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Neurocognitive performance in alcohol use disorder using the 
NIH toolbox: Role of severity and sex differences

Lindsay R. Mereditha, Aaron C. Lima, Lara A. Raya,b,*

aDepartment of Psychology, University of California, Los Angeles, CA, USA

bDepartment of Psychiatry and Biobehavioral Sciences, University of California, Los Angeles, CA, 
USA

Abstract

Aims: Sustained heavy alcohol consumption is associated with a range of neurocognitive deficits. 

Yet, past research centers on a severe profile of alcohol use disorder (AUD), with persons recruited 

from in-patient settings. The current project aims to compare neurocognitive performance between 

individuals seeking AUD outpatient treatment with healthy comparisons while considering the 

association between performance, disorder severity, and sex.

Methods: Enrollment included two matched groups (N = 125; 34 % female): 77 treatment-

seeking individuals with AUD; 48 healthy comparison individuals with low drinking patterns. 

Neurocognitive performance on NIH Toolbox subtests measuring attention, inhibition, episodic 

memory, working memory, language, and processing speed were compared across groups. Within 

the AUD group, analyses examined the relationship between performance, disorder severity, recent 

alcohol consumption, and sex.

Results: AUD group did not perform significantly lower than healthy comparisons on 

neurocognition subtests assessed. Within AUD group, females displayed significantly higher 

processing speeds than males (p = .007). Disorder severity and alcohol consumption were not 

significantly related to performance. However, a significant interaction between disorder severity 

and sex emerged (p = .010), with higher severity associated with poorer performance in males but 

not females, on a subtest measuring attention and inhibition.

Conclusions: Effect of heavy alcohol use on neurocognitive performance was not detected in 

this outpatient AUD sample. Weaknesses in domains of attention and inhibition may be correlated 

with AUD severity among males, but not females. Further research on AUD severity and sex in 

understanding individual differences in neurocognition is warranted, particularly using novel tools 

for large scale phenotyping, such as the NIH Toolbox.
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1. Introduction

Alcohol-related problems represent a national health concern with estimates of up to 29 

million adults having an alcohol use disorder (AUD) in a given year (Grant et al., 2017). One 

of the harms associated with AUD is neurocognitive impairment, which contributes to 

continued alcohol-seeking behavior and relapse (Koob and Volkow, 2010). Worsened 

neurocognitive functioning in patients with AUD is associated with poorer treatment 

outcomes, as neurocognitive processes allow individuals to engage in goal-directed actions, 

plan, and self-regulate, among other tasks (Bates et al., 2006). Moreover, neurocognitive 

impairments are related to functional and structural brain abnormalities and are suggestive of 

accelerated brain aging (Chanraud et al., 2007; Guggenmos et al., 2017; Pfefferbaum et al., 

2013, 1997). These deficits are well-documented in the literature (Bernardin and Maheut-

Bosser, 2014; Horner et al., 1999; Sullivan et al., 2000), particularly in domains of executive 

function, which includes measures of response inhibition (Stavro et al., 2013), working 

memory (Bernardin and Maheut-Bosser, 2014), and processing speed (Stavro et al., 2013). 

More specifically, scores in various dimensions of memory, including episodic memory (Le 

Berre et al., 2017; Pitel et al., 2007), verbal memory (Davies et al., 2005), and visual 

memory (Kopera et al., 2012) were lower in individuals with AUD than healthy 

comparisons. A recent meta-analysis identified that, relative to healthy controls, short-term 

abstinent individuals with AUD exhibited significantly lower functioning across all 12 

measured neurocognitive domains (Stavro et al., 2013). This analysis also showed that 

attention had the largest effect size of any domain but has been the least researched domain 

(Kopera et al., 2012; Loeber et al., 2009; Stavro et al., 2013).

Although Stavro and colleagues’ (2013) meta-analysis provides evidence that neurocognitive 

impairment is a prevalent issue among individuals with AUD, the vast majority of these 

studies have centered on severe alcohol use disorder, with persons recruited from in-patient 

settings and compared to healthy individuals. However, deficits of heavy drinking adults 

recruited from outpatient treatment settings have been largely understudied (Davies et al., 

2005; Horner et al., 1999). One study that enrolled healthy outpatients with AUD found 

evidence of neurocognitive impairment for the AUD group as compared to controls in areas 

of attention, visuospatial scanning, inhibition, and verbal but not non-verbal memory 

(Davies et al., 2005). Since research in less severe outpatient samples is sparse, it is thus 

unclear whether neurocognitive differences potentially precede the onset of AUD, or 

alternatively, when in the disease course of addiction these impairments arise, become 

detectable, and may start to impact recovery. Research investigating the relationship between 

severity of AUD and neurocognitive performance may contribute to this understanding as 

well. For example, among non-treatment seeking individuals with alcohol dependence, a 

composite measure of alcohol severity was correlated with higher delay discounting rates 

(i.e., greater impulsivity) and associated dysregulations in neural control regions (Lim et al., 

2017). Further, indicators of alcohol use history including years of problem drinking (Duka 
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et al., 2003), age of initiation (Nguyen-Louie et al., 2017), and recent and lifetime alcohol 

consumption (Horner et al., 1999; Sullivan et al., 2002; Woods et al., 2016) have been 

related to neurocognitive performance across the lifespan on measures such as visual 

attention, cognitive inhibition, and working memory. This literature provides some initial 

evidence that neurocognitive deficits are graded correlates of chronic alcohol use.

Moreover, accounting for and understanding the impact of other factors, such as age, 

education, and sex may improve our understanding of individual differences in 

neurocognitive impairments in addiction, success in treatment, and recovery (Le Berre et al., 

2017). There is mixed evidence on whether heavy alcohol use differentially affects 

neurocognitive performance for females as compared with males. While several studies have 

evidenced neurocognitive deficits for females with problematic alcohol use (Acker, 1986; 

Glenn and Parsons, 1991; Sullivan et al., 2002), others suggest that they may be less 

sensitive than males to the toxic effects of alcohol and may thus display less neurocognitive 

impairment (Sparadseo et al., 1983; Yonker et al., 2005). However, these findings have 

varied widely across domains; for example, findings inconsistently report both the presence 

and absence of deficits for females in areas of memory (e.g., short-term memory, immediate 

recall, episodic memory; Oscar-Berman and Marinkovic, 2007), and other research suggests 

that for individuals with alcohol dependence, females perform lower than males on tests of 

psychomotor speed (Acker, 1986) but similarly on measures of abstraction and 

visuoperceptual functioning (Sparadseo et al., 1983). Yet, there remains a lack of females 

enrolled in studies on AUD to adequately capture these potentially important and nuanced 

differences (Stavro et al., 2013). Additionally, other findings suggest that age (Bates et al., 

2006; Fein et al., 1990), education, cigarette use (Durazzo and Meyerhoff, 2007), and 

psychopathology (Gierski et al., 2013) have also been related to performance on tasks of 

neurocognition among those with AUD; accounting for these factors may help refine group 

differences in neurocognitive performance, as such psychiatric comorbidities are common in 

individuals with AUD (Castillo-Carniglia et al., 2019).

Another gap in the literature is the use of multiple neurocognitive batteries that complicate 

cross-test comparisons for neurocognitive domains (Stavro et al., 2013). This limitation may 

be addressed by the NIH Toolbox, a standardized cognitive battery that was developed 

through NIH’s Blueprint for Neuroscience Research initiative (Hodes et al., 2013). The NIH 

Toolbox may be a useful new instrument for researchers and clinicians in that it is computer-

based, brief, and easy to administer (Weintraub et al., 2013b). Notably, while this battery 

broadly measures neurocognitive abilities, it is not intended to replace comprehensive 

neuropsychological evaluation. Additional investigation of this toolbox is warranted in 

substance-using populations, as its designers expressed the necessity of validation in various 

clinical populations (Weintraub et al., 2013b). To our knowledge, no published studies to 

date have used the NIH Toolbox to study neurocognition in AUD. This is an important gap 

as the NIH Toolbox seeks to facilitate neurocognitive testing for the purpose of large-scale 

phenotyping.

To advance our understanding of neurocognitive functioning in AUD, the current project 

aims to address important gaps in the literature by examining neurocognitive functioning in 

outpatient treatment-seeking individuals with AUD. These individuals, who have a 
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potentially less severe profile than those previously studied, were compared to a community-

based sample of healthy comparison individuals. All neurocognitive assessments were 

conducted through the novel NIH Toolbox. Given the literature above, we hypothesized that 

the AUD group, relative to the healthy comparison group, would have significantly lower 

scores on all neurocognition subtests administered, which measure attention, inhibitory 

control, processing speed, working memory, episodic memory, and language. A secondary 

aim was to explore the association between neurocognitive performance within the AUD 

group and an AUD severity factor, total recent consumption of alcoholic drinks, and sex, 

after accounting for important demographic factors and measures of nicotine and cannabis 

co-use.

2. Methods

2.1. Participants

After an initial phone screening interview, a total of 182 participants (118 for AUD group; 

64 for healthy comparison group (HC group)) were screened in person to determine 

eligibility in the current study. Of the 182 individuals who came in for this in-person 

screening, 125 were deemed eligible based on criteria noted below (77 participants in the 

AUD group; 48 in the healthy comparison group).

2.2. Screening procedures

2.2.1. Recruitment and enrollment—Recruitment for the alcohol treatment-seeking 

group was a part of a larger, ongoing NIH-funded randomized clinical trial of ibudilast for 

AUD (NCT03594435). Screening data for this trial is used in the current analyses. A healthy 

comparison group was recruited to match the group with AUD on key demographics 

variables including sex, age, race, ethnicity, and education. Both groups were recruited from 

the metropolitan Los Angeles area using similar recruitment tools, including online 

advertisements and flyers placed in the community. Interested participants completed a 

phone screener and if determined potentially eligible for the appropriate study, were asked to 

come into the research lab for an in-person visit. In order to participate in the in-person visit, 

participants were required to have a blood alcohol concentration of 0.000 g/dl and a urine 

toxicology screen negative for all drugs tested, except cannabis. All participants provided 

written informed consent after receiving a full explanation of the study procedures and were 

compensated for their time. All study procedures were approved by the University of 

California, Los Angeles Institutional Review Board.

2.2.2. Healthy comparison group—Eligible healthy comparison participants met the 

following eligibility criteria: age 18–65; fluency in English; engage in low past 30-day 

alcohol drinking patterns including < 7 drinks per week for females, < 14 for males, and 

report no binge drinking in the past month (defined by more than 4 alcoholic drinks per 

occasion for males or more than 3 alcoholic drinks for females); score < 8 on the Alcohol 

Use Disorders Identification Test (AUDIT; Saunders et al., 1993). Exclusion criteria for 

healthy comparison participants included: current psychiatric diagnoses defined by DSM-5 

for major depressive episode, anxiety disorder (i.e., generalized anxiety disorder, panic 

disorder, agoraphobia, obsessive-compulsive disorder), posttraumatic stress disorder, eating 
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disorder (i.e., anorexia nervosa, bulimia nervosa, binge eating disorder); lifetime diagnoses 

defined by the DSM-5 for alcohol or other substance use disorder (SUD), manic episode, or 

psychotic symptoms; history of any major medical or neurological condition that may affect 

neurocognitive functioning, including traumatic brain injury, dementia, seizures, or serious 

or repeated concussions; history of cognitive impairment or learning/ developmental 

disability; past month active suicidal ideation or attempt; or currently taking any 

psychotropic medications (e.g., psychostimulants, benzodiazepines, or antidepressants).

2.2.3. Group with alcohol use disorder—For the current study, eligibility for the 

group with AUD is based generally on criteria required to enroll in a larger pharmacotherapy 

trial for individuals seeking treatment for alcohol use. For the current analyses, eligibility 

criteria included: meet current DSM-5 criteria for AUD; and report interest in treatment for 

alcohol use, as assessed using a single-item question: “Do you have a desire to reduce or 

quit drinking?” Exclusion criteria for participants with AUD included: lifetime DSM-5 

diagnosis for manic episode or endorsement of lifetime psychotic symptoms; DSM-5 

diagnosis for a non-alcohol SUD (except for cannabis: only severe cannabis use disorder 

was exclusionary); clinically significant alcohol withdrawal symptoms (score > 9 on the 

Clinical Institute Withdrawal Assessment for Alcohol, Revised (CIWA-Ar; Sullivan et al., 

1989)); pregnancy, nursing, or planning to become pregnant during the larger trial, or 

decision to not use birth control (if female); past month active suicidal ideation or attempt; 

or currently taking any psychotropic medications with the exception of a stable 

antidepressant regimen.

2.3. Measures

2.3.1. Clinical interviews—Participants completed clinical interviews with trained 

graduate students or staff members, including the Timeline Follow-Back (TLFB) Interview 

(Sobell and Sobell, 1992) to assess past month self-reported quantity and frequency of 

alcohol, cigarette, and cannabis use; selected modules from the Structured Clinical Interview 

for DSM-5 (First et al., 2016) to assess inclusion and exclusion criteria regarding psychiatric 

diagnoses and symptoms; Columbia Suicide Severity Rating Scale (C-SSRS (Posner et al., 

2011)), if indicated, to assess reports of suicidal ideation and attempts; CIWA-Ar (group 

with AUD only; Sullivan et al., 1989) to identify clinically significant alcohol withdrawal 

symptoms.

2.3.2. Neurocognitive testing via NIH Toolbox

2.3.2.1. Validation.: In order to examine neurocognitive functioning, participants across 

the two groups completed a portion of the NIH Toolbox Cognition battery (Weintraub et al., 

2013a), which was administered by trained graduate students in clinical psychology or 

bachelor’s level research coordinators. The Cognition battery measured domains of 

attention, inhibitory control, episodic memory, working memory, language, and processing 

speed. Through previous validation and standardization procedures, the NIH toolbox showed 

good discriminant (ranging from r = .05 to r = .30) and convergent (ranging from r = .48 to r 
= .93) validity when tested against “gold standards” in the field of cognitive assessment 

(Weintraub et al., 2013b), high test-retest reliability (ranging from r = .72 to r = .96), robust 
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age-related performance results and was normed in a diverse population to match the U.S. 

demographics (Beaumont et al., 2013).

2.3.2.2. Scoring.: The Cognition battery is a brief (45–60 min) and convenient 

multidimensional assessment tool; raw scores are electronically normed to provide three 

performance scores (Age-Corrected Standard Scores, Uncorrected Standard Scores, and 

Fully Corrected Standard Scores; see NIH Scoring and Interpretation Guide for more 

details). For the current analyses, Fully Corrected Standard Scores were used: raw scores are 

normed based on a nationally representative sample, while adjusting for demographic 

variables including age, sex, educational attainment, and race/ ethnicity (Weintraub et al., 

2013b). These scores are based on T-score metric, with a mean of 50 and standard deviation 

of 10 with higher scores indicating better performance.

2.3.2.3. Neurocognitive domains.: Participants in the current study completed five of the 

seven available NIH Toolbox cognition battery subtests (List Sorting Working Memory Test 

(LSWM); Pattern Comparison Processing Speed Test (PCPS); Picture Sequence Memory 

Test (PSM); Flanker Inhibitory Control and Attention Test (FICA); Oral Reading 

Recognition Test (ORR)). LSWM test measures working memory (processing and storage of 

information); food and animal items were presented visually along with simultaneous audio 

recording stating item name and participants were then asked to repeat item names back in 

size order. PCPS test measures processing speed; participants were asked to respond as 

quickly as possible to indicate whether two simple pictures were the same or different. PSM 

test measures episodic memory; participants were presented with a sequence of events 

(visually and via audio recording) and then attempted to place scrambled pictures into the 

correct temporal order. FICA test measures attention and inhibitory control domain of 

executive functioning; participants were asked to focus on a middle arrow stimulus while 

inhibiting attention to other arrows during both congruent (all arrows pointing the same 

direction) and incongruent (middle arrow pointing a different direction) trials. ORR test 

measures language; words were presented visually, and participants were asked to 

pronounce and read words accurately.

2.3.3. Individual Difference Measures—Self-report questionnaires were completed 

to collect information on demographics, mood, health, and substance use patterns, including 

the following: AUDIT (Saunders et al., 1993) to measure alcohol-related problems; Alcohol 

Dependence Scale (ADS; Skinner and Allen, 1982) to assess alcohol dependence severity; 

Beck Anxiety Inventory (BAI; Beck et al., 1988) to capture anxiety symptomatology; Beck 

Depression Inventory-II (BDI-II; Beck et al., 1996) to capture mood symptomatology; and 

Penn Alcohol Craving Scale (PACS) to measure past-week craving for alcohol (Flannery et 

al., 1999).

2.4. Data analysis

Chi-square, Fisher’s exact, and independent samples T-tests were performed to test potential 

differences in demographic and individual difference variables between the AUD and 

healthy comparison group. To test the study hypothesis that participants with AUD would 

display deficits of neurocognitive functioning as compared to healthy individuals with low 

Meredith et al. Page 6

Drug Alcohol Depend. Author manuscript; available in PMC 2021 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



drinking patterns, a series of general linear model analyses were conducted using SAS 

Statistical Software version 9.4. Specifically, general linear model analyses were conducted 

with group (AUD vs. HC), sex (male vs. female) and their interaction (group × sex) as 

dichotomous factors and years of education and mood symptomatology (BDI-II and BAI 

total scores) as a continuous covariates, with the dependent measures being the five NIH 

Toolbox standardized subtest scores (tested separately): attention/inhibitory control, episodic 

memory, language, processing speed, and working memory. In the interest of parsimony, 

final models are presented with non-significant covariates removed, including sex and group 

x sex interaction term; results between full and final models are consistent.

For the AUD group only, a series of mixed general linear model analyses were conducted to 

explore the association between neurocognitive performance and a number of severity-

related factors. To reduce the number of variables to be examined in primary analyses, 

consistent with previous studies (Lim et al., 2017; Moallem et al., 2013), a principal 

components analysis (PCA) with varimax rotation was conducted to create an AUD Severity 

Factor on the AUD group data including: (a) DSM-5 AUD symptom count; (b) PACS total 

score; (c) ADS total score; (d) AUDIT total score; (e) BDI-II total score; (f) BAI total score; 

and (h) CIWA-Ar total score. One model for each of the five neurocognitive subtest scores 

(outcome variable) were run, which included the AUD Severity Factor score as a continuous 

predictor, sex (male vs. female) as a dichotomous predictor, and their interaction (AUD 

Severity Factor × sex) with the following variables added as covariates: education, age, 

nicotine and cannabis use status (user or non-user, as determined by past 30-day TLFB 

reports). Significant interactions were probed with post-hoc tests of simple effects. 

Additionally, given previous research identifying quantity of alcohol consumption as a 

relevant measure implicated in neurocognitive performance (Horner et al., 1999; Sullivan et 

al., 2002; Woods et al., 2016), we conducted an exploratory analysis; one model for each of 

the neurocognitive subtest scores were run in which total number of recent alcoholic drinks 

served as the focal predictor and the following variables served as covariates: sex, education, 

age, and nicotine and cannabis use status. In the interest of parsimony, final models are 

presented with non-significant covariates removed; sex and sex x AUD severity interaction 

terms were retained. Results between full and final models are consistent. Chi-square and 

independent samples T-tests were performed to ensure that males and females within the 

group with AUD did not significantly differ on any demographic or individual difference 

variables. Independent samples T-tests were conducted to compare neurocognitive 

performance for those in the AUD group who tested positive for THC vs. negative for THC 

on the urine toxicology screen.

3. Results

3.1. Participant characteristics

The current sample (N = 125; AUD group n = 77; HC group n = 48) was found to have the 

following characteristics: 34 % female, average age of 46 years, 15 years of education, 53 % 

identifying as Caucasian, 32 % identifying as African American, and 21 % identifying as 

Latinx. The two groups were adequately matched on age, race, ethnicity, and financial status 

(p’s > .350; see Table 1). Despite efforts to match the two groups, the group with AUD and 
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healthy comparison group differed significantly on the following: level of education (p 
< .001), employment status (p = .028), and sex (p = .034). As expected, the group with AUD 

had significantly higher past 30-day reports of substance use and mood symptomatology 

(see Table 1; p’s < .001). On average, the AUD group drank alcohol 21 of the past 30 days 

and had 5.2 alcoholic drinks per day with 30 % and 36 % reporting cigarettenicotine and 

cannabis use in the last 30 days, respectively.

3.2. NIH Ttoolbox cognition scores

Education emerged as a significant covariate for three subtests measuring working memory 

(p = .022), episodic memory (p = .001), and language (p = .020) with higher education 

associated with higher neurocognitive subtest performance across groups. BAI score was a 

significant covariate for the subtest measuring attention and inhibitory control (p = .002) 

with higher anxiety symptomatology related to lower subtest performance. Neither sex (p’s 
> .05) nor the sex × group interaction term (p’s > .05) were significantly related to 

performance on any of the five subtests. Overall, final general linear models (non-significant 

covariates removed), revealed no significant differences in NIH Toolbox subtest standard 

scores (Fully Corrected norms) between healthy comparison group vs. AUD group (see 

Table 2; p’s > .05), except for the subtest measuring working memory (p = .025). On 

average, the group with AUD unexpectedly had significantly higher working memory 

performance than the healthy comparison group.

3.3. Principal component analysis for AUD severity

The principal components analysis of DSM-5 AUD symptom count, PACS, AUDIT, CIWA-

Ar, ADS, BDI-II, and BAI, yielded one factor with all variables loading > .40 on the AUD 

Severity factor, except CIWA which loaded < .40 on this factor. Thus, CIWA was removed 

and the PCA analysis was rerun with the 6 remaining variables, which yielded one factor 

with all variables loading > .40 that explained 60 % of the variance (Eigenvalue = 3.574; see 

Table 3). This supports the use of the AUD severity factor score in subsequent analyses.

3.4. Neurocognitive functioning in AUD

3.4.1. AUD Severity Factor—Of all the covariates (age, education, cannabis use, and 

cigarette use) added into the five models, only education was significantly related to 

neurocognitive performance; this was true for only one subtest measuring language abilities 

(F = 6.99, p = .010) after adjusting for other covariates, with higher education level 

associated with higher performance. Overall, two of the five general linear models (i.e., final 

models with non-significant covariates removed) produced significant full model equations: 

Flanker Inhibitory Control and Attention subtest, F(3, 73) = 5.35, p = 0.002, R2 = 0.18; 

Pattern Comparison Processing Speed subtest, F(3, 73) = 2.91, p = 0.040, R2 = 0.11 (see 

Table 4).

Specifically, results from the Flanker model revealed a significant sex X AUD Severity 

Factor interaction (F = 7.01, p = .010; see Fig. 1). Post-hoc simple effects tests found a 

significant effect of AUD Severity Factor score on this subtest performance for males 

(t(73)=−3.79, p < .001) but not females (t(73) = 0.90, p = .372), such that among males, 

higher AUD severity was associated with lower attention and inhibitory control 
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performance. While the sex × Severity Factor interaction was not significant for any other 

subtest models (p’s > .05), a marginally significant interaction was found for the working 

memory subtest (LSWM; F = 3.69, p = .059). Post-hoc simple effects tests similarly found a 

significant effect of AUD Severity Factor score on this LSWM subtest performance for 

males (t(73)=−2.27, p = .026) but not females (t(73) = 0.92, p = .359), such that among 

males, higher AUD severity was associated with lower working memory performance. The 

AUD Severity Factor score not significantly related to neurocognitive performance on any of 

the five subtests across sex (p’s > .05).

Results from the processing speed model show a significant effect of sex on processing 

speed performance (F = 7.64, p = .007; see Fig. 2), such that females exhibited higher scores 

on average (adjusted mean = 52.19, SE = 2.80) compared with males (adjusted mean = 

43.13, SE = 1.71). There was not a significant effect of sex on performance for any other 

subtest (p’s > .05). Chi-square and independent samples T-test confirmed no significant 

differences between males and females on demographic or individual difference variables 

listed in Table 1 (p’s > .05). Exploratory comparison analyses (independent samples T-tests) 

suggested that THC status (positive vs. negative result on toxicology screen) was not 

significantly associated with neurocognitive performance on any of the subtests (p-

range: .20–.98).

3.4.2. Total recent alcohol consumption—Education and sex emerged as the only 

significant covariates with higher education being significantly related to both higher 

language performance (p = .009) and attention/inhibitory control performance (p = .046); 

sex was significantly associated with processing speed performance (p = .006). For final 

models with non-significant covariates removed, only one model produced a significant full 

model equation: Pattern Comparison Processing Speed subtest, F(2, 74) = 4.49, p = .014, R2 

= 0.11. However, this was driven by significant performance differences by sex (p = .004; 

females performing higher than males) and not total recent alcohol consumption (p = .280). 

Total recent alcohol consumption was not significantly related to neurocognitive 

performance on any of the other four subtests models (p’s > .05) after accounting for 

covariates.

4. Discussion

The current study is the first to utilize the NIH Toolbox to assess neurocognitive function in 

individuals with AUD as compared with healthy individuals with low alcohol drinking 

patterns. This is important as the NIH Toolbox seeks to facilitate neurocognitive testing for 

large-scale phenotyping of psychiatric populations and healthy individuals. In contrast to 

much of the previous literature, our AUD sample was comprised of individuals presenting to 

an outpatient alcohol treatment trial as opposed to those enrolled in an in-patient care setting 

(Horner et al., 1999; Stavro et al., 2013). We sought to test our hypothesis that the group 

with AUD would perform significantly lower than the healthy comparison group across all 

neurocognitive domains assessed, as heavy, sustained alcohol consumption is putatively 

related to neurocognitive deficits (Stavro et al., 2013). Surprisingly, results overall showed 

no detectable group differences in neurocognitive performance in domains assessed, 

including episodic memory, language, processing speed, and attention and inhibitory 
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control. Explanations for this null finding could be that: (a) the NIH Toolbox is not as 

sensitive as other comprehensive and well-validated neuropsychological batteries;, (b) effect 

sizes may be smaller than the medium effect we are powered to detect;, or (c) the healthy 

comparison group may be “less healthy” than previously published studies, which may be a 

function of our efforts to recruit demographically and socioeconomically matched controls 

using similar community-based recruitment methods that might better account for pre-

existing differences (Dean et al., 2013; Moritz et al., 2018). A combination of such factors 

may also account for the null findings. Moreover, across the two groups, sex was not 

significantly related to neurocognitive performance on any subtests tested. This is consistent 

with varied literature showing that while male and female differences in neurocognitive 

abilities for healthy adult individuals have been identified (e.g., spatial visualization, verbal 

fluency, processing speed), these effects are modest (Grissom and Reyes, 2019; Liu et al., 

2013; Siedlecki et al., 2019).

Several intriguing patterns of neurocognitive performance emerged across domains assessed 

and these patterns were similar for both groups. Both groups performed in the average range 

(24th–75th percentile) on tests of working memory, episodic memory, and processing speed. 

Although the group with AUD performed significantly better on a subtest of working 

memory, the average score fell at the 50th percentile. On a measure of attention and 

inhibitory control, both groups performed approximately 1 SD below the mean (~15th 

percentile), suggesting this may be an area of relative weakness for both the AUD and 

comparison group. In contrast, on a measure of language ability, which may most closely 

approximate overall/ premorbid IQ or crystallized intelligence, both groups performed 

around the 75th percentile. We can conclude that although the performance varied across 

domains, groups performed similarly, which suggests that they were well matched. In sum, 

with the NIH Toolbox, we did not detect neurocognitive deficits in the AUD group when 

comparing performance to healthy individuals recruited from the community.

Based on the hypothesized role of clinical severity of alcohol use disorder and quantity of 

alcohol consumption on neurocognitive function, we undertook analyses within the AUD 

sample only. Additionally, due to the mixed literature on whether sustained alcohol use 

differentially affects neurocognitive abilities among males and females, we tested the 

relationship between sex and neurocognitive performance. While the composite AUD 

Severity Factor score was not significantly associated with neurocognitive performance on 

any subtests, sex did serve to differentiate performance within the clinical sample in a 

number of ways. First, on the Flanker task, severity of AUD was significantly related to 

performance among males but not females. Higher AUD severity level was associated with 

lower attention and inhibitory control performance among males, suggesting that one’s 

degree of problematic alcohol use is associated with graded weaknesses in these areas 

specifically for males but not females. The same association between AUD severity and 

lower performance among male participants emerged for a working memory subtest as well, 

although the interaction between AUD severity and sex was only marginally significant. 

Relatedly, the group with AUD performed lowest on the Flanker subtest (albeit not 

differently than controls) and together this could potentially suggest that these areas of 

neurocognition may be affected earlier in the disease course than others. This is in line with 

previous research showing that moderate alcohol use may impact inhibitory control as early 
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as young adulthood (Lopez-Caneda et al., 2014; Wetherill et al., 2013). Additionally, sex 

served to differentiate performance on a measure of processing speed within the AUD group, 

such that females exhibited significantly faster processing speeds than males and this was 

not a function of AUD severity, nor was this effect found for healthy comparison group. 

Contextually, previous research on neurocognitive functioning in healthy adults has 

demonstrated a slight but consistent advantage in processing speed for females, as compared 

with males (Siedlecki et al., 2019).

Overall, we interpret these findings in light of the literature, which present a rather mixed 

picture whereby some studies find that females are more vulnerable to the neurocognitive 

effects of alcohol use (Acker, 1986; Glenn and Parsons, 1991), while others suggest that 

females do not exhibit the same neurocognitive impairments as males (Oscar-Berman and 

Marinkovic, 2007; Sparadseo et al., 1983). In contrast to the current study, previous research 

on sex differences in the domain of inhibition suggests that in females only, indicators of 

heavy drinking were associated with response inhibition deficits on the stop signal task 

(Harper et al., 2018; Nederkoorn et al., 2009). However, our findings from an outpatient 

sample may suggest that males may beare more affected by the negative impacts of AUD 

severity than females in the areas of attention and inhibitory control. These findings serve to 

inform the literature on sex-dependent effects of alcohol use on neurocognitive function.

From a clinical viewpoint, a noteworthy dimension affecting neurocognitive performance is 

mood symptomatology namely, anxiety and depression. It is notable that high levels of 

depression and anxiety can impair neurocognitive performance and that the AUD severity 

construct encompassed measures of depression and anxiety symptoms, which fit well with 

the AUD Severity Factor from the principal component analysis. Including mood indicators 

in the AUD Severity Factor is a novel addition (Lim et al., 2017; Moallem et al., 2013). 

However, this addition is consistent with previous research indicating a positive relationship 

between AUD severity and mood symptomatology, such that individuals with more severe 

AUD exhibit higher levels of negative affectivity (Cano et al., 2017; Pavkovic et al., 2018). 

Importantly, males and females did not significantly differ in their levels of depression and 

anxiety. Overall, this suggests that levels of depression and anxiety were well-accounted for 

by AUD severity, and together were significantly associated with attention/ inhibitory 

control and working memory scores for males through the AUD Severity Factor composite 

score construct.

Another way in which this study contributes to the field of AUD and neurocognitive function 

is by employing the NIH toolbox. If proven useful in future research with AUD samples, the 

NIH Toolbox could be used as a standard neurocognitive assessment, allow for easier 

comparison across studies, and to better understand the effects of neurocognitive impairment 

on treatment outcomes over time. This is critical given that only 1 in 5 individuals with AUD 

seek treatment and neurocognitive assessment is rarely part of routine care (Copersino et al., 

2009); outcomes for those who do seek treatment vary widely (Ray et al., 2018). 

Additionally, the field of addiction neuroscience is moving towards a personalized medicine 

approach, whereby understanding individual differences in neurocognition may impact how 

clinicians’ approach treatment in the future. This is in line with the Addictions Neuroclinical 

Assessment (ANA) framework, which suggests that executive function, along with incentive 

Meredith et al. Page 11

Drug Alcohol Depend. Author manuscript; available in PMC 2021 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



salience and negative emotionality, are important dimensions to assess (Kwako et al., 2017) 

to improve clinical translational research.

The present study should be interpreted in light of its strengths and weaknesses. Strengths 

include a well-characterized community samples with AUD and healthy comparison 

individuals that were recruited by the same methods. Overall, the two groups were well-

matched on demographic and socioeconomic variables and models comparing the two 

groups included relevant covariates. Additionally, the NIH Toolbox is a valid, highly 

relevant, and a brief measure of neurocognitive function that accounts for demographic 

factors in scoring neurocognitive test results. Individuals with AUD were drawn from an 

outpatient clinical treatment trial and display a range of AUD severity allowing for 

examination of functioning across this range. Further, a component factor of AUD severity 

was derived to limit the number of individual comparisons and potential of making type-I 

errors. Study limitations include the moderate sample size which was not powered to detect 

small effect sizes, whichand may be particularly relevant when detecting sex-differences, 

especially given that only 27 % of the clinical sample were female. The NIH Toolbox is not 

widely used and fully evaluated in the context of psychiatric disorders, including substance-

using populations. Moreover, while the NIH Toolbox broadly measures neurocognitive 

abilities, it is less comprehensive and likely less sensitive than in-depth and comprehensive 

neuropsychological assessments and comprises only one subtest per domain. As such, this 

battery may be less capable of detecting nuanced differences between substance-using and 

healthy comparison samples. Finally, given the lack of testing to account for pre-morbid 

differences, we cannot readily conclude that differences in neurocognitive performance are a 

consequence of alcohol use as opposed to pre-existing individual differences.

In conclusion, this study examined neurocognitive functioning in outpatient treatment 

seekers with AUD versus healthy community comparisons and found no evidence of 

neurocognitive impairment for the AUD sample, which was less severe than those previous 

studied. Analyses examining the relationship between clinical disorder severity and 

neurocognitive performance, restricted to the AUD sample only, indicated intriguing sex-

dependent effects whereby males but not females with higher levels of AUD severity had 

lower levels of attention/inhibitory control and working memory performance. Females in 

the clinical sample had significantly faster processing speeds than males but this was not 

related to severity of AUD. These results contribute to the emerging literature on alcohol and 

sex differences (Nolen-Hoeksema and Hilt, 2006) and suggest that males and females may 

be differentially affected by AUD severity and highlight the need to investigate this further 

in understanding neurocognitive deficits. This study also serves as an initial evaluation of the 

NIH toolbox as an instrument that can potentially make neurocognitive assessments more 

accessible in a host of psychiatric and clinical contexts.
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Fig. 1. 
This graphic represents a significant interaction between AUD Severity Factor score and sex 

(male = 0 [blue], female = 1 [red]) on Flanker Inhibitory Control and Attention subtest 

performance (average model-adjusted standard Tt-score). Males but not females with greater 

AUD severity had lower levels of attention and inhibitory control.

Meredith et al. Page 17

Drug Alcohol Depend. Author manuscript; available in PMC 2021 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. 
Average model-adjusted standard Tt-score by sex on the Picture Comparison Processing 

Speed subtest. This represent a significant effect of sex on processing speed performance (p 
= .007), in which females (adjusted mean = 52.19) scored higher than males (adjusted mean 

= 43.13).

Meredith et al. Page 18

Drug Alcohol Depend. Author manuscript; available in PMC 2021 March 18.

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

Meredith et al. Page 19

Table 1

Participant characteristics by group.

Characteristic Group with AUD Mean (SD) N = 
77

Healthy Comparisons GroupMean 
(SD) N = 48

Sign. (p-value)

Age 44.1 (11.0) 45.8 (13.4) .452

 Range (20–65)

Sex (% Female) 27.3 % 45.8 % .034*

Education (Years) 13.9 (2.4) 15.6 (2.2) < .001*

 Range (7–20)

Ethnicity (%) .420

Caucasian 52.0 % 54.2 %

African American 32.5 % 31.3 %

Asian 2.6 % 6.3 %

Pacific Islander 0.0 % 2.1 %

Native American 2.6 % 0.0 %

Multi-ethnic 10.4 % 6.3 %

% Latinx 22.1 % 18.8 % .656

Employment Status .028*

Full Time 35.1 % 47.9 %

Part Time 15.6 % 29.2 %

Retired or Disability 14.3 % 6.3 %

Unemployed 35.1 % 16.7 %

Financial Status .376

Not enough money to pay bills 15.6 % 6.3 %

Enough money to pay bills but cut back 36.4 % 41.7 %

Enough money to pay bills but no extras 18.2 % 25.0 %

Enough money for extras 29.9 % 27.1 %

Alcohol (Past 30 Days)

Drinking Days 21.2 (8.3) 1.9 (4.4) < .001*

Range (0–30)

Drinks per Day 5.2 (3.6) .09 (0.2) < .001*

Range (0–16.9)

AUDIT Total 21.5 (7.2) 1.1 (1.4) < .001*

Range (0–37)

% Cannabis Users (TLFB Past 30) 36.4 % 2.1 % < .001*

% THC Positive 28.6 % 4.2 % < .001*

% Nicotine Users (TLFB Past 30) 29.9 % 4.2 % < .001*

Beck Depression Inventory-II Total Score 13.1 (10.0) 5.9 (7.9) < .001*

 Range (0–40)

Beck Anxiety Inventory Total Score 10.1 (9.3) 3.1 (4.2) < .001*

 Range (0–46)
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Characteristic Group with AUD Mean (SD) N = 
77

Healthy Comparisons GroupMean 
(SD) N = 48

Sign. (p-value)

% Meeting Criteria for Current MDE
a 9.1 % 0.0 % .043*

% Meeting Criteria for Current CUD
a 14.3 % 0.0 % .008*

Penn Alcohol Craving Scale Total Score
b 14.2 (7.2) – –

 Range (0–30)

Alcohol Dependence Scale Total Score
b 16.9 (7.8) – –

 Range (1–41)

DSM-5 SCID AUD Symptom Count
b 6.4 (2.4) – –

Range (2–11)

% Mild AUD 10.4 % – –

% Moderate AUD 29.9 % ——

% Severe AUD 59.7 %

Note: AUDIT = Alcohol Use Disorders Identification Test; TLFB = Timeline Follow-back; MDE = Major Depressive Episode; CUD = Cannabis 
Use Disorder; AUD = Alcohol Use Disorder;

a
diagnostic criteria according to DSM-5;

b
substance use information collected for group with AUD group only.

*
Denotes significance at the p < .05 level for corresponding significance test (Chi-Square, Fisher’s Exact, or independent samples T).

Drug Alcohol Depend. Author manuscript; available in PMC 2021 March 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Meredith et al. Page 21

Ta
b

le
 2

N
IH

 to
ol

bo
x 

co
gn

iti
on

 s
ub

te
st

 s
co

re
s 

by
 g

ro
up

.

N
IH

 T
oo

lb
ox

 S
ub

te
st

G
ro

up
 w

it
h 

A
lc

oh
ol

 U
se

 D
is

or
de

r 
M

ea
n 

Sc
or

e 
(S

D
) 

[%
ti

le
]

H
ea

lt
hy

 C
om

pa
ri

so
n 

G
ro

up
 M

ea
n 

Sc
or

e 
(S

D
) 

[%
ti

le
]

M
al

es
(n

 =
 5

6)
F

em
al

es
(n

 =
 2

1)
C

om
bi

ne
d(

N
 =

 7
7)

M
al

es
(n

 =
 2

6)
F

em
al

es
(n

 =
 2

2)
C

om
bi

ne
d(

N
 =

 4
8)

L
is

t S
or

tin
g 

W
or

ki
ng

 M
em

or
y

49
.9

3 
(8

.5
4)

50
.2

4 
(1

0.
30

)
50

.0
1 

(8
.9

8)
*

[5
0 

%
]

48
.4

2 
(1

1.
22

)
45

.8
6 

(9
.2

4)
47

.2
5 

(1
0.

33
)

[3
9 

%
]

Pa
tte

rn
 C

om
pa

ri
so

n 
Pr

oc
es

si
ng

 S
pe

ed
43

.1
4 

(1
2.

61
)

52
.2

3 
(1

3.
03

)
45

.6
2 

(1
3.

28
)

[3
3 

%
]

46
.8

5 
(1

2.
56

)
46

.9
1 

(1
4.

41
)

46
.8

8 
(1

3.
29

)
[3

8 
%

]

Pi
ct

ur
e 

Se
qu

en
ce

 M
em

or
y

51
.1

4 
(9

.1
1)

48
.6

7 
(1

1.
41

)
50

.4
7 

(9
.7

7)
[5

2 
%

]
50

.1
5 

(1
0.

0)
49

.5
5 

(1
2.

33
)

49
.8

8 
(1

0.
99

)
[5

0 
%

]

Fl
an

ke
r 

In
hi

bi
to

ry
 C

on
tr

ol
 a

nd
 A

tte
nt

io
n

38
.6

4 
(8

.8
4)

40
.5

2 
(7

.8
8)

39
.1

6 
(8

.5
8)

[1
4 

%
]

39
.0

8 
(5

.9
3)

41
.5

5 
(8

.5
4)

40
.2

1 
(7

.2
7)

[1
6 

%
]

O
ra

l R
ea

di
ng

 R
ec

og
ni

tio
n

58
.1

3 
(1

0.
87

)
58

.1
9 

(1
3.

11
)

58
.1

4 
(1

1.
44

)a

[7
9 

%
]

54
.4

6 
(6

.6
6)

58
.3

6 
(8

.6
6)

56
.2

5 
(7

.8
1)

[7
3 

%
]

N
ot

e:
 T

ab
le

 p
re

se
nt

s 
m

ea
n 

Fu
lly

-C
or

re
ct

ed
 n

or
m

s 
de

ri
ve

d 
fr

om
 th

e 
N

IH
 T

oo
lb

ox
 n

ot
 a

dj
us

te
d 

fo
r 

m
od

el
 c

ov
ar

ia
te

s;

a N
 =

 7
6 

(n
 =

 5
5 

M
al

es
) 

fo
r 

O
ra

l R
ea

di
ng

 R
ec

og
ni

tio
n 

Te
st

 f
or

 th
e 

A
U

D
 g

ro
up

.

* D
en

ot
es

 a
 s

ig
ni

fi
ca

nt
 d

if
fe

re
nc

e 
be

tw
ee

n 
gr

ou
ps

 (
p 

=
 .0

25
) 

af
te

r 
co

va
ry

in
g 

fo
r 

ed
uc

at
io

n.

Drug Alcohol Depend. Author manuscript; available in PMC 2021 March 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Meredith et al. Page 22

Table 3

Principal components analysis factor loadings for alcohol use disorder severity.

Variable AUD Severity Factor

PACS Total Score .67

DSM-5 SCID AUD Symptom Count .82

AUDIT Total Score .85

ADS Total Score .88

Beck Depression Inventory -II Total Score .58

Beck Anxiety Inventory Total Score .79

Note: AUD = Alcohol Use Disorder; PACS = Penn Alcohol Craving Scale; AUDIT = Alcohol Use Disorders Identification Test; ADS = Alcohol 
Dependence Scale.
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