, leads to a
suppression of DA availability over time. The prefrontal cortex also becomes hypoactive,
secondary to this reduction of DA, and an individual is therefore less likely to inhibit
impulsive behaviors, including cocaine use. The insula and anterior cingulate cortex, both of
which are associated with insight and self-monitoring, are also critical as they too become
hypoactive secondary to this chronic suppression of DA. As a result, the individual is less
aware of these cyclical, impulsive cocaine seeking/taking behaviors.

It is well-documented in the literature that individuals repeatedly exposed to cocaine exhibit
cognitive impairment (Bolla & Cadet, 2007; Jovanovski, Erb, & Zakzanis, 2005; Sofuoglu,
De-Vito, Waters, & Carroll, 2013; Spronk, van Wel, Ramaekers, & Verkes, 2013). In a
recent meta-analytic review of 46 studies comprised of 1,452 chronic cocaine users and
1,411 controls, findings demonstrated that cocaine users evidenced deficits related to
attention, episodic memory, and working memory with effect sizes of moderate or greater
magnitude (Potvin, Stavro, Rizkallah, & Pelletier, 2014). These reported deficits were also
consistent with previous meta-analyses exploring cognitive functioning in cocaine users
(Jovanovski et al., 2005). Although the preceding deficits appear to be the most prominent,
individuals with CUD also demonstrate deficits in executive functioning (e.g., reduced
insight, judgment, decision making, impulsivity, disinhibition), visuoperception,
psychomotor speed, and manual dexterity (Cadet & Bisagno, 2016; Fernandez-Serrano,
Perales, Moreno-Lopez, Perez-Garcia, & Verdejo-Garcia, 2012; Fillmore & Rush, 2002; Li,
Milivojevic, Kemp, Hong, & Sinha, 2006; Winhusen et al., 2013).

Impact of Cognitive Dysfunction on Treatment Outcomes

It is also well-documented in the literature that cognitive impairment is a risk factor for poor
treatment outcomes in those with CUD (Aharonovich, Hasin, et al., 2006; Aharonovich,
Nunes, & Hasin, 2003; Brewer, Worhunsky, Carroll, Rounsaville, & Potenza, 2008;
Sofuoglu, 2010; Streeter et al., 2008; Turner, La-Rowe, Horner, Herron, & Malcolm, 2009).
The rate of treatment attrition for individuals receiving behavioral treatment for CUD (e.g.,
cognitive-behavioral therapy [CBT]), ranges from 29% to 41% (Kang et al., 1991; Simpson,
Joe, Fletcher, Hubbard, & Anglin, 1999) and rates for trials combining pharmacological and
behavioral treatments range are similar, ranging from 30% to 40% (Carroll et al., 1994;
Elkashef et al., 2005). Although there are many possible contributory factors accounting for
treatment attrition, one prominent risk factor for premature discontinuation is cognitive
impairment. For example, in a sample of cocaine users receiving CBT, patients who
discontinued treatment performed significantly worse across several cognitive domains when
compared to those who successfully completed treatment, including reduced performances
on tasks related to attention, memory, executive functioning, and processing speed
(Aharonovich, Hasin, et al., 2006). Further supporting this, baseline executive function in
individuals with CUD significantly predicted treatment retention (e.g., greater executive
dysfunction was associated with higher attrition; Verdejo-Garcia et al., 2012). Similarly,
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individuals with CUD who demonstrated executive deficits evidenced a shorter duration of
commitment to treatment (Brewer et al., 2008), were less likely to complete treatment
(Streeter et al., 2008; Turner et al., 2009), and provided a greater number of cocaine-positive
urine samples after treatment initiation (Moeller et al., 2010). In addition, high working
memory demand, reduced working memory function, and/or reduced response inhibition has
been associated with drug craving and/or relapse (Chambers, Garavan, & Bell-grove, 2009;
Hester & Garavan, 2004).

Although there is consensus in the literature that individuals who use cocaine repeatedly
exhibit cognitive impairment, an important factor to consider is whether those deficits can
improve following sustained abstinence. A meta-analytic review indicated that cognitive
impairments remain stable during the first few months of abstinence with improvements
noted following five months of sustained abstinence (Potvin et al., 2014). In support of this,
stable and persistent cognitive deficits have been noted following shorter periods of
abstinence (~1 month; Bauer, 1996; Bolla, Rothman, & Cadet, 1999; Rosselli & Ardila,
1996; Rosselli, Ardila, Lubomski, Murray, & King, 2001); however, improvements in
cognitive performance (e.g., working memory and verbal declarative memory) have been
reported following longer durations of abstinence (~6 months or longer; De Oliveira et al.,
2009; Di Sclafani, Tolou-Shams, Price, & Fein, 2002).

Given that cognitive impairment is a risk factor for poor treatment outcomes in those with
CUD, identifying possible moderating factors which contribute to or exacerbate cocaine-
related cognitive deficits is of importance. It is plausible that by identifying moderating
factors impacting cognition, behavioral interventions can then be modified accordingly
and/or treatment regimens can be augmented with pharmacological interventions (e.g.,
cognitive enhancing agents), leading to a reduction in treatment attrition and improved
outcomes. The currently available treatments for CUD are mainly behavioral with variable
efficacy (Dutra et al., 2008) and, even though there have been great preclinical and clinical
research efforts focused on medication development, there are currently no Food and Drug
Administration (FDA)-approved medications for CUD (Forray & Sofuoglu, 2014). A
description of some of the several potential moderating factors, along with some
pharmacological treatments which have been shown to ameliorate, at least to some extent,
cognitive dysfunction in those with CUD are discussed. Given that this is a review of the
literature with no new data collected or procedures performed, institutional review board
approval was not necessary.

Potential Moderating Factors Impacting Cognition in Individuals with CUD

As displayed in Figure 1, there are several potential moderating factors which may
contribute to cognitive dysfunction, subsequently leading to negative treatment outcomes in
individuals with CUD. Some examples include lower premorbid 1Q, cocaine use patterns
(greater years, frequency, and daily cocaine use), and polysubstance use. In addition, there
are several factors that not only detrimentally impact cognition, but also lead to continued,
and possibly increased, cocaine use. For example, cocaine users with elevated symptoms of
depression and elevated stress may have greater difficulty achieving abstinence because their
continued cocaine use may serve as a maladaptive coping mechanism for dealing with their
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emotional symptoms. In addition, if an individual experiences sleep dysfunction causing
subsequent fatigue, continued cocaine use may be serve as a way to combat this fatigue
given the stimulant properties of the drug. Furthermore, the relationship between these
factors are very likely cyclical (e.g., using cocaine in the context of elevated depression
and/or stress may lead to an exacerbation of these symptoms subsequently leading to
continued and increased cocaine use).

Premorbid 1Q

Whether there is a linear relationship between 1Q and neuro-psychological test performance
has been questioned on several occasions (e.g., Bell & Roper, 1998; Dodrill, 1997, 1999;
Horton, 1999; Larrabee, 2000; Tremont, Hoffman, Scott, & Adams, 1998). Previous finding
have demonstrated a strong relationship between cognitive impairment, as assessed with the
Halstead Reitan Battery (Halstead Impairment Index; Allen, 2011), and intelligence at lower
1Q levels, but little relationship once 1Q exceeded 90 or 95 (Dodrill, 1997). Regardless, the
relationship between reduced intellectual functioning and cognitive deficits have been well-
documented in the literature (Diaz-Asper, Schretlen, & Pearlson, 2004; Tremont et al.,
1998). For example, Diaz-Asper et al. reported that individuals with above average 1Q
(>109) performed significantly better than those with average 1Q (range: 99-109) across
several cognitive domains including attention, memory, language abilities, and executive
functions (Diaz-Asper et al., 2004). Also, and with an even greater discrepancy between
performances, those with average 1Q performed significantly better than those with below
average 1Q (<90) across those domains. The primary theory accounting for the impact of 1Q
on cognition is the concept of cognitive reserve (Roldan-Tapia, Garcia, Canovas, & Leon,
2012; Satz, Cole, Hardy, & Rassovsky, 2011; Satz et al., 1993; Stern, 2011). One
conceptualization of cognitive reserve involves the brain compensating for compromise by
recruiting alternate, more efficient, neural networks and those individuals with higher 1Q
may demonstrate more effective cognitive compensation in the context of brain pathology
(Stern, 2002).

Similar to the findings in healthy controls mentioned previously, lower premorbid 1Q was
associated with reduced performances on measures of verbal learning, verbal recall, and
working memory in individuals with CUD (Mahoney, Kalechstein, De Marco, Newton, &
De La Garza, 2017). Similarly, the discrepancy of scores on these cognitive measures was
more robust when comparing individuals with average and below average 1Q versus those
with above average and average 1Q. There were also no differences between the three
classification groups in this sample with regard to cocaine use patterns (i.e., years of use,
recent use in the last 30 days, and daily use), suppressing the impact of this possible
confound. One possible explanation for these findings is that individuals with higher
intellectual functioning may be less susceptible to the detrimental cognitive effects produced
by cocaine. Another possible explanation is that higher 1Q may serve as a protective factor,
in other words, slowing cognitive decline related to cocaine use, supporting the theory of
cognitive reserve. As such, given that cognitive impairment is a risk factor for poor treatment
outcomes, along with the high rate of relapse soon after treatment initiation, assessing
premorbid IQ and addressing cognitive deficits early in the treatment process may be
advantageous to promoting successful outcomes. By doing so, treatment plans can be
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modified accordingly and tailored specifically to the patient and, by accounting for these
deficits, treatment outcomes will hopefully be improved for those with CUD.

Cocaine Use Patterns

Another potential moderating factor to consider is the association between patterns of
cocaine use (e.g., years of use, recent use over the last month, and daily use) and cognition.
As previously mentioned, cognitive impairments persisted during short-term abstinence (a
few months) with improvement noted following approximately 5 months (Potvin et al.,
2014). When compared with individuals who used <2 g of cocaine per week, those who used
>2 g of cocaine per week evidenced greater impairments in attention, working memory, and
processing speed (Bolla et al., 1999). Also, quantity (grams/month) and duration of cocaine
use (years) have been negatively correlated with performance on measures of abstract
reasoning and working memory (Fernandez-Serrano, Perez-Garcia, Perales, & Verdejo-
Garcia, 2010; Fernandez-Serrano, Perez-Garcia, Schmidt Rio-Valle, & Verdejo-Garcia,
2010). Negative correlations have been reported between cognitive performance and
cumulative cocaine dose, duration of cocaine use, and cocaine metabolites in hair (indicative
of recent use; Vonmoos et al., 2013). Also, individuals who began using cocaine prior to 18
years of age demonstrated greater cognitive deficits than did those with a later onset of use,
even when controlling for duration of use and age (Vonmoos et al., 2013). Early onset of use
has been associated with reduced recovery of working memory when the cocaine use was
decreased (Vonmoos et al., 2014).

When compared with healthy controls, cocaine users who were abstinent for ~3 days
performed worse on tests of episodic memory, visuospatial skills, and attention/
concentration, and these deficits persisted after 2 weeks of abstinence (Berry et al., 1993).
Individuals with CUD who provided a urine toxicology screen positive for cocaine at the
time of the assessment (suggestive of use within the last 3 days), evidenced better
performance on measures of attention, executive functioning, psychomotor speed, and verbal
memory as compared to those who were cocaine negative at evaluation (Berry et al., 1993;
Spronk et al., 2013; Woicik et al., 2009). Although the negative impact of higher duration
and frequency of use on cognitive functioning is expected, the findings that recent use is
associated with improved cognitive functioning is not entirely unexpected either. For
example, recent cocaine use may possibly mitigate impairments observed during the early
phases of abstinence given the psycho-stimulant effects of the drug.

Neuroimaging findings have demonstrated that lifetime amount of cocaine was negatively
correlated with activity in the left inferior parietal lobe extending to the left postcentral gyrus
(Moreno-Lopez et al., 2012). Other neuroimaging findings noted lower activation in the
right frontoparietal regions during cognitive measures of attention, working memory,
executive control, and vigilance (Barros-Loscertales et al., 2011; Bustamante et al., 2011,
Tomasi et al., 2007). In addition, grams of cocaine used per week was negatively correlated
with activation in the left orbitofrontal cortex (Bolla et al., 2003). MRI has also shown
reduction in gray matter volume in orbitofrontal, cingulate, insular, temporoparietal and
cerebellar cortex, and these changes in gray matter volume were correlated with the duration
of cocaine use (Ersche et al., 2011). Cocaine use is associated with changes in both gray and
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white matter structure, some which may be partially reversible, as prefrontal gray matter has
been shown to improve with abstinence (Parvaz et al., 2017).

Although prior literature suggests that greater cognitive decrement may result from more
years, recent, and daily cocaine use, results from a recent study did not support these
findings. Specifically, these usage characteristics did not modulate performance on tasks of
attention, working memory, and episodic memory (Mahoney, Kalechstein, Newton, & De La
Garza, 2017). These findings were unexpected given the significantly discrepant usage
patterns between the higher and lower comparison groups (years of cocaine use: ~25 vs. ~10
years; recent use over the last month: ~26 vs. ~6 days; daily use: ~1.8 vs. ~0.7 g). One
potential, yet speculative, explanation for these findings is that after using cocaine for a
certain number of years, the deleterious effects on cognition stabilize and increased use does
not exacerbate those impairments. This possibility may be supported to some extent by the
findings that recreational cocaine users exhibited significant impairments similar to
individuals with CUD in the domains of attention, working memory, memory and executive
functions (Vonmoos et al., 2013).

Some methodological differences may have also accounted for the discrepancy in these
abovementioned findings and other studies which noted differences, at least to some degree.
For example, the participants in the study referenced above had abstained for a much shorter
duration of time in comparison to those in prior reports. In addition, different cognitive
measures were used across studies, possibly also contributing to the discrepancy between
these findings. Differences in sample characteristics (e.g., severity of use, polydrug use,
psychiatric comorbidities, main route of administration) and potentially relevant modulating
factors (e.g., purity of the drug, lifestyle differences, genetic predispositions, environmental
factors), which are difficult to scientifically address and control, also add complexity to
measuring the impact of cocaine use patterns (Monmoos & Quednow, 2017). Regardless of
the mixed findings from a cognitive standpoint, drug use characteristics still warrant
consideration during treatment planning given the known association between factors such
as longer duration of cocaine use and increased addiction severity.

Polysubstance Use

Individuals diagnosed with CUD are also more likely to use other substances, including
nicotine, alcohol, and cannabis (Aharonovich, Garawi, et al., 2006; Brewer, Mahoney,
Nerumalla, Newton, & De La Garza, 2013; Budney, Higgins, Hughes, & Bickel, 1993;
Carroll, Rounsaville, & Bryant, 1993; Roll, Higgins, Budney, Bickel, & Badger, 1996). As
such, it is important to consider whether the use of these other substances moderates
cognition or exacerbates deficits that commonly occur among individuals with CUD. In a
recent review of the literature, cigarette smokers who were not cocaine users exhibited
deficits in executive functioning, learning, episodic memory, processing speed, and working
memory (Durazzo et al., 2010). Individuals often report smoking cigarettes as a means to
improve cognition, specifically increasing attention and reducing distractibility (West, 1993).
Because nicotine use is associated with a number of cognitive deficits (Durazzo et al., 2010),
it is plausible that the synergistic effects of cocaine and nicotine could adversely affect
cognition over and above the independent effects of either substance alone.
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Studies have shown that 60% to 80% of individuals with CUD also meet criteria for alcohol
use disorder (Carroll et al., 1993; Regier et al., 1990) and the percentage of those with CUD
who engage in moderate alcohol use (but not to the extent of use disorder criteria), likely
exceeds that number. In a meta-analysis, which included 143 published articles related to
alcohol use and cognitive functioning, “heavy” drinking (3 to 4 drinks/day) was associated
with an increased risk of cognitive impairment; however, “light to moderate” drinking (1 to
2 drinks/day) was not associated with any cognitive deficits (Neafsey & Collins, 2011).
Because heavy alcohol use is associated with cognitive decline, it is plausible that the
additive effects of cocaine in combination with alcohol use may adversely affect cognition at
a greater level than either substance alone. In support of this, comorbid CUD and alcohol
use disorder was associated with greater impairment on measures of executive functioning
when compared with those who met criteria for one of the two SUDs, but not both (Bolla,
Funderburk, & Cadet, 2000).

Rates of concurrent cannabis use in those with CUD ranges from 59% to 89%
(Aharonovich, Garawi, et al., 2006; Aharonovich et al., 2005; Lindsay, Stotts, Green, Herin,
& Schmitz, 2009; Miller, Klahr, Gold, Sweeney, & Cocores, 1990). Cannabis use is also a
risk factor for cognitive deficits related to attention, information processing speeding,
learning and memory, and executive/frontal functions (Bolla, Brown, Eldreth, Tate, & Cadet,
2002; Meier et al., 2012; Solowij, 1998; Solowij & Battisti, 2008; Solowij, Stephens,
Roffman, & Babor, 2002; Solowij, Stephens, Roffman, Babor, et al., 2002). Individuals with
CUD who were moderate users of alcohol and marijuana (but did not meet use disorder
criteria for the latter two substances) exhibited decrements in declarative recall and attention
when compared to moderate users of marijuana and alcohol who do not use cocaine (Vadhan
etal., 2014). As such, these findings support the possible deleterious cognitive effects of
polysubstance use. As clinicians providing SUD treatment routinely do, continued
assessment of comorbid substance use is critical as the use of multiple substances may serve
as barrier to successful treatment outcomes, given the greater negative impact of
polysubstance use on cognitive functioning.

Another factor possibly modulating cognition are emotional symptoms such as depression, a
common comorbid diagnosis occurring in ~45% of individuals with CUD (Conway,
Compton, Stinson, & Grant, 2006). The Diagnostic and Statistical Manual of Mental
Disorders — Fifth ed. (DSM-5) also includes specific criteria related to cognition for major
depressive disorder: “the diminished ability to think or concentrate, or indecisiveness”
(American Psychiatric Association, 2013). Depression has been associated with cognitive
dysfunction across several domains including attention, executive functions, memory, and
psychomotor speed (Clark, DiBenedetti, & Perez, 2016). Also, comorbid de pression is a
known risk factor for relapse in patients receiving treatment for cocaine use (Poling, Kosten,
& Sofuoglu, 2007).

When compared with healthy controls, although none of the individuals with CUD met
DSM-5 diagnostic criteria for any depressive disorder, cocaine users reported significantly
more symptoms of depression evidenced by higher scores on the Beck Depression Inventory
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—2nd Ed. (BDI-II; Mahoney et al., 2015). These findings may have treatment implications
given that individuals with lower rates of depression were more likely to remain cocaine
abstinent after treatment (McKay et al., 2013). Given the relationship between elevated
depression and cognitive deficits, those individuals may have had greater difficulty
practicing the techniques provided during treatment, such as relapse prevention strategies,
making these individuals more susceptible to relapse. Identifying depression early in the
treatment process and modifying treatment plans to address and treat these symptoms will
therefore be of benefit to maximize the potential for successful treatment outcomes.

Stress and Trauma

Elevated stress and past trauma have also been found to detrimentally impact learning and
memory, working memory, and visuospatial abilities (Bremner, Krystal, Southwick, &
Charney, 1995; Morgan, Doran, Steffian, Hazlett, & Southwick, 2006). In addition, stress
and trauma are known risk factors for relapse following treatment for CUD (Back et al.,
2000; Brady & Sinha, 2005; McMahon, 2001; Sinha, 2001), and those with CUD have
reported greater use of cocaine following stressful events (Wal-drop, Back, Verduin, &
Brady, 2007). One possibility for this involves cocaine use serving as a maladaptive coping
mechanism for dealing with distress. In other words, given that chronic stress is aversive, an
individual may “self-medicate” using cocaine, supported by the association between
increased cocaine craving and increased psychological stress (Sinha, Fuse, Aubin, &
O’Malley, 2000). Also, elevated lifetime stress has been associated with higher addiction
severity in individuals with CUD (Mahoney, Newton, Omar, Ross, & De la Garza, 2013).
Given that elevated stress is independently known to contribute to cognitive dysfunction, it is
plausible that cognitive deficits produced by elevated levels of stress in combination with
cocaine use, may exceed deficits produced by either stress or cocaine alone. As such, during
substance use treatment, concurrently addressing and treating past trauma, along with
providing strategies to adaptively cope with ongoing distress, is of importance especially
since craving and relapse is more prominent in the context of increased stress.

Sleep Dysfunction

Cognitive deficits associated with sleep dysfunction include impairments related to attention,
processing, executive functioning, and memory (Durmer & Dinges, 2005; Goel, Rao,
Durmer, & Dinges, 2009; Jones & Harrison, 2001; Lowe, Safati, & Hall, 2017; Walker,
2008). In addition, it is well known that individuals with CUD experience disrupted sleep as
acute cocaine use and withdrawal adversely affect objective measures of sleep quality
(Gawin & Kleber, 1986; Morgan & Malison, 2007; Weddington et al., 1990). Specifically,
sleep onset latency is prolonged, total sleep time is reduced, and sleep efficiency is
decreased (Johanson, Roehrs, Schuh, & Warbasse, 1999; Post, Gillin, Wyatt, & Goodwin,
1974; Schierenbeck, Riemann, Berger, & Hornyak, 2008; Watson, Bakos, Compton, &
Gawin, 1992).

There are differential effects of acute cocaine use and withdrawal, as acute use reduces REM
sleep (Johanson et al., 1999; Post et al., 1974; Schierenbeck et al., 2008; Watson et al.,
1992), whereas withdrawal increases REM sleep percentage and decreases REM latency
(Gillin, Pulvirenti, Withers, Golshan, & Koob, 1994; Johanson et al., 1999; Kowatch,
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Schnoll, Knisely, Green, & Elswick, 1992; Post et al., 1974; Schierenbeck et al., 2008;
Watson et al., 1992). This can, however, be remediated following sustained abstinence, as
improvements have been noted in subjective measures of sleep quality following abstinence
(Matuskey, Pittman, Forselius, Malison, & Morgan, 2011). Excessive daytime sleepiness in
cocaine users, which could result from poor sleep quality and/or reduced sleep time, may
lead to partial sleep deprivation and deleteriously affect cognitive functioning. Individuals
with CUD report poorer sleep quality and elevated daytime sleepiness, and self-reported
sleep dysfunction was more common in those reporting greater recent cocaine use over the
last month (Mahoney, De La Garza, et al., 2014).

Thus, given that sleep dysfunction is known to impair cognitive function, possibly
exacerbating deficits related to an individual’s cocaine use, addressing and treating sleep
abnormalities concurrently may be of benefit, at least to some extent, in improving treatment
adherence. In addition, by treating sleep abnormalities and improving sleep hygiene
(through the implementation of a structured routine), the individual will hopefully be able to
carry this behavior to other aspects of his or her life, given that structure and routine is
critical for successfully for SUD treatment.

Medication Development for CUD

There are currently no FDA-approved medications for CUD; however, research has provided
evidence that medications with cognitive enhancing properties have successfully improved
cognition in individuals with CUD. Given the association between cognitive impairment and
poor treatment outcomes in those with CUD (Aharonovich, Brooks, Nunes, & Hasin, 2008;
Aharonovich, Hasin, et al., 2006; Aharonovich et al., 2003; McKellar, Harris, & Moos,
2006; McKellar, Kelly, Harris, & Moos, 2006; Sofuoglu, 2010; Sofuoglu, Sugarman, &
Carroll, 2010), remediating these deficits pharmacologically warrants investigation and
many medications with cognitive-enhancing properties have been examined as potential
treatments for neuropsychiatric disorders and SUDs (Sofuoglu, 2010; Wallace, Ballard,
Pouzet, Riedel, & Wettstein, 2011). Cognition is modulated by several neurotransmitters,
including dopamine (DA), acetylcholine (ACh), serotonin, gluta-mate, GABA, and
norepinephrine (NE) and the role of the catecholamine neurotransmitters in cognition,
motivation, and reward is well known (Berridge & Waterhouse, 2003; Wise, 1978, 2004a,
2004b).

Modafinil for CUD

One cognitive enhancing medication, modafinil, currently approved by the FDA for
narcolepsy, sleep apnea, and shift work sleep disorder, has mixed neurotransmitter actions in
multiple brain regions (including GABA, glutamate, and dopaminergic transmitters).
Modafinil has been shown to improve cognitive function in healthy controls (Baranski,
Pigeau, Dinich, & Jacobs, 2004; Turner et al., 2003) as well as in individuals with attention-
deficit/hyperactivity disorder (ADHD; Turner, Clark, Dowson, Robbins, & Sahakian, 2004)
and methamphetamine use disorder (Ghahremani et al., 2011; Kalechstein, De La Garza, &
Newton, 2010). Modafanil exposure is associated with increased daytime sleep latency and
decreased daytime sleepiness in abstinent cocaine and methamphetamine dependent
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individuals (Mahoney et al., 2012; Morgan, Pace-Schott, Pittman, Stickgold, & Malison,
2010).

Modafinil has also shown promise in some clinical trials for CUD. For example, in
nontreatment seeking individuals with CUD, short-term administration of modafinil
improved performance on two measures of working memory and demonstrated a trend
toward significant improvement on a measure of visual working memory, two measures of
sustained attention, and reduced impulsivity (Kalechstein, Mahoney, Yoon, Bennett, & De la
Garza, 2013). In comparison to placebo, treatment-seeking individuals with CUD
randomized to modafinil were significantly more likely to be abstinent overall over an 8-
week treatment period (Kampman et al., 2015). In addition, as mentioned above, there is a
high comorbidity of depression and CUD, and results from a meta-analysis in individuals
with major depressive disorder found significant effects of modafinil and improvements in
overall depression scores and fatigue symptoms (Goss, Kaser, Costafreda, Sahakian, & Fu,
2013). That being said, in a recent meta-analytic review of 11 studies, findings revealed that
there was no evidence to conclude superiority of modafinil in increasing cocaine abstinence
and treatment retention rate; however, subgroup analysis of six studies conducted in the
United States demonstrated that modafinil was superior to placebo in improving cocaine
abstinence (Sangroula et al., 2017). Although the results were mixed, the authors concluded
that due to the promising results in this subgroup analysis, along with the good safety
profile, larger studies to derive more conclusive results are warranted.

Rivastigmine and Galantamine for CUD

The neurotransmitter acetylcholine is heavily involved in the cognitive and behavioral
processes of SUDs through interactions with the dopaminergic reward system in the NAc,
prefrontal cortex, as well as other areas (Sofuoglu & Mooney, 2009). Acetylcholine is
known to play a role in several cognitive functions including motor processing, attention,
arousal, declarative memory, and working memory (Pepeu, Spignoli, Giovannini, &
Magnani, 1989; Woolf, 2006).

One class of medications that has demonstrated an indication for the attenuation of cognitive
impairment are acetylcholinesterase inhibitors which increase levels of synaptic
acetylcholine (Sofuoglu & Mooney, 2009). Given that individuals with substance use
disorders display altered cholinergic responses in brain areas relevant to craving, learning,
and memory, the cholinergic system may be a promising pharmacological treatment target
(Adinoff et al., 2010). These medications have been studied extensively and are FDA-
approved for the treatment of Alzheimer’s disease, due to their effects on dementia-
associated cognitive and functional impairments (M. Farlow, 2002; M. R. Farlow, 2002).
Administration of rivastigmine improved performance on tests of attention and memory in
individuals diagnosed with Alzheimer’s disease (Feldman, Lane, & the Study 304 Group,
2007; Frankfort et al., 2007) and improved information processing, episodic memory (Silver
et al., 2009), and vigilance (Tenovuo, Alin, & Helenius, 2009) in individuals who sustained
a traumatic brain injury. Rivastigmine has also shown benefit in improving cognition in
those with CUD as acute, low-dose treatment with rivastigmine improved span of working
memory (Mahoney, Kalechstein, et al., 2014). In addition, a double-blind, randomized trial
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of galantamine treatment in recently abstinent chronic cocaine abusers demonstrated
selective improvement in measures of sustained attention and working memory functions
(Sofuoglu, Waters, Poling, & Carroll, 2011). In a separate study, relative to placebo,
participants with CUD and opioid use disorder randomized to galantamine had fewer self-
reported or urine-confirmed cocaine use days over an 8-week treatment course (Sofuoglu &
Carroll, 2011). A recent study revealed that while galantamine did not improve measures of
cognitive functioning, it was associated with a significant reduction of cocaine use (Carroll,
Nich, DeVito, Shi, & Sofuoglu, 2018), findings that were also consistent with prior literature
(Sofuoglu & Carroll, 2011). Given these positive findings related to a reduction in cocaine
use, further investigations of acetylcholinesterase inhibitors for CUD are warranted.

Conclusions

Although it is well-established that cocaine users exhibit cognitive impairment across
several domains, there are potential moderating factors possibly exacerbating these cocaine-
related deficits. Given that cognitive impairment is a risk factor for poor treatment outcomes
in those with CUD, accounting for and addressing these potential moderating factors at the
onset of treatment initiation, may hopefully improve treatment outcomes including retention
and sustained abstinence. For example, one such factor to consider is premorbid intellectual
functioning given the known relationship between lower premorbid 1Q and reduced
cognitive functioning. Specifically, by evaluating premorbid 1Q and subsequent cognitive
dysfunction early in the treatment process, behavioral therapies (i.e., cognitive-behavioral
therapy) can be modified appropriately and tailored to the patient’s level of functioning (e.g.,
simplifying strategies and techniques), hopefully leading to improved treatment outcomes.

The identified behavioral interventions can also be augmented with additional components
to address other factors possibly exacerbating cognitive deficits. For example, sleep
dysfunction is known to contribute to reduced cognitive performance, and individuals with
CUD experience reduced sleep quality and quantity. If an individual with CUD endorses
sleep dysfunction, behavioral providers can then provide evidenced-based recommendations
for improving sleep (e.g., sleep hygiene strategies and education) possibly remediating, at
least to some extent, cognitive deficits related to their sleep abnormalities. In addition,
emotional symptoms (including depression, stress, and trauma), all of which are prevalent in
individuals with CUD, are also known to independently interfere with cognition. By
assessing for and aggressively treating these symptoms early in treatment, behavioral
interventions can then be tailored specifically to addressing the emotional symptoms the
patient is endorsing. For example, treatment plans can be modified to include the instruction,
practice, and imple mentation of adaptive coping mechanisms in combination with the
processing of past distress. By doing so, cognitive deficits related to these emotional
symptoms can hopefully be remediated to some degree.

It is important to note that while individuals with CUD demonstrate multiple cognitive
deficits, it cannot be stated with certainty that these deficits are a direct result of cocaine use,
especially in the absence of baseline (pre-cocaine use) data. This has been previously
reported in the literature, specifically that cocaine users may experience cognitive deficits
predating the onset of cocaine use (Spronk et al., 2013) and that preexisting abnormalities

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2020 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mahoney

Page 12

may be linked to frontal deficits in cocaine users (Winhusen et al., 2013). This is important
to consider given that individuals with preexisting cognitive deficits may also be more
vulnerable to initiating drug use and/or more susceptible to relapse following abstinence
(Sofuoglu, DeVito, Waters, & Carroll, 2016). In addition, genetic predispositions must also
be considered given the distinct neuro-biological phenotypes associated with a familial
vulnerability for developing CUD (Ersche et al., 2013). Regardless of the etiology of the
cognitive dysfunction (secondary to chronic cocaine use, premorbid cognitive deficits
predating the onset of cocaine use, and/or preexisting vulnerability factors including
comorbid psychiatric symptoms), treating these cognitive deficits remains an important
target given that they are known to have an adverse impact on successful treatment outcomes
(Sofuoglu et al., 2016).

It is also important to note that by addressing and treating these potential moderating factors,
these individuals may not fully return to their baseline level of cognitive functioning. That
being said, it can be expected that some of these deficits should improve to the extent that
these individuals will be able to better engage, learn, and practice the techniques they are
instructed through behavioral intervention and treatment. For example, as previously
mentioned, the most prominent deficits cocaine users endorse are with regard to attention,
episodic memory, working memory, and executive functioning. Deficits related to attention
will serve as a barrier to patients fully engaging during treatment, preventing them from
successfully learning the techniques (e.g., relapse prevention strategies) presented to them
during therapy. Also, deficits related to episodic memory will also serve as a barrier as
patients will have difficulty recalling the information they were provided during therapy
sessions and translating the techniques into their “real life” environments. Finally, deficits
related to working memory and executive functioning will also serve as a barrier as patients
will have difficulty modifying previously established maladaptive coping mechanisms
through cognitive restructuring, reorganization, and problem solving.

In addition to addressing the possible moderating factors, augmenting behavioral treatment
with psychotropic medication with cognitive enhancing properties may provide added
benefit to improving cognition. Although there are no FDA-approved medications for CUD
currently, several medications have shown an indication for improving cognitive functioning.
Two such medications, modafinil and rivastigmine, have shown some promise in improving
cognition in those with CUD. Specifically, modafinil, which targets the neurotransmitter
dopamine, improved performance on measures of working memory and sustained attention
(Kalechstein et al., 2013), whereas rivastigmine, which targets the neurotransmitter
acetylcholine, improved span of working memory in individuals with CUD (Mahoney,
Kalechstein, et al., 2014). In conclusion, by taking a multidimensional approach, accounting
for and treating these other possible moderating factors that contribute to and/or exacerbate
cognitive deficits, along with augmenting behavioral therapies with pharmacological
treatments, cognitive deficits in individuals with CUD can be, at least, partially remediated,
hopefully leading to improved engagement in therapy, and more successful treatment
outcomes.
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Public Health Significance

Individuals repeatedly exposed to cocaine exhibit cognitive impairment and cognitive
dysfunction is a risk factor for poor treatment outcomes. Identifying potential moderating
factors contributing to and/or exacerbating cognitive deficits in cocaine users is of
importance given the relationship between cognition and treatment outcomes. By
accounting for possible moderating factors early in treatment and modifying and/or
augmenting treatment plans accordingly, treatment outcomes may subsequently be
improved.
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Figurel.
Potential moderating factors impacting cognition and cocaine use in individuals with

cocaine use disorder.
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