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Abstract

To assess recovery of cognitive effects, we investigated neuropsychological performance after 1 

month of monitored abstinence in teens with histories of heavy episodic drinking, protracted 

marijuana use, or concomitant use of alcohol and marijuana. Adolescents (ages 16–18 years) with 

histories of heavy episodic drinking (HED; n = 24), marijuana use (MJ; n = 20), both heavy 

alcohol and marijuana use (HED+MJ; n = 29), and socio-demographically similar control teens 

(CON; n = 55) completed a neuropsychological battery following 4 weeks of monitored 

abstinence. Groups were similar on 5th grade standardized test scores, suggesting comparable 

academic functioning before onset of substance use. Relative to CON, HED showed poorer 

cognitive flexibility (p = .006), verbal recall (p = .024), semantic clustering (p = .011), and reading 

skills (p = .018). MJ performed worse than CON on inhibition task accuracy (p = .015), cued 

verbal memory (p = .031), and psychomotor speed (p = .027). Similar to HED youth, HED+MJ 

showed differences relative to CON on cognitive flexibility (p = .024) and verbal recall (p = .049). 

As with MJ teens, HED+MJ showed poorer task accuracy (p = .020). Unique to the HED+MJ 

group was poorer working memory (p = .012) relative to CON. For all substance using 

participants, worse performance across domains correlated with more lifetime use of alcohol and 

of marijuana, more withdrawal symptoms from alcohol, and earlier age of onset of marijuana use 

(ps < .05). Heavy alcohol use, marijuana use, and concomitant use of both substances during 

adolescence appear to be associated with decrements in cognitive functioning, and each substance 

(or combination of substances) may be linked to poorer performance in specific cognitive domains 

(JINS, 2014, 20, 784–795).
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INTRODUCTION

Brain maturation during adolescence appears to mirror developments in cognition, 

suggesting the overwhelming importance of healthy brain maturation processes during this 

critical time (Fryer et al., 2008; Nagel, Barlett, Schweinsburg, & Tapert, 2005; Sowell, 

Delis, Stiles, & Jernigan, 2001). Given the confluence of neuromaturational activity (Giedd 

et al., 1999; Gogtay et al., 2004; Paus et al., 1999) and initiation of alcohol and marijuana 

use during adolescence, the potential impact of these substances on neurocognitive 

development is important to understand. Alcohol and marijuana are drugs of particular 

concern since they are the most commonly used among adolescents. Over 68% of U.S. high 

school seniors report having tried alcohol and 46% have tried marijuana (Johnston, O’Mally, 

Miech, Bachman, & Schulenberg, 2014), and in the past month, alcohol was used by 39% 

and marijuana by 22% (Johnston et al., 2014). Heavy episodic drinking (i.e., attaining a 

blood alcohol concentration of .08 or higher, which is typically achieved with ≥5 drinks for 

males or ≥4 drinks for females within a 2-hr period; National Institute on Alcohol Abuse and 

Alcoholism, 2002) occurred among nearly a quarter of seniors in the prior 2 weeks, and 7% 

endorsed daily marijuana use (Johnston et al., 2014).

The extant animal literature suggests that adolescents experience heightened vulnerability to 

the deleterious effects of both ethanol and cannabis (Cha, White, Kuhn, Wilson, & 

Swartzwelder, 2006; Roehrs, Beare, Zorick, & Roth, 1994; Schneider, Schomig, & Leweke, 

2008; Silveri & Spear, 1998; Slawecki & Roth, 2004; Stiglick & Kalant, 1982). In general, 

the animal literature suggests a more widespread impact by ethanol on the hippocampus 

(Nixon, Tivis, Ceballos, Varner, & Rohrbaugh, 2002; Slawecki, Betancourt, Cole, & Ehlers, 

2001; Ward et al., 2009) and frontal–anterior cortical areas (Crews, Braun, Hoplight, 

Switzer, & Knapp, 2000), which leads to persistent structural and functional abnormalities 

into adulthood (Slawecki, 2002; Slawecki & Roth, 2004; White, Ghia, Levin, & 

Swartzwelder, 2000). Adolescent rats also show reduced sensitivity to ethanol-induced 

motor impairing and sedative effects (Roehrs et al., 1994; Silveri & Spear, 1998; Slawecki & 

Roth, 2004), which may theoretically enable youth to drink greater quantities of alcohol and 

attain higher blood alcohol concentrations with less sedation than would be expected in 

adulthood. Similar to effects seen in adolescent rats exposed to ethanol, long-lasting effects 

on learning, memory, and object recognition have been shown in adolescent rats with 

chronic cannabis exposure (Cha et al., 2006; Schneider & Koch, 2003; Schneider et al., 

2008; Stiglick & Kalant, 1982), which have been attributed to a reduction in quality or 

efficiency of synaptic connections in the hippocampus (Rubino et al., 2009).

While most existing studies examine the impact of alcohol or marijuana use separately, 

understanding the impact of concomitant use is also highly relevant. One study found that 

use of cannabinoids in a neonatal rat brain enhanced sensitivity to damage from ethanol 

(Hansen et al., 2008). The combination of THC and mildly intoxicating doses of ethanol 

produced widespread and severe neuronal degradation similar to levels observed from much 

higher doses of ethanol administration. In sum, animal literature has linked both independent 

and concurrent alcohol and marijuana use to microstructural and macrostructural changes 

that likely contribute to observed behavioral and cognitive differences, including poorer 

neuropsychological functioning.
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The extant human literature also suggests that heavy and recent alcohol exposure in 

adolescence is associated with poorer neuropsychological outcomes relative to those of non-

drinkers (Brown et al., 2008; Brown & Tapert, 2004). A recent study that examined 

community youth of heavy episodic drinkers relative to their nondrinking peers found that 

even after 1 month of monitored abstinence, adolescent drinkers still showed differences in 

prospective memory, cognitive switching, inhibition task accuracy, verbal memory, and 

visuospatial construction (Winward, Hanson, Bekman, Tapert, & Brown, 2014). Such 

decrements are consistent with a vast number of other studies on adolescent drinkers 

(Brown, Tapert, Granholm, & Delis, 2000; Giancola & Mezzich, 2000; Giancola & Moss, 

1998; Giancola, Shoal, & Mezzich, 2001; Goudriaan, Grekin, & Sher, 2007; Hanson, 

Medina, Padula, Tapert, & Brown, 2011; Moss, Kirisci, Gordon, & Tarter, 1994; Sher, 

Martin, Wood, & Rutledge, 1997; Tapert & Brown, 1999; Tapert, Granholm, Leedy, & 

Brown, 2002; Tapert et al., 2004; Weissenborn & Duka, 2003). More specifically, numerous 

studies examining neuropsychological impact of drinking among adolescents with alcohol 

use disorders (AUD) suggest deficits in verbal memory and recognition discriminability 

(Brown et al., 2000; Tapert et al., 2001) and in recall of nonverbal information (Brown et al., 

2000) such as delayed recall of a complex figure (Squeglia, Spadoni, Infante, Myers, & 

Tapert, 2009).

Similar to alcohol use, marijuana use during adolescence may also disrupt the normal 

neuromaturational processes that take place during this time period (Benes, Turtle, Khan, & 

Farol, 1994; Gogtay et al., 2004; Jernigan & Gamst, 2005; Pfefferbaum et al., 1994). After at 

least 3 weeks of abstinence, adolescent marijuana users still show decrements in memory, 

attention, psychomotor speed, and planning and sequencing (Medina et al., 2007; Millsaps, 

Azrin, & Mittenberg, 1994; Schwartz, Gruenewald, Klitzner, & Fedio, 1989); increased 

errors on a speeded visuomotor sequencing task; and more intrusions on word list learning 

(Tapert et al., 2007). One study that tested adolescent marijuana users once per week over 3 

weeks of sustained abstinence found initial differences in verbal memory and verbal 

working memory that improved with 3 weeks of sustained abstinence, but not to levels of 

controls (Hanson et al., 2010). Deficits in accuracy on a visual attention task were seen at 

the first assessment and across time (Hanson et al., 2010). Another study found that MJ-

using teens continued to show poorer functioning in complex attention, sequencing ability, 

verbal story memory, and psychomotor speed following 1 month of monitored abstinence 

(Medina et al., 2007).

While multiple studies report neuropsychological deficits in alcohol and marijuana using 

teens, even after 1 month of abstinence, one major limitation across these studies is the high 

rate of comorbid substance use among participants. Many alcohol-using populations have 

moderate to high levels of marijuana use; similarly, many marijuana-using teens have 

significant exposure to heavy drinking. Therefore, much of the existing literature cannot 

report confidently if cognitive decrements are primarily related to alcohol, to marijuana, or 

to use of both substances. Additionally, few studies have compared directly alcohol users to 

marijuana users. One study comparing non-using peers to alcohol-using and to marijuana-

using youth used a 12-hr abstinence protocol and 9th grade scores as indications of pre-

morbid academic functioning (Solowij et al., 2011); another study used marijuana users who 

had consumed alcohol up to 810 times and other drugs up to 70 times (Mahmood, Jacobus, 
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Bava, Scarlett, & Tapert, 2010). Therefore, there is a great need to distinguish the impact of 

alcohol, marijuana, and concomitant use on neuropsychological outcomes using extended 

abstinence protocols, indicators of premorbid functioning that predate initiation of substance 

use, and group eligibility criteria to limit exposure to other substances much more 

stringently. These limitations are addressed in the current study.

Current Study

We examined the effects of alcohol and marijuana use during adolescence in a sample of 

substance using teens and demographically similar non-using teens using a 

neuropsychological battery after 4 weeks of monitored abstinence. Using strict criteria to 

differentiate groups, we compared neuropsychological performance among (1) alcohol 

users, (2) marijuana users, (3) concomitant users of marijuana and alcohol, and (4) non-

using controls. Based on prior adolescent research, we hypothesized that even following 1 

month of sustained abstinence, users of marijuana and alcohol would show poorer 

performance relative to non-users. Poorer executive functioning and visuospatial ability were 

expected in the alcohol group, but not in the marijuana group. Poorer task accuracy and 

psychomotor speed were expected to be most notable among the marijuana users. Given 

previous animal and human research (Hansen et al., 2008; Hanson et al., 2011), we expected 

youth who use both marijuana and alcohol to show poorest performance in the same 

domains as heavy users of alcohol or marijuana, while also possibly showing unique 

changes attributable to concomitant use.

METHOD

Participants

In accordance with the University of California, San Diego (UCSD) Institutional Review 

Board and high school district policies, written informed assent (adolescent participant) and 

consent (parent/legal guardian) were obtained before participation. The current study 

examined 128 adolescents (ages 16–18 years) who were classified into four groups: (1) 

heavy episodic drinking adolescents (HED; n = 24; >100 heavy episodic drinking episodes, 

<25 marijuana episodes), (2) protracted marijuana users (MJ; n = 20; >100 marijuana 

episodes, <25 drinking episodes), (3) heavy alcohol and marijuana using teens (HED+MJ; n 
= 29; >100 marijuana episodes and >100 heavy episodic drinking episodes), and (4) control 

teens (CON; n = 55; <10 drinking episodes, <5 marijuana episodes). Specifically, we used 

“episode” to describe the number of days on which a substance was used in a participant’s 

lifetime and “heavy episodic drinking episode” to describe the number of days on which a 

male participant consumed five or more drinks and a female participant consumed four or 

more drinks within a 2-hr period (National Institute on Alcohol Abuse and Alcoholism, 

2002). Also, in the 3 months before starting the study, MJ youth reported 0 heavy episodic 

drinking episodes and 0 alcohol withdrawal symptoms. The HED and HED+MJ groups, 

however, reported 5–20 heavy episodic drinking episodes per month and 3–9 alcohol 

withdrawal symptoms in the 3 months before study initiation.

All participants were drawn from the same schools, and groups were similar on socio-

demographic factors including age, gender (35% female), ethnicity (75% Caucasian), grades 
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completed, grade point average (GPA), socioeconomic status (Hollingshead, 1965), family 

history of substance dependence, and 5th grade California Achievement Test, 6th Edition 

(CAT-6) language arts and mathematics scores (Table 1). Groups who used similar 

substances (e.g., HED and HED+MJ both used alcohol heavily and MJ and HED +MJ both 

used marijuana heavily) were matched on their common substance in the following areas: 

lifetime episodes, frequency of recent use (i.e., 3 months before study initiation), days since 

use at study initiation, and age of onset of regular use (i.e., more than 1 day per week). HED 

and HED+MJ had a heavy episodic drinking experience 4.18 and 6.75 days per month, 

respectively; MJ and HED+MJ smoked marijuana 17.70 and 18.38 days per month, 

respectively (Table 1).

Participants were recruited from San Diego high schools and colleges via mailings and fliers 

that advertised an “Adolescent Development Project.” No information regarding alcohol or 

drug use criteria was described in the flier or discussed before screening. Participants 

responding by phone were informed of the study protocol and assessment schedule, potential 

risks and benefits, and the confidentiality of their participation. All interested teens and their 

guardians underwent an extensive screening process to determine eligibility, and those 

potentially eligible were mailed consent packets. After completing the assents/consents, 

teens and their guardians participated in more detailed, structured clinical interviews.

To minimize confounds, exclusionary criteria included history of a DSM-IV Axis I disorder 

other than substance abuse; extensive other drug use (i.e., greater than 25 combined lifetime 

use of other drugs); head trauma (i.e., loss of consciousness over 30 s); a learning disorder; 

neurological dysfunction; serious medical illness; family history of bipolar I or psychotic 

disorder; significant prenatal alcohol or drug exposure; sensory problems; use of 

psychoactive medications; and substance use during the abstinence protocol.

Measures

Structured clinical interview and substance use history—After providing their 

assent/consent, adolescent participants and their parents were separately administered 

confidential structured clinical interviews assessing demographics, social and academic 

functioning (Brown, Vik, & Creamer, 1989), family history of psychiatric disorders using 

the structured clinical interview of Family History Assessment Module Screener (Rice et al., 

1995), and personal history of Axis I psychiatric disorders using the Computerized 

Diagnostic Interview Schedule for Children (DISC; Shaffer, Fisher, Lucas, Dulcan, & 

Schwab-Stone, 2000). Parents completed the Child Behavior Checklist (CBCL; Achenbach 

& Ruffle, 2000) and teens completed the Youth Self Report (YSR; Achenbach & Ruffle, 

2000) to assess levels of internalizing and externalizing psychopathology.

Teen substance use history was documented using the Customary Drinking and Drug Use 

Record (CDDR; Brown et al., 1998), which assessed both lifetime and recent tobacco, 

alcohol, and drug use (12 classes), withdrawal symptoms, DSM-IV abuse and dependence 

criteria, and other negative consequences associated with heavy drinking. Good inter-rater 

reliability, internal consistency, and test–retest ability have been demonstrated with the 

CDDR among adolescent participants (Brown et al., 1998; Stewart & Brown, 1995). The 

Timeline Followback (TLFB; Sobell & Sobell, 1992) modified to include other drugs was 
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used to collect frequency and quantity of alcohol, marijuana, and other drug use for the 4 

weeks before initiating protocol and for the 4 week duration in the study.

Neuropsychological battery—Following at least 1 month of monitored abstinence in all 

participants, a 150-min neuropsychological (NP) battery was administered by extensively-

trained neuropsychometrists to assess five domains: (1) executive functioning, (2) learning 
and memory, (3) visuospatial construction, (4) working memory, attention, and psychomotor 
speed, and (5) language and achievement. Standardized neuropsychological tests included 

the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler, 1999) Vocabulary and 

Block Design subtests; Wechsler Adult Intelligence Scale-III (WAIS-III; Wechsler, 1997): 

Arithmetic, Digit Span, and Digit Symbol Coding subtests; California Verbal Learning Test - 

Second Edition (CVLT-II; Delis, Kramer, Kaplan, & Ober, 2000); Rey-Osterrieth Complex 

Figure copy and 30-min delayed recall (Osterrieth, 1944); Delis-Kaplan Executive 

Functioning System (D-KEFS; Delis, Kaplan, & Kramer, 2001) Trail Making subtest; and 

the Wide Range Achievement Test-4 (WRAT-4; Wilkinson & Robertson, 2006) Reading 

subtest.

Mood/affect measures—At the NP testing session, teens completed the Hamilton 

Depression and Anxiety Rating Scales (Hamilton, 1996) and the state scale of the 

Spielberger State Trait Anxiety Inventory (Spielberger, Gorsuch, & Lushene, 1970), both of 

which have well-established psychometric properties (Hamilton, 1996; Spielberger et al., 

1970).

Procedures

All eligible participants who initiated the study protocol were monitored for abstinence from 

substance use for 4 weeks and then assessed using neuropsychological tests at the 

completion of their abstention period. Before the NP testing session, participants provided a 

urine sample, submitted a Breathalyzer reading (Intoximeter, St. Louis, MO), and completed 

emotional state measures. To minimize the possibility of substance use during the 4-week 

abstention period, supervised urine and breath samples were collected three times weekly to 

assess for recent use of alcohol with ethyl glucuronide (EtG) and ethyl sulfate (EtS) 

metabolites and use of methamphetamines, cocaine, THC (cannabis), benzodiazepines, 

methadone, barbiturates, MDMA (ecstasy), opiates, PCP, and oxycodone. We used an 

observed sample collection procedure to minimize the likelihood of participant tampering. 

Samples were analyzed by Redwood Toxicology (Santa Rosa, CA) using cloned enzyme 

donor immunoassay kits. If abstinence maintenance was confirmed via subject self-report, 

Breathalyzer, and quantitative toxicology results, participants continued to be scheduled for 

appointments. Abstinence was also facilitated using a standardized Motivational 

Interviewing protocol (Miller & Rollnick, 1991) demonstrated to encourage the maintenance 

of abstinence for adolescents in prior research (Brown, Anderson, Schulte, Sintov, & 

Frissell, 2005; Schweinsburg et al., 2005). To minimize the impact of study participation on 

subjects’ daily lives, research staff worked closely with enrolled youth to select a 1-month 

period that did not conflict with birthdays, school events, or breaks. As this was not a 

treatment-seeking sample (i.e., “nonclinical”), eligibility was not contingent upon a teen’s 
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expressed desire to quit substance use. Instead, participants were motivated by financial 

compensation and the opportunity to contribute to research.

HED, MJ, and HED+MJ youth started the study protocol within 3 weeks of exposure to the 

substance of interest (i.e., HED had a heavy episodic drinking episode within 21 days of 

study initiation but their last exposure to marijuana did not impact eligibility). At the time of 

assessment following 1 month of monitored abstinence, average days since exposure to the 

substance of interest ranged from 31–35 days in HED, MJ, and HED+MJ youth (Table 1). 

Eleven HED youth, 1 MJ youth, and 4 HED+MJ youth initiated the study but were unable to 

complete the 1-month abstinence protocol so their data were excluded from analyses.

Data Analyses

We used χ2 tests (for categorical variables) and analysis of variance (ANOVA; for 

continuous variables) to compare demographic characteristics among groups. We used 

multivariate analysis of covariance (MANCOVA) to test for group effects on 

neuropsychological task performance after 1 month of monitored abstinence. Given that 

poor externalizing behavior has been linked to academic underachievement, impulsivity, 

poor decision making, and neurocognitive deficits (Ernst et al., 2003; Giancola & Moss, 

1998; McGue, Iacono, Legrand, & Elkins, 2001), CBCL externalizing behavior was used as 

a covariate in the analyses since the three groups of substance using teens scored higher on 

this trait. Post hoc contrasts were examined using Tukey’s HSD tests. Secondary analyses 

examined the associations between alcohol and marijuana use characteristics (i.e., lifetime 

episodes, age of onset of regular use, quantity of recent withdrawal symptoms, days since 

last use) and performance on tasks of executive functioning, learning and memory, 

visuospatial construction, attention and psychomotor speed, and language and achievement. 

Due to non-normal distribution of substance use characteristics, Spearman’s correlations 

were calculated to describe these relationships. A false discovery rate (FDR) correction for 

multiple comparisons was used to recalculate p-values from the outputs (Benjamini & 

Hochberg, 1995). All reported p-values were generated from the FDR correction.

RESULTS

Demographics, Substance Use, and Mood

As mentioned previously, the groups were similar on sociodemographic characteristics and 

on their pre-substance use academic performance (Table 1). Participants were typically from 

lower-middle to upper-middle class families (Hollingshead, 1965) and of average to above-

average intelligence (based on WASI Vocabulary T-Scores). Both HED and HED+MJ drank 

alcohol heavily, approximately 1–2 times per week. Both MJ and HED+MJ smoked 

marijuana approximately 4–5 days per week. Lifetime exposure to drugs other than alcohol 

and marijuana was modest (<10 on average) and similar among the three substance using 

groups (Table 1).

Substance using participants (i.e., HED, MJ, and HED+MJ) self-reported slightly higher 

CBCL externalizing behavior than control teens (F(3,107) = 4.53; p = .007), although still 

within normal range, on average. CBCL externalizing behavior was used as a covariate in 
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the analyses. STAI anxiety and Hamilton depression ratings were similar and within the 

normal range for all groups following 1 month of monitored abstinence (p’s >.05).

Neuropsychological Performance

The following results summarize the differences in neuropsychological performance among 

CON, HED, MJ, and HED+MJ youth following 1 month of monitored abstinence (Table 2). 

There was a statistically significant difference in neuropsychological test performance based 

on a participant’s substance use history group classification (F(72,243) = 1.93; p < .001; 

Wilks’ Λ = 0.26, partial η squared = 0.36). Descriptive information for the statistically 

significant findings is provided as the means and standard error estimates from the 

MANCOVA model, p-value from the Tukey’s HSD post hoc contrast, and 95% confidence 

interval for the model’s mean estimates.

Executive functioning—Statistically significant group differences were identified for D-

KEFS Trail Making Number-Letter Switching (F (3,124) = 5.09; p = .002), with both HED 

(M = 9.55(SE = 0.41); p = .006; 95% CI [8.70, 10.40]) and HED+MJ (M = 9.84(SE = 0.37); 

p = .024; 95% CI [9.09, 10.59]) performing 11–14% worse than CON (M = 11.04(SE = 

0.21); 95% CI [10.62, 11.45]) teens. On D-KEFS Trail Making all errors (F(3,124) = 4.62; p 
= .004), accuracy rates (i.e., fewer set loss and sequencing errors) were 10% higher in CON 

(M = 11.31(SE = 0.15); 95% CI [11.00, 11.61]) as compared to both MJ (M = 10.10(SE = 

0.48); p = .015; 95% CI [9.09, 11.01]) and HED+MJ (M = 10.28(SE = 0.29); p = .020; 95% 

CI [9.68, 10.87]) youth.

Learning and memory—An overall group difference was identified on the semantic 

clustering Z-score (F(3,124) = 3.85; p = .011) with HED (M = −0.28(SE = 0.30); p = .011; 

95% CI [ −0.89, 0.34]) performing 0.96 standard deviations poorer than CON (M = 0.68(SE 
= 0.16); 95% CI [0.36, 1.00]) when recalling a verbal list. An overall group difference was 

also found for CVLT-II total recall discriminability Z-score (F(3,124) = 3.28; p = .023), with 

HED (M = −0.32(SE = 0.27); p = .024; 95% CI [ −0.87, 0.23]) performing 0.71 standard 

deviations below CON (M = 0.39(SE = 0.13); 95% CI [0.13, 0.65]), and HED +MJ (M = 

−0.09(SE = 0.16); p = .049, 95% CI [ −0.42, 0.23]) performing 0.48 standard deviations 

below CON. An overall group difference was identified on the long delay cued recall Z-

score (F(3,124) = 2.95; p = .036) with MJ (M = −0.39(SE = 0.35); p = .031, 95% CI [ −1.13, 

0.25]) performing 0.67 standard deviations poorer than CON (M = 0.28(SE = 0.11); 95% CI 

[0.05, 0.50]) when recalling a verbal list with category cues. No group effects were found for 

verbal word-list learning in Trials 1–5 on the CVLT-II task (F(3,124) = 1.13; p = .338), long 

delay (20-min) free recall of the CVLT-II word list (F(3,124) = 1.51; p = .215), CVLT-II 

total recognition discriminability (F(3,124) = 0.51; p = .677), CVLT-II intrusion rate 

(F(3,124) = 0.69; p = .558), or for accuracy on a 30-min delayed recall of the Rey-Osterrieth 

complex figure (F(3,124) = 1.67; p = .177).

Visuospatial construction—No statistically significant group differences were found on 

the two visuospatial tasks: Rey-Osterrieth complex figure copy (F(3,124) = 1.72; p = .167) 

and WASI Block Design T-score (F(3,124) = 1.34; p = .264).
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Working memory, attention, and psychomotor speed—A group difference was 

found on WAIS-III Arithmetic, a task that requires working memory, attention, and 

numerical reasoning while mentally solving math problems (F(3,124) = 3.58; p = .016), with 

HED+MJ (M = 10.08(SE = 0.46); p = .012; 95% CI [9.14, 11.03]) performing 14% worse 

than CON teens (M = 11.78(SE = 0.29); 95% CI [11.21, 12.36]). An overall group 

difference was identified for WAIS-III Digit Symbol Coding (F(3,124) = 2.94; p = .036), 

with MJ (M = 9.25(SE = 0.58); p = .027; 95% CI [8.03, 10.47]) performing 14% more 

slowly than CON youth (M = 10.75(SE = 0.27); 95% CI [10.20, 11.29]) on this visual-motor 

speed/coordination and visual working memory task. No statistically significant group 

difference was identified on the WAIS-III Digit Span task (F(3,124) = 0.34; p = .796), the 

visual scanning condition of the D-KEFS Trail Making Test (F(3,124) = 1.79; p = .153), or 

on the D-KEFS Trail Making Number (F(3,124) = 0.62; p = .606) or Letter (F(3,124) = 1.87; 

p = .139) Sequencing tasks.

Language and achievement—On the WRAT-4 Reading task, a group effect was found 

(F(3,104) = 3.26; p = .024) with HED (M = 100.75(SE = 2.23); p = .018, 95% CI [96.13, 

105.37]) performing 6% worse than CON teens (M = 107.14(SE = 1.14); 95% CI [104.83, 

109.45]). No overall group effect was found for WASI Vocabulary (F(3,124) = 1.88; p = .

136).

Associations between Substance Use Characteristics and Neuropsychological 
Performance

We combined the three substance use groups (i.e., excluded controls) and found associations 

between cognitive performance and lifetime alcohol use episodes, number of recent alcohol 
withdrawal symptoms (i.e., sum of reported typical withdrawal symptoms including 

headaches, heart racing, shaking, anxiety, trouble sleeping, etc.) lifetime marijuana use 
episodes, and age of onset of regular marijuana use (i.e., greater than 1 time per week), as 

described below. No associations were found for days since use of alcohol or of marijuana.

Alcohol—We found that more lifetime alcohol use was associated with lower WAIS-III 

Arithmetic scores (rho = −.26; p = .004), and having more alcohol withdrawal symptoms 
was associated with lower performance on D-KEFS Trail Making Number-Letter Switching 

(rho = −.35; p = .001). In addition, having more alcohol withdrawal symptoms was related to 

a higher error rate on the D-KEFS Trail Making visual scanning task (rho = .31; p = .003). 

While statistically significant group differences were not found using MANCOVA for 

visuospatial construction or verbal learning, more alcohol withdrawal symptoms were 

associated with worse 2-dimensional visuospatial construction copying (rho = −.28; p = .

042), worse performance on the 30-min delay of the same complex figure (rho = −.24; p = .

012), and worse verbal learning on the CVLT-II task (rho = −.28; p = .014) among the 

combined groups of substance users.

Marijuana—More lifetime marijuana use was associated with having a higher false positive 

error rate on a verbal memory task (rho = .21; p = .028), and an earlier age of onset of 

regular marijuana use was associated with slower psychomotor speed on the D-KEFS Trail 

Making Motor Speed subtest (rho = .35; p = .018). While a statistically significant group 
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difference was not found in reading achievement among MJ-using youth, worse performance 

on WRAT-4 Reading was associated with an earlier age of onset of regular marijuana use 

(rho = .27; p = .042).

DISCUSSION

We examined neuropsychological differences following 1 month of monitored abstinence 

among adolescents with limited substance use history compared to those who predominantly 

use alcohol, marijuana, or both substances. This study features the design strengths of 

matching groups on premorbid academic functioning, lifetime and recent substance use 

characteristics, and recency of use at time of testing. While the performances for each group 

were predominantly in the average range and no group means suggested clinical impairment, 

subtle differences were evident between groups, with substance-using groups scoring lower 

than non-using controls in multiple domains. Importantly, these differences were observed 

after 1 month of abstinence, on average, which is sufficient time for acute withdrawal 

symptoms to abate and for THC to be eliminated from the body. Our results suggest that use 

of alcohol and/or marijuana produces unique and shared cognitive differences in teens that 

seem to emerge in youth before the onset of clinical dependence and in the midst of ongoing 

brain development. It remains to be determined if these differences might resolve with 

abstention periods longer than 1 month.

Alcohol Findings

Teens with histories of heavy drinking showed poorer cognitive flexibility, recall and 

semantic organization of verbal information, and reading achievement relative to non-using 

controls. Worse performance among HED youth on the D-KEFS Trail Making Number-

Letter Switching task suggests poorer cognitive flexibility (e.g., ability to rapidly switch 

between categories). Importantly, greater alcohol withdrawal frequency among HED youth 

was associated with their diminished performance on this cognitive flexibility task. HED 

youth showed worse recall discriminability scores, suggesting poorer recall of target words 

relative to intrusion rate, and they also showed poorer organization of verbal information 

into semantic categories when learning a word list. Importantly, these differences in 

cognitive flexibility and verbal recall were also seen in teens who used both alcohol and 

marijuana, but not in those who predominantly used marijuana. This overlap suggests that 

heavy alcohol use may be linked to these executive and verbal weaknesses; furthermore, this 

finding is consistent with prior research (Brown et al., 2000; Hanson et al., 2011). 

Differences in executive functioning appear consistently among heavy drinking youth and 

may be related to more volume reduction and white matter abnormalities in prefrontal brain 

areas (DeBellis et al., 2005; McQueeny et al., 2009; Medina et al., 2008).

Alcohol dependent adolescents have frequently demonstrated significantly lower verbal IQ 

and reading achievement scores (Brown et al., 2000; Giancola et al., 2001; Moss et al., 

1994). Our finding of poorer reading scores in nonclinical, heavy drinking youth is 

consistent with such prior research. Given that the drinkers and nondrinkers had comparable 

math and language scores in 5th grade, it is possible that the poorer reading skills observed 

in adolescence may be at least partially due to associated environmental, brain, or behavior 
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changes occurring after the onset of heavy drinking. And while a statistically significant 

group difference did not emerge for visual scanning among drinking youth in this sample, 

greater alcohol withdrawal symptoms were associated with increased error rate on a visual 

scanning task.

Discordant with prior research on teens with alcohol use disorders (Hanson et al., 2011; 

Squeglia et al., 2009), our findings on a nonclinical sample of heavy episodic drinkers did 

not suggest weaknesses in visuospatial construction, visuospatial recall, or verbal learning. 

While statistically significant group findings did not emerge in these areas, importantly, 

associations were observed between worse performance and increased alcohol withdrawal 
symptoms. It is, therefore, possible that the level of withdrawal experience from alcohol use 

is not yet severe enough to detect group differences. Longer lasting and heavier drinking 

patterns among adolescents have been linked to disruptions in the hippocampus, a brain 

structure critical for learning and memory, with adolescent heavy drinkers showing smaller 

hippocampal volumes and disturbed hippocampal white matter integrity (De Bellis et al., 

2000; Medina et al., 2007; Nagel, Schweinsburg, Phan, & Tapert, 2005). Our study involved 

youth earlier in their drinking careers, suggesting that cognitive decrements in visuospatial 

recall and verbal learning could emerge after continued involvement in heavy drinking.

Marijuana Findings

Youth with heavy marijuana use showed a different pattern of neuropsychological outcomes 

than those evident among heavy drinking teens. Consistent with prior research (Hanson et 

al., 2010; Medina et al., 2007; Millsaps et al., 1994; Schwartz et al., 1989), marijuana users 

evidenced poorer task accuracy, verbal memory, and psychomotor speed than nonusing 

teens. Specifically, MJ-using youth demonstrated more errors on the D-KEFS Trail Making 

Task, and this group difference in inhibition task accuracy was also seen in those using both 

alcohol and marijuana. Although their verbal learning and delayed free recall were similar to 

those of other groups, MJ-using teens showed worse performance when recalling a verbal 

word list with cues following a 20-min delay. Their lower verbal memory was associated 

with more lifetime and recent marijuana use. MJ-using teens also demonstrated slower 

performance on a digit symbol copying task that requires visual-motor coordination, short-

term memory, and visual working memory. Furthermore, slower digit symbol performance 

was correlated with an earlier age of onset of regular marijuana use. These findings among 

both marijuana users and concomitant users might suggest that marijuana use disrupts brain 

mechanisms that maintain focus and enable one both to process efficiently and to follow 

instructions on tasks that challenge executive systems. Prior observations in marijuana-using 

teens of abnormal cerebellar volumes and disrupted white matter integrity in both frontal 

and hippocampal regions may partly explain these differences in sustained attention, 

psychomotor speed, and verbal memory among marijuana-using youth (Ashtari et al., 2011; 

Churchwell, Lopez-Larson, & Yurgelun-Todd, 2010; Cousijn et al., 2012; Medina et al., 

2010; Yucel et al., 2010).

Concomitant Use of Alcohol and Marijuana Findings

As mentioned previously, the youth who heavily used both alcohol and marijuana showed 

overlap with alcohol users in terms of poorer cognitive flexibility and verbal recall, and they 
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showed overlap with marijuana users on poorer task accuracy relative to non-using teens. In 

addition to showing overlap with the alcohol-using and marijuana-using groups, the 

concomitant users showed impairment on an arithmetic task that challenges working 

memory, attention, and mathematical abilities by asking youth to mentally solve math 

problems. It is possible that concomitant use of alcohol and marijuana has a unique 

influence on working memory abilities, which are thought to be modulated by the 

dorsolateral prefrontal cortex (Barbey, Koenigs, & Grafman, 2013; Crews et al., 2000). 

Importantly, greater lifetime exposure to alcohol was associated with worse performance on 

the mental arithmetic task in concomitant alcohol and marijuana users, so in line with prior 

research, use of cannabinoids may enhance sensitivity to the cumulative effects of alcohol 

exposure (Hansen et al., 2008).

CONCLUSIONS

This study featured many design strengths but has several limitations. While the study used 

carefully designed and selected groups to establish a relationship between heavy episodic 

drinking, marijuana use, concomitant alcohol and marijuana use, and neurocognitive 

differences among adolescents, the samples were modest in size; therefore, findings should 

be interpreted with care and replicated with larger samples. Additionally, the study design 

did not include a baseline cognitive assessment (before abstinence onset), which prevented 

exploration of any possible recovery of cognitive functioning during the first month of 

abstinence. Specifically, we were unable to examine differential rates of recovery or baseline 

functioning between heavy drinkers and heavy marijuana users. While we made substantial 

effort to ensure similarity of groups on their premorbid academic functioning, there is a 

strong need for studies to use prospective designs to collect data on participants in their late 

childhood or early adolescence, before their initiation of substance use. Such longitudinal 

investigations can better determine directionality and causality between adolescent substance 

use and neurocognitive functioning. Also of note, statistically significant group differences 

did not emerge for gender, yet the group of teens who predominantly used marijuana was 

mostly male (3 females, 17 males). While running the analyses with gender as a covariate 

did not have a statistically significant impact on findings, follow-up studies could prioritize 

acquiring a more gender-balanced sample for marijuana users, though most existing studies 

on marijuana-using teens are predominantly male (Hanson et al., 2010; Harvey, Sellman, 

Porter, & Frampton, 2007; Medina et al., 2007). Future studies should also consider 

including validity measures to ensure adequate effort among groups on the 

neuropsychological battery.

In summary, consistent with previous studies and our hypotheses, 16- to 18-year-old 

alcohol- and marijuana-using adolescents who drink alcohol heavily one to two times per 

week or smoke marijuana four to five times per week, on average, exhibited poorer 

neurocognitive functioning even following 1 month of sustained abstinence. Though 

requiring replication, the current and previous findings suggest a possible 10–14% or 0.5–

0.75 standard deviation reduction in neuropsychological functioning among adolescents with 

recent histories of heavy episodic drinking and marijuana use relative to their non-using 

peers. While average performance for the substance-using groups was not in the “impaired” 

range for the tasks, a relative weakness in cognitive flexibility, verbal recall and semantic 
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organization, and reading skills may be related to heavy alcohol use during adolescence, 

whereas poorer task accuracy, verbal memory, and psychomotor speed may be associated 

with protracted marijuana use. Furthermore, working memory may be uniquely impacted by 

concomitant use of marijuana and alcohol. Poorer performance was correlated most strongly 

with greater number of heavy episodic drinking episodes, greater number of marijuana use 

episodes, greater number of alcohol withdrawal symptoms, and younger age of onset of 

marijuana use. The presence of differences even after the substances are no longer present 

suggests a possible, more chronic alcohol- and marijuana-induced impact to underlying 

brain systems including the prefrontal cortex, hippocampus, and cerebellum, particularly 

given that groups were comparable on academic test performance before onset of substance 

use. This possibility coincides with evidence in the animal literature that adolescence is a 

time of enhanced sensitivity to the neurotoxic effects of alcohol and marijuana.

This study has the potential to contribute to improved methods for measuring changes on 

important neurocognitive domains associated with heavy use of alcohol and marijuana 

during adolescence. Our findings underscore the importance of methodological components 

of adolescent substance use research by using strict group eligibility criteria, ensuring 

similar premorbid functioning before the onset of substance use, controlling key risk factors, 

and using strict abstinence protocols. Possible decrements in executive functioning and 

language among heavy drinkers; in task accuracy, verbal memory, and psychomotor speed in 

heavy marijuana users; and in executive functioning, task accuracy, verbal memory, and 

working memory in concomitant users may have a significant impact on adolescents’ daily 

experiences in academic, occupational, or personal settings (Anderson, Ramo, Cummins, & 

Brown, 2010). Given the currently high rates of alcohol, marijuana, and concurrent use, it is 

important that potential users and their parents and educators better understand the unique 

influence of each drug and the additive impact of concomitant use to a developing brain.

Acknowledgments

This study was supported by the following NIAAA and NIDA awards: R21 AA017321 (PI: S. Brown), 5R01 
DA021182 (PI: S. Tapert); 5R01 DA021905-04 (PI: S. Brown). This project was supported in part by the VA Center 
of Excellence for Stress and Mental Health, San Diego (K. Hanson). The authors have no conflicts of interest to 
report. The authors thank Chase Wagner, Rachel Carter, Sidney Bennett, Michael Zamost, Anthony Scarlett, Rachel 
Thayer, M.J. Meloy, and the undergraduate lab volunteers for their assistance with data collection. We also 
sincerely thank the participants and their families for their time and efforts.

References

Achenbach TM, Ruffle TM. The Child Behavior Checklist and related forms for assessing behavioral/
emotional problems and competencies. Pediatric Review. 2000; 21(8):265–271.

Anderson KG, Ramo DE, Cummins K, Brown SA. Alcohol and drug involvement after adolescent 
treatment and functioning during emerging adulthood. Drug and Alcohol Dependence. 2010; 
107(2–3):171–181. [PubMed: 19926231] 

Ashtari M, Avants B, Cyckowski L, Cervellione KL, Roofeh D, Cook P, Kumra S. Medial temporal 
structures and memory functioning in adolescents with heavy cannabis use. Journal of Psychiatry 
Research. 2011; 45:1055–1066.

Barbey AK, Koenigs M, Grafman J. Dorsolateral prefrontal contributions to human working memory. 
Cortex. 2013; 49(5):1195–1205. [PubMed: 22789779] 

Winward et al. Page 13

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Benes FM, Turtle M, Khan Y, Farol P. Myelination of a key relay zone in the hippocampal formation 
occurs in the human brain during childhood, adolescence, and adulthood. Archives of General 
Psychiatry. 1994; 51(6):477–484. [PubMed: 8192550] 

Benjamini Y, Hochberg Y. Controlling the false discovery rate: A practical and powerful approach to 
multiple testing. Journal of the Royal Statistical Society. Series B (Methodological). 1995; 57(1):
289–300.

Brown S, Anderson K, Schulte M, Sintov N, Frissell K. Facilitating youth self change through school 
based intervention. Addictive Behaviors. 2005; 30(9):1797–1810. [PubMed: 16111834] 

Brown SA, McGue M, Maggs J, Schulenberg J, Hingson R, Swartzwelder S, Murphy S. A 
developmental perspective on alcohol and youths 16 to 20 years of age. Pediatrics. 2008; 121(Suppl. 
4):S290–S310. [PubMed: 18381495] 

Brown SA, Myers MG, Lippke L, Tapert SF, Stewart DG, Vik PW. Psychometric evaluation of the 
Customary Drinking and Drug Use Record (CDDR): A measure of adolescent alcohol and drug 
involvement. Journal of Studies on Alcohol. 1998; 59(4):427–438. [PubMed: 9647425] 

Brown SA, Tapert SF. Adolescence and the trajectory of alcohol use: Basic to clinical studies. Annals 
of the New York Academy of Sciences. 2004; 1021:234–244. [PubMed: 15251893] 

Brown SA, Tapert SF, Granholm E, Delis DC. Neurocognitive functioning of adolescents: Effects of 
protracted alcohol use. Alcoholism: Clinical and Experimental Research. 2000; 24:164–171.

Brown SA, Vik PW, Creamer VA. Characteristics of relapse following adolescent substance abuse 
treatment. Addictive Behaviors. 1989; 14:291–300. [PubMed: 2787585] 

Cha YM, White AM, Kuhn CM, Wilson WA, Swartzwelder HS. Differential effects of delta9-THC on 
learning in adolescent and adult rats. Pharmacology, Biochemistry, and Behavior. 2006; 83:448–
455.

Churchwell JC, Lopez-Larson M, Yurgelun-Todd DA. Altered frontal cortical volume and decision 
making in adolescent cannabis users. Frontiers in Psychology. 2010; 1:225. [PubMed: 21833280] 

Cousijn J, Wiers RW, Ridderinkhof KR, van den Brink W, Veltman DJ, Goudrian AE. Grey matter 
alterations associated with cannabis use: Results of a VBM study in heavy cannabis users and 
healthy controls. Neuroimage. 2012; 59:3845–3851. [PubMed: 21982932] 

Crews FT, Braun CJ, Hoplight B, Switzer RC III, Knapp DJ. Binge ethanol consumption causes 
differential brain damage in young adolescent rats compared with adult rats. Alcoholism: Clinical 
and Experimental Research. 2000; 24(11):1712–1723.

De Bellis MD, Clark DB, Beers SR, Soloff PH, Boring AM, Hall J, Keshavan MS. Hippocampal 
volume in adolescent-onset alcohol use disorders. American Journal of Psychiatry. 2000; 157(5):
737–744. [PubMed: 10784466] 

De Bellis MD, Narasimhan A, Thatcher DL, Keshavan MS, Soloff P, Clark DB. Prefrontal cortex, 
thalamus, and cerebellar volumes in adolescents and young adults with adolescent onset alcohol 
use disorders and co-morbid mental disorders. Alcoholism: Clinical and Experimental Research. 
2005; 29:1590–1600.

Delis, DC., Kaplan, E., Kramer, JH. Manual for the Delis-Kaplan Executive Function System (D-
KEFS). San Antonio, TX: Psychological Corp; 2001. 

Delis, DC., Kramer, JH., Kaplan, E., Ober, BA. Manual for the California Verbal Learning Test, 2nd 
edition (CVLT-II). San Antonio, TX: Psychological Corp; 2000. 

Ernst M, Grant SJ, London ED, Contoreggi CS, Kimes AS, Spurgeon L. Decision making in 
adolescents with behavior disorders and adults with substance abuse. American Journal of 
Psychiatry. 2003; 160(1):33–40. [PubMed: 12505799] 

Fryer SL, Frank LR, Spadoni AD, Theilmann RJ, Nagel BJ, Schweinsburg AD, Tapert SF. 
Microstructural integrity of the corpus callosum linked with neuropsychological performance in 
adolescents. Brain and Cognition. 2008; 67:225–233. [PubMed: 18346830] 

Giancola PR, Mezzich AC. Neuropsychological deficits in female adolescents with a substance use 
disorder: Better accounted for by conduct disorder? Journal of Studies on Alcohol. 2000; 61(6):
809–817. [PubMed: 11188486] 

Giancola PR, Moss HB. Executive cognitive functioning in alcohol use disorders. Recent 
Developments in Alcoholism. 1998; 14:227–251. [PubMed: 9751948] 

Winward et al. Page 14

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Giancola PR, Shoal GD, Mezzich AC. Constructive thinking, executive functioning, antisocial 
behavior, and drug use involvement in adolescent females with a substance use disorder. 
Experimental and Clinical Psychopharmacology. 2001; 9(2):215–227. [PubMed: 11518098] 

Giedd JN, Blumenthal J, Jeffries NO, Castellanos FX, Liu H, Zijdenbos A, Rapoport JL. Brain 
development during childhood and adolescence: A longitudinal MRI study. Nature Neuroscience. 
1999; 2:861–863. [PubMed: 10491603] 

Gogtay N, Giedd JN, Lusk L, Hayashi KM, Greenstein D, Vaituzis AC, Thompson PM. Dynamic 
mapping of human cortical development during childhood through early adulthood. Proceedings of 
the National Academy of Sciences of the United States of America. 2004; 101(21):8174–8179. 
[PubMed: 15148381] 

Goudriaan AE, Grekin ER, Sher KJ. Decision making and binge drinking: A longitudinal study. 
Alcoholism: Clinical and Experimental Research. 2007; 31(6):928–938.

Hamilton, M. The Hamilton Rating Scale for Depression. New York: Springer-Verlag; 1996. 

Hansen HH, Krutz B, Sifringer M, Stefovska V, Bittigau P, Pragst F, Ikonomidou C. Cannabinoids 
enhance susceptibility of immature brain to ethanol neurotoxicity. Annals of Neurology. 2008; 
64:42–52. [PubMed: 18067175] 

Hanson KL, Medina KL, Padula CB, Tapert SF, Brown SA. Impact of adolescent alcohol and drug use 
on neuropsychological functioning in young adulthood: 10-year outcomes. Journal of Child & 
Adolescent Substance Abuse. 2011; 20(2):135–154. [PubMed: 21532924] 

Hanson KL, Winward JL, Schweinsburg AD, Medina KL, Brown SA, Tapert SF. Longitudinal study of 
cognition among adolescent marijuana users over three weeks of abstinence. Addictive Behaviors. 
2010; 35(11):970–976. [PubMed: 20621421] 

Harvey MA, Sellman JD, Porter RJ, Frampton CM. The relationship between non-acute adolescent 
cannabis use and cognition. Drug and Alcohol Review. 2007; 26:309–319. [PubMed: 17454021] 

Hollingshead, AB. Two-factor index of social position. New Haven, CT: Yale University Press; 1965. 

Jernigan TL, Gamst AC. Changes in volume with age: Consistency and interpretation of observed 
effects. Neurobiology of Aging. 2005; 26(9):1271–1274. [PubMed: 16006011] 

Johnston, LD., O’Malley, PM., Miech, RA., Bachman, JG., Schulenberg, JE. Monitoring the future 
national results on drug use: 1975–2013 Overview, key findings on adolescent drug use. Ann 
Arbor, MI: Institute for Social Research, The University of Michigan; 2014. 

Mahmood OM, Jacobus J, Bava S, Scarlett A, Tapert SF. Learning and memory performance in 
adolescent users of alcohol and marijuana: Interactive effects. Journal of Studies on Alcohol and 
Drugs. 2010; 71:885–894. [PubMed: 20946746] 

McGue M, Iacono WG, Legrand LN, Elkins I. Origins and consequences of age at first drink. II. 
Familial risk and heritability. Alcoholism: Clinical and Experimental Research. 2001; 25(8):1166–
1173.

McQueeny T, Schweinsburg BC, Schweinsburg AD, Jacobus J, Bava S, Frank LR. Altered white 
matter integrity in adolescent binge drinkers. Alcoholism: Clinical and Experimental Research. 
2009; 33(7):1278–1285.

Medina KL, Hanson KL, Schweinsburg AD, Cohen-Zion M, Nagel BJ, Tapert SF. Neuropsychological 
functioning in adolescent marijuana users: Subtle deficits detectable after a month of abstinence. 
Journal of the International Neuropsychological Society. 2007; 13:807–820. [PubMed: 17697412] 

Medina KL, McQueeny T, Nagel BJ, Hanson KL, Schweinsburg AD, Tapert SF. Prefrontal cortex 
volumes in adolescents with alcohol use disorders: Unique gender effects. Alcoholism: Clinical 
and Experimental Research. 2008; 32:386–394.

Medina KL, Nagel BJ, Tapert SF. Abnormal cerebellar morphometry in abstinent adolescent marijuana 
users. Psychiatry Research. 2010; 182:152–159. [PubMed: 20413277] 

Miller, WR., Rollnick, S. Motivational interviewing: Preparing people to change addictive behavior. 
New York: Guilford Press; 1991. 

Millsaps CL, Azrin RL, Mittenberg W. Neuropsychological effects of chronic cannabis use on the 
memory and intelligence of adolescence. Journal of Child & Adolescent Substance Abuse. 1994; 
3:47–54.

Moss HB, Kirisci L, Gordon HW, Tarter RE. A neuropsychologic profile of adolescent alcoholics. 
Alcoholism: Clinical and Experimental Research. 1994; 18:159–163.

Winward et al. Page 15

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Nagel BJ, Barlett VC, Schweinsburg AD, Tapert SF. Neuropsychological predictors of BOLD response 
during a spatial working memory task in adolescents: What can performance tell us about fMRI 
response patterns? Journal of Clinical and Experimental Neuropsychology. 2005; 27(7):823–839. 
[PubMed: 16183616] 

Nagel BJ, Schweinsburg AD, Phan V, Tapert SF. Reduced hippocampal volume among adolescents 
with alcohol use disorders without psychiatric comorbidity. Psychiatry Research. 2005; 139(3):
181–190. [PubMed: 16054344] 

National Institute on Alcohol Abuse and Alcoholism. Highrisk drinking in college: What we know and 
what we need to learn Final Report of the Panel on Contexts and Consequences, Task Force of the 
National Advisory Council on Alcohol Abuse and Alcoholism. Bethesda, MD: Department of 
Health and Human Service; 2002. 

Nixon SJ, Tivis R, Ceballos N, Varner JL, Rohrbaugh J. Neurophysiological efficiency in male and 
female alcoholics. Progress in Neuro-Psychopharmacology & Biological Psychiatry. 2002; 26(5):
919–927. [PubMed: 12369267] 

Osterrieth PA. Le test de copie d’une figure complexe. Archives of Psychology. 1944; 30:206–356.

Paus T, Zijdenbos A, Worsley K, Collins DL, Blumenthal J, Giedd JN, Evans AC. Structural 
maturation of neural pathways in children and adolescents: In vivo study. Science. 1999; 
283(5409):1908–1911. [PubMed: 10082463] 

Pfefferbaum A, Mathalon DH, Sullivan EV, Rawles JM, Zipursky RB, Lim KO. A quantitative 
magnetic resonance imaging study of changes in brain morphology from infancy to late adulthood. 
Archives of Neurology. 1994; 51:874–887. [PubMed: 8080387] 

Rice JP, Reich T, Bucholz KK, Neuman RJ, Fishman R, Rochberg N, Begleiter H. Comparison of 
direct interview and family history diagnoses of alcohol dependence. Alcoholism: Clinical and 
Experimental Research. 1995; 19(4):1018–1023.

Roehrs T, Beare D, Zorick F, Roth T. Sleepiness and ethanol effects on simulated driving. Alcoholism: 
Clinical and Experimental Research. 1994; 18:154–158.

Rubino T, Realini N, Braida D, Guidi S, Capurro V, Vigano D, Parolaro D. Changes in hippocampal 
morphology and neuroplasticity induced by adolescent THC treatment are associated with 
cognitive impairment in adulthood. Hippocampus. 2009; 19:763–772. [PubMed: 19156848] 

Schneider M, Koch M. Chronic pubertal, but not adult chronic cannabinoid treatment impairs 
sensorimotor gating, recognition memory, and the performance in a progressive ratio task in adult 
rats. Neuropsychopharmacology. 2003; 28:1760–1769. [PubMed: 12888772] 

Schneider M, Schomig E, Leweke FM. Acute and chronic cannabinoid treatment differentially affects 
recognition memory and social behavior in pubertal and adult rats. Addiction Biology. 2008; 
13:345–357. [PubMed: 18782382] 

Schwartz RH, Gruenewald PJ, Klitzner M, Fedio P. Short-term memory impairment in cannabis-
dependent adolescents. American Journal of Diseases of Children. 1989; 143:1214–1219. 
[PubMed: 2801665] 

Schweinsburg AD, Schweinsburg BC, Cheung EH, Brown GG, Brown SA, Tapert SF. fMRI response 
to spatial working memory in adolescents with comorbid marijuana and alcohol use disorders. 
Drug and Alcohol Dependence. 2005; 79(2):201–210. [PubMed: 16002029] 

Shaffer D, Fisher P, Lucas CP, Dulcan MK, Schwab-Stone ME. NIMH Diagnostic Interview Schedule 
for Children Version IV (NIMH DISC-IV): Description, differences from previous versions, and 
reliability of some common diagnoses. Journal of the American Academy of Child and Adolescent 
Psychiatry. 2000; 39(1):28–38. [PubMed: 10638065] 

Sher KJ, Martin ED, Wood PK, Rutledge PC. Alcohol use disorders and neuropsychological 
functioning in first-year undergraduates. Experimental and Clinical Psychopharmacology. 1997; 
5(3):304–315. [PubMed: 9260079] 

Silveri MM, Spear LP. Decreased sensitivity to the hypnotic effects of ethanol early in ontogeny. 
Alcoholism: Clinical and Experimental Research. 1998; 22(3):670–676.

Slawecki CJ. Altered EEG responses to ethanol in adult rats exposed to ethanol during adolescence. 
Alcoholism: Clinical and Experimental Research. 2002; 26(2):246–254.

Winward et al. Page 16

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Slawecki CJ, Betancourt M, Cole M, Ehlers CL. Periadolescent alcohol exposure has lasting effects on 
adult neurophysiological function in rats. Developmental Brain Research. 2001; 128(1):63–72. 
[PubMed: 11356263] 

Slawecki CJ, Roth J. Comparison of the onset of hypoactivity and anxiety-like behavior during alcohol 
withdrawal in adolescent and adult rats. Alcoholism: Clinical and Experimental Research. 2004; 
28(4):598–607.

Sobell, LC., Sobell, MB. Timeline follow-back: A technique for assessing self-reported alcohol 
consumption. In: Litten, RZ., Allen, JP., editors. Measuring alcohol consumption: Psychosocial 
and biochemical methods. Totowa, NJ: Humana Press; 1992. p. 41-72.

Solowij N, Jones KA, Rozman ME, Davis SM, Ciarrochi J, Heaven PC, Yucel M. Verbal learning and 
memory in adolescent cannabis users, alcohol users, and non-users. Psychopharmacology (Berl). 
2011; 216:131–144. [PubMed: 21328041] 

Sowell ER, Delis D, Stiles J, Jemigan TL. Improved memory functioning and frontal lobe maturation 
between childhood and adolescence: A structural MRI study. Journal of the International 
Neuropsychological Society. 2001; 7(3):312–322. [PubMed: 11311032] 

Spielberger, CD., Gorsuch, RL., Lushene, RE. Manual for the State-Trait Anxiety Inventory. Palo Alto, 
CA: Consulting Psychologists Press; 1970. 

Squeglia LM, Spadoni AD, Infante MA, Myers MG, Tapert SF. Initiating moderate to heavy alcohol 
use predicts changes in neuropsychological functioning for adolescent girls and boys. Psychology 
of Addictive Behaviors. 2009; 23(4):715–722. [PubMed: 20025379] 

Stewart DG, Brown SA. Withdrawal and dependency symptoms among adolescent alcohol and drug 
abusers. Addiction. 1995; 90:627–635. [PubMed: 7795499] 

Stiglick A, Kalant H. Learning impairment in the radial arm maze following prolonged cannabis 
treatment in rats. Psychopharmacology. 1982; 77(2):117–123. [PubMed: 6289370] 

Tapert SF, Brown GG, Kindermann S, Cheung EH, Frank LR, Brown SA. fMRI measurement of brain 
dysfunction in alcohol-dependent young women. Alcoholism: Clinical and Experimental 
Research. 2001; 25:236–245.

Tapert SF, Brown SA. Neuropsychological correlates of adolescent substance abuse: Four year 
outcomes. Journal of the International Neuropsychological Society. 1999; 5(6):481–493. [PubMed: 
10561928] 

Tapert SF, Granholm E, Leedy NG, Brown SA. Substance use and withdrawal: Neuropsychological 
functioning over 8 years in youth. Journal of the International Neuropsychological Society. 2002; 
8(7):873–883. [PubMed: 12405538] 

Tapert SF, Schweinsburg AD, Barlett VC, Brown SA, Frank LR, Brown GG, Meloy MJ. Blood oxygen 
level dependent response and spatial working memory in adolescents with alcohol use disorders. 
Alcoholism: Clinical and Experimental Research. 2004; 28(10):1577–1586.

Tapert SF, Schweinsburg AD, Drummond SPA, Paulus MP, Brown SA, Yang TT, Frank LR. Functional 
MRI of inhibitory processing in abstinent adolescent marijuana users. Psychopharmacology (Berl). 
2007; 194:173–183. [PubMed: 17558500] 

Ward RJ, Colivicchi MA, Allen R, Schol F, Lallemand F, de Witte P, Dexter D. Neuro-inflammation 
induced in the hippocampus of ‘binge drinking’ rats may be mediated by elevated extracellular 
glutamate content. Journal of Neurochemistry. 2009; 111(5):1119–1128. [PubMed: 19765190] 

Wechsler, D. Manual for the Wechsler Adult Intelligence Scale-III. San Antonio, TX: Psychological 
Corp; 1997. 

Wechsler, D. Wechsler Abbreviated Scale of Intelligence. San Antonio, TX: Psychological Corp; 1999. 

Weissenborn R, Duka T. Acute alcohol effects on cognitive function in social drinkers: Their 
relationship to drinking habits. Psychopharmacology (Berl). 2003; 165:306–312. [PubMed: 
12439627] 

White AM, Ghia AJ, Levin ED, Swartzwelder HS. Binge pattern ethanol exposure in adolescent and 
adult rats: Differential impact on subsequent responsiveness to ethanol. Alcoholism, Clinical and 
Experimental Research. 2000; 24(8):1251–1256.

Wilkinson, GS., Robertson, GJ. The Wide Range Achievement Test-4 administration manual. Lutz, 
FL: Psychological Assessment Resources; 2006. 

Winward et al. Page 17

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Winward JL, Hanson KL, Bekman NM, Tapert SF, Brown SA. Adolescent heavy episodic drinking: 
Neurocognitive functioning during early abstinence. Journal of the International 
Neuropsychological Society. 2014; 20:218–229. [PubMed: 24512674] 

Yucel M, Zalesky A, Takagi M, Bora E, Fornito A, Ditchfield M, Lubman DI. White-matter 
abnormalities in adolescents with long-term inhalant and cannabis use: A diffusion magnetic 
resonance imaging study. Journal of Psychiatry and Neuroscience. 2010; 35(6):409–412. 
[PubMed: 20731960] 

Winward et al. Page 18

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Winward et al. Page 19

Ta
b

le
 1

D
em

og
ra

ph
ic

 a
nd

 s
ub

st
an

ce
 u

se
 c

ha
ra

ct
er

is
tic

s 
fo

r 
co

nt
ro

l (
C

O
N

),
 h

ea
vy

 e
pi

so
di

c 
dr

in
ki

ng
 (

H
E

D
),

 p
ro

tr
ac

te
d 

m
ar

iju
an

a 
U

si
ng

 (
M

J)
, a

nd
 h

ea
vy

 e
pi

so
di

c 

dr
in

ki
ng

 a
nd

 m
ar

iju
an

a 
us

in
g 

(H
E

D
+

M
J)

 a
do

le
sc

en
ts

 (
ag

es
 1

6 
– 

18
)

M
od

el
p-

va
lu

e
C

O
N

 (
n 

= 
55

)
M

 (
SD

)
H

E
D

 (
n 

= 
24

)
M

 (
SD

)
M

J 
(n

 =
 2

0)
M

 (
SD

)
H

E
D

+M
J 

(n
 =

 2
9)

M
 (

SD
)

So
ci

o-
de

m
og

ra
ph

ic
s

 
A

ge
.2

31
17

.7
1 

(0
.8

3)
17

.9
0 

(0
.6

3)
17

.7
9 

(0
.8

1)
18

.0
5 

(0
.8

3)

 
G

en
de

r
.3

38
23

 F
, 3

2 
M

10
 F

, 1
4 

M
3 

F,
 1

7 
M

12
 F

, 1
7 

M

 
%

 C
au

ca
si

an
.5

12
71

%
71

%
75

%
62

%

 
%

 F
am

ily
 h

is
to

ry
 p

os
iti

ve
a

.4
11

24
%

33
%

25
%

38
%

 
G

ra
de

s 
co

m
pl

et
ed

.1
17

11
.1

6 
(0

.9
0)

11
.3

3 
(0

.9
6)

11
.0

0 
(0

.8
4)

11
.4

5 
(0

.8
7)

 
H

ol
lin

gs
he

ad
 S

E
S 

sc
or

eb
.5

30
27

.8
9(

15
.5

6)
25

.2
1 

(1
1.

12
)

23
.6

7 
(1

0.
99

)
29

.9
7 

(1
4.

61
)

 
G

ra
de

 p
oi

nt
 a

ve
ra

ge
.1

95
3.

38
 (

0.
61

)
3.

36
 (

0.
69

)
3.

30
 (

0.
73

)
3.

10
 (

0.
50

)

 
C

B
C

L
 E

xt
er

na
liz

in
g 

T-
sc

or
ec

.0
07

h
43

.5
6 

(8
.5

1)
50

.0
0 

(8
.7

8)
48

.4
4 

(9
.7

0)
50

.6
7 

(1
0.

24
)

 
C

B
C

L
 I

nt
er

na
liz

in
g 

T-
sc

or
ec

.3
03

43
.8

5 
(7

.7
7)

48
.5

0 
(1

1.
13

)
44

.2
2 

(9
.3

1)
46

.3
8 

(1
0.

60
)

 
5t

h 
gr

ad
e 

st
an

da
rd

iz
ed

 la
ng

ua
ge

 a
rt

s 
sc

or
ed

.8
47

68
2.

22
(7

5.
07

)
65

3.
00

 (
43

.7
1)

66
3.

72
 (

11
.9

5)
67

5.
33

 (
53

.8
1)

 
5t

h 
gr

ad
e 

st
an

da
rd

iz
ed

 m
at

he
m

at
ic

s 
sc

or
ed

.9
21

69
5.

56
(4

8.
34

)
67

6.
00

 (
45

.0
4)

68
2.

17
 (

22
.4

3)
69

4.
00

 (
37

.5
6)

A
lc

oh
ol

 u
se

 c
ha

ra
ct

er
is

tic
s

 
L

if
et

im
e 

he
av

y 
ep

is
od

ic
 d

ri
nk

in
g 

ep
is

od
es

e
.0

01
f

1.
07

 (
2.

32
)

17
7.

38
 (

89
.2

9)
19

.0
0 

(7
.1

4)
26

8.
35

 (
12

7.
75

)

 
H

ea
vy

 d
ri

nk
in

g 
da

ys
/m

on
th

, 3
 m

on
th

s 
be

fo
re

 s
tu

dy
.0

01
f

n/
a

4.
18

 (
2.

40
)

n/
a

6.
75

 (
2.

28
)

 
A

ge
 o

f 
on

se
t, 

re
gu

la
r 

al
co

ho
l u

se
 (

>
1/

w
ee

k)
.1

87
n/

a
16

.0
5 

(0
.7

9)
n/

a
15

.2
1 

(1
.9

6)

 
D

ay
s 

si
nc

e 
he

av
y 

dr
in

ki
ng

 a
t t

es
tin

g
.9

99
n/

a
34

.4
6 

(8
.9

2)
n/

a
31

.4
8 

(5
.6

7)

M
ar

iju
an

a 
us

e 
ch

ar
ac

te
ri

st
ic

s

 
L

if
et

im
e 

m
ar

iju
an

a 
us

e 
ep

is
od

es
e

.0
01

g
0.

20
 (

0.
95

)
9.

04
 (

8.
01

)
50

0.
48

 (
28

9.
59

)
43

3.
45

 (
30

9.
62

)

 
M

ar
iju

an
a 

da
ys

/m
on

th
, 3

 m
on

th
s 

be
fo

re
 s

tu
dy

.0
01

g
0.

02
 (

0.
13

)
0.

63
 (

0.
71

)
17

.7
0 

(1
0.

76
)

18
.3

8 
(9

.7
3)

 
A

ge
 o

f 
on

se
t, 

re
gu

la
r 

m
ar

iju
an

a 
us

e 
(>

1/
w

ee
k)

.8
31

n/
a

n/
a

15
.2

7 
(1

.5
6)

15
.3

6 
(1

.5
9)

 
D

ay
s 

si
nc

e 
m

ar
iju

an
a 

us
e 

at
 te

st
in

g
.0

01
g

33
3.

00
(3

23
.1

6)
16

8.
40

 (
19

3.
58

)
35

.0
5 

(1
1.

90
)

31
.9

3 
(1

0.
83

)

O
th

er
 d

ru
g 

us
e 

ch
ar

ac
te

ri
st

ic
s

 
L

if
et

im
e 

ot
he

r 
dr

ug
 u

se
 e

pi
so

de
se

.0
01

h
0.

00
 (

0.
00

)
6.

71
 (

8.
98

)
8.

90
 (

10
.8

4)
9.

56
 (

8.
93

)

N
ot

e.
 G

ro
up

s 
w

er
e 

m
at

ch
ed

 o
n 

so
ci

o-
de

m
og

ra
ph

ic
 c

ha
ra

ct
er

is
tic

s 
an

d 
di

ff
er

ed
 in

 th
ei

r 
su

bs
ta

nc
e 

us
e 

hi
st

or
y 

co
ns

is
te

nt
 w

ith
 h

ow
 th

e 
gr

ou
ps

 w
er

e 
re

cr
ui

te
d.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Winward et al. Page 20
a Fa

m
ily

 h
is

to
ry

 p
os

iti
ve

 =
 H

av
in

g 
a 

fi
rs

t-
de

gr
ee

 b
io

lo
gi

ca
l r

el
at

iv
e 

w
ith

 a
lc

oh
ol

 o
r 

dr
ug

 r
el

at
ed

 d
ep

en
de

nc
e.

b H
ol

lin
gs

he
ad

 (
19

65
) 

SE
S 

(s
oc

io
ec

on
om

ic
 s

ta
tu

s)
: H

ig
he

r 
sc

or
es

 =
 lo

w
er

 S
E

S.

c C
B

C
L

: C
hi

ld
 B

eh
av

io
r 

C
he

ck
lis

t.

d Sc
al

ed
 s

co
re

 o
n 

C
al

if
or

ni
a 

A
ch

ie
ve

m
en

t T
es

t, 
6t

h 
E

di
tio

n 
(C

A
T-

6)
.

e “E
pi

so
de

s”
 r

ef
er

s 
to

 th
e 

nu
m

be
r 

of
 d

ay
s 

on
 w

hi
ch

 a
 s

ub
st

an
ce

 w
as

 u
se

d 
in

 a
 p

ar
tic

ip
an

t’
s 

lif
et

im
e.

f (C
O

N
, M

J)
 ≠

(H
E

D
, H

E
D

+
M

J)
 u

si
ng

 p
 <

 .0
5 

in
 T

uk
ey

’s
 H

SD
 p

os
t h

oc
 te

st
s.

g (C
O

N
, H

E
D

) 
≠(

M
J,

 H
E

D
+

M
J)

 u
si

ng
 p

 <
 .0

5 
in

 T
uk

ey
’s

 H
SD

 p
os

t h
oc

 te
st

s.

h C
O

N
 ≠

(H
E

D
, M

J,
 H

E
D

+
M

J)
 u

si
ng

 p
 <

 .0
5 

in
 T

uk
ey

’s
 H

SD
 p

os
t h

oc
 te

st
s.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Winward et al. Page 21

Ta
b

le
 2

M
ar

gi
na

l m
ea

ns
 (

SE
) 

de
m

on
st

ra
te

 d
if

fe
re

nc
es

 in
 n

eu
ro

ps
yc

ho
lo

gi
ca

l p
er

fo
rm

an
ce

 a
ft

er
 o

ne
 m

on
th

 o
f 

m
on

ito
re

d 
ab

st
in

en
ce

 in
 c

on
tr

ol
 (

C
O

N
),

 h
ea

vy
 

ep
is

od
ic

 d
ri

nk
in

g 
(H

E
D

),
 p

ro
tr

ac
te

d 
m

ar
iju

an
a 

us
in

g 
(M

J)
, b

ot
h 

he
av

y 
ep

is
od

ic
 d

ri
nk

in
g 

an
d 

he
av

y 
m

ar
iju

an
a 

us
in

g 
(H

E
D

+
M

J)
 a

do
le

sc
en

ts
 (

ag
es

 1
6–

18
)

M
od

el
p-

va
lu

e
C

O
N

 (
n 

= 
55

)
M

 (
SE

)
H

E
D

 (
n 

= 
24

)
M

 (
SE

)
M

J 
(n

 =
 2

0)
M

 (
SE

)
H

E
D

+M
J 

(n
 =

 2
9

M
 (

SE
)

E
xe

cu
tiv

e 
fu

nc
tio

ni
ng

 
D

-K
E

FS
 T

ra
il 

M
ak

in
g 

N
um

be
r-

L
et

te
r 

Sw
itc

hi
ng

 S
S

   
 .0

04
a,

c
11

.0
4 

(0
.2

1)
  9

.5
5 

(0
.4

1)
10

.1
0 

(0
.4

4)
  9

.8
4 

(0
.3

7)

 
D

-K
E

FS
 T

ra
il 

M
ak

in
g 

A
ll 

E
rr

or
s 

SS
   

 .0
05

b,
c

11
.3

1 
(0

.1
5)

10
.9

2 
(0

.3
5)

10
.1

0 
(0

.4
8)

10
.2

8 
(0

.2
9)

L
ea

rn
in

g 
an

d 
m

em
or

y

 
C

om
pl

ex
 F

ig
ur

e 
A

cc
ur

ac
y 

ra
w

 (
30

-m
in

 d
el

ay
)

.1
17

17
.6

2 
(0

.6
5)

15
.0

7 
(0

.9
8)

17
.7

5 
(0

.7
2)

17
.5

3 
(1

.1
9)

 
C

V
LT

-I
I 

T
ri

al
s 

1-
5 

To
ta

l R
ec

al
l T

-s
co

re
.3

38
55

.7
6 

(1
.1

6)
51

.9
6 

(2
.5

7)
54

.7
8 

(1
.7

1)
53

.4
8 

(1
.2

3)

 
C

V
LT

-I
I 

L
on

g 
D

el
ay

 F
re

e 
R

ec
al

l z
-s

co
re

.2
15

  0
.2

2 
(0

.1
2)

−
0.

20
 (

0.
22

)
  0

.0
8 

(0
.2

1)
−

0.
07

 (
0.

13
)

 
C

V
LT

-I
I 

L
on

g 
D

el
ay

 C
ue

d 
R

ec
al

l z
-s

co
re

  .
03

6b
  0

.2
8 

(0
.1

1)
−

0.
30

 (
0.

26
)

−
0.

39
 (

0.
35

)
−

0.
04

 (
0.

12
)

 
C

V
LT

-I
I 

Se
m

an
tic

 C
lu

st
er

in
g 

z-
sc

or
e

  .
01

1a
  0

.6
8 

(0
.1

6)
−

0.
28

 (
0.

30
)

  0
.2

2 
(0

.2
2)

  0
.0

6 
(0

.2
4)

 
C

V
LT

-I
I 

To
ta

l R
ec

al
l D

is
c.

 z
-s

co
re

   
 .0

23
a,

c
  0

.3
9 

(0
.1

3)
−

0.
32

 (
0.

27
)

  0
.1

7 
(0

.2
0)

−
0.

09
 (

0.
16

)

 
C

V
LT

-I
I 

To
ta

l R
ec

al
l I

nt
ru

si
on

 z
-s

co
re

d
.5

58
  0

.1
0 

(0
.1

2)
  0

.3
9 

(0
.2

7)
  0

.3
9 

(0
.1

2)
  0

.2
5 

(0
.1

9)

 
C

V
LT

-I
I 

To
ta

l R
ec

og
ni

tio
n 

D
is

c.
 z

-s
co

re
.6

77
  0

.3
4 

(0
.1

0)
  0

.2
4 

(0
.2

4)
  0

.3
6 

(0
.2

1)
  0

.1
2 

(0
.1

3)

V
is

uo
sp

at
ia

l c
on

st
ru

ct
io

n

 
C

om
pl

ex
 F

ig
ur

e 
A

cc
ur

ac
y 

ra
w

 (
D

ir
ec

t C
op

y)
.1

67
28

.3
9 

(0
.4

6)
27

.0
4 

(0
.7

0)
29

.2
8 

(0
.8

8)
28

.9
5 

(0
.7

4)

 
W

A
SI

 B
lo

ck
 D

es
ig

n 
T-

sc
or

e
.2

64
56

.6
7 

(0
.8

5)
58

.5
1 

(0
.9

8)
56

.4
5 

(1
.2

5)
54

.9
2 

(1
.5

5)

W
or

ki
ng

 m
em

or
y

 
W

A
IS

-I
II

 A
ri

th
m

et
ic

 S
S

  .
01

6c
11

.7
8 

(0
.2

9)
11

.2
7 

(0
.5

5)
11

.7
6 

(0
.5

4)
10

.0
8 

(0
.4

6)

 
W

A
IS

-I
II

 D
ig

it 
Sp

an
 S

S
.7

96
10

.6
4 

(0
.3

3)
10

.5
2 

(0
.5

5)
10

.0
0 

(0
.4

6)
10

.4
8 

(0
.4

3)

A
tte

nt
io

n

 
D

-K
E

FS
 T

ra
il 

M
ak

in
g 

V
is

ua
l S

ca
nn

in
g 

SS
.1

53
11

.1
3 

(0
.2

3)
10

.8
9 

(0
.5

1)
11

.5
5 

(0
.3

7)
11

.9
1 

(0
.2

5)

Ps
yc

ho
m

ot
or

 s
pe

ed

 
W

A
IS

-I
II

 D
ig

it 
Sy

m
bo

l C
od

in
g 

SS
  .

03
6b

10
.7

5 
(0

.2
7)

  9
.5

8 
(0

.4
7)

  9
.2

5 
(0

.5
8)

10
.0

5 
(0

.4
2)

 
D

-K
E

FS
 T

ra
il 

M
ak

in
g 

N
um

be
r 

Se
qu

en
ci

ng
 S

S
.6

06
11

.2
5 

(0
.2

8)
10

.8
5 

(0
.2

7)
10

.5
5 

(0
.6

3)
11

.1
0 

(0
.4

0)

 
D

-K
E

FS
 T

ra
il 

M
ak

in
g 

L
et

te
r 

Se
qu

en
ci

ng
 S

S
.1

39
11

.4
9 

(0
.3

0)
11

.3
9 

(0
.3

4)
10

.2
0 

(0
.6

6)
11

.4
4 

(0
.3

3)

L
an

gu
ag

e 
an

d 
ac

hi
ev

em
en

t

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Winward et al. Page 22

M
od

el
p-

va
lu

e
C

O
N

 (
n 

= 
55

)
M

 (
SE

)
H

E
D

 (
n 

= 
24

)
M

 (
SE

)
M

J 
(n

 =
 2

0)
M

 (
SE

)
H

E
D

+M
J 

(n
 =

 2
9

M
 (

SE
)

 
W

A
SI

 V
oc

ab
ul

ar
y 

T-
Sc

or
e

.1
36

59
.8

7 
(1

.1
0)

55
.7

5 
(1

.5
5)

57
.5

2 
(2

.2
8)

56
.6

2 
(1

.2
1)

 
W

R
A

T-
4 

R
ea

di
ng

 S
ta

nd
ar

d 
Sc

or
e

  .
02

4a
10

7.
14

 (
1.

14
)

10
0.

75
 (

2.
23

)
10

6.
48

 (
1.

57
)

10
5.

10
 (

1.
37

)

N
ot

e.
 S

ta
tis

tic
al

ly
 s

ig
ni

fi
ca

nt
 (

p 
<

 .0
5)

 T
uk

ey
’s

 H
SD

 p
os

t h
oc

 c
on

tr
as

ts
 f

or

a C
O

N
 v

s.
 H

E
D

,

b C
O

N
 v

s 
M

J,
 a

nd

c C
O

N
 v

s 
H

E
D

+
M

J.

d It
em

 is
 r

ev
er

se
-s

co
re

d,
 s

o 
hi

gh
er

 s
co

re
s 

in
di

ca
te

 p
oo

re
r 

pe
rf

or
m

an
ce

.

SS
 =

 s
ca

le
d 

sc
or

e;
 C

om
pl

ex
 F

ig
ur

e 
=

 R
ey

-O
st

er
ri

et
h 

C
om

pl
ex

 F
ig

ur
e 

co
py

 a
nd

 3
0-

m
in

 d
el

ay
ed

 r
ec

al
l (

O
st

er
ri

et
h,

 1
94

4)
; D

-K
E

FS
 =

 D
el

is
-K

ap
la

n 
E

xe
cu

tiv
e 

Fu
nc

tio
ni

ng
 S

ys
te

m
 T

ra
il 

M
ak

in
g 

Te
st

 (
D

el
is

 e
t 

al
., 

20
01

);
 C

V
LT

-I
I 

=
 C

al
if

or
ni

a 
V

er
ba

l L
ea

rn
in

g 
Te

st
 -

 S
ec

on
d 

E
di

tio
n 

(D
el

is
 e

t a
l.,

 2
00

0)
; W

A
SI

 =
 W

ec
hs

le
r 

A
bb

re
vi

at
ed

 S
ca

le
 o

f 
In

te
lli

ge
nc

e 
(W

ec
hs

le
r, 

19
99

);
 W

A
IS

-I
II

 =
 W

ec
hs

le
r 

A
du

lt 
In

te
lli

ge
nc

e 
Sc

al
e-

II
I 

(W
ec

hs
le

r, 
19

97
);

 W
R

A
T-

4 
=

 W
id

e 
R

an
ge

 A
ch

ie
ve

m
en

t T
es

t-
4 

(W
ilk

in
so

n 
&

 R
ob

er
ts

on
, 2

00
6)

.

J Int Neuropsychol Soc. Author manuscript; available in PMC 2018 February 01.


	Abstract
	INTRODUCTION
	Current Study

	METHOD
	Participants
	Measures
	Structured clinical interview and substance use history
	Neuropsychological battery
	Mood/affect measures

	Procedures
	Data Analyses

	RESULTS
	Demographics, Substance Use, and Mood
	Neuropsychological Performance
	Executive functioning
	Learning and memory
	Visuospatial construction
	Working memory, attention, and psychomotor speed
	Language and achievement

	Associations between Substance Use Characteristics and Neuropsychological Performance
	Alcohol
	Marijuana


	DISCUSSION
	Alcohol Findings
	Marijuana Findings
	Concomitant Use of Alcohol and Marijuana Findings

	CONCLUSIONS
	References
	Table 1
	Table 2

