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Riya B Luhar'? Background: Dual dependence on alcohol and nicotine is common, with many reports sug-
Kayle S Sawye r'? gesting that more than 80% of alcoholics also smoke cigarettes. Even after cessation of alcohol
Zoe Gravitz'? consumption, many recovering alcoholics continue to smoke. In this exploratory study, we
Susan Mosher Ruiz'? examined how current smoking and a history of alcoholism interacted in relation to brain

Marlene Oscar-Berman'-3 volumes and neuropsychological performance.

Methods: Participants were 14 abstinent long-term alcoholics (seven current smokers and
'US Department of Veterans Affairs,

Boston Healthcare System, 2Boston
University School of Medicine, groups were equivalent in age, gender, education, and intelligence quotient. Two multiecho
3Athinoula A Martinos Center for

Biomedical Imaging, Massachusetts L . . . . . .
General Hospital, Boston, MA, USA for all participants using a 3T magnetic resonance imaging scanner with a 32 channel head coil.

seven nonsmokers), and 13 nonalcoholics (six current smokers and seven nonsmokers). The

magnetization-prepared rapid acquisition with gradient echo (MP-RAGE) scans were collected

Brain volumes for each gray and white matter region of interest were derived using FreeSurfer.
Participants completed a battery of neuropsychological tests measuring intelligence quotient,
memory, executive functions, personality variables, and affect.

Results: Compared to nonsmoking nonalcoholics, alcoholics who smoke (the comorbid group)
had volumetric abnormalities in: pre- and para-central frontal cortical areas and rostral middle
frontal white matter; parahippocampal and temporal pole regions; the amygdala; the pallidum;
the ventral diencephalic region; and the lateral ventricle. The comorbid group performed worse
than nonsmoking nonalcoholics on tests of executive functioning and on visually-based memory
tests. History of alcoholism was associated with higher neuroticism scores among smokers, and
current smoking was associated with higher sensation seeking scores and lower extraversion
scores among nonalcoholics.

Conclusion: Results from this exploratory study support and extend prior reports showing
that alcoholism and smoking, alone and in combination, are associated with structural brain
abnormalities and poorer performance on neuropsychological tests. Therefore, it is important
to consider smoking status in alcoholism studies and vice versa.
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Introduction

Cigarette smoking among alcoholics occurs at a considerably higher rate than in
the general population. Historically, cigarette smoking rates among heavy drink-
ers were consistently as high as 90%, although this number has decreased since the
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Boston, MA, 02118, USA and it is as high as 80% in treatment-seeking populations.® While rates of tobacco
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Email oscar@bu.edu dependent,* it is generally the case that individuals who are the heaviest drinkers also

smokers.> Among currently drinking alcoholics, the rate is over twice as high at 45%,

use and nicotine dependence vary among alcohol abusers and those who are alcohol
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are the heaviest smokers.’ Similarly, smoking alcoholics
consume alcohol more frequently than nonsmoking and
former-smoking alcoholics,® and the correlation between
smoking and drinking exists for both use and dependence.’
Addressing cigarette smoking in treatment for alcoholism
provides an opportunity for improved treatment outcomes,
as reductions in smoking are associated with greater success
in cessation of alcohol abuse.®

Alcohol and smoking have differential and synergistically
harmful effects on many systems in the body, but alcoholics
are more likely to die from smoking-related health problems
than from those associated with alcohol abuse.” Chronic
smoking and chronic drinking are known to be associated
with neurocognitive deficits and brain injury.'®'S As such,
it has become clear that studies investigating the effects of
either alcohol abuse or cigarette smoking cannot be properly
interpreted without information about the use of both sub-
stances by the participants studied.

While gray and white matter tissue loss and enlarged
ventricles have been well-established in association with
long-term alcoholism,!'¢!® cigarette smoking has been
identified as a highly relevant confound in the alcoholism
neuroimaging literature.'*!> Both alcoholism and smoking
have been shown to be associated with abnormal volumes in
numerous brain regions, but many alcoholism studies have
failed to report or control for the contribution of cigarette
smoking. We have identified ten brain areas that have been
shown to be impacted both by alcoholism and by smoking
(see Table 1 for references to studies reporting abnormali-
ties for each area). Therefore, we examined the differential
and interacting contributions of each condition within these
regions. Of the ten areas, six of these areas are cortical gray
matter, including prefrontal cortex, 4”124 precentral (motor)
cortex,?’ anterior cingulate cortex,*?>?%% the insula,!”*'->
inferior temporal/lingual cortex,?!*232¢ and superior temporal
cortex.212326 Subcortical gray matter areas include the nucleus
accumbens™'’?*" and the thalamus.?’*?"2%3! The primary
white matter structure is the corpus callosum.!2!3235 Finally,
abnormalities of the cerebellum also have been reported in
association with alcoholism?' and smoking.*%3¢ Generally,
volumetric reductions in these regions were reported in
alcoholic and smoking populations,'! but some studies would
suggest that nicotine has a protective effect,”” or that larger
regions might represent a risk factor for nicotine addiction
and/or an effect of chronic nicotine exposure.*

Neuropsychological tests have shown that alcoholics
and smokers suffer from deficits in several overlapping
domains, including various aspects of memory. For example,

Table | References to studies reporting brain volumetric abnor-
malities associated with alcoholism and smoking

Regions

Alcoholism
references

Smoking
references

Cortical
Prefrontal cortex

Motor (precentral)
cortex

Anterior cingulate
cortex

Insula

Inferior temporal/

Pfefferbaum et al"
Cardenas et al?*®
Chanraud et al*'
Makris et al'”

Fein et al®

Chanraud et al*'
Fein et al®
Chanraud et al*'
Makris et al'?
Fein et al®
Chanraud et al?

Durazzo et al'*!®
Froeliger et al
Gallinat et al®
Zhang et al*
Yu et al*®
Almeida et al?”’
Pan et al?®

Liao et al?”
Froeliger et al*
Gallinat et al®
Zhang et al*
Gallinat et al®

lingual cortex Fein et al® Yu et al®*

Superior temporal Chanraud et al*! Gallinat et al®

cortex Yu et al*®

Subcortical

Nucleus accumbens Makris et al'’ Das et al®®
Narahashi et al®

Thalamus Gazdzinski et al*' Liao et al?”

Chanraud et al?! Froeliger et al*
Gallinat et al®
Almeida et al”’

White matter

Corpus callosum Agartz et al*? Choi et al*®
Pfefferbaum et al**3*
Chanraud et al*'
Ruiz et al'®
Cerebellum Chanraud et al*' Yu et al®®
Kihn et al®®

Gallinat et al®

Note: These six cortical areas, two subcortical structures, the corpus callosum, and
the cerebellum, formed the basis of our independently justified research questions,
utilizing a planned comparisons statistical approach.

alcoholics are impaired on auditory verbal memory tasks
such as the Logical Memory subtest of the Wechsler
Memory Scale (WMS), which requires participants to
remember and recall a short story.®* Likewise, smokers
perform poorly on other auditory verbal tasks such as a free
recall task* and the Rey Auditory Verbal Learning Task.*!
Visual memory, which requires recollection of information
seen, also has been found to be impaired in alcoholics (for
the Rey-Osterrieth** and WMS Visual Recall®*) and in
smokers (for the WMS Visual Memory Index*®). Finally,
working memory, which for the purposes of this paper
is defined as the mental function involved in storing and
manipulating transitory information (as a component of
executive functioning), is impaired in alcoholics and in
smokers. For example, poor performance on the working
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memory tasks of Digit Symbol-Coding has been reported
in alcoholics!7**#475! and smokers.>?%*

Processing speed, which may be a component of execu-
tive function, can be measured by cancellation tests and has
been found to be impaired in conjunction with alcoholism*>43
and with smoking.*'*> Another measure of executive func-
tion, the Wisconsin Card Sorting Test (WCST), with its mea-
sures of categories completed, perseverative responses, and
conceptual responses, has been associated with alcoholism-
related deficits?! 434448513657 and smoking-related deficits.>®
Visuospatial cognition requires the ability to identify stimuli;
locate objects in space; navigate; and conceptualize dis-
tances, areas, and volumes. Alcoholics and smokers perform
poorly on the Block Design subtest of the Wechsler Adult
Intelligence Scale (WAIS), a test that measures visuospatial
capacities, 0424451

Finally, scores on the extraversion scale of the Eysenck
Personality Questionnaire (EPQ) have been shown to be
positively associated with drinking,® and scores on the
extraversion, psychoticism, and neuroticism scales have been
positively associated with smoking.%%¢!

In the present exploratory study, we compared those
alcoholics who were smoking while abstaining from alcohol
to those who either had quit smoking or never smoked. We
sought to answer these questions: What are the independent
and combined effects of alcoholism and smoking? Does the
presence of a comorbid smoking addiction mask the effects
of the alcohol history under investigation? Many research
studies have not considered smoking as a variable in inves-
tigations of morphological and neuropsychological seque-
lae of alcoholism (perhaps due to recruitment challenges,
project complexity, or statistical power). Thus, if alcoholic
participants are observed to be impaired, researchers might
misattribute those impairments to the alcohol history when
in fact the deficits could be tied to current or past smoking
history. To examine this confounding effect, we examined
long-term chronic alcoholic participants who had been sober
for months or years.

Among alcoholics, cigarettes have been identified as the
most widely used substance at 88% prevalence.®” However,
many abstinent alcoholics have had experience with illicit
drugs. As with nicotine dependence, there also is high
comorbidity between alcoholism and illicit drugs. Dawson
and colleagues identified rates of past-year illicit drug use
exceeding 20% among an emergency department screening
group characterized by individuals with at least monthly
drinking sessions of four drinks or more.®* Therefore, in
order to isolate the effects of cigarette smoking, we excluded

participants with any drug history of more than once per
week, and those taking any psychiatric medications.

We sought to confirm the morphometric and neuro-
psychological abnormalities described above, and extend
them by examining the effects of alcoholism and smoking
together to distinguish the contributions of each. Thus, we
examined several independently justified research questions.
We expected that the effects of alcoholism and smoking
would vary by the absence or presence of the other. That is,
we predicted that alcoholism might have differential effects
on smokers and nonsmokers, and as such, we planned to
explore alcoholism as a factor in smokers and nonsmokers
considered separately (regardless of the interaction effect).
Likewise, we predicted that smoking would have differen-
tial effects on alcoholics and nonalcoholics, and thus, we
explored smoking effects in each of those groups separately.
Moreover, the specific brain regions and neuropsychological
functions we selected to examine were planned based upon
regions of interest identified in the literature on alcoholism
and smoking (see Table 1). However, we also sought to dis-
cover new relationships with additional morphometric and
neuropsychological measures as exploratory analyses.

Materials and methods

Participants

This study included 14 abstinent long-term alcoholics (seven
current smokers [SAL] and seven nonsmokers [nsAL]), and
13 nonalcoholic controls (six current smokers [sNA] and
seven nonsmokers [nsNA]) (see Table 2). Participation was
solicited from newspaper and web-based advertisements
and from flyers placed in and around the Boston University
Medical Campus, the Veterans Affairs Boston Healthcare
System, and the Massachusetts General Hospital. This study
was approved by the Institutional Review Boards of all par-
ticipating institutions, and informed consent was obtained
from each subject prior to neuropsychological testing and
scanning. Participants were reimbursed for time and travel
expenses. Neurobehavioral and psychiatric evaluations typi-
cally required 6 to 9 hours over 3 or more days. Participants
had frequent breaks, and sessions were discontinued and
rescheduled if a participant indicated fatigue.

Participants underwent a medical history interview and
vision testing, plus a series of questionnaires (eg, handedness,
alcohol and drug use) to ensure they met inclusion criteria.
The groups also were similar in racial and gender distribu-
tions and in body mass index (Table 2). In order to minimize
confounding effects from illicit drug use, psychoactive drug
use, and psychiatric comorbidity, participants were given
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Table 2 Participant characteristics

sAL (n=7) nsAL (n=7) sNA (n=6) nsNA (n=7) Significant outcomes where P<0.05

Age (years) S5LI£11.2 527+11.2 470+78 50.4+£9.8

Gender (women:men) 3:4 3:4 2:4 3:4

Education (years) 13.2+2.6 146+ 1.5 147 £33 143 2.1

WAIS full scale IQ 99.0+£19.8 106.4 £ 16.1 1055+ 14.8 1123+154

Duration of heavy drinking (years) 147 7.0 234+ 11.6 0+0 0+0 sNA < sAL, nsNA < nsAL, sNA < nsAL,
nsNA < sAL

Average drinks per day 10.7£5.5 145+8.6 04+04 03+04 sNA <sAL, nsNA < nsAL, sNA < nsAL,
nsNA < sAL

Length of sobriety (years) 39+5.0 42+7.6 N/A N/A

Cigarettes per day 144+48 0+0 6.0£55 0£0 nsAL < sAL, nsNA < sNA, sNA < sAL,
nsAL < sNA, nsNA < sAL

Duration of smoking (years)? 234+ 153 N/A 142+ 11.8 N/A

Total brain volume (cm?) 1,048.6 + 147.7 11,0488+ 1144 1,123.9£101.8 1,091.6 £ 142.1

Race (black:white) 2:5 0:7 1:6 2:4

Body mass index 25.7+45 304+84 24.6+37 26.7+45

Notes: All values are listed as mean * SD. fDuration of smoking not available for one sNA participant. In purple: comorbid effects (sAL versus nsNA). In red: smoking effects (sAL
versus nsAL or sNA versus nsNA). In blue: alcholism effects (sAL versus sNA or nsAL versus nsNA). In green: cross effects of smoking and alcoholism (sNA versus nsAL).
Abbreviations: 1Q, intelligence quotient; nsAL, alcoholic participants — currently not smoking; nsNA, nonalcoholic participants — currently not smoking; sAL, alcoholic
participants (the comorbid group); sNA, nonalcoholic participants — current smokers; WAIS, Wechsler Adult Intelligence Scale; SD, standard deviation.

an extensive battery of screening tests. They performed
a computer-assisted, shortened version of the Diagnostic
Interview Schedule Version IV® that provides lifetime
psychiatric diagnoses according to the Diagnostic and
Statistical Manual Fourth Edition criteria.® Individuals were
excluded from further participation if any source (Diagnostic
Interview Schedule scores, hospital records, referrals, or
personal interviews) indicated that English was not their first
language, or if they had any of the following: Korsakoft’s
syndrome; human immunodeficiency virus; hepatitis; cir-
rhosis; major head injury with loss of consciousness greater
than 20 minutes; stroke; epilepsy or seizures unrelated to
alcoholism; Hamilton Rating Scale for Depression®® score
over 14; major depressive disorder; bipolar I or II disorder;
schizoaffective disorder; schizophreniform disorder; schizo-
phrenia; generalized anxiety disorder; or electroconvulsive
therapy. All participants reported that they were not currently
taking psychiatric medication and had never used illicit drugs
more than once a week.

Participants received a structured interview regarding
their drinking patterns, including length of abstinence and
duration of heavy drinking, ie, the number of years they
consumed more than 21 drinks per week (one drink: 355 mL
beer, 148 mL wine, or 44 mL hard liquor). A Quantity
Frequency Index,®” which roughly corresponds to number
of daily drinks, was calculated for each participant. This
measure factors the amount, type, and frequency of alcohol
usage over the last 6 months (for the nonalcoholic groups),
or over the 6 months preceding cessation of drinking (for

the alcoholic groups). For one alcoholic participant with
a Quantity Frequency Index value lower than three daily
drinks, the last 6 months of heavy drinking was used instead.
The alcoholic participants met Diagnostic and Statistical
Manual Fourth Edition criteria for lifetime alcohol abuse or
dependence for a period of at least 5 years, and had abstained
from alcohol for at least 4 weeks prior to testing. Inclusion
criteria for the currently-smoking group was based on self-
reported cigarettes currently smoked per day, and duration
of smoking was the number of years that the participants
smoked their current amount of cigarettes.

Clinical evaluation

and neuropsychological assessment

In order to assess the neuropsychological measures needed
for our planned comparisons described in the Introduction,
tests of memory, executive function, visuospatial cognition,
affect, social cognition (including facial processing), and
personality were administered. These assessments included:
the WAIS-IV,*® the WMS-1V,* the EPQ" for extraver-
sion, neuroticism, and psychoticism, the Hamilton Rating
Scale for Depression,® and the Multiple Affect Adjective
Check List™ for depression, anxiety, and sensation seeking.
Additionally, the Advanced Clinical Solutions’ (ACS) for
the WAIS-IV was administered to assess social perception,
affect recognition from faces and prosody, affect naming,
and face recognition. Subjects also were given executive
function tests sensitive to frontal brain system disruption,
including the WCST,” two measures from the Delis—Kaplan
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Executive Function System,™ a modified Trail Making Test
versions A and B,” and the Controlled Oral Word Associa-
tion Test or FAS test.”®”’

Magnetic resonance imaging (MRI)

acquisition and processing

Because we were particularly interested in identifying regions
with abnormalities that have been implicated in alcoholism
and in smoking, we investigated regional volumes while tak-
ing into account total brain volumes, so as to highlight regions
especially susceptible to the effects of alcoholism and smok-
ing relative to the rest of the brain (or those regions especially
relevant as risk factors). This approach has the additional
benefit of controlling for the brain size differences associated
with gender simply due to differences in head size.

MRI scans were obtained at the Martinos Center for
Biomedical Imaging at Massachusetts General Hospital on
a 3 Tesla Siemens (Munich, Germany) MAGNETOM Trio
Tim scanner with a 32 channel head coil. Image acquisitions
included two T 1-weighted multiecho magnetization-prepared
rapid acquisition with gradient echo (MP-RAGE) scans col-
lected for volumetric analysis and averaged to aid in motion
correction (TR =2530 ms, TE =1.79 ms, 3.71 ms, 5.63 ms,
7.55 ms [RMS average used], flip angle = 7 degrees, field of
view =256 mm, matrix = 256 X 256, slice thickness = 1 mm
with 50% distance factor, 176 interleaved sagittal slices,
GRAPPA acceleration factor of 2).

Scans were analyzed using the FreeSurfer processing
stream version 5.3.0 (https://surfer.nmr.mgh.harvard.edu) in

order to obtain the a priori regional brain volumes described
in the Introduction. Volumes of cortical gray matter regions
were assessed using FreeSurfer’s automated cortical par-
cellation algorithm.”®™ Subcortical gray matter regions,
corpus callosum regions, ventricular volumes, and other
congregate total volumes were derived using a segmenta-
tion algorithm.®#! Volumes of cortically-associated white
matter regions were defined according to the overlying gyrus
as delineated by the Desikan atlas for FreeSurfer.”®$2 The
FreeSurfer brain segmentation volume (which excludes the
brainstem) was used to define total brain volume.

Statistical analyses

As described in the Introduction, our analyses consisted of
independent planned comparisons conducted to confirm and
extend literature findings within our conceptual model, fol-
lowed by exploratory analyses to identify novel associations.
The planned comparisons were independently justified (by
prior literature) research questions, and the second set of

analyses were exploratory. Thus, for both planned and explor-
atory analyses, multiple comparisons corrections were not
applied. As such, results obtained from exploratory analyses
should be considered as preliminary findings. All statistical
analyses were performed using JMP Pro Version 10.0.1 (SAS
Institute Inc, Cary, NC, USA).

Brain volume differences were assessed using a 2 X 2
factorial analysis of covariance (ANCOVA) model, with
alcohol history, current smoking status, and their interaction
as between-group factors, with age and total brain volume
included as covariates. Next, six simple effects comparisons
of volumetric differences were performed using ANCOVA:
nsNA versus sNA, nsNA versus nsAL, nsNA versus sAL,
sNA versus nsAL, sNA versus sAL, and nsAL versus sAL.
Results are reported in five sections: 1) interaction effects
(with component simple effects), 2) the simple contrast of
SAL (the comorbid group) with nsNA, 3) the simple effects
associated with alcoholism, 4) the simple effects associated
with smoking, and 5) differences between nonalcoholics who
smoke and alcoholics who do not smoke.

Neuropsychological scores were scaled by age using
normative data, so further correction for age effects was
unnecessary. For each subtest score, the interaction of alco-
hol history and current smoking status was examined using
a 2 x 2 factorial analysis of variance (ANOVA) model with
all three factors (main effect of smoking, main effect of
alcoholism, and the interaction between them). Next, signifi-
cant simple effects of alcohol history and current smoking
on neuropsychological performance were identified using
independent samples Student’s #-tests for each of the same
six planned comparisons among the groups (as performed
for the brain volume analyses). Similarly, results are reported
using the same five sections as used for brain volume differ-
ences: 1) interactions, 2) comorbid effects, 3) alcoholism, 4)
smoking, and 5) differences between smoking nonalcoholics
and nonsmoking alcoholics.

Effect size percentages were calculated as the absolute
difference between the mean scores of the groups divided
by the mean score of all the participants:

| mean, —mean, |

1
— (mean + mean, + mean, + mean )
4 1 2 3 4

Effect sizes for significant findings are presented in
Tables 3, 4, S1, S2, and S3. Hypothesis test statistics are
presented in Tables S1, S2, and S3.

Normality assumptions for all analyses were assessed
using normal probability plots, and it was determined that
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Table 3 Least squares mean volumes (in cm?) of regions of interest

Regions sAL (n=7) nsAL (n=7) sNA (n=6) nsNA (n=7) Significant outcomes where P<<0.05
(effect size %)

Cortical

L caudal middle frontal 5.82+1.48 5.65* 1.49 6.18+1.63 6.18+1.47 nsAL < sNA (9%)

R caudal anterior cingulate 1.97 £0.75 1.74+£0.76 2.31+0.83 1.79£0.75 nsNA < sNA (26%)

R caudal middle frontal 5.63+1.53 4.65+ 1.53 5.68 + 1.68 543+ 1.52 nsAL < sNA (19%)

R pars orbitalis” 249 +0.51 2.45+0.51 2.25+0.56 2.64£0.50 sNA < nsNA (16%)

R precentral 11.50 + 1.48 11.89+1.49 1231 £1.63 12.39 + 1.47 sAL < sNA (7%), sAL < nsNA (7%)

R rostral middle frontal 13.81 £2.39 14.82 £2.40 13.64 £ 2.64 13.37£2.38 nsNA < nsAL (10%)

Subcortical

L accumbens area 0.44+0.18 0.52+0.18 0.44+£0.20 0.44+0.18 nsNA < nsAL (19%)

R thalamus proper 6.85+£0.93 6.89 £0.93 6.65 £ 1.02 7.09 £0.92 sNA < nsNA (6%)

Cortical

L fusiform 9.07 £1.93 9.59 £ 1.94 8.62+2.12 9.30+£1.92 sNA < nsAL (10%)

L paracentral 2.88+£0.54 2.89 +0.54 3.06 £0.59 3.46 £0.53 nsAL < nsNA (19%), sAL < nsNA (19%)

L parahippocampal 1.86 £0.48 2.05+0.49 2.19+£0.53 2.21+£048 sAL < sNA (16%), sAL < nsNA (17%)

L supramarginal 9.78 £2.02 10.42 £2.03 856 £2.23 10.29 £ 2.01 sNA < nsNA (18%), sNA < nsAL (19%)

L temporal pole 2.23+0.38 2.36 £0.39 2.35+0.42 2.54+0.38 sAL < nsNA (13%)

R entorhinal 1.78 £0.58 1.83 £0.58 1.51 £0.63 1.87 £0.57 sNA < nsNA (21%), sSNA < nsAL (18%)

R superior parietal 11.48 £3.01 10.92 £ 3.02 11.28£3.32 12.97 £2.99 nsAL < nsNA (19%)

R temporal pole 2.28+045 1.95 +0.45 222 £0.50 2.22£045 nsAL < sAL (15%), nsAL < nsNA (13%)

L total cortex 20785+ 18.61 21000+ 1872 205.19+2053 212671851 sNA < nsNA (4%)

Subcortical

L pallidum® 1.37£0.39 1.30 £ 0.39 1.34+0.43 1.68 £0.39 sNA < nsNA (23%), nsAL < nsNA (27%),
sAL < nsNA (22%)

L ventral diencephalon 3.28+0.59 3.46+0.59 3.6 +0.65 3.72+0.58 sAL < nsNA (13%)

R amygdala 1.42£0.22 1.46 £0.23 1.41 £0.25 1.58 £0.22 sNA << nsNA (11%), sAL < nsNA (11%)

R pallidum 1.44 +0.37 1.24+0.37 1.37 £ 0.41 1.46 +£0.37 nsAL < nsNA (16%)

White matter

L inferior parietal WM* 9.03% 1.71 10.04 + 1.72 9.73+1.88 9.17+ 1.7

L middle temporal WM* 5.05+ 1.22 533+1.23 5.64+1.35 487+1.22 nsNA < sNA (15%)

L superior frontal WM* 17.14 £3.39 18.23 £3.41 18.84 £ 3.74 16.99 +3.37

R banks of the superior 2.63+091 325+091 3.16 £ 1.00 3.04+£09 sAL < nsAL (21%), sAL < sNA (17%)

temporal sulcus WM*

R caudal anterior cingulate WM 2.77 £0.54 2.86 +0.55 3.08 £ 0.60 2.75+0.54 nsNA < sNA (12%)

R caudal middle frontal WM 5.85+1.36 524+ 137 6.26 £ 1.50 6.1 £1.35 nsAL < nsNA (15%), nsAL < sNA (17%)

R fusiform WM 6.45+ 1.49 6.47 £1.50 6.85+ .64 6.92+1.48 nsAL < sNA (6%)

R inferior temporal WM 593+ 1.21 629+ 1.22 6.02+ 1.34 557+12 nsNA < nsAL (12%)

R rostral middle frontal WM 1272 £2.61 13.44+2.63 12.66 +2.88 11.64+2.6 nsNA < nsAL (14%), nsNA < sAL (8%)

Ventricles

Fourth ventricle 1.71£1.26 1.72+1.27 2.64+1.39 1.84+1.26 sAL < sNA (47%)

R inferior lateral ventricle 0.44 £ 0.31 0.24+£0.31 0.35+£0.34 0.22+£0.31 nsAL < sAL (65%), nsNA < sAL (70%)

Notes: Group effects were identified with age and total brain volume covariates. All values are listed as mean * SD. Significant findings for a priori regions are listed above
the dashed line, and additional significant findings follow. *Significant interactions between smoking and alcoholism, where P<<0.05. In purple: comorbid effects (sAL versus
nsNA). In red: smoking effects (sAL versus nsAL or sNA versus nsNA). In blue: alcholism effects (sAL versus sNA or nsAL versus nsNA). In green: cross effects of smoking
and alcoholism (sNA versus nsAL).

Abbreviations: L, left hemisphere; R, right hemisphere; nsAL, alcoholic participants — currently not smoking; nsNA, nonalcoholic participants — currently not smoking; sAL,
alcoholic participants (the comorbid group); SNA, nonalcoholic participants — current smokers; WM, white matter; SD, standard deviation.

only one score, WCST Categories Completed, was not nor-
mally distributed. Those scores were rank transformed prior
to ANOVA examination of the interaction of smoking and
alcoholism, and the Wilcoxon rank sums test was used in place
of the t-test. All models reported did not violate homosce-
dasticity assumptions as determined by Levene’s test.** For

the volume measures, the interactions of covariates (age and
brain volume) and group effects were examined to determine
if they satisfied the homogeneity-of-regression assumption.
Only one model indicated such an interaction: the right white
matter underlying the fusiform. Thus, this finding is not
included in our results. Outliers were assessed first in regard
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Table 4 Scores of neuropsychological tests

Neuropsychological test sAL (n=7) nsAL (n=7) sNA (n=6) nsNA (n=7) Significant outcomes where P<<0.05
(effect size %)

WMS: designs | 84+1.6 106+ 1.5 10.5+3.0 124+25 sAL < nsAL (20%), sAL < nsNA (38%)

WMS: designs | content 9.7+22 94+13 102+£2.0 134+£36 sAL < nsNA (35%)

WMS: designs | spatial* 77124 121 £1.5 10.3+£23 11.0£1.9 sAL << nsAL (43%), sAL < nsNA (32%)

WMS: designs Il spatial* 79£13 109+ 1.3 11.2+£26 94127 sAL < nsAL (31%)

WAIS: cancellation 9.9+3.6 83126 11.3£1.2 99+26 nsAL < sNA (31%)

WCST: categories completed 3.7£20 47+22 47+24 6.0+ 0.0 sAL < nsNA (48%)

WCST: percent conceptual 170+ 19.9 41.4+285 33.2+31.2 554+ 145 sAL < nsNA (105%)

level responses percentile

EPQ: extraversion 7.1£23 74+37 58+2.1 9.4+24 sNA < nsNA (48%)

EPQ: neuroticism 6.1 £52 57+29 28126 1.9+23 nsNA < nsAL (93%)

ACS: faces |* 64+3.0 10.3+£3.9 10.8+2.8 9.1 +3.6 sAL < nsAL (42%), sAL < sNA (48%)

ACS: faces II* 56+38 10.6 £3.0 10.5+3.1 9.7+33 sAL < nsAL (55%), sAL < sNA (54%),
sAL < nsNA (46%)

ACS: faces spatial 64+26 9.6+3.1 9.7+22 10.0+3.2 sAL < sNA (36%), sAL < nsNA (40%)

MAACL: sensation seeking 49.9+£55 50.6+9.2 53.7+52 46.3+4.9 nsNA < sNA (15%)

Notes: All values are listed as mean * SD. Significant a priori findings are listed above the dashed line, and additional significant findings are below. All scores on
neuropsychological tests are age scaled scores except WCST: categories completed. *Significant interactions between smoking and alcoholism, where P<<0.05. In purple:
comorbid effects (AL versus nsNA). In red: smoking effects (AL versus nsAL or sNA versus nsNA). In blue: alcholism effects (sAL versus sNA or nsAL versus nsNA). In

green: cross effects of smoking and alcoholism (sNA versus nsAL).

Abbreviations: ACS, advanced clinical solutions; EPQ, Eysenck Personality Questionnaire; MAACL, Multiple Affective Adjective Check List; nsAL, alcoholic participants —
currently not smoking; nsNA, nonalcoholic participants — currently not smoking; sAL, alcoholic participants (the comorbid group); sNA, nonalcoholic participants — current
smokers; WAIS, Wechsler Adult Intelligence Scale; WCST, Wisconsin Card Sorting Test; WMS, Wechsler Memory Scale; SD, standard deviation.

to the distributions of the outcome measures (volumes and
neuropsychological performance), and then leverage points
were identified within significant models. There were no
outliers within outcome measures greater than three standard
deviations from the mean in each group. Leverage points were
defined as any individual observation with a Cook’s distance
above 1.0, for each analysis separately.’> There were five
leverage points identified above 1.0. When the participant
exerting leverage for right ventral diencephalon was removed,
the group difference (SAL versus sNA) in volumes no longer
was significant, and thus, this contrast was not included in our
results. Similarly, when a leverage point for the subcortical
gray matter volume was removed, the group difference (nsAL
versus nsNA) in volume no longer was significant, and thus,
this contrast was not included in our results. For all other
results, when the participant exerting the leverage point was
removed, all models remained significant. Thus, all statistics
reported included all observations.

Results

Participant characteristics

The extent to which the smoking and alcoholism groups dif-
fered on demographics and other characteristics is summarized
in Tables 2 and S1. None of the groups varied significantly by
age, gender, race, education, WAIS Full Scale 1Q, nor total
brain volume. By definition, both of the smoking groups

(sAL and sNA) smoked more than both of the nonsmoking
groups (nsNA and nsAL). Likewise, both of the alcoholic
groups (nsAL and sAL) drank more heavily and for a longer
duration than nonalcoholics (SNA and nsNA). The alcoholic
smoking group smoked an average of 8.4 more cigarettes per
day compared to the nonalcoholic smoking group.

Brain volume regions of interest

We evaluated several regional volumes of interest: cortical
regions, subcortical gray matter, cortically associated white
matter regions, the corpus callosum, and the cerebellum, as
specified in the Introduction and Methods sections. Within
the cortical areas, we observed significant results for the
following regions: four prefrontal areas (left and right cau-
dal middle frontal, right pars orbitalis, right rostral middle
frontal), the right precentral cortex, and the anterior cingulate
cortex (caudal portion). Within the subcortical structures, we
observed significant results for the left nucleus accumbens
and the right thalamus. Results are summarized in Tables 3
and S2, and Figure 1, and are described below.

Volume differences associated with the interaction

of alcoholism and smoking

A significant interaction between current smoking status and
alcoholism history was indicated for the right pars orbitalis (a
prefrontal region). The volumes for SNA were found to be 16%
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smaller than nsNA, whereas no difference was detected among
alcoholics between smokers and nonsmokers in this region.

Volume differences between the comorbid group
and nonsmoking nonalcoholic controls

The comorbid group also had 7% smaller right precentral
cortex volumes than the nsNA group.

Volume differences associated with alcoholism
Among nonsmokers, the left nucleus accumbens was found
to be 20% larger for alcoholics (nsAL versus nsNA). Also
among nonsmokers, the rostral middle frontal cortex was
10% larger in association with alcoholism. Likewise, the
volume of the right precentral cortex was 7% smaller among
sAL than sNA.

Ventricles and subcortical regions

Cortical regions

White matter regions

Figure | Significant group contrasts for brain regions.

Notes: See video link for 3D images: http://www.youtube.com/watch?v=ttsTmoqnbig. Purple: comorbid effects (sAL versus nsNA). Red: smoking effects (sAL versus nsAL
or sNA versus nsNA). Blue: alcoholism effects (sAL versus sNA or nsAL versus nsNA). Green: cross effects of smoking and alcoholism (sNA versus nsAL). The above
brain was chosen from a random nonsmoking nonalcoholic participant. The color scheme of the regions was chosen as follows: A region is colored according to the above
color scheme. If multiple group contrasts were significant for a particular region, the color corresponding to the largest effect (smoking or alcoholism) is displayed in the
figure. A region is colored purple only if the red or blue contrasts are not present. The cross effects (sSNA versus nsAL) are displayed if no other contrasts were significant.
Interactions of group effects were significant for two regions: the left pallidum and the white matter underlying the right banks of the superior temporal sulcus. For these
regions, the group contrast with the larger effect size is displayed in the figure.

Abbreviations: L, left hemisphere; R, right hemisphere; nsAL, alcoholic participants — currently not smoking; nsNA, nonalcoholic participants — currently not smoking; sAL,
alcoholic participants (the comorbid group); sSNA, nonalcoholic participants — current smokers.
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Volume differences associated with smoking

Among nonalcoholics, the right thalamus was found to be
6% smaller for smokers (sNA versus nsNA). Conversely,
the right caudal anterior cingulate was 26% larger
(sNA versus nsNA).

Volume differences between smoking

nonalcoholics and nonsmoking alcoholics

For both the left and right hemispheres, the caudal middle
frontal cortex was found to be smaller in association
with nsAL as compared to sNA (9% on the left and 19%
on the right).

Volume differences not confirmed

We did not identify significant interactions or simple effects
among the groups on the other brain areas shown to be
impacted by alcoholism and/or smoking: the insula, inferior
temporal/lingual cortex, superior temporal cortex, the corpus
callosum, and the cerebellum.

Exploratory regional brain

volume analyses
Volume differences associated with the interaction
of alcoholism and smoking
Interactions between current smoking status and alcoholism
history were observed for several regions: the left pallidum,
along with the white matter associated with the left inferior
parietal gyrus, the left middle temporal gyrus, the left superior
frontal gyrus, and the right banks of the superior temporal
sulcus. The left pallidum was found to be about 25% larger in
nsNA than in sAL, nsAL, and sNA. The significant interaction
indicated that for the left pallidum, the effects of smoking and
alcoholism did not appear to be additive. For the white matter
of the left inferior parietal gyrus, the simple effects were not
significant, but a significant interaction was observed wherein
the nsAL and sNA had the largest volumes. The left middle
temporal white matter volume was 15% larger in sNA than
nsNA, with the interaction indicating that the effect was smaller
for SAL versus nsAL. For the left superior frontal white mat-
ter, there were no significant pairwise simple effects, but the
significant interaction indicated unexpected opposite effects
of smoking and alcoholism: nsAL and sNA had the largest
volumes, while SAL and nsNA had smaller volumes. The white
matter underlying the right banks of the superior temporal sul-
cus was about 20% smaller in SAL than both nsAL and sNA,
indicating a significant additive effect for this region.

No other interactions were observed. Simple effects for
further exploratory results are presented in Table 3.

Neuropsychological performance

In addition to measures of mood and social cognition, we
evaluated several a priori domains of neuropsychological func-
tion: memory, executive functioning, visuospatial cognition,
and personality, as specified in the Introduction and Methods.
Within these domains, we observed significant results for the
following tests: WMS Designs (four scores), WAIS Cancella-
tion, WCST (two scores), and the EPQ (two scores). Results
are summarized in Tables 4 and S3, and Figure 2.

Differences associated with the interaction

of alcoholism and smoking

The interaction effect between alcoholism and smoking was
significant for Designs I Spatial and Designs II Spatial (see
Table 4 and Figure 2B). For Designs I Spatial (immediate
recall), the scores of the SAL group were significantly worse
than those of both the nsAL and nsNA groups; sNA scores were
in between. The significant interaction indicated a large effect
of smoking for alcoholics in comparison to the significantly
smaller impairment associated with smoking observed for
controls. In other words, there was a large effect of alcoholism
for smokers in comparison to the significantly smaller impair-
ment associated with alcoholism observed for nonsmokers. For
Designs II Spatial (delayed recall), sAL scored significantly
worse than nsAL, and a similar interaction was observed.

Differences between the comorbid group and
nonsmoking nonalcoholics

In addition to the effect of smoking described above, Designs |
and Designs I Content scaled scores were observed to be about
a third lower for the sAL than for nsNA (Table 4). Additionally,
several subscores of the WCST showed significant differences
between the two groups. All nsNA participants completed
all six categories of the test, while the SAL group completed
only an average of 3.7 categories (Figure 2E). Conceptual
level responses also indicated a strong disadvantage for the
sAL group, which scored at the 17th percentile, performing
significantly below average, while nsNA scored at the 55th
percentile (Figure 2F).

Differences associated with alcoholism
For the EPQ, nsAL were found to be 93% more neurotic than
nsNA (Figure 2C).

Differences associated with smoking

For the Designs I subtest of the WMS, nsAL performed 20%
better than sAL (Figure 2B). For the EPQ: extraversion, SNA
were 48% less extroverted than nsNA (Figure 2C).
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Figure 2 Shown here are the significant findings of differences in neuropsychological measures.
Notes: The bar graphs show the mean values. Each error bar is constructed using one standard deviation above and below the mean. The red bars comparing the columns

indicate significant findings, with P<<0.05.

Abbreviations: ACS, advanced clinical solutions; EPQ, Eysenck Personality Questionnaire; MAACL, Multiple Affective Adjective Check List; nsAL, alcoholic participants —
currently not smoking; nsNA, nonalcoholic participants — currently not smoking; sAL, alcoholic participants (the comorbid group); sSNA, nonalcoholic participants — current
smokers; WAIS, Wechsler Adult Intelligence Scale; WCST, Wisconsin Card Sorting Test; WMS, Wechsler Memory Scale.

Differences between smoking nonalcoholics

and nonsmoking alcoholics

For the Cancellation subtest of the WAIS, nsAL performed
31% better than sNA.

Neuropsychological effects not confirmed

The groups did not differ significantly on tests measuring
auditory verbal memory (WAIS: Logical Memory I and II),
working memory (WAIS: Letter-Number Sequencing and

WAIS: Digit Symbol-Coding), or visuospatial abilities
(WALIS: Block Design).

Exploratory neuropsychological analyses
Differences associated with the interaction

of alcoholism and smoking

The interaction effect between history of alcoholism and
current smoking was significant for ACS Faces I and II (see
Table 4). For both immediate and delayed recall, the scores
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for sAL were significantly worse than both nsAL and sNA.
For delayed recall, sAL additionally scored significantly
worse than nsNA (Figure 2A). In summary, for both scores,
the sAL group scored about 50% worse than nsAL and sNA.
As was observed for Designs, the interaction indicated a
large effect of alcoholism for smokers in comparison to the
significantly smaller impairment associated with alcoholism
observed for nonsmokers.

No other significant interactions were observed. Simple
effects for further exploratory results are presented in
Table 4.

Discussion
Both alcoholism and smoking have been shown to be associ-
ated with impairments in brain and behavior, as measured
by regional brain volumes and neuropsychological perfor-
mances. However, the literature examining the effects of
comorbid addictions, and comparing the effects of alcoholism
with those of smoking, is sparse. We examined these effects
and found evidence of associations of both alcoholism and
smoking with regard to: 1) brain volumes for cortical regions,
subcortical regions, gyrally-associated white matter regions,
and ventricles; and 2) measures of memory, executive func-
tioning, personality, and social cognition.

A number of our findings confirmed and extended the
a priori hypotheses suggested by previous literature.?*!
Exploratory analyses revealed further evidence of a rela-
tionship of alcoholism and smoking to brain volume and
neuropsychological performance.

Brain morphometry

Comorbidity

In studies by Durazzo et al®® and Gazdzinski et al,*! the
alcoholic participants had been abstinent for a brief dura-
tion (1 week). By comparison, our alcoholics had been
abstinent for a much longer duration (about 4 years). Thus,
our findings suggested that the abnormalities continue and
are persistent. Nevertheless, findings from all of these
studies indicated abnormalities associated with alcohol-
ism and smoking, despite differences in the exact brain
regions involved.

Parahippocampal volumes were found to be smaller
in the comorbid group (sAL) than in nonalcoholics with
or without a smoking history. The parahippocampal gyrus
abuts the hippocampus and is a crucial structure for memory
processing. The neuropsychological measures involving
memory reported here indicated that sAL performed worse

on WMS Designs and ACS Faces subtests, which require the
ability to remember designs and faces, respectively.

Separate effects of alcoholism or smoking

Although Makris et al reported that the right nucleus
accumbens was smaller in alcoholics than in nonalcoholics
(smoking was not reported),'” unexpectedly, the present study
found that nsAL had larger left nucleus accumbens volumes
than nsNA, an effect that was not observed for SAL. The
nucleus accumbens is a core component of the mesocorti-
colimbic reward circuitry, which is important for emotional
and motivational functions and for memory processing.
Further research could help explain why larger nucleus
accumbens volumes would be associated with addiction, eg,
predisposition to alcoholism or risk-taking behaviors.* Our
results revealed similar findings in another region: the right
rostral middle frontal cortex, a component of the prefrontal
cortex. This region was smaller in nonalcoholics compared
to alcoholics. Previous research has indicated opposite
findings,' although smoking effects were not examined in
the same manner. A study by Fein et al showed that absti-
nent alcoholics had significantly smaller primary motor
cortex compared to normal controls.”® Within our sample,
we observed smaller primary motor cortex in association
with smoking.

Our results revealed that the right thalamus was smaller in
sNA compared to nsNA. This confirmed findings from litera-
ture suggesting that smokers had a smaller right thalamus.??’
It is interesting to note that [*H] nicotine binding studies have
shown that the thalamus has the highest density of nicotinic
acetylcholine receptors in the human brain.*” Das et al specu-
lated that the highest number of nicotinic receptors are found
in the same regions where smokers had smaller volumes,
eg, in the cerebral cortex, thalamus, substantia nigra, and
striatum.* Thus, these regions might be more susceptible to
damage caused by excessive amounts of nicotine.

Among nonalcoholics, smoking was associated with
smaller right pars orbitalis (a component of the prefron-
tal cortex), a region that has been implicated in language
production. Pars orbitalis is part of a well-mapped neural
circuitry involved in social cognition.® In the present study,
the results of the social cognition tests that involved identify-
ing faces indicated that among alcoholics, smokers performed
worse than nonsmokers. In both cases (volume of the pars
orbitalis and scores on ACS Faces I and II), we detected an
interaction wherein the combination of smoking and alcohol-
ism was significantly worse than either alone.

Neuropsychiatric Disease and Treatment 2013:9

submit your manuscript

1777

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Luhar et al

Dove

Our results indicated that smokers had a larger right cau-
dal anterior cingulate gray matter volume than nonsmokers.
This result is in contrast with the finding presented in the
meta analysis by Pan et al, which indicated that smokers
had a smaller anterior cingulate.”® Only one morphometric
study was identified that examined the white matter adjacent
to the anterior cingulate,? and, as in the present study, those
researchers reported that smokers had a larger volume of
anterior cingulate white matter.

Besides looking at the interaction effects, one way to
address whether smoking or alcoholism had a larger effect
is to compare smoking nonalcoholics and alcoholics who
do not smoke (sNA versus nsAL). For both left and right
caudal middle frontal volumes, nsAL had smaller volumes
than sNA, implying that alcoholism had more of an effect
on these volumes than smoking.

From the exploratory data, we also found that the left
and the right pallidum were smaller in nsAL than nsNA. The
ventral pallidum is a part of the mesocorticolimbic circuitry,
which is involved in motivation and emotion, and activated by
environmental stimuli associated with rewards. Further, it has
been suggested in the literature that the addictive properties
of alcohol are regulated by GABA | receptors in the ventral
pallidum.®° Thus, we may speculate that the binding of
ethanol to GABA receptors may result in cytoarchitectonic
modifications which cause reduced volumes.

Neuropsychological performance
Comorbidity

The associations of these addictions to abnormalities in brain
morphometry occur in conjunction with neuropsychological
deficits. Among alcoholics, smoking was associated with a
variety of impaired spatial memory functions (as measured
by WMS Designs subtests and ACS Faces subtests), and
executive functions (as measured by the WCST). The Designs
subtests assess the ability to remember correct location
(Designs Spatial) and correct detail (Designs Content) of the
design immediately after seeing the design (Designs I), and
after some delay (Designs II). Our findings indicated that
the combination of smoking and alcoholism was associated
with worse scores than either alone. Of note, although others
also have reported learning and memory deficits associated
with comorbidity,?**' we expanded such findings to include
abnormalities in memory for spatial aspects of facial stimuli.
Regarding executive functioning, only the comorbid group
performed worse on the WCST task for both measures:
categories completed and percent conceptual responses. The
conceptual response score measures understanding of the

sorting principle needed for the task by totaling contiguous
responses consisting of three or more correct answers. Thus,
these results could be interpreted to mean that abstinent alco-
holics who smoke are impaired with regard to the reasoning
needed to understand an abstract categorical system.

Separate effects of alcoholism or smoking

The evidence presented regarding personality could provide
a partial explanation of the deficits observed. The neuroti-
cism measure derived from the EPQ represents temperament
aspects characterized by levels of negative affect, including
depression and anxiety. In contrast, the EPQ questionnaire
also assesses extraversion, which is characterized by high
levels of positive affect, such as talkativeness and outgo-
ing qualities. These two personality traits distinguished
smokers from drinkers: alcoholics were found to be more
neurotic, while smokers were found to be less extraverted.
The exploratory analyses revealed a significant pattern of
deficits associated with face discrimination, recognition, and
perception, in addition to location information associated
with the faces. Taken together, these results suggested that
both alcoholism and smoking have an impact in relation to
cognitive abilities, mental function, and personality.

Limitations

This is a preliminary retrospective study for which we care-
fully chose, from our larger sample of alcoholics, those
participants who did not differ significantly with respect
to demographic characteristics, and who were free from
potential confounds (eg, psychiatric medications and his-
tory of excessive drug use). Consequently, our sample size
was small, and additional participants would be needed to
increase the statistical strength of the data and to make strong
inferential claims. As such, these results should be considered
tentative, interpreted with caution, and confirmed in future
studies with larger sample sizes. Some studies have shown
that aging effects may be nonlinear,**°' while our analyses
assumed a linear impact of age. Detrimental impacts of
smoking and alcoholism can also vary by age,”? but we did
not find evidence for this within our sample. Gender effects
also exist, and thus, the relationships of smoking and alcohol-
ism should be explored in a sample large enough to explore
gender effects.

Despite the specific planned nature of the independent
comparisons we made based upon regions of interest identi-
fied in the alcoholism and smoking literatures, the explor-
atory analyses we conducted were not corrected for multiple
comparisons. This approach may inflate the possibility of
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making a Type | error. However, it reveals the effects of
alcoholism for smokers separately from the effects of alco-
holism for nonsmokers, and thereby provides useful avenues
for validation and future research. Additionally, this study
is cross-sectional, which limits the causal interpretation of
results: the findings may be risk factors, consequences, or
caused by other factors (eg, body weight, nutrition, exercise,
genetic predispositions, etc).

It was difficult to differentiate the effects of smoking his-
tory in alcoholic individuals, because we examined alcoholics
who were current smokers at the time of testing. However,
based on the qualitative data we had obtained, we determined
that many of the currently nonsmoking recovering alcoholics
had a history of smoking, whereas the nonsmoking nonalco-
holic participants had never smoked. Moreover, the comorbid
group smoked more than the nonalcoholic smokers. Because
the alcoholic smoking group smoked more cigarettes per
day compared to the nonalcoholic smoking group, the brain
volume changes and poorer performances in the comorbid
group could be attributed either to alcoholism or to the
larger quantity of cigarettes. Lifetime smoking is known
to be associated with volumetric abnormalities, including
increased volumes, which perhaps represent predispositions
for addiction.?>7

Conclusion

Compared to nonsmoking nonalcoholics, alcoholics who
smoke (the comorbid group) had the greatest number of
cortical and subcortical gray matter volume abnormalities
and neuropsychological deficits. Therefore, we recommend
that researchers who study alcoholism should, at a minimum,
aim to equate their groups by smoking status, ie, include a
similar number of smokers within alcoholic and nonalcoholic
groups. Structuring the sample in such a way would address
confounding but not interaction effects; these need to be
examined independently of group matching. Further, when
considered in future studies, the interaction of smoking and
alcoholism may elucidate methods for smoking cessation
programs or alcohol treatment.?® 1!
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Supplementary tables

Table S| Statistical comparisons for alcoholism and smoking

Measure Contrast df t P-value d

Duration of heavy drinking (years) sNA <sAL 6 5.55 0.001 335
Duration of heavy drinking (years) nsNA < nsAL 6 5.33 0.002 3.08
Duration of heavy drinking (years) sNA < nsAL 6 5.33 0.002 3.21
Duration of heavy drinking (years) nsNA < sAL 6 5.55 0.001 3.20
Average drinks per day sNA <sAL 6.08 5.00 0.002 3.02
Average drinks per day nsNA < nsAL 6.02 4.35 0.005 2.51
Average drinks per day sNA < nsAL 6.03 433 0.005 2.6l
Average drinks per day nsNA < sAL 6.08 5.00 0.002 2.89
Cigarettes per day nsAL < sAL 6 797 0.0002 4.60
Cigarettes per day nsNA < sNA 5 2.67 0.04 1.61
Cigarettes per day sNA <sAL 10.06 291 0.02 1.75
Cigarettes per day nsAL < sNA 5 2.67 0.04 1.61
Cigarettes per day nsNA < sAL 6 7.99 0.0002 4.61

Notes: For each contrast, degrees of freedom (df), t, P, and Cohen’s d values are presented. Cohen’s d was calculated with the following formula: 2t/ (N — 2).
In purple: comorbid effects (sAL versus nsNA). In red: smoking effects (sAL versus nsAL or sNA versus nsNA). In blue: alcholism effects (sAL versus sNA or nsAL versus
nsNA). In green: cross effects of smoking and alcoholism (sNA versus nsAL).

Abbreviations: nsAL, alcoholic participants — currently not smoking; nsNA, nonalcoholic participants — currently not smoking; sAL, alcoholic participants (the comorbid
group); sNA, nonalcoholic participants — current smokers.
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Table S2 Volumetric variables presented within models containing age and total brain volume as covariates

Regions Contrast dfl df2 t P-value d

Fourth ventricle sAL < sNA | 9 293 0.02 1.77
R inferior lateral ventricle nsAL < sAL | 10 2.51 0.03 1.45
R inferior lateral ventricle nsNA < sAL | 10 3.59 0.005 2.07
L accumbens area nsNA < nsAL | 10 2.33 0.05 1.35
L pallidum* sNA < nsNA | 9 3.47 0.007 2.09
L pallidum* nsAL < nsNA | 10 4.76 0.0008 2.75
L pallidum* sAL < nsNA | 10 2.95 0.01 1.70
L ventral diencephalon sAL < nsNA | 10 2.98 0.01 1.72
R amygdala sNA < nsNA | 9 242 0.04 1.46
R amygdala sAL < nsNA | 10 391 0.003 226
R pallidum nsAL < nsNA | 10 2.67 0.02 1.54
R thalamus proper sNA < nsNA | 9 2.45 0.04 1.48
R ventral diencephalon sAL < nsNA | 10 3.16 0.01 1.82
Total subcortical gray matter sAL < nsNA | 10 2.29 0.05 1.32
L caudal middle frontal nsAL < sNA | 9 2.70 0.02 1.63
L fusiform sNA < nsAL | 9 3.3 0.01 1.89
L paracentral nsAL < nsNA | 10 4.00 0.003 2.31
L paracentral sAL < nsNA | 10 3.8l 0.003 2.20
L parahippocampal sAL < sNA | 9 3.50 0.007 2.11
L parahippocampal sAL < nsNA | 10 3.39 0.007 1.96
L supramarginal sNA < nsNA | 9 2.72 0.02 1.64
L supramarginal sNA < nsAL | 9 2.94 0.02 1.77
L temporal pole sAL < nsNA | 10 297 0.01 1.71
R caudal anterior cingulate nsNA < sNA | 9 2.31 0.05 1.39
R caudal middle frontal nsAL < sNA | 9 2.89 0.02 1.74
R entorhinal sNA < nsNA | 9 2.70 0.02 1.63
R entorhinal sNA < nsAL | 9 2.28 0.05 1.37
R pars orbitalis* sNA < nsNA | 9 3.18 0.01 1.92
R precentral sAL < sNA | 9 2.46 0.04 1.48
R precentral sAL < nsNA | 10 2.63 0.02 1.52
R rostral middle frontal nsNA < nsAL | 10 291 0.02 1.68
R superior parietal nsAL < nsNA | 10 3.09 0.01 1.78
R temporal pole nsAL < sAL | 10 2.93 0.01 1.69
R temporal pole nsAL < nsNA | 10 2.36 0.04 1.36
L total cortex sNA < nsNA | 9 231 0.05 1.39
L middle temporal WM* nsNA < sNA | 9 2.33 0.04 1.41
R banks of the superior temporal sulcus WM* sAL < nsAL | 10 2.77 0.02 1.60
R banks of the superior temporal sulcus WM* sAL < sNA | 9 2.46 0.04 1.48
R caudal anterior cingulate WM nsNA < sNA | 9 241 0.04 1.45
R caudal middle frontal WM nsAL < nsNA | 10 2.33 0.04 1.35
R caudal middle frontal WM nsAL < sNA | 9 2.89 0.02 1.74
R fusiform WM nsAL < sNA | 9 2.38 0.04 1.44
R inferior temporal WM nsNA < nsAL | 10 242 0.04 1.40
R rostral middle frontal WM nsNA < nsAL | 10 4.36 0.001 2.52
R rostral middle frontal WM nsNA < sAL | 10 2.27 0.05 1.31

Notes: For each contrast, degrees of freedom (df), t, P, and Cohen’s d are presented. Cohen’s d was calculated with the following formula: 2d\/(N — 2); *Significant
interactions between smoking and alcoholism, where P<<0.05. In purple: comorbid effects (sAL versus nsNA). In red: smoking effects (AL versus nsAL or sNA versus nsNA).
In blue: alcholism effects (AL versus sNA or nsAL versus nsNA). In green: cross effects of smoking and alcoholism (sNA versus nsAL).
Abbreviations: L, left hemisphere; R, right hemisphere; nsAL, alcoholic participants — currently not smoking; nsNA, nonalcoholic participants — currently not smoking; sAL,
alcoholic participants (the comorbid group); SNA, nonalcoholic participants — current smokers; WM, white matter.
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Table S3 Neuropsychological variables

Neuropsychological test Contrast df t P-value d
ACS: faces I* sAL < nsAL 9.65 223 0.05 1.29
ACS: faces I* sAL < sNA 9.77 3.08 0.01 1.86
ACS: faces II* sAL < nsAL 11.4 2.74 0.02 1.58
ACS: faces II* sAL < sNA 10.99 243 0.03 1.47
ACS: faces II* sAL < nsNA 11.79 2.18 0.05 1.26
ACS: faces spatial sAL < sNA 10.99 243 0.03 1.47
ACS: faces spatial sAL < nsNA 11.56 2.27 0.04 1.31
EPQ: extraversion sNA < nsNA 10.95 2.87 0.02 1.73
EPQ: neuroticism nsNA < nsAL 11.53 2.76 0.02 1.59
MAACL: sensation seeking nsNA < sNA 10.44 2.60 0.03 1.57
WAIS-IV: cancellation nsAL < sNA 8.7 2.75 0.02 1.66
WCST: categories completed sAL < nsNA NA 2.53 0.01 0.68
WCST: percent conceptual sAL < nsNA I 4.13 0.002 2.38
level responses percentile

WMS-IV: designs | sAL < nsAL 11.94 2.56 0.03 1.48
WMS-IV: designs | sAL < nsNA 10.26 3.55 0.005 2.05
WMS-IV: designs | content sAL < nsNA 10.05 2.34 0.04 1.35
WMS-IV: designs | spatial* sAL < nsAL 10.02 423 0.002 2.44
WMS-IV: designs | spatial* sAL < nsNA 11.51 2.86 0.01 1.65
WMS-IV: designs Il spatial* sAL < nsAL 12 4.17 0.001 241

Notes: For each contrast, degrees of freedom (df), t, P, and Cohen’s d are presented. Cohen’s d was calculated with the following formula: 20 (N = 2). For WCST:
categories completed, Wilcoxon rank-sum Z is reported in place of t, and r = ZAN in place of d. *Significant interactions between smoking and alcoholism, where P<<0.05.
In purple: comorbid effects (sAL versus nsNA). In red: smoking effects (sAL versus nsAL or sNA versus nsNA). In blue: alcholism effects (AL versus sNA or nsAL versus

nsNA). In green: cross effects of smoking and alcoholism (sNA versus nsAL).

Abbreviations: ACS, advanced clinical solutions; EPQ, Eysenck Personality Questionnaire; MAACL, Multiple Affective Adjective Check List; nsAL, alcoholic participants —
currently not smoking; nsNA, nonalcoholic participants — currently not smoking; sAL, alcoholic participants (the comorbid group); SNA, nonalcoholic participants — current
smokers; WAIS, Wechsler Adult Intelligence Scale; WCST, Wisconsin Card Sorting Test; WMS, Wechsler Memory Scale.
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