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Abstract 

Cigarette smoking is associated with neurocognitive dysfunction in various populations, including those 

seeking treatment for an alcohol use disorder (AUD). This study compared the rate and extent of 

recovery on measures of processing speed, executive functions, general intelligence, visuospatial skills 

and working memory in treatment-seeking alcohol dependent individuals (ALC) who were never-

smokers (nvsALC), former-smoker (fsALC), and active smokers (asALC), over approximately 8 months 

of abstinence from alcohol. Methods: ALC participants were evaluated at approximately 1 month of 

abstinence (AP1; n=132) and reassessed after 8 months of sobriety (AP2; n=54). Never-smoking 

controls (CON; n=33) completed a baseline and follow-up (n=19) assessment approximately 9 months 

later. Domains evaluated were executive functions, general intelligence, processing speed, visuospatial 

skills and working memory; a domain composite was formed from the arithmetic average of the 

foregoing domains. nvsALC showed greater improvement than fsALC, asALC and CON on most 

domains over the AP1-AP2 interval. fsALC demonstrated greater recovery than asALC on all domains 

except visuospatial skills; fsALC also showed greater improvements than CON on general intelligence, 

working memory and domain composite. asALC did not show significant improvement on any domain 

over the AP1-AP2 interval. At 8 months of abstinence, asALC were inferior to CON and nvsALC on 

multiple domains, fsALC performed worse than nvsALC on several domains, but nvsALC were not 

different from CON on any domain. Our results provide robust evidence that smoking status influenced 

the rate and extent of neurocognitive recovery between 1 and 8 months of abstinence in this ALC cohort. 

Chronic smoking in AUD likely contributes to the considerable heterogeneity observed in 

neurocognitive recovery during extended abstinence. The findings provide additional strong support for 

the benefits of smoking cessation and the increasing clinical movement to offer smoking cessation 

resources concurrent with treatment for AUD.  
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Introduction 

     Approximately 55% of individuals with an alcohol use disorder (AUD) exhibit clinically significant 

neurocognitive dysfunction following detoxification, and demonstrate variable levels of recovery with 

intermediate-term (i.e., 1–12 months) and long-term (i.e., >1 year) abstinence [see (Rourke & Grant, 

2009) for review]. Despite recovery with sobriety, deficiencies in several neurocognitive domains may 

persist with extended abstinence, principally in executive functions, processing speed, learning and 

memory, visuospatial skills, and postural stability (Durazzo & Meyerhoff, 2007; Durazzo, Pennington, 

Schmidt, & Meyerhoff, 2014; Rourke & Grant, 2009; Schmidt, Pennington, Durazzo, & Meyerhoff, 

2014; Stavro, Pelletier, & Potvin, 2012). Multiple biopsychosocial factors including age, sex, alcohol 

consumption history, number of detoxifications, nutritional status, and comorbid psychiatric, substance 

and biomedical disorders are associated with the magnitude of neurocognitive dysfunction apparent 

following detoxification, and the rate and extent of recovery during abstinence (Durazzo & Meyerhoff, 

2007; Fama et al., 2019; Loeber et al., 2010; Oscar-Berman & Marinkovic, 2007; Rourke & Grant, 

2009). 

     Chronic cigarette smoking is the most prevalent comorbidity in AUD (Daeppen et al., 2000; Durazzo 

& Meyerhoff, 2007; Weinberger et al., 2019). Cigarette smoking is associated with deficits in multiple 

neurocognitive domains in non-clinical cohorts of adolescents and adults (Durazzo, Meyerhoff, & 

Nixon, 2010; Sabia et al., 2012; Sabia, Marmot, Dufouil, & Singh-Manoux, 2008; Weiser, Zarka, 

Werbeloff, Kravitz, & Lubin, 2010) and individuals with AUD (Durazzo et al., 2010; Durazzo et al., 

2013; Glass et al., 2006; Glass et al., 2009). In those seeking treatment for AUD, we found that active 

cigarette smoking is also related to diminished recovery in learning and memory during short-term 

(Pennington et al., 2013) and extended abstinence (Durazzo et al., 2014a); in these studies, actively-

smoking alcohol dependent patients (asALC) showed significantly poorer recovery than never-smoking 

ALC (nvsALC), and former-smoking ALC (fsALC) performed intermediate to nvsALC and asALC. 

However, our previous AUD studies on neurocognitive recovery during abstinence following treatment 



  

were restricted to primarily measures of learning and memory and did not thoroughly examine the 

effects of never-smoking, former-smoking, and active-smoking status on multiple domains of 

neurocognitive functioning during intermediate-term abstinence (i.e., 1–12 months). This longitudinal 

study significantly expands on our previous research (Durazzo et al., 2014a; Pennington et al., 2013) by 

comparing the rate and degree of recovery in processing speed, executive skills, general intelligence, 

visuospatial skills and working memory among nvsALC, fsALC and asALC between approximately 1 

and 8 months of sustained abstinence from alcohol. Investigation of the effect of cigarette smoking 

status on recovery of multiple neurocognitive domains during abstinence may assist in better delineating 

the critical factors that influence neurocognitive recuperation during extended sobriety in AUD 

(Durazzo et al., 2014; Luhar, Sawyer, Gravitz, Ruiz, Oscar-Berman, 2013; Rourke & Grant, 2009). 

Based on our previous and cross-sectional (Durazzo et al., 2013) findings and longitudinal results on 

recovery of learning and memory over 8 months of abstinence (Durazzo et al., 2014a) we hypothesized 

that: 

1) Between 1 and 8 months of abstinence, asALC and fsALC demonstrate a lower rate of recovery 

than nvsALC in all neurocognitive domains. 

2) In cross-sectional comparisons at 1 and 8 months of abstinence, nvsALC perform equivalent to 

never-smoking controls (CON), but fsALC and asALC are inferior to nvsALC and CON on all 

neurocognitive domains. 

3) For asALC, greater pack-years are related to poorer recovery on all domains between 1 and 8 

months of abstinence. For fsALC, longer duration of smoking cessation is associated with 

greater recovery in all domains. 

Material and methods 

Participants 

     ALC were recruited from the VA Medical Center (SFVAMC) Substance Abuse Day Hospital and the 

Kaiser Permanente Chemical Dependence Recovery Program outpatient clinics in San Francisco. Both 



  

clinics offered abstinence-based programs that employed empirically supported cognitive-behavioral 

interventions for AUD, with typical treatment duration of 21 days (see Durazzo et al., 2008 for specifics 

of ALC outpatient treatment). CON were recruited from the local community. Written informed consent 

was obtained from all participants before engaging in study procedures. The protocol was approved by 

the University of California San Francisco and SFVAMC and conformed to the Declaration of Helsinki. 

One hundred thirty-two ALC (33 nvsALC, 27 fsALC, and 72 asALC) were first studied after 33 ± 9 

days of abstinence (assessment point 1: AP1) and 54 (14 nvsALC, 16 fsALC, and 24 asALC) of these 

participants were re-assessed after 232 ± 56 days of abstinence (assessment point 2: AP2). Of the 132 

ALC studied at AP1, 71 relapsed between AP1 and AP2, and seven participants were lost to follow-up 

(e.g., moved out-of-state or unable to contact). In this study, any alcohol consumption and or substance 

use between AP1 and AP2 was considered a relapse. The relapse rate of participants in this study is 

highly consistent with other large-scale epidemiological AUD studies (see Kirshenbaum et al., 2009; 

Maisto, et al., 2006; Witkiewitz, 2011). fsALC smoked for 18 ± 12 years over lifetime and had not 

smoked for 13 ± 10 years prior to the study. Thirty-three (33) CON completed a baseline study (AP1), 

and 19 were re-assessed after 269 ± 40 days (AP2); the attrition for CON was due to relocation from the 

San Francisco Bay Area, inability to schedule time off from work, and lack of interest in follow-up. 

Within the ALC subgroups studied at AP1 and AP2, no significant differences were observed on 

demographic, clinical, and alcohol consumption variables as well as duration of abstinence. Within CON 

studied at AP1 and AP2, no significant differences were apparent on demographic, clinical and alcohol 

consumption variables. Approximately 75% of ALC and 85% of CON in this study participated in our 

previous longitudinal research that reported on the effects of smoking history on intermediate-term 

recovery of measures of learning and memory (Durazzo et al., 2014a). Table 1 provides demographic 

and clinical information for the 132 ALC participants and 33 CON studied at AP1.  

     Principal inclusion criteria for ALC were a current Diagnostic and Statistical Manual of Mental 

Disorders-4th Edition [DSM-IV; APA (Diagnostic and statistical manual of mental disorders, 1994)] 



  

diagnosis of alcohol dependence, English fluency, consumption of greater than 150 alcohol-containing 

drinks/month (one drink equivalent = 13.6 g pure alcohol) for at least 8 years before enrollment for 

males, and intake of greater than 80 drinks per month for at least 6 years prior to enrollment for females. 

Primary exclusion criteria for ALC and CON are fully described elsewhere (Durazzo, Gazdzinski, 

Banys, & Meyerhoff, 2004). In summary, participants were free of psychiatric, neurological, physical, 

and medical conditions known or suspected to adversely affect brain neurobiology and/or 

neurocognition, except for DSM-IV anxiety disorders (post-traumatic stress disorder was exclusionary), 

depressive disorders, hepatitis C, hypertension, and type-2 diabetes in ALC. These comorbidities were 

allowed in ALC because they are highly prevalent in AUD (Mertens, Weisner, Ray, Fireman, & Walsh, 

2005; Moss, Chen, & Yi, 2010). Substance dependence (other than nicotine from tobacco smoking) 

within the 5 years preceding study enrollment was exclusionary for ALC. All participants screened 

negative for alcohol and illicit substances at both APs.   

Clinical Assessment 

     At AP1, all participants completed the Structured Clinical Interview for DSM-IV-Axis I Disorders, 

Patient Edition, Version 2.0 (First, Spitzer, Gibbon, & Williams, 1998), and standardized questionnaires 

assessing depressive [Beck Depression Inventory, BDI (Beck, 1978)] and anxiety [State-Trait Anxiety 

Inventory, for Y-2, STAI (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1977)] symptomatology, 

alcohol consumption over lifetime [Lifetime Drinking History, LDH (Sobell, Sobell, Leo, & Cancilla, 

1988; Sobell & Sobell, 1992)], level of nicotine dependence [Fagerstrom Tolerance Test for Nicotine 

Dependence (Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991)]and lifetime substance use [based 

on the NIDA Addiction Survey (Smith, 1991)]. Average number of drinks per month over 1 year prior 

to enrollment and average number of drinks per month over lifetime were calculated from the LDH. At 

all APs for asALC, the Fagerstrom Test for Nicotine Dependence was administered, and the total 

number of cigarettes smoked per day and lifetime years of smoking were obtained and cigarette pack-

years [(cigarettes per day/20) x years of smoking] were calculated. For fsALC at AP1, a procedure 



  

similar to the Timeline Follow-Back Interview for alcohol was modified to assess duration of smoking 

over lifetime and conducted for retrospective smoking history. At AP2, the Timeline Follow-Back 

Interview was administered to verify self-reported abstinence from alcohol and/or other substance use 

for all ALC participants. Additionally, electronic medical records, and/or telephone interview of 

collateral sources (i.e., family or friends) were used to verify the abstinence/relapse status of ALC 

participants. See Durazzo and colleagues (Durazzo et al., 2008) for cohort-maintenance details.  

     ALC with a current or history of a non-exclusionary medical condition(s) were considered positive 

for the medical comorbidity factor, and the most common medical comorbidities were current 

hypertension and hepatitis C seropositivity. ALC were considered positive for the substance use disorder 

comorbidity if DSM-IV criteria were met for current or lifetime substance abuse or past dependence (>5 

years prior to enrollment); most ALC with a comorbid substance use disorder diagnosis met criteria for 

methamphetamine or cocaine abuse/dependence. ALC were considered positive for a psychiatric 

comorbidity if current or lifetime criteria for a depressive or anxiety disorder were met, and the majority 

who were positive met criteria for current substance (alcohol)-induced mood disorder, with depressive 

features or recurrent major depressive disorder. 

Neurocognitive Assessment 

     Smoking ALC were allowed to smoke ad libitum before and during neurocognitive testing to reduce 

the potential confound of nicotine withdrawal symptoms on test performance [for review see (Sacco, 

Bannon, & George, 2004)]. Approximately 40 percent of asALC took one smoke break during testing 

and all smoked one cigarette. 

     All participants completed the assessment battery in a single session. Raw scores for each measure at 

both AP1 and AP2 were converted to z-scores based on the performance of CON at AP1. We converted 

raw scores to z-scores based on CON AP1 data because the AP1 sample was larger than at AP2, and, 

consequently, serves as a more representative normative base. Domain scores represent the arithmetic 

mean of z-scores of constituent measures of the domain. 



  

       The neurocognitive domains assessed and the constituent measures were as follows: The processing 

speed domain incorporated all tests that were timed, or those that the time to complete the task 

influenced the score achieved; it was calculated by averaging the individual z-scores of the following 

measures: Wechsler Adult Intelligence Scale 3rd Edition (WAIS-III) Arithmetic, Block Design, Digit 

Symbol, Picture Completion, and Symbol Search (Wechsler, 1997), Luria-Nebraska Item 99 (Golden, 

Hammeke, & Purisch, 1978), Stroop word, color, and color-word tests (Golden, 1978), and Trail 

Making Test A and B (Reitan & Wolfson, 1985). Higher scores on these measures reflect greater speed 

and accuracy on principally non-verbal/visuospatial tasks. Executive functions: Short Categories Test 

(Wetzel & Boll, 1987), Stroop Test Color-Word subtest, Trails B, Wisconsin Card Sorting Test-64: 

Computer Version 2-Research Edition non-perseverative errors, perseverative errors, and perseverative 

responses (Kongs, Thompson, Iverson, & Heaton, 2000). General intelligence: Ward-7 Full Scale IQ, 

based on WAIS-III Arithmetic, Block Design, Digit Symbol, Digit Span, Information, Picture 

Completion, and Similarities subtests (Axelrod, Ryan, & Ward, 2001). Visuospatial skills: Luria-

Nebraska Item 99 and WAIS-III Block Design. Working memory: WAIS-III Arithmetic and Digit Span. 

A domain composite z-score was calculated from the arithmetic mean of z-scores for all individual 

domains. Premorbid verbal intelligence was estimated with the American National Adult Reading Test 

[AMNART (Grober & Sliwinski, 1991)].  

Data Analyses 

Cross-sectional analyses at AP1 and AP2 

     Comparisons among ALC subgroups and CON on clinical and demographic variables at AP1 were 

conducted with multivariate analysis of variance and Fisher’s Exact Test, where appropriate. 

Comparisons of ALC and CON on neurocognitive measures at AP1 and AP2 were conducted with 

generalized linear modeling with group (nvsALC, fsALC, asALC, and CON), age, education, and 

AMNART as predictors. Significant main effects for group (p < .05) were followed-up with pairwise t-

tests. In pairwise comparisons between nvsALC, fsALC, and asALC, in addition to age, education, and 



  

AMNART, both lifetime average number of drinks/month or 1-year-average drinks/month were also 

separately employed as covariates due to the significant group differences on these variables. (see Table 

1). Although we specified a priori predictions, we employed a modified Bonferroni procedure (Sankoh, 

Huque, & Dubey, 1997) adjusted significance level (p = .05) for pairwise comparisons (all two-tailed) 

for each neurocognitive domain. The adjusted significance level was based on the average 

intercorrelation among individual neurocognitive domains (excluding the domain composite) for all 

groups (r =.70) and the number of pairwise comparisons (n = 6) and produced an adjusted alpha p< .029 

for pairwise comparisons among nvsALC, fsALC, asALC, and CON at AP1 and AP2. Effect sizes for 

group pairwise comparisons at AP1 and AP2 were calculated with Cohen’s d (Cohen, 1988). 

Longitudinal analyses 

    Comparisons of neurocognitive domains changes across the AP1-AP2 interval between nvsALC, 

fsALC, asALC, and CON employed linear mixed modeling; models were fit with random intercepts and 

time (i.e., interval between AP1 and AP2) as a random factor. Main effects and interactions for all 

analyses were considered statistically significant at p <.05. Group (nvsALC, fsALC, asALC, CON), age, 

education, AMNART, and time served as predictors in all models. For longitudinal analyses specifically 

comparing nvsALC, fsALC, and asALC, lifetime average drinks/month or 1-year-average drinks/month 

were also included as predictors. Although no significant differences were observed between nvsALC, 

fsALC, and asALC on frequency of medical, substance and psychiatric comorbidies, in secondary 

analyses, these comorbidities were added as additional predictors for domains that showed differential 

recovery between the ALC subgroups in primary analyses. Associations between pack-years in asALC, 

and duration of smoking cessation in fsALC, with changes in neurocognitive domains over AP1-AP2 

employed linear mixed modeling, and models were fit with random intercepts and time as a random 

factor. Age, education, AMNART, lifetime average drinks/month or 1-year-average drinks/month and 

time served as predictors in all models. Effects for pack-years and duration of smoking cessation were 



  

considered statistically significant at p <.05. All cross-sectional and longitudinal analyses were 

conducted with SPSS v24.  

Results 

Participant demographics and clinical measures  

     At AP1, there were no differences between nvsALC, fsALC, asALC, and CON on the percentage of 

males and White race. CON were younger than fsALC, and CON had more years of education and 

higher AMNART than all ALC subgroups (all p < .05). asALC and nvsALC had higher lifetime and 1-

year-average drinks/month than fsALC, and asALC had higher lifetime average than nvsALC (all p <. 

05). No differences were observed between ALC subgroups on the AMNART, BDI, STAI, and 

frequency of psychiatric, medical and substance use comorbidies (see Table 1). 

Group cross-sectional comparisons at AP1 and AP2 

     AP1: fsALC and asALC were inferior to nvsALC and CON on multiple domains (all p ≤. 029), while 

nvsALC and CON were not different on any domain (see Table 2). AP2: Similar to AP1, fsALC and 

asALC were inferior to nvsALC and CON on multiple domains (all p ≤ .029), and nvsALC and CON 

did not differ on any domain (see Table 3). Moderate and large effect sizes were observed for 

significant group differences at both APs. Higher AMNART was associated with better performance, 

and higher age was related to poorer performance across all neurocognitive measures at AP1 and AP2 

(all p < .01). Education was not a significant predictor at either AP. In analyses comparing ALC 

subgroups for both APs, lifetime average and 1-year average drinks per month, and medical, substance 

abuse and psychiatric comorbidities not significant predictors of performance on any individual domain 

or the domain composite. 

Group longitudinal neurocognitive changes over AP1 and AP2 interval 

     Main effects and interactions: Group x time interactions were observed for processing speed [F(3, 74) 

= 6.18, p = .001], executive functions [F(3, 74) = 2.79, p = .047], general intelligence [F(3, 74) = 5.99, p 

= .001], visuospatial skills [F(3, 74) = 5.11, p = .003], working memory [F(3, 74) = 5.97, p = .001], and 



  

domain composite [F(3, 74) = 9.67, p < .001] (see Figure 1). No other significant interactions were 

observed. Significant main effects for AMNART and age were observed for all domains (all p < .01), 

with higher AMNART associated with better performance, and greater age related to poorer 

performance. Education did not predict any domain (all p >.30). In analyses for ALC subgroups, lifetime 

average, 1-year average drinks per month, and medical, substance abuse and psychiatric comorbidities 

were not associated with change for individual domains or the domain composite (all p > .35). nvsALC 

showed greater improvement than asALC and CON on all individual domains and the domain composite 

over the AP1-AP2 interval (all p < .05), and nvsALC exhibited greater improvement than fsALC on 

processing speed, executive functions, and visuospatial skills and domain composite (all p < .05). fsALC 

demonstrated greater recovery than asALC on processing speed, executive functions, general 

intelligence, working memory and domain composite, and fsALC showed greater improvement than 

CON on general intelligence, working memory and domain composite (all p < .05). CON showed 

greater improvement than asALC on processing speed, executive functions, and domain composite (p < 

.05).  

Simple effect tests: Over the AP1-AP2 interval, nvsALC demonstrated significant improvement on all 

individual domains and the domain composite (p < .01). fsALC significantly improved on processing 

speed, executive functions, general intelligence, working memory and domain composite (p < .05). 

asALC did not show significant change on any individual domain or domain composite. CON 

demonstrated significant improvement on processing speed, executive functions, general intelligence, 

and domain composite (p < .05). 

Relationships of smoking severity measures and neurocognitive recovery in asALC and fsALC 

     asALC: Greater cigarette-pack years were associated with poorer recovery over the AP1-AP2 

interval for processing speed [β = -.018, standard error (SE) = .006, p = .007], and domain composite (β 

= -.013, SE = .007, p = .044). 



  

     fsALC: Longer duration of smoking cessation was associated with greater recovery over the AP1-

AP2 interval for processing speed (β = .050, SE = .018, p = .011), visuospatial skills (β = .042, SE 

=.017, p = .023), working memory (β = .052, SE =.024, p = .047) and domain composite (β = .046, SE = 

.018, p = .016) . 

4. Discussion 

     In this ALC cohort, smoking status robustly moderated recovery over approximately 8 months of 

abstinence on measures of processing speed, executive functions, general intelligence, visuospatial skills 

and working memory. The greater longitudinal improvements in nvsALC and fsALC compared to 

asALC and CON were not attributable to age, education, or estimated premorbid verbal intelligence. 

Alcohol consumption and comorbid medical, substance abuse and psychiatric conditions were not 

associated with change on any domain in the ALC subgroups. The improvements demonstrated by 

nvsALC on all domains and by fsALC on general intelligence, working memory and domain composite 

were significantly greater than demonstrated by CON, indicating the recovery in nvsALC and fsALC 

exceeded any practice effects for the constituent measures of each domain. Notably, asALC 

demonstrated no significant improvement on any individual domain or the domain composite and both 

nvsALC and fsALC showed greater recovery than asALC on processing speed, executive functions, 

general intelligence, working memory and domain composite. The significant improvements observed 

for nvsALC, fsALC and CON on general intelligence were largely driven by increases in non-verbal 

tasks (data not shown). nvsALC and fsALC both showed the greatest change on the processing speed, 

executive functions, general intelligence and working memory domains. Most measures that comprise 

the foregoing domains are non-verbal tasks that require efficiency (i.e., both speed and accuracy) for a 

strong performance. The recovery pattern for the ALC subgroups over the AP1-AP2 interval on the 

domains evaluated in this report was highly similar to that observed for a similar cohort on measures of 

auditory-verbal and visuospatial learning and memory (Durazzo et al., 2014a). 



  

     At AP1 (approximately 30 days of abstinence), nvsALC was not significantly different from CON on 

any neurocognitive domain, asALC performed more poorly than CON on all domains except working 

memory, and fsALC were inferior to CON on all domains. Despite the significant improvement of 

fsALC on processing speed, executive functions, general intelligence, and domain composite over the 

AP1-AP2 interval, fsALC remained inferior to nvsALC on these domains at AP2. Given asALC 

demonstrated no significant improvement on any domain over AP1-AP2, the pattern of differences 

between groups at AP1 was largely consistent with AP2; however, the magnitude of the inferior 

performance of asALC relative to the other groups was larger at AP2, because of the significant 

improvement of CON, nvsALC and fsALC on multiple domains. The integrity of neurocognitive 

function during treatment (Bates, Buckman, & Nguyen, 2013; Durazzo et al., 2008; Tapert, Ozyurt, 

Myers, & Brown, 2004) and subsequent changes with abstinence may inform treatment interventions 

that address neurocognitive dysfunction to improve treatment outcome  (Nixon & Lewis, 2019). 

     In asALC, greater pack-years were associated with poor recovery of processing speed and domain 

composite, indicating an adverse dose/duration response relationship between cigarette exposure and 

improvement on these domains. In our previous study, we found similar associations with measures of 

smoking severity and recovery of auditory-verbal and visuospatial learning and memory over a 

comparable period of abstinence (Durazzo et al., 2014a). In fsALC, longer duration of smoking 

cessation was related to greater recovery on processing speed, visuospatial skills, working memory and 

domain composite. In addition to the significant recovery of fsALC on multiple domains over the AP1-

AP2 interval, the foregoing associations support the benefits of smoking cessation on neurocognitive 

recovery in AUD. 

     In this study, smoking status and smoking severity measures, but not alcohol consumption variables, 

were related to neurocognitive change in this group of abstinent ALC. Despite chronic hazardous 

drinking and meeting criteria for alcohol dependence, nvsALC were not significantly different from 

CON on any domain at AP1 or AP2. Several previous cross-sectional and longitudinal AUD studies 



  

reported weak or non-significant associations of alcohol consumption level and medical, psychiatric and 

substance misuse comorbidities with neurocognition [see (Durazzo et al., 2014a; Durazzo et al., 2013; 

Pennington et al., 2013) and references therein]. The lack of neurocognitive differences between 

nvsALC and CON at AP1 and AP2 and the significantly greater improvement of nvsALC relative to 

CON on all domains indicate chronic smoking in this ALC cohort was a significant moderator of change 

of domains assessed. Given that chronic smoking is associated with multiple neurobiological 

abnormalities in “healthy” non-AUD samples (Durazzo et al., 2014b; Durazzo et al., 2016; Durazzo, 

Meyerhoff, & Murray, 2015; Durazzo, Meyerhoff, & Yoder, 2018; Durazzo, Meyerhoff, Yoder, & 

Murray, 2017; Duriez, Crivello, & Mazoyer, 2014; Franklin et al., 2014; Fritz et al., 2014; Gallinat & 

Schubert, 2007; Gons et al., 2011; Hanlon et al., 2016; Kuhn et al., 2012; Schubert, Seifert, Bajbouj, & 

Gallinat, 2006; Stoeckel, Chai, Zhang, Whitfield-Gabrieli, & Evins, 2016; Sutherland et al., 2016; 

Zanchi et al., 2015), nvsALC may possess greater neurobiological and neurocognitive resiliency to the 

adverse consequences of AUD, compared to fsALC and asALC. In addition to chronic cigarette 

smoking, it is possible that premorbid factors (e.g., genetic risk or resiliency factors), or comorbid 

factors not assessed in this study [e.g., diet/nutrition, exercise, and subclinical hepatic, pulmonary, 

cardiac, or cerebrovascular dysfunction (Durazzo, Hutchison, Fryer, Mon, & Meyerhoff, 2012; Fama et 

al., 2019; Hoefer et al., 2014; Mon et al., 2013; Tessner & Hill, 2010; Zahr, Kaufman, & Harper, 2011; 

Zahr et al., 2016)] influenced neurocognition in this ALC cohort. Any neurocognitive and 

neurobiological abnormalities observed in those with AUD following detoxification or after an extended 

period of abstinence are related to multiple premorbid and/or concurrent biopsychosocial factors, and 

not solely attributable to chronic and excessive alcohol consumption. See Durazzo and colleagues 

(Durazzo, Mattsson, Weiner, & Alzheimer Disease Neuroimaging Initiative, 2014) for discussion of 

potential smoking-related biological mechanisms contributing to the differential neurocognitive 

recovery demonstrated by the ALC subgroups. 



  

     This study has limitations that may influence the generalizability of the results. The ALC participants 

were comprised largely of US Armed Services Veterans and participant self-report was primarily used to 

determine post-treatment drinking status. The neurocognitive domains used in this study were based on 

commonly used clinical organization rather than statistical dimension reduction (e.g., principal 

component analysis). Therefore, the reported findings may not be congruent with similar research that 

employed traditional dimension reduction methods to form neurocognitive domains. The small number 

of female participants precluded examination of sex effects. It is imperative to include larger numbers of 

females, particularly Veteran females, in future research to investigate the potential influence of sex. 

Finally, despite all critical model assumptions being met in all analyses, the modest number of 

observations at AP2 increased the risk of model over-fitting and corresponding Type I error in both 

cross-sectional and longitudinal analyses. 

     Smoking status in this ALC cohort significantly moderated recovery in multiple neurocognitive 

domains between 1 and 8 months of abstinence; nvsALC showed significant improvement on all 

domains, fsALC improved on five of seven domains, and asALC demonstrated no significant recovery 

on any domain. Similar to our previous studies focusing on changes in learning and memory (Durazzo et 

al., 2014a; Pennington et al., 2013), failure to consider the influence of the common comorbidity of 

cigarette smoking in this ALC cohort would have yielded incomplete results and spurious conclusions 

regarding the rate and extent of longitudinal change on the domains assessed in this study. Overall, the 

results suggest that a history of chronic smoking in AUD contributes to the considerable heterogeneity 

in neurocognitive recovery during extended abstinence from alcohol. Our results also strongly reinforce 

the benefits of smoking cessation and the expanding clinical movement to offer smoking cessation 

resources concurrent with treatment for AUD. 
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Figure Legend 

Figure 1a. Group performance on executive function and general intelligence domains over the 

assessment point 1 and 2 interval. Numbers listed adjacent to slopes indicate percent change between 

assessment points. 

Figure 1b. Group performance on processing speed and visuospatial skills domains over the assessment 

point 1 and 2 interval. Numbers listed adjacent to slopes indicate percent change between assessment 

points. 

Figure 1c. Group performance on working memory domain and domain composite over the assessment 

point 1 and 2 interval. Numbers listed adjacent to slopes indicate percent change between assessment 

points. 

  



  

Table 1: AP1 Group demographics and clinical variables  

Variable CON 

(n = 33) 

nvsALC 

(n = 33) 

fsALC 

(n = 27) 

asALC 

(n = 72) 

Group comparison* 

Age (years) 48 (10) 

 

51 (10) 

[25-71] 

54 (12) 

[27-69] 

49 (9) 

[28-68] 

fsALC > CON  

% Male 85 87 83 91 asALC > fsALC  

% White 80 87 86 75 NS 

Education (years) 15.9 (1.9) 

[12-20] 

14.4 (2.3) 

[10-18] 

14.7 (2.0) 

[12-18] 

13.3 (1.7) 

[9-20] 

CON > nvsALC, fsALC, 
asALC  

nvsALC, fsALC > asALC  

AMNART 120 (6) 

[101-129] 

113 (10) 

[95-127] 

116 (7) 

[104-129] 

113 (9) 

[91-128] 

CON > nvsALC, fsALC 
asALC  

Duration of 
Abstinence at 
AP1 (days) 

NA 33 (10) 

[16-58] 

34 (8) 

[17-48] 

33 (8) 

[16-58] 

NS 

Beck Depression 
Inventory score 

3 (3) 

[0-8] 

10 (9) 

[0-28] 

7 (7) 

[0-31] 

11 (8) 

[0-37] 

nvsALC, fsALC, asALC 
> CON  

STAI Y-2 score 

 

33 (2) 

[21-47] 

46 (11) 

[24-72] 

41 (12) 

[22-62] 

44 (8) 

[21-71] 

nvsALC, fsALC, asALC 
> CON  

1-yr. average 
drinks/month 

16 (14) 

[0-60] 

365 (213) 

[99-850] 

268 (141) 

[92-554] 

433 (231) 

[102-998] 

nvsALC, fsALC, asALC 
> CON  

nvsALC, asALC > fsALC  

Lifetime average  
drinks/month 

16 (14) 

[1-54] 

185 (118) 

[101-532] 

146 (83) 

[90-352] 

264 (138) 

[95-906] 

nvsALC, fsALC, asALC 
> CON  

nvsALC, asALC > fsALC  

asALC > nvsALC  

FTND NA NA NA 5 (2) 

[2-10] 

NA 



  

Cigarette pack-
years 

NA NA 22 (16) 

[3-70] 

25 (18) 

[2-80] 

NA 

n (%) with 
medical 
comorbidity 

NA 16 (49) 15 (56) 33 (46) NS 

n (%) taking 
medication for 
medical 
comorbidity 

NA 16 (48) 15 (55) 33 (46) NS 

n (%) with 
psychiatric 
comorbidity 

NA  16 (47) 13 (48) 22 (31) NS 

n (%) taking 
medication for 
psychiatric 
comorbidity 

NA 17 (50) 14 (52) 37 (52) NS 

n (%) with 
substance  
comorbidity 

NA 11 (34) 9 (33) 32 (44) NS 

mean (standard deviation) [minimum - maximum] except where indicated; *All listed group 

comparisons p < .05; 1-yr. average: number of alcoholic drinks per month over 1-year prior to study; 

AMNART: American National Adult Reading Test; Lifetime average: number of alcoholic drinks per 

month over lifetime; FTND: Fagerstrom Test for Nicotine Dependence; NA: not applicable, NS: no 

significant group differences; STAI Y-2: State-Trait Anxiety Inventory – State  



  

Table 2. AP1 Group domain z-scores 

 

Measure CON 

(n=33) 

nvsALC 

(n=33) 

fsALC 

(n=27) 

asALC 

(n=72) 

                              Effect Size (Cohen’s d) 

CON 
vs. 
nvsALC 

CON 
vs. 
fsALC 

CON 
vs. 
asALC 

nvsALC 
vs. 
fsALC 

nvsALC 
vs. 
asALC 

fsALC 
vs. 
asALC 

Executive 

functions 

 

-0.05 

(0.92) 

 

-0.22 

(0.75) 

 

-0.46 

(0.80) 

 

-0.78 

(0.83) 

 

0.20 0.51# 0.89# 0.31 0.71#  0.39 

General 

intelligence 

-0.35 

(0.86) 

-0.34 

(0.75) 

-1.05 

(0.78) 

 

-0.93 

(0.85) 

 

0.00 0.86# 0.69# 0.73# 0.93# 0.14 



  

All values presented are estimated marginal means from cross-sectional analyses. #Indicates statistically 

significant group difference (p ≤ .029) for two-tailed pairwise t-tests; asALC: actively-smoking alcohol 

dependent participants; fsALC: former-smoking alcohol dependent participants; nvsALC: never-

smoking alcohol dependent participants; CON: never-smoking controls.  

Processing 

speed 

 

-0.17 

(0.75) 

 

-0.31 

(0.61) 

 

-0.69 

(0.62) 

 

-0.75 

(0.69) 

 

0.20 0.76# 0.81# 0.62# 0.68# 0.09 

Visuospatial 

skills 

 

-0.14 

(0.86) 

 

-0.42 

(0.69) 

 

-0.72 

(0.68) 

 

-0.63 

(0.76) 

 

0.38 0.79# 0.63# 0.44 0.30 0.12 

Working 

memory  

 

-0.35 

(0.86) 

 

-0.48 

(0.75) 

-0.89 

(0.78) 

 

-0.60 

(0.85) 

 

0.15 0.66# 0.28 0.54 0.15 0.36 

Domain 

composite 

 

-0.18 

(0.57) 

 

-0.36 

(0.57) 

 

-0.76 

(0.49) 

 

-0.74 

(0.51) 

 

0.26 1.09# 1.03# 0.81# 0.76# 0.04 



  

Table 3. AP2 Group domain z-scores  

All values presented are estimated marginal means from cross-sectional analyses. #Indicates statistically 

significant group difference (p ≤ .029) for two-tailed pairwise t-tests; asALC: actively-smoking alcohol 

dependent participants; fsALC: former-smoking alcohol dependent participants; nvsALC: never- 

smoking alcohol dependent participants; CON: never-smoking controls. 

Measure CON 

(n=19) 

nvsALC 

(n=14) 

fsALC 

(n=16) 

asALC 

(n=24) 

                              Effect Size (Cohen’s d) 

CON 
vs. 
nvsALC 

CON 
vs. 
fsALC 

CON 
vs. 
asALC 

nvsALC 
vs. 
fsALC 

nvsALC 
vs. 
asALC 

CON 
vs. 
nvsALC 

Executive 0.34 0.34 -0.10 -0.82 0.00 0.62 1.37# 0.67 1.49#  0.96# 



  

 

functions 

 

(0.81) 

 

(0.67) 

 

(0.62) 

 

(0.81) 

 

General 

intelligence 

0.16 

(0.94) 

0.55 

(0.86) 

 

-0.27 

(0.86) 

 

-0.68 

(1.13) 

 

0.44 0.47 0.81# 0.96# 1.23# 0.42 

Processing 

speed 

 

-0.05 

(0.82) 

 

0.18 

(0.61) 

 

-0.35 

(0.61) 

 

-0.78 

(0.83) 

 

0.32 0.43# 0.88# 0.87# 1.32# 0.59# 

Visuospatial 

skills 

 

0.03 

(0.66) 

 

-0.06 

(0.65) 

 

-0.63 

(0.64) 

 

-0.62 

(0.67) 

 

0.13 1.01# 0.97# 0.88# 0.85# 0.01 

Working 

memory  

 

-0.26 

(0.94) 

 

0.02 

(0.65) 

 

-0.34 

(0.77) 

 

-0.52 

(1.03) 

 

0.34 0.09 0.26 0.47 0.60 0.20 

Domain 

composite 

 

0.04 

(0.76) 

 

0.21 

(0.52) 

 

-0.34 

(0.54) 

 

-0.69 

(0.78) 

 

0.26 0.59# 0.94# 1.03# 1.36# 0.52 









 

• AUD active-smokers showed no significant neurocognitive recovery.  
• AUD never-smokers showed the greatest neurocognitive recovery. 

• AUD former-smokers showed intermediate neurocognitive recovery.  

• Smoking in AUD may contribute to heterogeneity in neurocognitive recovery. 

• Results also strongly reinforce the benefits of smoking cessation in AUD. 

 

 




