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Abstract
We previously reported [Cardenas, V.A., Studholme, C., Meyerhoff, D.J., Song, E., Weiner, M.W.,
2005. Chronic active heavy drinking and family history of problem drinking modulate regional brain
tissue volumes. Psychiatry Res. 138, 115−130] that non-treatment-seeking, active heavy drinkers
(HD) demonstrated smaller regional neocortical gray matter volumes compared to light drinking
controls; however, the potential effects of chronic cigarette smoking on regional brain volumes were
not addressed. The goal of this retrospective analysis was to determine if chronic smoking affected
brain structure in the non-treatment-seeking heavy drinking sample from our earlier report (i.e.,
Cardenas et al., 2005). Regional volumetric comparisons were made among age-matched smoking
HD (n = 17), non-smoking HD (n = 16), and non-smoking light drinkers (nsLD; n = 20) from our
original sample. Quantitative volumetric measures of neocortical gray matter (GM), white matter
(WM), subcortical structures, and cerebral spinal fluid (CSF) were derived from high-resolution
magnetic resonance imaging. Smoking HD demonstrated smaller volumes than nsLD in the frontal,
parietal, temporal GM, and for total neocortical GM. Smoking HD also demonstrated smaller
temporal and total GM volumes than non-smoking HD. Non-smoking HD and nsLD did not differ
significantly on GM volumes. Further, the three groups did not differ on lobar WM, subcortical
structures or regional CSF volumes. These retrospective analyses indicate neocortical GM volume
reductions in non-treatment-seeking smoking HD, but not in non-smoking HD, which are consistent
with our studies in recently detoxified treatment-seeking alcohol-dependent samples.
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1. Introduction
The prevalence of chronic cigarette smoking among individuals afflicted with alcohol use
disorders (i.e., alcohol abuse or dependence) is approximately 50−80% (Durazzo et al., in
press; Hurt et al., 1994; Pomerleau et al., 1997; Romberger and Grant, 2004). In 1-week-
abstinent, treatment-seeking alcoholics, we observed that chronic cigarette smokers exhibited
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smaller regional gray matter volumes relative to non-smokers, and alcoholics had smaller
regional gray matter volumes compared to light drinking controls, irrespective of smoking
status (Gazdzinski et al., 2005). Treatment-seeking individuals constitute only a small fraction
of persons afflicted with alcohol use disorders (AUD) in the United States, yet most of what
is known about the effects of AUD on human brain morphology stems from magnetic resonance
imaging (MRI) studies with individuals recruited from inpatient and outpatient treatment
programs. Treatment-naïve alcoholics represent the vast majority of individuals with AUD.
Compared to treatment-seeking alcoholics, treatment-naïve alcoholics have been reported to
demonstrate a different drinking trajectory and less severe levels of lifetime alcohol
consumption (Fein and Landman, 2005), as well as lower magnitudes of alcohol-induced
cerebral morphological abnormalities (Fein et al., 2002). Therefore, morphological findings
obtained for treatment-seeking alcoholics may not necessarily generalize to treatment-naïve
individuals. To further address this issue, we studied treatment-naïve, community-dwelling
active heavy drinkers with high-resolution quantitative magnetic resonance imaging and
observed that chronic and excessive alcohol consumption in these individuals was associated
with cerebral morphological abnormalities (Cardenas et al., 2005). Specifically, treatment-
naïve, active heavy drinkers demonstrated smaller regional cortical gray matter (GM) volumes
compared to light drinking controls. However, the potential effects of chronic cigarette
smoking on brain structure were not addressed in our previous MRI studies with treatment-
naïve, active heavy drinkers.

Our quantitative volumetric studies with 1-week-abstinent, treatment-seeking alcoholics
suggested that chronic cigarette smoking modulated neocortical GM volumes (Gazdzinski et
al., 2005). In population-based samples, the prevalence of chronic smoking is significantly
higher in persons with AUD than light social drinkers (Dawson, 2000; John et al., 2003).
Therefore, it is possible that chronic smoking in our cohort of active heavy social drinkers is
also associated with a similar pattern of regional tissue dysmorphology evidenced by our
treatment-seeking alcoholics. Thus, the primary goal of this retrospective analysis was to
determine the potential influence of chronic cigarette smoking on regional GM and WM
volumes in the non-treatment-seeking, heavy drinking community-based sample described in
Cardenas et al. (2005).

2. Methods
2.1. Participants

Participants in this report and Cardenas et al. (2005) were originally recruited for a larger
longitudinal study of the central nervous system effects of HIV and AUD. From the 49 actively
drinking HD participants in Cardenas et al. (2005), we identified 17 smoking HD (sHD; 3
females) who reported smoking daily (n = 10) or nearly everyday (n = 7) for at least 6 months
prior to enrolment in the study. We focused on individuals with the greatest smoking frequency
and did not include sporadic smokers. Information on number of cigarettes smoked per day
and past smoking history were not obtained in the original study. The “daily” sHD were 8 years
younger (p = .04) than the “nearly everyday” sHD, but they were equivalent on education,
estimated premorbid verbal IQ and alcohol consumption variables. The 16 non-smoking HD
(nsHD; 3 females) and 20 non-smoking light drinkers (nsLD; 3 females) were selected from
the larger cohort by age matching to the sHD sample. nsHD reported no consumption of any
tobacco products in the 6 months prior to enrolment. The original LD sample did not have a
sufficient number of daily or nearly everyday smokers to form a viable group. nsLD participants
consumed a lifetime average of less than or equal to 45 (35 for women) standard alcoholic
drinks per month (one alcoholic drink equivalent = 12 oz of beer, 5 oz of wine, or 1.5 oz of
liquor, all corresponding to approximately 13.6 g pure alcohol) with no history of current or
past alcohol or substance abuse and no history of drinking more than 100 drinks per month.
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Classification as a HD required average consumption of at least 100 (80 for women) standard
alcoholic drinks per month for a minimum of 3 years prior to enrolment and active alcohol
consumption at time of study. Exclusion criteria are fully detailed in Cardenas et al. (2005). In
short, all participants were free of general medical, neurologic and neuropsychiatric conditions
known or suspected to influence brain morphology. Subjects were excluded if they met DSM-
IV criteria for dependence on any other substance than alcohol or nicotine in the 6 months prior
to enrolment. Prior to completing any procedure, all participants gave written informed
consent, which was approved by review boards of the University of California San Francisco
and the San Francisco VA Medical Center.

2.2. Psychiatric/behavioral assessment
At the time of enrolment, participants completed the Structured Clinical Interview for DSM-
IV Axis I disorders (American Psychological Association, 1994), and interviews and
questionnaires assessing depressive symptomatology (Beck Depression Inventory, BDI; Beck,
1978), lifetime alcohol consumption (Lifetime Drinking History, LDH; Skinner and Sheu,
1982; Sobell and Sobell, 1992; Sobell et al., 1988), and substance use (in-house questionnaire
assessing substance type, and quantity and frequency of use). From the LDH, we derived the
number of drinks in the week prior to enrolment, and average number of drinks per month in
the previous year and over lifetime, number of months of heavy drinking (i.e., total number of
months over lifetime in which the participant drank in excess of 100 drinks per month), and
cumulative ethanol consumption over lifetime in kilograms (total number of drinks over
lifetime × 0.0136 kg ethanol/drink). General verbal intellectual functioning was predicted by
the American version of the Nelson Adult Reading Task (AMNART; Grober and Sliwinski,
1991). The neurocognitive implications of chronic smoking in this HD cohort will be reported
elsewhere.

2.3. MRI acquisition and processing
MRI data acquisition was conducted on a clinical 1.5 T MR scanner (Vision, Siemens Medical
Systems, Iselin, NJ) and consisted of two sequences: (1) double spin-echo (TR/TE1/TE2 =
2500 ms/20 ms/80 ms, 1 mm × 1 mm in-plane resolution, 3 mm slice thickness, no slice gap,
oriented at the orbital-metal angle +5° as seen in the midsagittal scout) yielded proton density
and T2-weighted MR images and (2) Magnetization Prepared Rapid Acquisition Gradient Echo
(MPRAGE; TR/TI/TE = 9.7 ms/300 ms/4 ms, 1 mm × 1 mm in-plane resolution, 1.5 mm slabs;
oriented orthogonal to the long axis of the hippocampus) yielded coronal T1-weighted (T1-w)
MR images. Three-tissue intensity based segmentation was applied to T1-w images to assign
a set of probabilities of WM, GM, or CSF to each voxel. The procedure details and validity
studies are fully described in Cardenas et al. (2005). An atlas-based deformable registration
method was used to automatically identify regions of interest (ROIs) in the brain as described
in Cardenas et al. (2005). In summary, a single MRI from a 36-year-old man served as a
reference atlas and was manually edited to delineate ROIs including the major lobes of the
brain (frontal, temporal, parietal, and occipital), lateral ventricles, thalamus, caudate, lenticular
nuclei, brainstem, and cerebellum. Temporal GM volume included some tissue from the
amygdala and the hippocampal complex, and volumes for the thalamus, basal ganglia nuclei,
brainstem and cerebellum represent the sum of GM and WM within these structures. A B-
Spline Free Form deformation algorithm driven by normalized mutual information (Studholme
et al., 2001a,2001b, 2003) was employed to estimate the spatial transformation from the atlas
to each individual's T1-w MRI. This transformation was then inverted and used to apply the
atlas labels to demarcate participant-specific ROIs on each scan, which, after combination with
tissue segmentation results, yielded lobar volumes of WM, GM, and CSF. All automatically
marked MRIs were carefully reviewed by a trained operator to insure accuracy of automated
markings.
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2.4. Statistical analyses
Studies with healthy adult controls generally reveal a linear decline of neocortical GM volume
with increasing age (e.g., Courchesne et al., 2000; Jernigan et al., 2001). We used multivariate
analysis of covariance (MANCOVA) with age as a covariate to control for age–volume
relationships in all group comparisons. Similar to analyses described in Cardenas et al.
(2005), regional cortical GM, WM, and sulcal CSF were separately evaluated with
MANCOVA for the HD group irrespective of smoking status (i.e., sHD and nsHD combined)
compared to the nsLD group. Significant MANCOVAs (p ≤ .05) were followed by univariate
comparisons. We then separately evaluated regional and total cortical GM, WM and sulcal and
ventricular CSF for sHD, nsHD, and nsLD with MANCOVA. Total cortical GM, WM and
sulcal CSF volumes for sHD, nsHD, and nsLD represent the summed tissue volume the four
main lobar regions. In addition, separate MANCOVAs comparing the three groups were also
conducted for basal ganglia and thalami, brainstem and cerebellum, and sulcal and ventricular
CSF volumes. Significant MANCOVAs (p ≤ .05) were followed up with univariate tests.
Significant univariate tests were further evaluated for group differences among sHD, nsHD,
and nsLD with Bonferroni corrected pairwise t-tests. In the HD groups, we also separately
investigated the relationships (Spearman coefficients) between regional lobar tissue volumes
and lifetime average number of drinks per month, total amount of ethanol consumed over
lifetime, and years of heavy drinking. For these correlations, alpha level (.05) was adjusted for
the three aforementioned measures of drinking severity and four lobar regions separately for
each tissue type (i.e., GM or WM) to correct for multiplicity of correlations. Therefore, for
correlations between measures of drinking severity and lobar GM or WM volumes adjusted
alpha = .004. Statistical analyses were performed with SPSS v12.0 and S-plus v6.1.

3. Results
3.1. Participant characterization

Groups were equivalent in age and on BDI scores. nsLD and nsHD were equivalent on
education, but nsHD had 2 more years of education than sHD (p = .04; see Table 1). Fourteen
of the nsLD participants were Caucasian and two each were African American, Latino, and
Asian. Ten nsLD were Caucasian, five African American, and two Latino. Nine sHD were
Caucasian and eight were African American. Fourteen of 17 sHD, and 12 of 16 nsHD met
criteria for alcohol dependence, and the rest of the HD met criteria for alcohol abuse. In the
nsHD group, criteria for past dependence were met by three participants for cocaine (average
number of months since last dependent = 132; min = 12, max = 300), three for
methamphetamine (average number of months since last dependent = 176; min = 72, max =
373), and three for cannabis (average number of months since last dependent = 36; min = 12,
max = 72). In the sHD group, criteria for past dependence were met by three participants for
cocaine (average number of months since last use = 57; min = 15, max = 120), three for
methamphetamine (average number of months since last dependent use = 240; min = 120, max
= 312), five for cannabis (average number of months since last dependent = 242; min = 36,
max = 372) and one for heroin (number of months since last dependent = 120). No HD
participant concurrently met criteria for current or past substance abuse on compounds other
than those listed above (except alcohol and nicotine). sHD consumed significantly more
kilograms of ethanol over lifetime (p = .05) and tended to have a higher average number of
drinks per month over lifetime and greater number of years of heavy drinking than nsHD (both
p = .06).

3.2. Volumetric comparisons
3.2.1. HD and nsLD—MANCOVA (Wilks' Lambda) comparing the combined HD group
(i.e., nsHD + sHD) to the nsLD group on regional neocortical GM was significant [F(4, 47) =
2.77, p = .05)]. ANCOVAs were significant for the frontal, parietal, temporal GM, and total
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cortical GM (p = .004−.03), with a trend for occipital GM (p = .06). The HD sample
demonstrated smaller volumes in these regions than the nsLD group. MANCOVAs for lobar
WM and sulcal CSF indicated no significant differences between HD and nsLD, and there was
no group by age interaction. These findings are consistent with findings for the larger cohort
in examined Cardenas et al. (2005).

3.2.2. sHD, nsHD, and nsLD—MANCOVA (Wilks' Lambda) for regional neocortical GM
was significant [F(2, 92) = 2.19, p = .04)]. ANCOVAs were significant for the frontal, parietal,
temporal GM, and total cortical GM (p = .001−.03), with a trend (p = .09) for occipital GM.
There was no group by age interaction. Bonferroni corrected pairwise comparisons indicated
significantly smaller volumes in sHD compared to nsLD in the frontal, parietal, and temporal
GM and for total cortical GM (p = .001−.02) (see Figs. 1–4). Notably, sHD demonstrated
smaller temporal GM and total GM volumes than nsHD (both p ≤ .02), with a trend (p = .07)
for smaller parietal GM in sHD (see Figs. 2 and 4). Given the greater total ethanol consumption
and number of drinks per month over lifetime in sHD compared to nsHD, we used these variable
as well as months of heavy drinking as covariates in pairwise comparisons of sHD and nsHD.
The neocortical GM differences between sHD and nsHD remained significant after covarying
for these variables. This suggests that differences in cumulative ethanol dose or months of
heavy drinking did not account for the smaller temporal GM and total GM volumes observed
in sHD compared to nsHD. No significant differences were observed between nsLD and nsHD
for regional lobar GM or total GM volumes.

MANCOVA for lobar WM, basal ganglia and thalamus, and brain stem and cerebellum
volumes indicated no significant differences among the three groups. MANCOVAs for sulcal,
ventricular, and total CSF volumes were not significant, although sHD tended to have more
ventricular CSF than both nsHD and nsLD (both p = .07). There were no group by age
interactions in the above analyses. Additionally, there were no volumetric disparities in any
region or structure between the daily-smoking and near-daily-smoking participants comprising
the sHD group. Finally, after our conservative correction for multiple correlations (see Section
2), no measure of alcohol consumption was significantly related to regional GM or WM
volumes for sHD, nsHD, or the combined group (i.e., sHD + nsHD).

4. Discussion
The primary objective of this retrospective analysis was to examine the potential effects of
chronic cigarette smoking on MRI-derived regional brain volumes in a subset of non-treatment-
seeking heavy drinkers from our previous study (Cardenas et al., 2005). Similar to the larger
predominantly male cohort in Cardenas et al. (2005), this HD subset had significantly less
regional cortical GM than the subset of nsLD. Most importantly, analyses contrasting sHD,
nsHD, and nsLD groups indicated that the GM volume differences observed between the nsLDs
and the entire HD group in this study were primarily driven by smaller volumes in sHD relative
to nsLD. In addition, sHD demonstrated smaller temporal GM and total GM volumes than
nsHD, which was not attributable to group differences in drinking severity.

The absence of significant cortical GM volume differences between the nsHD and nsLD groups
in this study are consistent with our volumetric findings in a somewhat older sample of
treatment-seeking alcohol-dependent individuals with approximately 1 week of abstinence
(Gazdzinski et al., 2005). In Gazdzinski et al. (2005), which employed the same MR acquisition
and processing methods as this report, the non-smoking, treatment-seeking alcoholics did not
show significant reductions in regional cortical GM compared to non-smoking controls. As in
this report, the non-smoking, treatment-seeking alcoholics also consumed considerably less
alcohol over lifetime than their smoking counterparts. The lower cumulative alcohol exposure
in the non-smoking alcoholics in both studies may partially explain why they did not show
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significant atrophy relative to non-smoking controls. However, the non-smoking alcoholics in
Gazdzinski et al. (2005) consumed nearly three times as much ethanol (in kilograms) over
lifetime than the nsHD and nearly twice as much as sHD in this report, yet they still did not
demonstrate significant neocortical GM volume reductions in any lobe relative to their non-
smoking control participants. Overall, the findings from Gazdzinski et al. (2005) and the
present study suggest that chronic excessive alcohol consumption per se was not associated
with significant abnormalities in neocortical GM morphology in these alcoholic cohorts, but
the combination of chronic alcohol misuse and cigarette smoking resulted in significant
neocortical GM volume loss relative to controls.

Recent brain neuroimaging studies reported structural abnormalities in non-alcoholic chronic
smokers. Specifically, MRI indicated smaller neocortical GM volumes and lower densities in
the prefrontal cortex, smaller left anterior cingulate volume, and lower GM densities in the
right cerebellum of chronic smokers compared to non-smokers (Brody et al., 2004), and
computed tomography showed increased generalized brain atrophy with advancing age in
chronic smokers (Akiyama et al., 1997; Hayee et al., 2003; Kubota et al., 1987). Volume
reductions in these regions are also commonly reported in alcoholism (see Sullivan, 2000, for
review). The brain structural findings emerging from the smoking literature, and from our own
studies, suggest that the combination of chronic alcohol misuse and cigarette smoking explain
the regional dysmorphology observed in the cerebrum of individuals with AUD.

A growing body of evidence suggests that chronic smoking, independent of substance abuse
disorders, is associated with adverse effects on several domains of neurocognition, including
executive skills, learning and memory, processing speed, and working memory (e.g., Ernst et
al., 2001; Heffernan et al., 2005; Kalmijn et al., 2002; Paul et al., 2006; Razani et al., 2004;
Richards et al., 2003). In a large cohort of community-recruited actively drinking and abstinent
alcoholics, Glass et al. (2006) found that both alcoholism and smoking severity were inversely
related to neurocognitive function, and smoking severity (i.e., pack years) was a unique
predictor of general intelligence and cognitive proficiency (i.e., an index of both speed and
accuracy). Correspondingly, Friend et al. (2005) reported that both chronicity of alcohol misuse
and cigarette smoking were inversely related to measures of general intellectual functioning,
set-shifting and processing speed in a large community-based group of actively drinking and
abstinent alcoholics. Also, non-smoking alcoholics were superior to smoking alcoholics on
measures of processing speed and set-shifting. In 1-month-abstinent-alcoholics in treatment,
we observed chronic smokers performed significantly worse than non-smokers on measures
of learning and memory, processing speed, cognitive efficiency, and postural stability (Durazzo
et al., in press). Therefore, in addition to greater brain morphological abnormalities, chronic
cigarette smoking among individuals with AUD appears to modulate neurocognition. In
general, brain shrinkage is a risk factor for cognitive decline and memory impairment in the
elderly (e.g., Meyer et al., 1999; Visser et al., 1999), and, if occurring in middle age, may
increase the risk for earlier and more rapid cognitive decline with advancing age.

4.1. Potential mechanisms for neocortical GM dysmorphology in concurrent alcoholism and
cigarette smoking

Chronic cigarette smoking is associated with significantly increased risk for development of
atherosclerosis (Bolego et al., 2002), and nicotine has been shown to induce alterations of
vascular endothelial function (Hawkins et al., 2002). These processes may impact the
functional integrity of the cerebrovasculature and contribute to the decreased regional cerebral
blood flow (Domino et al., 2004; Rose et al., 2003; Zubieta et al., 2001) and/or white matter
disease (Ding et al., 2003; Fukuda and Kitani, 1996) reported in chronic smokers. The
neocortical GM is particularly vulnerable to the effects of diffuse ischemia (see Chalela et al.,
2001, and references therein). The particulate and gas phases of cigarette smoke contain many
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toxic compounds (e.g., carbon monoxide, free radicals, nitrosamines, polynuclear aromatic
compounds; Fowles et al., 2000) that may directly or indirectly compromise brain tissue. For
example, carbon monoxide (CO) levels are significantly higher in smokers (Deveci et al.,
2004) which is associated with lower effective hemoglobin concentrations and, consequently,
diminished oxygen carrying capacity of the blood (Macdonald et al., 2004), as well as decreased
efficiency of the mitochondrial respiratory chain (Alonso et al., 2004). Chronic smoking has
also been equated to a type of repeated acute (mild) CO poisoning (Alonso et al., 2004), and
is linked to nocturnal hypoxia (Casasola et al., 2002) as well as to respiratory risks such as
chronic obstructive pulmonary disease and other conditions that may diminish or compromise
lung function (Bartal, 2001). Decreased lung function was associated with poorer
neurocognition and increased subcortical atrophy in community-dwelling adults aged 60−64
years (Sachdev et al., 2006). Cigarette smoke also contains high concentrations of free radical
species (e.g., reactive oxygen species, ROS) known to promote oxidative damage or stress to
cellular structures and macromolecules including proteins, membrane lipids, carbohydrates,
and DNA (Moriarty et al., 2003). Similarly, chronic and heavy alcohol consumption and
ethanol catabolism are both associated with generation of ROS and other metabolic products
that may also promote oxidative damage to various cellular molecules and structures, including
phospholipids and DNA (Brooks, 2000). Therefore, a combination of chronically increased
CO levels, chronic exposure to ROS from both ethanol metabolism and cigarette smoke, and
potentially compromised vascular and pulmonary function may contribute to the significantly
lower GM volumes observed in this sHD cohort. Additionally, it is possible that the brain
regions (e.g., neocortical GM) adversely affected by chronic and excessive ethanol
consumption are rendered more vulnerable to the effects of the potentially noxious compounds
found in cigarette smoke (or vice versa).

Limitations of this study include the modest numbers of participants, the retrospective nature
of the analyses, and the lack of detailed information on the smoking behavior of the sHD group.
Additionally, the designation of smoking status was based on self-report rather than
confirmation with biological measures (e.g., breath carbon monoxide level, positive plasma
nicotine). We were unable to distinguish whether the combined effects of chronic alcohol
misuse and smoking were synergistic or additive due to the lack of a group of light drinkers
who smoked at levels equivalent to those in sHD. Additionally, we did not have enough female
participants to evaluate sex effects on outcome measures. It is also possible that the observed
group differences are premorbid in nature or that potential unrecorded group differences in
nutrition, exercise, overall physical health, or other genetic predispositions not examined
contributed to the findings. Furthermore, both HD groups demonstrated a similar frequency of
previous substance dependence, which primarily involved cocaine, methamphetamine, and
cannabis. Chronic misuse of these substances has been reported to adversely affect human
brain morphology in active and recently detoxified abusers (e.g., Bartzokis et al., 2000;
Matochik et al., 2005; O'Neill et al., 2001; Thompson et al., 2004). The long-term, enduring
effects of cocaine, methamphetamine, or cannabis on human brain morphology are largely
unknown, especially when dependence is in long-term sustained full remission. In both of our
HD groups, participants meeting criteria for substance dependence, in most cases, had not used
illicit compounds for many years prior to enrolment; therefore, it is unlikely that past substance
dependence on illicit drugs significantly affected our structural findings.

In conclusion, results from these predominately Caucasian male cohorts indicate that
consideration of smoking status in the evaluation of brain morphology of non-treatment-
seeking individuals with AUD is warranted. Results from this report, together with the findings
from Gazdzinski et al. (2005), suggest the combination of chronic heavy alcohol consumption
and cigarette smoking has particularly deleterious effects on cortical GM in both treatment-
seeking and non-treatment-seeking individuals with AUD. Considering our findings that
chronic smoking appears to compound abnormalities in brain morphology, metabolites and
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perfusion in treatment-seeking alcoholics (Durazzo et al., 2004, 2006; Gazdzinski et al.,
2005, 2006), larger prospective studies that better characterize the smoking behavior of both
men and women in non-treatment-seeking alcoholics and its effects on both brain neurobiology
and neurocognition are indicated. Finally, the potential effects of cigarette smoking on human
brain morphology and function also should be given greater consideration in other conditions
where it is prevalent (e.g., schizophrenia, mood disorders, and non-alcohol substance abuse).
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Fig. 1.
Frontal GM volume standardized to intracranial volume for nsLD, sHD, and nsHD; ICV,
intracranial volume (mean and standard error).
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Fig. 2.
Parietal GM volume standardized to intracranial volume for nsLD, sHD, and nsHD; ICV,
intracranial volume (mean and standard error).
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Fig. 3.
Temporal GM volume standardized to intracranial volume for nsLD, sHD, and nsHD; ICV,
intracranial volume (mean and standard error).
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Fig. 4.
Total cortical GM volume standardized to intracranial volume for nsLD, sHD, and nsHD; ICV,
intracranial volume (mean and standard error).
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Table 1
Demographics and alcohol use histories all groups (mean ± S.D.)

Measure nsLD (n = 20) nsHD (n = 16) sHD (n = 17)

Age (years) 43 ± 10 43 ± 11 45 ± 8
Education (years) 14 ± 2 15 ± 2 13 ± 2
%Caucasian 70 63 53
AMNART 117 ± 7 116 ± 7 112 ± 11
BDI 6 ± 6 10 ± 9 10 ± 9
Average drinks/day over last week 2 ± 1 6 ± 3 8 ± 5
1-yr average drinks/month 12 ± 16 204 ± 101 231 ± 126
3-yr average drinks/month 12 ± 16 200 ± 99 236 ± 115
Lifetime average drinks/month 10 ± 8 134 ± 77 193 ± 96
Months heavy drinking na 144 ± 108 204 ± 84
Total ethanol consumption (kg) 44 ± 45 367 ± 233 597 ± 400
Years regular drinking 22 ± 10 26 ± 11 27 ± 8

AMNART, American National Adult Reading Test; 1-yr average, average number of drinks per month over 1-year prior to study; 3-yr average, average
number of drinks per month over 3-years prior to study; lifetime average drinks/month, average number of drinks per month over lifetime; total ethanol
consumption, amount of ethanol consumed over lifetime; months heavy drinking, number of months drinking at greater than 100 drinks per month; years
regular drinking, number of years of consumption of at least one alcoholic beverage per month; BDI, Beck Depression Inventory.
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