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Abstract

PT

Aims: To describe neurocognitive function among opioid-dependent adults seeking buprenorphine treatment
and to explore the impact of lifetime psychiatric conditions on neurocognitive function. To explore the additive
interaction of patient-based characteristics that may help to inform treatment.

RI

Design: Cross-sectional assessment of neurocognitive function, substance use, and psychiatric characteristics
of adults seeking buprenorphine treatment within substance use treatment centers in New York City.

SC

Participants: Thirty-eight opioid-dependent adults seeking buprenorphine treatment.

MA

NU

Measurements: A comprehensive battery, which included measures of executive functioning, learning,
memory, verbal fluency, attention, processing speed, and motor functioning were administered. The Wide
Range Achievement Test-Third Edition, the Composite International Diagnostic Interview, and an audio
computer assisted structured interview were also completed. Correlations and independent sample t-tests
were used to ascertain group differences.

TE

D

Findings: Thirty-nine percent of participants were impaired in global neurocognitive function (n=15). Over one
third were impaired in either: learning (n=28), memory (n=26), executive functioning (n=17), motor functioning
(n=17), attention/working memory (n=14) or verbal fluency (n=12). Lifetime history of alcohol dependence was
associated with impairment in global neurocognitive, executive functioning, and motor functioning. Lifetime
history of cocaine dependence was associated with impairment in executive functioning and motor functioning
(all p’s <0.05). Major depressive disorder history was not associated with neurocognitive impairment.
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Conclusions: Among this sample of opioid-dependent adults, there were high rates of global and domainspecific neurocognitive impairment, with severe impairment in learning and memory. Lifetime alcohol and
cocaine dependence were associated with greater neurocognitive impairment, particularly in executive
functioning. Because executive functioning is critical for decision-making and learning/memory dysfunction
may interfere with information encoding, these findings suggest that opioid-dependent adults may require
enhanced support for medical decision-making.

Key words: opioid dependence; neurocognitive performance; buprenorphine treatment; depression;
substance use disorders
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1. Introduction
The emerging opioid epidemic constitutes a significant public health problem in the United States (US)
(Beletsky et al., 2012; C. M. Jones, 2013; C. M. Jones et al., 2013; Manchikanti et al., 2012). In addition to the

PT

estimated 517,000 people currently living with heroin abuse or dependence, approximately 1.9 million

RI

Americans abuse or depend on opioid analgesics (Substance Abuse and Mental Health Administration

SC

[SAMHSA], 2014). This surge in opioid-related conditions has had significant social, health, and economic
repercussions. In the US, women, young adults, and non-Hispanic whites are increasingly affected by opioid

NU

dependence (Heil et al., 2011; McCabe et al., 2005; McCabe et al., 2012; SAMHSA, 2014).

MA

Adults with opioid use disorders are at elevated risk for infectious diseases such as HIV and hepatitis C
(C. M. Jones, 2013; Meade et al., 2014; Meade et al., 2009). Increased mortality is also associated to opioidrelated disorders. In 2010, opioid analgesic overdoses comprised 60% of all fatalities related to prescription

D

drugs in the US (Miech et al., 2013; C.M. Jones et al., 2013) and it is a leading cause of premature death

TE

among non-Hispanic whites, middle-aged men, and young adults (Calcaterra et al., 2013; C. M. Jones et al.,
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2013; Paulozzi, 2011; Paulozzi et al., 2011). Finally, costs associated to illicit opioid consumptions are
exorbitant. Estimates suggest that in the US lost productivity, medical expenses, and criminality resulting from
illicit opioid consumption cost approximately $40 billion dollars each year (Ghate et al., 2010; Hansen et al.,
2011). In light of the changing demographic and the social and economic consequences characterizing the
opioid epidemic in America, research in this area is relevant and necessary.
Methadone maintenance therapy (MMT) has been the gold standard intervention for opioid use
disorders in the US (Amato et al., 2013; Mayet et al., 2005). In 2002, the US Food and Drug Administration
(FDA) introduced buprenorphine maintenance therapy (BMT) as an alternative treatment option (Fiellin et al.,
2004; Fudala et al., 2003). BMT confers similar benefits as MMT (Kamien et al., 2008; Mattick et al., 2014), but
has lower potential for lethality (Walsh et al.,1994), offers a more flexible medication schedule, is available via
prescription; (Gryczynski et al., 2013; Mauger et al., 2014), and is less stigmatizing (Boatwright, 2002;
O'Connor et al., 1996). Treatment of opioid use disorders with BMT increased steadily in the US in the last
|3
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decade (Turner et al., 2014). For example, BMT was the treatment of choice for opioid dependence in less
than 100,000 ambulatory visits in 2003. By 2013, over 2 million ambulatory visits for opioid dependence were

PT

treated with BMT (Turner et al., 2014).
Despite the recent increase in the use of BMT to treat opioid dependence, there is a paucity of research

RI

characterizing the neurocognitive and psychiatric profiles of adults seeking BMT in the US (Dreifuss et al.,

SC

2013; Weiss et al., 2011). For example, a PubMed search using the term “neuropsychological performance
and buprenorphine treatment” produced only 12 results, 6 of which were focused on issues extraneous to the

NU

topic at hand (i.e., cognitive functioning in adults receiving BMT). Of the remaining, none were conducted on
US-based samples. An additional PubMed search using the term “cognitive functioning and buprenorphine

MA

treatment” produced only 17 results, eight of which were opinion articles. Of the remaining 12 studies, over
90% were conducted on non-US based samples. In total, our literature review revealed a single US-based

D

study characterizing the neurocognitive profile of adults seeking BMT. Mintzer et al. (2004) examined executive

TE

functioning, processing speed, memory, and working memory in community-dwelling African American and
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non-Hispanic white adults with an active diagnosis of opioid dependence (N = 8). Participants ranged in age (6
to 41 years old) and in level of education (10 to 14 years). Results revealed mild cognitive impairment in longterm memory (Mintzer et al., 2004). Despite the novelty of their research design and its scientific relevance, the
low sample size limited the generalizability of the findings.
The dearth of research examining neurocognitive characteristics in adults receiving or seeking BMT is
particularly troublesome. Baseline cognitive abilities may impact engagement in, and adherence to, substance
use treatment (Hinkin et al., 2004; Ornstein et al., 2000; Passetti et al., 2008). Furthermore, a growing body of
evidence suggests that patient-specific characteristic (e.g., cognitive abilities, psychiatric presentation) can be
used to tailor treatment for opioid dependence. This, in turn, may help to maximize treatment outcomes (Bart,
2012; Gruber et al., 2007; Nosyk et al., 2013; Okie, 2010). Explicitly, examining patients’ neurocognitive
profiles may serve an important role in informing clinical decision-making throughout the treatment process.
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Co-occurring psychiatric conditions of adults seeking BMT in the US have not been carefully examined
in the context of cognitive characteristics. For example, while Mintzer et al. (2004) evaluated the cognitive
profile of adults receiving BMT across several domains, they did not examine associations between

PT

neurocognitive functioning and either psychiatric or substance use histories. Conversely, while Weiss et al.

RI

(2011) used the Composite International Diagnostic Interview (CIDI) to assess psychiatric and substance use

SC

characteristics of adults receiving BMT (N = 653), they did not examine neurocognitive functioning. Moreover,
Weiss et al. (2011) did not report the prevalence of mood- and anxiety- related conditions in their sample. Like

NU

Mintzer et al. (2004), Weiss et al. (2011) studied a group comprised of employed (over 60%), non-Hispanic
white adults (over 90%), who had completed an average of 13 years of education. Hence, the neurocognitive,

MA

psychiatric, and substance characteristics of more ethnically diverse opioid dependent adults seeking BMT
have yet to be well characterized.

D

The aim of the current study was to examine the neurocognitive, psychiatric, and substance use

TE

characteristics of an ethnically diverse US sample of adults seeking BMT. We evaluated global and domain-
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specific neurocognitive function in opioid-dependent adults presenting for BMT. In addition, we examined rates
of current and lifetime psychiatric and substance use diagnoses, and explored associations between
neurocognitive function and comorbid lifetime diagnoses of depressive disorder, alcohol dependence, and
cocaine dependence. We hypothesized that rates of global and domain-specific impairment would be high.
Additionally, we hypothesized that those participants with comorbid lifetime diagnoses of depressive disorder,
alcohol dependence, and/or cocaine dependence would have significantly higher rates of neurocognitive
impairment compared to those without these comorbidities.
2. Material and Methods
We examined baseline data from an ongoing study (ClincalTrials.gov Identifier: NCT01108679). The
goal of the Neurocognitive Effects of Buprenorphine Among HIV+ and HIV- Opioid Users (NEB) study was to
examine the effect of buprenorphine treatment on neurocognitive (NC) functioning over a 6-month period. A
subset of the data collected as part of the NEB study is presented in this manuscript.
|5
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2.1. Setting
Participants were recruited from clinics affiliated with Montefiore Medical Center and Albert Einstein
College of Medicine. Recruitment was targeted to a Montefiore community health center with a large

PT

buprenorphine treatment program and to a network of drug treatment clinics comprising Einstein’s Division of

RI

Substance Abuse. Recruitment occurred through word of mouth, flyers, and health care providers. Research

SC

visits were conducted at the Clinical Research Center of the Einstein-Montefiore Institute for Clinical and
Translational Research.
Participants

NU

2.2.

Eligibility criteria for study participation included: 1) current diagnosis of opioid dependence; 2) no

MA

buprenorphine use for 15 consecutive days prior to enrollment; 3) anticipated initiation of buprenorphine
treatment within 30 days; 4) 18-68 years of age; 5) proficiency in English or Spanish; 6) at least 6 years of

D

formal education; 7) documented HIV status; 8) capacity to consent to study participation. Participants were

TE

excluded if they had: 1) serious medical illness (e.g. severe liver or end stage renal disease); 2) seizure
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disorder; 3) psychotic or bipolar disorders; 4) current comorbid alcohol or benzodiazepine dependence; or 5)
history of head trauma with loss of consciousness longer than 12 hours. Of the 141 participants who were
screened for the study, 41 met our inclusion/exclusion criteria and were enrolled, and 38 completed the
baseline assessment. This study was approved by Institutional Review Boards at the Albert Einstein College of
Medicine and Fordham University. All study participants provided written informed consent.
2.3.

Procedures

After a 15-minute screening interview over the phone, eligible participants were invited for an in-person
baseline interview. The baseline interview included a comprehensive neuropsychological evaluation, a
structured clinical interview, and several computerized assessments. Overall, interviews lasted 4 to 4.5 hours
and all measures were completed in a single visit. Participants were alerted about the nature of the visit during
the telephone screener and reminded via telephone 24 hours prior to the visit. Participants were scheduled for
their baseline within the first 10 days prior to starting buprenorphine treatment. Verbal consent was obtained
|6
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prior to completing the telephone screener. Additionally, informed consent was obtained in person, during the
initial phase of the visit, and participants were given ample time to make an informed decision about
participating. Participants who appeared intoxicated or who reported recent substance use were re-scheduled

PT

for another time.

RI

Unobserved urine was collected to determine active use of opioids (heroin, oxycodone, methadone,

SC

and buprenorphine) at a 300ng/ml cutoff, benzodiazepines, amphetamines, and/or cocaine. Results were
taken into consideration when interpreting the neuropsychological data. Information was collected using the

2.4.

NU

methods described below.
Measures

MA

Sociodemographic and clinical information (e.g., income, years of education, occupation, and
developmental history) was ascertained using both staff-administered questionnaires and audio computerized-

D

assisted self-interviews (R. Jones, 2003)

TE

Current and lifetime history of psychiatric and substance use diagnoses were ascertained using the
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Composite Diagnostic Interview (Robins et al., 1988), a structured clinical interview. Current diagnoses were
assigned to participants who met diagnostic criteria in the 12-month period preceding the interview; lifetime
(past) diagnoses were assigned to participants who met diagnostic criteria at any point in their life. Depressive
symptoms were assessed using the Beck Depression Inventory-Second Edition (BDI-II) (Beck et al.,1996),
which was administered using audio computer assisted structured interviews (ACASI) technology. Substance
use patterns were assessed using the Addiction Severity Index (ASI) (McLellan et al., 1980). Hazardous
alcohol use was also measured using the Alcohol Use Disorder Identification Test (AUDIT) (Saunders et al.,
1993). Urine was collected (unobserved) to assess opioid use (heroin, oxycodone, methadone, and
buprenorphine) at a 300ng/ml cutoff, as well as use of benzodiazepines, amphetamines, or cocaine.
Neurocognitive (NC) data were collected in seven domains: executive functioning, learning, memory,
verbal fluency, attention/working memory, processing speed, and motor functioning. The reading subtest from
the Wide Range Achievement Test-Third Edition (WRAT-III) (Wilkinson, 1993) was administered to estimate
|7
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premorbid level of intelligence. Although Spanish-speaking bilingual individuals could opt to complete the
evaluation in Spanish, all instruments were administered in English by trained psychometrists using
standardized procedures. Table 1 lists measures and references for normative data. Of note, norms that

PT

controlled for sociodemographic factors known to impact neurocognitive performance (e.g., age, education,

RI

race/ethnicity) were used when available (Heaton, 1993; Heaton et al., 2004). Explicitly, 10 out of 12 of the

SC

instruments used to assess neurocognitive abilities in this sample used demographically corrected norms.
Table 1 indicates which demographic characteristics each instrument corrected for. Neurocognitive impairment

NU

was operationalized as one standard deviation below the mean (i.e., average T-scores < 40). Psychometrists
in the study were supervised by an experienced clinical neuropsychologist. Quality assurance strategies

MA

included double scoring all charts and double data entry.

Insert Table 1

Analysis

D

2.5.

TE

Raw scores for neurocognitive data were converted to demographically-corrected T-scores using the
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best published normative data (See Table 1). Mean domain T-scores were then calculated by averaging the Tscores of all tests within a domain, and global NC T-scores were calculated by averaging T-scores for all tests.
Dichotomous variables were created to calculate proportion of neurocognitive impairment. Domain T-scores
that were one standard deviation below the mean considered impaired (Heaton et al., 2004; See Table 4).
Independent sample t-tests tests were used to compare differences in neurocognitive performance
between pre-defined groups: lifetime alcohol dependence versus no alcohol dependence, lifetime cocaine
dependence versus no cocaine dependence, and lifetime Major depressive disorder (MDD) versus no MDD.
Current depressive symptoms were categorized as: minimal (BDI-II 0-13), mild (14-19), moderate (20-28), or
severe (>29). Alcohol use disorder identification test (AUDIT) total scores greater than 8 indicated harmful or
hazardous drinking.
3. Results
Table 2 summarizes demographic and clinical characteristics. The mean age was 46.4(SD=9.6) years and
|8
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the mean number of years of education was 11.6(SD= 2.6), with 55% having completed at least 12 years of
education. Approximately 55% of the sample self-identified as Hispanic/Latino (n=21), 26% as non-Hispanic
black (n=10), 13% as non-Hispanic white (n=5) and 5% as non-Hispanic other (n=2). Sixty-nine percent were

PT

men (n=26) and 18% were HIV-seropositive (n=7). Over 50 percent of the participants endorsed minimal

RI

depressive symptoms (n=22). Major depressive disorder (MDD) was the most prevalent lifetime psychiatric

SC

diagnosis (31%; n=12), followed by dysthymia (7%; n=3).
Insert Table 2

NU

Table 3 summarizes substance use diagnoses. Forty-seven percent endorsed lifetime cocaine
dependence (n=18); 34% lifetime alcohol dependence (n=13); 18% lifetime cannabis dependence (n=7); and

MA

5% lifetime benzodiazepine dependence (n=2). Lifetime diagnoses of substance abuse followed a similar
pattern: cocaine was the most commonly abused substance (63%; n=24), followed by alcohol (50%; n=19),

D

cannabis (47%; n=18), and benzodiazepines (15%; n=6). In the 30 days prior to the study visit, 94% of the

TE

sample reported using opioids (n=36), 36% cocaine (n=14), 47% alcohol (n=18), 31% reported using cannabis
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(n=12), and 15% reported using benzodiazepines (n=6).
Insert Table 3

Table 4 summarizes neurocognitive scores and percent impaired. Overall, average global NC and
domain T-scores were mostly in the low average-to-borderline range, with learning and memory domain Tscores in the mild-to-moderately impaired range (M=33.9, SD=10.2; M=34.8, SD=11.1, respectively). More
than 60% scored in the impaired range in learning and memory (Learning n=28; Memory n=26). Though Tscores for global neurocognitive (global NC) function, executive function (EF), verbal fluency, attention/working
memory, processing speed domain, and motor functioning were in the normal range, 39% demonstrated global
NC impairment (n=15), and over 30% scored in the impaired range in EF (n=17), verbal fluency (n=12),
attention/working memory (n=14), and motor functioning (n=17) were also noted.
Insert Table 4
Table 5 summarizes differences in rates of NC impairment between study participants with history of
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lifetime alcohol dependence versus no alcohol dependence; lifetime cocaine dependence versus no cocaine
dependence; and lifetime MDD versus no MDD. Participants with lifetime alcohol dependence demonstrated
worse impairment in global NC functioning (t(36)=2.4, p<0.05) and performed worse in EF (t(36)=2.9, p <0.05),

PT

motor functioning (t(33)=3.4, p <0.05), and processing speed (t(36)=2.8, p <0.05) compared to those without

RI

lifetime alcohol dependence; effect sizes for these comparisons were large (Cohen’s d =0.97 to 1.19).

SC

Participants with a history of lifetime cocaine dependence performed worse in tasks assessing EF (t(36)=2.3,
p<0.05) and motor functioning (t(33)=2.4, p<0.05) compared to those without lifetime cocaine dependence;

NU

effect sizes for these comparisons were also large (Cohen’s d = 0.75 and 0.81). Current or lifetime cannabis or
benzodiazepines diagnoses were not significantly associated with NC impairment (p’s>0.05). Participants with

MA

a history of lifetime MDD performed worse across all NC domains than those without MDD, but none of the
differences reached statistical significance. Small to large effect sizes were observed in global NC function,

D

processing speed, and motor functioning (Cohen’s d ≤.70). In analyses comparing HIV seropositive to HIV

AC
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TE

negative participants, no significant differences were observed in any neurocognitive domain (all p’s >0.10).
Insert Tables 5
4. Discussion

We observed significant global and domain-specific neurocognitive impairment in this sample of opioiddependent adults seeking treatment with buprenorphine. Forty-two percent demonstrated global NC
impairment and one-third demonstrated impaired EF, attention/working memory, or motor functioning. Most
notably, approximately three-quarters of the sample had impaired learning and memory with domain T-scores
in the mild-to-moderately impaired range. Lifetime (i.e., past) alcohol and cocaine dependence were common,
and participants with these comorbidities had greater neurocognitive impairment than those without. Major
depressive disorder (MDD) was also common, but lifetime MDD diagnosis was not significantly associated with
worse neurocognitive function.
Findings on animal models document the role of opioids in the modulation of neuronal excitability in the
hippocampus (Derrick & Martinez, 1994) and link spatial learning and memory deficits to decreased
|10
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hippocampal functioning (Meilandt et al., 2004; Simmons & Chavkin, 1996). The human literature, though
equivocal, reports neurocognitive impairment in cognitive flexibility, inhibitory control, and working memory
(Baldacchino et al., 2012; Mitrovic et al., 2011), as well as impaired processing and psychomotor speed, verbal

PT

learning, and verbal fluency (Loeber et al., 2012; Soyka et al., 2008) in former and current opioid users. The

RI

current study provides support for these results, as we found that approximately 70% of treatment-seeking

SC

opioid-dependent adults demonstrated impaired learning and memory. This risk is critically important for
treatment providers to consider, as impaired learning and memory may translate into difficulties retaining

NU

treatment-related information and subsequently to suboptimal treatment adherence. To avoid this and enhance
treatment engagement and adherence, clinical providers should consider tailoring treatment-related

MA

information for individuals at high risk for learning and memory impairment.
The complex clinical presentations that characterize opioid-dependent adults who seek treatment often

D

include psychiatric and other substance use comorbidity (Brooner et al., 1997; Highfield et al., 2007; Schäfer et

TE

al., 2011). In the current study, comorbid lifetime alcohol and cocaine dependence diagnoses were common,
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and were significantly associated with deficits in EF. These findings extend prior research on the prevalence of
executive dysfunction among opioid users with current substance-related diagnoses (Fishbein et al., 2007; Pau
et al., 2002) by documenting that high risk of impaired EF is also present among opioid-dependent adults with
lifetime (past) substance-related diagnoses. Impaired EF functioning can result in poor goal-oriented behavior
and difficulty managing complex treatment regimens (Fishbein et al., 2007), and is crucial to recognize among
persons with complex medical and psychiatric comorbidity. Our study is also unique in that it addresses gaps
in the literature examining the synergistic effect of multiple substance-related comorbidities on neurocognitive
functioning. Specifically, a lifetime diagnosis of cocaine or alcohol dependence impacts cognitive functioning in
adults with opioid-dependence, which may results in functional implications.
Lifetime diagnosis of MDD was also relatively common (34%) in this sample. Previous studies on
opioid-dependent adults report that current MDD diagnosis negatively affects neurocognitive performance and
reduces treatment gains (Loeber et al., 2012; Schäfer et al., 2011). Although our analysis did not reveal a
|11
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significant association between lifetime MDD diagnosis and neurocognitive functioning, those with lifetime
MDD comorbidity performed worse in all domains than those without MDD. The impact of comorbid lifetime
MDD was most pronounced in processing speed and motor functioning, with small to medium effect sizes

PT

respectively. In contrast to prior studies, we examined lifetime MDD rather than current MDD. Hence, our

RI

analysis was limited and did not capture the impact of current MDD on NC functioning.

SC

As buprenorphine treatment gains popularity in the US, research on the neurocognitive characteristics
of opioid-dependent adults seeking BMT may help treatment providers make more informed decisions in

NU

regards to treatment delivery. Additional research in this area may help elucidate the role of NC functioning in
treatment success. Our findings have the potential to foster interdisciplinary collaboration among clinicians

MA

treating adults for opioid dependence. Specifically, neuropsychological evaluation may help optimize treatment
outcome by offering medical providers information that may help tailor treatment interventions. Similarly,

D

providers may opt to monitor selected patients more closely based on their neurocognitive characteristics.

TE

Despite its strengths, this study has limitations. Of the 141 adults screened for this study, only 41 met
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our inclusion/exclusion criteria and were enrolled. Of note, 93% of those who met inclusion/exclusion criteria (N
= 38) successfully completed our baseline evaluation. Our small sample size likely reflects two issues. First,
successfully recruiting opioid dependent adults into research is challenging, (Galea & Tracy, 2007; VerdejoGarcía et al., 2004) particularly in ethnically diverse, low SES area such as the Bronx, NY. However, it is
notable that our study was able to retain 93% of enrolled participants to complete an exhaustive baseline
evaluation. The second issue is that our relatively stringent exclusion of individuals with non-substance use
related neurologic and medical confounding conditions narrowed our pool of eligible participants, but were
necessary to strengthen the validity of our neurocognitive findings.
Due to our relatively small sample size, we had limited power to conduct analyses to further examine
our data. For instance, we did not have sufficient power to examine the multiplicative influence of co-occurring
substance use on neurocognitive functioning. Future studies would benefit from larger sample sizes to
investigate potential mechanisms underlying why individuals with comorbid alcohol and/or substance
|12
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dependence have poorer neurocognitive function in comparison to those without such co-occurring conditions.
In addition, within the current study, we may not have been able to observe the true impact of MDD, because
we focused on lifetime rather than current MDD. Moreover, we did not assess anxiety disorders, including post-

PT

traumatic stress disorder, which is highly prevalent among US adults receiving opioid agonist therapy (OATs)

RI

(Brooner et al., 1997; Schäfer et al., 2011). Finally, the nature of our research design (i.e., observational,

SC

cross-sectional, single sample design) limits our ability to establish a causal association between addiction to
multiple substances and NC impairment. Hence, these findings do not establish the etiology of the

NU

neurocognitive deficits observed. Additional research in this area, particularly prospective cohort studies, will
help to elucidate the direction of the association between substance use disorder and neurocognitive deficits.

MA

Additionally, given that our study did not have a comparison group, it is remains to be seen if the
current findings are exclusive to a buprenorphine-seeking group or more generally applicable to those seeking

D

other types of treatment for opioid dependence. In general, this study aimed to characterize the NC, substance

TE

use, and psychiatric profiles of community dwelling adults seeking buprenorphine treatment. Future research
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would benefit from more fine-grained analysis of current and past psychiatric comorbid diagnoses, as well as
acute symptomology, larger samples, and more rigorous methodologies (including treatment comparison
groups) to clarify the current findings. Our findings are specific to an ethnically diverse, urban population
seeking buprenorphine treatment; thus caution should be exercised when generalizing these findings to other
groups.

In sum, we observed high rates of neurocognitive impairment among treatment-seeking opioiddependent adults, with three-quarters of study subjects demonstrating impaired learning and memory, and
notable impairments in EF, attention/working memory, and motor functioning. Lifetime comorbid alcohol and
cocaine dependence were both associated with greater neurocognitive impairment. These findings are
important for treatment providers to be aware of, and should inform treatment decisions with opioid-dependent
adults.
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Table 1. Neurocognitive (NC) and Other Measures
NC Domains and Tests
Normative Data Sources
Executive Function
1,2,3,4
Wisconsin Card Sorting Task-64 Item Version
Heaton et al. (1993)
1, 2,3,4
Trail Making Test (Part B)
Heaton et al. (2004)
Attention/Working Memory
1,2,3,4
WAIS-III Letter Number Sequencing
Heaton, Taylor, & Manly (2003)
1, 2,3,4
PASAT Total Correct
Heaton et al. (2004)
Learning
1
Hopkins Verbal Learning Test-Revised (Total Recall)
Benedict et al. (1998)
1
Brief Visuospatial Memory Test-Revised (Total Recall)
Benedict (1996)
Memory (Delayed Recall)
1
Hopkins Verbal Learning Test
Benedict et al. (1998)
(Delayed Recall Trial)
1
Brief Visuospatial Memory Test-Revised
Benedict (1997)
(Delayed Recall Trial)
Motor
1,2,3,4
Grooved Pegboard Time (dominant hand)
Heaton et al. (2004)
1,2,3,4
Grooved Pegboard Time (non-dominant hand)
Heaton et al. (2004)
Processing Speed
1,2,3,4
WAIS-III Digit Symbol
Heaton, Taylor, & Manly (2003)
1,2,3,4
WAIS-III Symbol Search
Heaton, Taylor, & Manly (2003)
1, 2,3,4
Trail Making Test (Part A)
Heaton et al. (2004)
Verbal Functioning
1,2,3,4
Controlled Oral Word Association Test (F-A-S)
Heaton et al. (2004)
1,2,3,4
Semantic (Animal) Fluency
Heaton et al. (2004)
Note. WAIS-III =Wechsler Adult Intelligence Scale; PASAT=Paced Auditory Serial Arithmetic Test (PASAT); Norms
corrected for the indicated demographic characteristics: 1 =Age; 2 =Education; 3 =Gender; 4 =Ethnicity.
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Table 2. Demographic and Clinical Characteristics (N=38)
Male
Demographic Characteristics
M (SD)/% (n)
Age (yrs)
46.4 (9.6)
Education (yrs)
11.6 (2.6)
Gender
Male
69% (26)
Race/Ethnicity
Hispanic
55% (21)
Non-Hispanic black
26% (10)
Non-Hispanic white
13% (5)
Non-Hispanic other
5% (2)
Clinical Characteristics
M (SD)/(n)
BDI-II Total Score:
13.6 (10.8)
Minimal Total Score <13
57% (22)
Mild Total Score between 14-19
13% (5)
Moderate Total Score between 20-28
23% (9)
Severe Total Score between 29-63
5% (2)
CIDI Diagnosis:
Major Depressive Disorder
31% (12)
Dysthymia
7% (3)
HIV Status:
HIV+
18% (7)
CD4 count < 200*
15% (1)
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TE

Note. BDI-II =Beck Depression Inventory-II; CIDI =Composite International
Diagnostic Interview. *% based on HIV+ participants
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Table 3. Current and Lifetime Substance Use and
Diagnoses (N=38)
Substance
Percent (n)
Alcohol
Positive urine toxicology at baseline
NA
Current use per ASI
47% (18)
Lifetime Dependence
34% (13)
Lifetime Abuse
50% (19)
Hazardous Drinking (AUDIT)
18% (7)
Opioids
Positive urine toxicology at baseline
97% (37)
Current use per ASI
94% (36)
Lifetime Dependence
100% (38)
Lifetime Abuse
97% (37)
Cocaine
Positive urine toxicology at baseline
34% (13)
Current use per ASI
36% (14)
Lifetime Dependence
47% (18)
Lifetime Abuse
63% (24)
Cannabis
Positive urine toxicology at baseline
31% (12)
Current use per ASI
31% (12)
Lifetime Dependence
18% (7)
Lifetime Abuse
47% (18)
Benzodiazepines
Positive urine toxicology at baseline
15% (6)
Current use as per ASI
15% (6)
Lifetime Dependence
5% (2)
Lifetime Abuse
15% (6)

PT
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Note. CIDI =Composite International Diagnostic Interview; ASI
=Addiction Severity Index; Urine toxicology results obtained from
sample collected on interview day; AUDIT =Alcohol Use Disorder
Identification Test.
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Table 4. Neurocognitive (NC) Characteristics based on
average T-scores and rates of impairment (N=38)
M (SD)
NC impaired
%(n)
WRAT-3 Standard Score
86.2 (13.6)*
Global NC Function
41.2 (6.5)
39% (15)
Learning
33.9 (10.2)
73% (28)
Memory
34.8 (11.1)
68% (26)
Executive Function
42.7 (9.4)
44% (17)
Motor
40.2 (9.3)
44% (17)
Attention/Working Memory
42.8 (8.1)
36% (14)
Verbal Fluency
44.9 (9.5)
31% (12)
Processing Speed
48.1 (8.5)
15% (6)
Note. Scores for the WRAT-3, used to ascertain premorbid
functioning is presented in Standard Score (M=100, SD=15).
T-Scores <40 = NC impairment.
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Global NC
Functioning
Learning

Dependent
(n=13)

NonDependent
(n=25)

Dependent
(n=17)

M (SD)

M (SD)

ttest

Cohen’s
d

M (SD)

37.9(6.5)

42.9(5.8)

2.4*

.68

33.1(12.2)

34.4(9.2)

0.4

.06

Lifetime Diagnosis of Depression

NonDependent
(n=21)

Depressed
(n=13)

NonDepressed
(n=25)

M (SD)

t-test

Cohen’s
d

M (SD)

M (SD)

ttest

Cohen’s
d

39.6(6.8)

42.5(6.0)

1.4

.46

39.8(8.8)

41.9(4.9)

.82

.32

34.6(10.8)

33.4(9.8)

-0.4

.05

33.9(13.5)

34.0(8.3)

.03

.00

34.4(13.7)

35.0(9.8)

.16

MA

Neurocognitive
Domain

Diagnosis of Cocaine Dependence

NU

Diagnosis of Alcohol Dependence

SC

Table 5. Mean comparisons based on alcohol dependence, cocaine dependence, and depression with neurocognitive (NC) functioning (N=38).
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ED

.03
Memory
32.3(12.0)
36.1(10.6)
1.0
.17
34.3(11.8)
35.2(10.8)
0.3
.04
Executive
40.6(7.4)
41.8(6.9)
.44
.17
37.2(5.9)
44.5(6.7)
2.9*
1.13
38.6(6.7)
43.6(6.6)
2.3*
.75
Functioning
36.3(8.6)
42.6(9.2)
1.9
.70
Motor
34.2(9.0)
43.8(7.6)
3.4*
1.19
36.4(9.6)
43.5(8.0)
2.4*
.81
Attention/Worki
43.0(8.8)
42.9(7.8)
.12
.01
40.4(7.3)
44.0(8.3)
1.3
.45
40.8(8.3)
44.3(7.7)
1.3
.44
ng Memory
43.7(12.8)
45.4(7.6)
.53
.18
Verbal Fluency
44.5(8.7)
45.0(9.9)
.18
.05
45.3(8.7)
45.3(10.2)
0.3
.00
Processing
46.8(11.6)
48.8(6.4)
.72
.24
43.2(5.8)
50.7(8.5)
2.8*
.97
45.7(9.3)
50.1(7.3)
1.6
.53
Speed
Note. Mean and Standard Deviations (M, SD) based on average T Scores; T-Scores<40 = NC impairment; Diagnosis assessed using the Composite Diagnostic Interview
(CIDI); *= p< .05, **p<.001.
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We recruited community-dwelling adults, of diverse socio-economic status, seeking buprenorphine
treatment.
We used a comprehensive neurocognitive battery to evaluate baseline cognitive functioning in adults seeking
buprenorphine treatment
We examined psychiatric, functional, and psychological factors.
We interpreted overall performance within a biopsychosocial framework, emphasizing the effect of multiple
factors on neurocognitive performance.
Generally, adults diagnosed with opioid dependence who present for opioid agonist treatment with
buprenorphine, on average, exhibit diminished neurocognitive functioning. In this population, preexisting
alcohol and cocaine use disorders are associated with poorer scores.
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