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Abstract
Background—HIV infection and alcoholism each carries liability for disruption of brain
structure and function integrity. Despite the considerable prevalence of HIV-alcoholism
comorbidity, few studies have examined the potentially heightened burden of disease comorbidity.

Methods—Participants were 342 men and women: 110 alcoholics, 59 with HIV infection, 65
with HIV infection and alcoholism, and 108 healthy controls. This four-group design enabled
examination of the independent and combined effects of HIV infection and alcoholism in addition
to other factors (AIDS-defining events, hepatitis C infection, and age) on regional brain volumes
derived from T1-weighted MR images.

Results—Brain volumes, expressed as Z-scores corrected for intracranial volume and age, were
measured in 20 tissue and 5 ventricular and sulcal regions. The most profound and consistent
volume deficits occurred with alcohol use disorders, notable in the cortical mantle, insular and
anterior cingulate cortices, thalamus, corpus callosum, and frontal sulci. The HIV-only group had
smaller thalamic and larger frontal sulcal volumes than controls. HIV disease-related factors
associated with greater volume abnormalities included CD4 cell-count nadir, clinical staging,
history of AIDS-defining events, infection age, and current age. Longer sobriety and less lifetime
alcohol consumption were predictive of attenuated brain volume abnormalities in both alcohol
groups.

Conclusions—Having a “triple hit”—HIV infection with alcoholism and AIDS—had an
especially poor outcome on brain structures. That longer periods of sobriety and less lifetime
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alcohol consumption were predictive of attenuated brain volume abnormalities encourages the
inclusion of alcohol recovery efforts in HIV/AIDS therapeutic settings.
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INTRODUCTION
Over 33 million people are living with HIV/AIDS infection, the fifth leading cause of death
worldwide (1). With effective medication, HIV-infected individuals are living longer (2, 3),
but with longevity, HIV infection has the potential of interacting with other factors that
militate against maintaining health in older age. Notable factors (4-6) include age-related
decline itself (7) and comorbidities common to the HIV-infected population, such as history
of an AIDS- defining event and alcoholism (8). Levels of per capita alcohol consumption
vary widely (9), with 70 million people worldwide estimated to have an alcohol use disorder
(WHO, December 2001), and growing numbers of alcoholics test positive for HIV infection
(10-16).

HIV infection and alcoholism each carries significant health liability. A Danish population-
based cohort study (17) reported that HIV infection in highly active antiretroviral therapy
(HAART)-treated persons with detectable viral loads and CD4 counts below 200, but no
other disease comorbidity, reduced survival odds to 0.58 , dropping further for HIV-infected
patients with other (non-drug/alcohol) disease comorbidity (0.30), and dramatically further
(0.03) for those with drug or alcohol abuse comorbidity (17).

Alcoholism itself is associated with significant morbidity (18) and mortality (19). Alcohol
dependent individuals, without obvious complications from nutritional deficiencies or
hepatic disorders, demonstrate cortical shrinkage (20, 21). Supratentorial brain regions
affected include cortical gray and white matter (22, 23), particularly prefrontal (24, 25) and
parietal (26) areas , anterior hippocampus (27-29), amygdala (30), and thalamus (31-33).
Whole-brain analyses have extended this profile to include the striatolimbic reward system
(30). Given the considerable comorbidity of HIV infection and alcohol abuse (10-15), their
combination poses a greater public health burden than either condition alone.

Through its role in facilitating HIV-risky behaviors, excessive alcohol use is increasingly
recognized as a factor in the acquisition of HIV infection in the US (34) and worldwide (35).
Continued alcohol exposure after HIV infection accelerates the course of HIV-disease
progression in simian models (36, 37). This connection has been challenging to establish in
humans because multiple relevant factors—alcohol dosage, premorbid susceptibility,
comorbid drug use (e.g., 5, 38), cigarette smoking (39), and nutritional status—cannot be
controlled in clinical settings (40).

Since the initial structural brain imaging study of HIV-infected adults showing basal ganglia
volume deficits (41), MRI studies have sought patterns of sparing and involvement of
regional brain volumes and factors that modify brain structural outcomes. In the pre-
Antiretroviral Treatment (ART) era, white matter volume deficits and ventricular and sulcal
enlargement were observed (42), although greater gray than white matter volume deficits
accompanied advanced CDC symptom stage (43). A two-year longitudinal MRI study
indicated widespread white matter volume loss and frontal, temporal, and parietal tissue loss
in virally- suppressed HIV individuals relative to controls. HIV patients receiving
antiretroviral therapy without complete viral suppression exhibited volume loss in gray and
white matter (44). Low CD4 cell count (45) and high peripheral blood mononuclear cell load
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(46) have also been predictive of local cortical thinning, particularly in frontal and temporal
regions. Lower nadir CD4 T-cell counts, higher (unexpectedly) current CD4 counts,
detectable viral load, hepatitis C infection, and longer exposure to ART all predicted white
matter and CSF volume abnormalities (6).

HIV-infected adults who had experienced an AIDS-defining event or had AIDS Dementia
Complex (ADC) have thinner primary sensory, motor, and premotor cortices (45), smaller
total gray matter and parietal cortical volumes, larger total ventricular size (47), and smaller
corpora callosa measured with MRI (48, 49) and microstructural compromise measured with
diffusion tensor imaging (50-54). Despite the benefit of antiretroviral therapies (cf., 55),
there is evidence for potential neurotoxicity of long-term use of these potent
pharmacotherapies on brain structure (56). For example, HIV-infected men with longer HIV
infection duration and presumably longer time on HAART had smaller basal ganglia
volumes (57). Regardless of history of AIDS or presence of HIV-related cognitive
impairment or dementia, brain structure- function relations have been reported, where poorer
performance on cognitive or motor tests correlated with smaller regional brain volumes (45,
48, 58-62) or compromised white matter integrity (50, 51, 63).

Our previous quantitative MRI studies identified a significant role of alcoholism in
contributing to thinning of the corpus callosum and enlargement of ventricular and sulcal
spaces in HIV-infected adults (48) that were exacerbated by presence of an AIDS-defining
event. Herein, we used a four-group design to examine the effects of HIV infection alone,
alcoholism alone, and their comorbidity on regional cortical, allocortical, subcortical, and
CSF volumes. We anticipated that HIV-alcoholism comorbidity would be particularly
harmful to frontal and parietal cortices, striatal and thalamic structures, and the corpus
callosum. In addition, we examined the effect of other comorbidities (AIDS-defining events,
hepatitis C infection, and age) on regional brain volumes. This approach enabled testing of
the hypothesis that HIV infection may be emerging as a cortical disease (47, 57, 64) and
may interact with alcoholism comorbidity (48), age (54), and disease progression (55).

METHODS
Participants

The participants were 342 men and women (age-range matched 25-69 years): 110 alcoholics
(ALC), 59 with HIV infection (HIV), 65 with HIV infection and alcoholism (HIV+ALC),
and 108 normal control subjects (NCS) unaffected by either disease. Of these 342
participants, 272 were drawn from our previous report on volume differences of the
ventricular system and corpus callosum (48); the remaining 70 participants were newly
recruited.

Recruitment—As previously described (48), patients were recruited by referral from local
outpatient HIV/AIDS and alcohol and addiction treatment centers, presentations by project
staff, and distribution of flyers at community events. Control participants were recruited by
referral from patient participants, Internet posting, flyers, and word of mouth. Brief
screening identified exclusionary factors—history of schizophrenia, bipolar disorder,
neurological disease not related to alcohol use or HIV, or inability to undergo MRI. Those
meeting initial criteria were invited for a detailed assessment at our laboratory or the AIDS
Community Resource Center (ACRC), where trained medical research staff informed them
about the full scope of the study and obtained written informed consent. Only HIV patients
with CD4 count >100 mm3 and Karnofsky score (65) >70 (can care for self but unable to
carry out normal activity) were considered for study enrollment.
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Clinical evaluation—Structured Clinical Interview for DSM-IV (66) was used to identify
patients who met criteria for alcohol dependence or abuse; exclude subjects who met
lifetime criteria for schizophrenia or bipolar disorder or for nonalcohol substance
dependence or abuse within the prior 3 months; identify volunteers meetingcriteria for
depressive or anxiety disorder; and confirm that prospective controls did not meet DSM-IV
criteria for any Axis I disorder. Quantity of lifetime alcohol consumption and date of last
drink were obtained by interview (23, 67, 68). Participants were assigned to one of four
groups: (1) HIV-infected patients who had never met criteria for Alcohol Dependence or
Abuse or ever consumed an average of more than 6 drinks per day for men or 4 per day for
women over any 30-day period (HIV); (2) HIV-infected patients who also met criteria for
Alcohol Dependence or Abuse (HIV+ALC) within the past 3 years; (3) patients who met
lifetime criteria for Alcohol Dependence within the past 3 years but were not HIV-infected
(ALC); and (4) a control group (NCS) who were neither HIV-infected nor ever met criteria
for alcohol abuse, dependence or other Axis I diagnoses. Participants were tested for HIV
status and hepatitis C; additional blood tests characterized viral load and CD4 T-cell count
in HIV-positive participants.

Group characteristics—Although the four groups were similar in handedness (69) and
body mass index, the patient groups had fewer years of education, lower intelligence scores
(National Adult Reading Test (70)), lower socioeconomic status (71), more depressive
symptoms (72), and lower Global Assessment of Functioning scores (66) than controls and
were more likely to have been cigarette smokers (Table 1). The two alcohol groups reported
similar lifetime alcohol consumption levels, which were about 14 times higher than in the
HIV or control groups. A similar proportion of alcoholics and HIV-only subjects (24.2% in
each group) tested positive for hepatitis C virus, but the proportion was higher in the
comorbid group (51.5%).

CD4 cell count, CD4 nadir, current viral load, and estimated age at infection were
statistically similar in the two HIV groups. Each HIV-infected participant was classified as
ever having had an AIDS-defining event (CD4 count below 100 cells/μL or symptoms
indicative of AIDS). Each also received a CDC classification of disease severity, where
A=asymptomatic HIV infection; B=symptomatic conditions, not A or C; or C=AIDS-
indicator conditions. A similar proportion of HIV and HIV+ALC participants were HIV-
medication naive: 7/59 HIV and 9/65 HIV+ALC (p=.95). To quantify the potential effect of
antiretroviral medication regimen reported at study entry, we calculated the CNS penetration
effectiveness (CPE) index (56). No patient was clinically demented, and none showed
evidence of opportunistic infections. Descriptive statistics of demographic data and clinical
descriptors appear in Table 1.

MRI acquisition
MR data were collected on a GE 1.5T scanner. Brain volumes were derived from coronal
T1-weighted SPoiled Gradient Recalled (SPGR) images (94, 2mm thick slices; TR=26ms,
TE=5ms, flip angle=30°) and dual-echo Fast Spin-Echo (FSE) images (47, 4mm thick slices;
TR=7150ms, TE=12/84ms, ETL=8). MRI quantification details appear in Supplemental
Information.

Regions of interest (ROIs)—We used 16 bilateral regions of cortex, allocortex, and
subcortical structures (73) (Figure 1). Gray matter volume was computed for each cortical
region, and tissue volume for each subcortical region. Also measured were CSF-filled
volumes of the lateral ventricles, third ventricle, total cortical sulci, frontal sulci, and Sylvian
fissures, based on ROIs drawn on the SRI24 SPGR template and reformatted into subject
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image space. The ventricles were identified by registration; for the cortical sulci and Sylvian
fissure, the CSF segmentations from FAST (74) were multiplied against the ROIs.

Neuropsychological testing
Most of the HIV and HIV+ALC participants and about half the sample of controls and
alcoholics completed the Digit Symbol subtest of the Wechsler Adult Intelligence Test-
Revised (75). Standard administration involved transcribing symbols into a grid of empty
boxes paired with a number (1-9). The standard raw score was the number of boxes
correctly completed in 90 sec. Participants were also required to complete all 93 boxes; total
grid completion time provided a measure of sustained attention (76).

Statistical analysis
Group differences were tested with one-factor and group-by-brain region repeated- measures
analysis of variance (ANOVA); only effects involving group differences were of interest
and are reported. Pair-wise comparisons were made with hypothesis-driven Scheffé tests
(p≤.05), with the prediction that patient group tissue volumes would be smaller and CSF
volumes larger than those of the control group. Relations between variables were tested with
Pearson product-moment correlations (r) and, where appropriate, Spearman Rank Order
(Rho) correlations. Correlations were conducted within each patient group and tested one-
tailed, with the general hypothesis that smaller tissue volumes and larger CSF volumes
would be associated with older age, greater disease burden, and poorer test performance.
Significant correlates were then used in multiple regression analysis to identify correlates
contributing uniquely to the variance of the brain volume of interest.

Analyses were based on regional brain volumes expressed as standardized Z-scores adjusted
for variation in supratentorial intracranial volume and age measured in the control group
(23, 77, 78) (See Supplemental Information for description of Z-scores).

RESULTS
Cortical Volumes

A repeated-measures ANOVA (four groups by six cortical-region gray matter volumes)
yielded a significant group effect (F(3,338)=17.302, p=.0001) but no group-by-region
interaction (F(15, 1690)=1.251, n.s.). Followup tests with Scheffé criterion (p≤.05) indicated
volume deficits were present in the two alcoholic groups; all regions were affected except
the calcarine cortex in ALC and all but the medial frontal and calcarine cortices in HIV
+ALC (Figure 2). Despite showing a 0.3 to 1.0 SD deficit in five of the six regions, none of
the cortical volumes of the HIV- only group met Scheffé criterion for statistically significant
difference from those of the control group.

Allocortical, Subcortical, and White Matter Volumes
An ANOVA comparing the four allocortical gray matter regional volumes (insula,
precuneus, and anterior and posterior cingulate cortex) of the four groups revealed a
significant group effect (F(3,338)=10.076, p=.0001) and interaction (F(9,1014)=2.633, p=.
0052). Scheffé tests indicated significant volume deficits in the anterior cingulate and insular
regions of both alcoholic groups and a trend for an insular deficit in the HIV-only group.

When comparing the five subcortical structures measured as tissue volumes (caudate
nucleus, putamen, globus pallidus, hippocampus/amygdala, and thalamus) across the four
subject groups, the group effect (F(3,338)=7.3729, p=.0001) and interaction
(F(12,1352)=3.2914, p=.001) were significant. Here, the ALC group had volume deficits of

Pfefferbaum et al. Page 5

Biol Psychiatry. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the globus pallidus, hippocampus/amygdala, and thalamus, whereas the two HIV-infected
groups had volume deficits in the thalamus only (Figure 2).

The ANOVA for the two white matter measures (Figure 2) indicated a group effect
(F(3,338)=8.681, p=.0001) and interaction (F(3,338)=3.600, p=.0138). Compared with
controls, the ALC and HIV+ALC groups had volume deficits of the corpus callosum, but
only the ALC group had significantly smaller centrum semiovale volumes than controls.

Sulcal and Ventricular Volumes
In contrast with tissue measures, CSF measures revealed volume abnormalities in all three
patient groups (Figure 3). Specifically, an ANOVA comparing the frontal and Sylvian CSF
volumes across the four groups yielded a significant group effect (F(3,338)=12.684, p=.
0001). Although the volume enlargement of the Sylvian fissure was significant only in the
ALC group, the ALC, HIV, and HIV+ALC groups had larger volumes than controls. For the
ventricles, only the ALC group showed significant enlargement, which was restricted to the
third ventricle.

Relations between Disease Variables and Regional Brain Volume Abnormalities
HIV-infection Variables—These analyses examined differences in regional brain
volumes related to HIV-infection variables in the two HIV groups (HIV and HIV+ALC).
ANOVAs using presence vs. absence of a lifetime AIDS-defining event and the two HIV
groups revealed that, irrespective of diagnostic group, smaller thalamic (p=.0244) and
callosal (p=.0351) volumes and larger CSF volumes [lateral (p=.0475) and third (p=.0246)
ventricles ] occurred in the HIV groups with a history of an AIDS-defining event. Followup
t-tests showed that HIV+ALC+AIDS had smaller callosal volumes (p=.0446) and larger
Sylvian (p=.0355) and third ventricular (p=.0141) volumes than HIV+ALC without AIDS
(Figure 4). Further analysis using the CDC 3-category classification identified a
disproportionately large volume deficit in parietal cortex of the HIV- only group in the C (−.
82 SD) relative to the A (−.14 SD) and B (−.13 SD) category groups (p=.0344).

Although current CD4 cell count did not correlate with any regional volumes in either HIV
group, lower CD4 nadir showed modest correlations with smaller volumes of the putamen
(r=.32, p=.0324) and thalamus (r=.31, p=.0384) in the HIV-only group. Followup multiple
regressions, considering the potential additional influence of age at scan and age at HIV
infection on these brain volumes, found that only CD4 nadir endured as a significant unique
predictor of putamen volumes (p=.0179).

HIV-only subjects showed a relation between higher viral load and larger Sylvian fissure
volumes (Rho=.32, p=.0151). Higher CPE scores were modestly related to smaller total
white matter volumes of the HIV (Rho=−.28, p=.0318) and HIV+ALC (Rho=−.25, p=.0475)
groups.

We next used bivariate and then multiple regression to test whether any regional brain
volumes were related to age at MRI or age at HIV infection. Within the HIV-only group,
both older current age (r=−.40, p=.0017) and estimated age at infection (r=−.45, p=.001)
correlated with smaller age-adjusted volumes of the anterior cingulate cortex (Figure 5).
Together, age and age at HIV infection accounted for 22% of the anterior cingulate volume
variance. In multiple regression analysis, age at HIV onset was a significant unique predictor
(p=.0354) over age (p=.3516); neither age variable uniquely predicted age-adjusted regional
volumes in the HIV+ALC group.
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Alcoholism and Other Disease Variables—Age and estimated lifetime alcohol
consumption each correlated with a number of regional volumes in the ALC group. Because
these variables can be confounded, we conducted a series of multiple regression analyses,
which entered age and lifetime alcohol consumption as predictors of regional brain volumes.
The results in the ALC-only group indicated that together, age (despite use of age-adjusted
Z- scores) and alcohol consumption accounted for a significant portion of the variance in
five brain regions, with the unique contribution of each variable differing by region: age at
MRI accounted over and above total alcohol consumption for volumes of the medial frontal
cortex (age p=.0073; alcohol p=.1208), thalamus (age p=.0014; alcohol p=.0651), and
cortical sulci (age p=.0154; alcohol p=.7354); by contrast, total alcohol consumption
accounted over and above age for volumes of the anterior cingulum (age p=.5596; alcohol
p=.0139) and insula (age p=.5130; alcohol p=.0026). Unlike these findings in the ALC-only
group, the HIV+ALC group did not show simple correlations between age or amount of
lifetime alcohol consumption and regional brain volumes, and when used together, age and
lifetime alcohol consumption were not significant predictors of brain volumes in any region.

Seropositivity for hepatitis C virus was highly prevalent in all three disease groups (Table
1), but its presence was related to only a few regional volume abnormalities in the HIV
group and to none in the HIV+ALC or ALC groups. The HIV subgroup with hepatitis C
virus had smaller anterior cingulate volumes (−.69 SD; p=.0101) and larger frontal sulcal
volumes (Z-score=1.37 SD; p=.0206) than the HIV subgroup without hepatitis C (anterior
cingulate volume Z-score= −.06 SD; frontal sulcal volume Z-score= .59 SD).

Shorter periods of sobriety correlated with larger volumes of the third ventricle in the ALC
(Rho=−.24, p=.0118) and HIV+ALC (Rho=−.28, p=.0242) groups and Sylvian fissures in
the HIV+ALC group (Rho=−.31, p=.0147). Regional brain volume abnormalities were not
related to history of smoking in any diagnostic group.

Relations between Neuropsychological Test Performance and Brain Volume Abnormalities
One-way ANOVAs and followup Scheffé tests identified group effects (p=.0001) for both
measures of the Digit Symbol Substitution test (Table 2). For the 90 sec. output, the ALC
and HIV+ALC groups performed more poorly than the HIV or control groups. The pattern
of group differences was similar for grid completion. Within-group correlations used a
directional family-wise Bonferroni correction for multiple comparisons (20 brain regional
volumes) and required p=.005 (α=.05, one-tailed) for statistical significance. Within the
HIV+ALC group, lower output in 90 sec. and slower time to grid completion correlated with
smaller volumes of occipital cortex and hippocampus/amygdala and larger volumes of
frontal sulci and third ventricle (Table 3). Additional correlations were present between
longer grid completion time and smaller insula and precuneus volumes. No correlation was
significant in the HIV, ALC, or control groups.

DISCUSSION
The most profound and consistent volume deficits were identified in the two groups with
alcohol use disorders. Regions showing volume abnormalities in both groups were the
lateral frontal, temporal, parietal, and occipital cortices, insular and anterior cingulate
cortices, thalamus, corpus callosum, and frontal sulci. By contrast, significant volume
abnormalities selective to the alcoholism-only group included the medial frontal cortex, but
those in the HIV- only group were limited to the thalamus and frontal sulci. Thus, a history
of alcoholism greatly expanded the scope of deficit present in HIV-infected individuals.

HIV disease-related factors associated with greater volume abnormalities included CD4 cell-
count nadir, clinical staging, and history of an AIDS-defining event. Brain regional
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abnormalities particularly affected by an AIDS-defining event were the ventricular system,
which we had previously observed in a subset of these subjects (79). Newly identified is the
vulnerability of the thalamus to HIV infection and CD4 nadir. Having a “triple hit”—HIV
infection with alcoholism with AIDS—had an especially poor outcome on brain structures,
including the corpus callosum, Sylvian fissure, and third ventricle. Possibly contributing to
the plight of the comorbid group are their disadvantaged socioeconomic status and extra
HCV burden, factors that were excessive relative to the single-disease groups.

Within the HIV-only group, clinical categorization by CDC staging revealed that those with
the most advanced classification (C) had the largest volume deficits in parietal cortex (cf.,
47, 80). This association lends converging validity to this staging process with regard to its
neural substrates and also supports emerging concepts of HIV infection as invading the
cortex (45, 54, 61, 81). Two factors have the potential of promoting brain structural
deterioration in HIV-infection even without concomitant alcohol use disorders. Firstly,
pharmacological agents used in ART can have neurotoxic effects (82). In the current cohort,
smaller white matter volumes of the centrum semiovale were related to higher CPE
regardless of alcoholism history (cf., 6, 44). Secondly, age may be relevant: smaller volumes
of the anterior cingulate cortex were related to older age at HIV infection in the HIV-only
group. These findings are consistent with the neuroinflammatory response of brain tissue
(for review, 83), especially white matter (84), to a subset of antiviral agents and the greater
vulnerability of the aging brain to such insults (85), exacerbated by alcohol (83). The
absence of volume deficits in basal ganglia structures was surprising, given that striatal
dysmorphology is commonly reported in HIV- infected groups (41,57). Whether the lack of
current striatal volume deficits could be attributable to successful viral suppression or other
factors promoting health, lower CD4 cell- count nadir, which occurred prior to MRI, was
predictive of smaller putamen and also thalamic volumes. This relation suggests the
possibility that these subcortical structures are selectively vulnerable to immunological
compromise associated with severe decline in systemic CD4 cell population.

In the ALC-only group, significant volume deficits involved all four cortical lobes, insula,
anterior cingulate cortex, globus pallidus, hippocampus, thalamus, and corpus callosum.
Abnormally large CSF volumes in the alcoholics were present in the cortical sulci, notably
the frontal and Sylvian regions and third ventricle. In contrast with the HIV-only group, the
HIV+ALC group showed widespread abnormalities similar to those observed in the ALC-
only group that included lateral frontal, temporal, parietal, occipital, insular, anterior
cingulate cortical regions, thalamus, corpus callosum, and frontal sulci. Further evidence for
an alcoholism effect was the presence of modest correlations between greater third
ventricular volumes in ALC and HIV+ALC with shorter periods of sobriety and between
smaller thalamic volumes in the ALC group with greater lifetime alcohol consumption. That
the comorbid group did not show even greater volume abnormalities than the ALC group
could be attributable to the longer sobriety of the comorbid group, allowing time for volume
recovery.

The functional meaning of volume abnormalities was challenged with the Digit Symbol
Substitution test, which assesses several components of cognitive and motor processes
commonly impaired with HIV infection (e.g., 62, 86, 87) or alcoholism (e.g., 76, 88, 89, 90).
Processes include directed and sustained attention, hand-eye coordination involving working
memory for transcribed symbols, and psychomotor speed (cf., 76). Although deficits in
symbol output and time to grid completion were present in the two alcoholism groups,
relations between poorer performance scores and greater abnormalities in regional brain
volumes were present only in the comorbid group. The brain regions involved in these
correlations represented visual memory circuitry nodes (occipital cortex, hippocampus/
amygdala, and third ventricle) and nodes of attentional control (frontal sulci, insula, and

Pfefferbaum et al. Page 8

Biol Psychiatry. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



precuneus), areas likely to participate in digit-symbol transcription under continuous
performance conditions.

The research strategy taken herein prescribed direct examination of alcoholism rather than
“controlling for” or excluding it as a nuisance variable in identifying factors contributing to
the neural consequences of HIV infection (cf., 91). The high prevalence of alcohol use
disorders in the HIV-infected community (16), its negative effects on response to medication
and compliance (8), and its properties in promoting HIV transmission (92, 93) provide the
imperative to gain knowledge about the independent and combined effects of alcoholism
and HIV infection. Recent evidence indicates that early detection of HIV infection when
coupled with urgent treatment can reduce progression of the virus or even eradicate the
infection (47). Individuals with alcohol use disorders who become infected with HIV are at
heightened risk for failing to detect their condition for prolonged periods, thereby missing a
critical window for optimal treatment efficacy (8). That longer periods of sobriety and lower
lifetime alcohol consumption levels were predictive of attenuated brain volume
abnormalities further encourages inclusion of alcohol recovery efforts in HIV/AIDS
therapeutic settings (94).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Top panel in gray scale: Axial slices from the SRI24 atlas of the superior (top left) to
inferior (bottom right) brain regions. Bottom panel in color: 6 bilateral cortical and 4
allocortical gray matter regions and 5 subcortical tissue regions overlaid on the SRI24 atlas
and color-coded by structure name.
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Figure 2.
Mean±S.E.M of each regional brain tissue volume, expressed as ICV- and age- corrected Z-
scores, for each of the four study groups. Low scores are in the direction of tissue deficits. *
denotes significant differences from controls (Scheffé posthoc tests p≤.05).
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Figure 3.
Mean±S.E.M of each regional ventricular and sulcal volume, expressed as ICV- and age-
corrected Z-scores, for each of the four study groups. High scores are in the direction of
CSF-space expansion. * denotes significant differences from controls (Scheffé posthoc tests
p≤.05).
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Figure 4.
Mean±S.E.M of each regional brain volume, expressed as ICV- and age- corrected Z-scores,
for each of the patient study groups divided by presence or absence of an AIDS-defining
event. Low scores for tissue volumes and high scores for CSF volumes are in the direction
of abnormality. * denotes significant differences from controls (t-tests p≤.05).

Pfefferbaum et al. Page 18

Biol Psychiatry. Author manuscript; available in PMC 2013 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Linear regressions showing older age at MRI and older age at HIV-infection onset
correlating with anterior cingulate ICV- and age-corrected Z-scores in the HIV-only group.
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Table 3
Digit Symbol Score Correlations with Brain Volumes: HIV+ALC Group

HIV+ALC Digit Symbol

90 sec. Time to Complete

Brain Region r p r p

Lateral Frontal .04 0.75 -.09 0.51

Medial Frontal .16 0.24 -.13 0.36

Temporal .20 0.14 -.30 0.0296

Parietal .26 0.059 -.37 0.006

Calcarine .32 0.019 -.32 0.0172

Occipital .41 0.0019 -.40 0.0027

Caudate/Putamen .10 0.46 .05 0.74

Globus Pallidus .11 0.41 .22 0.12

Insula .34 0.012 -.39 0.0035

Anterior Cingulum .17 0.21 -.22 0.11

Posterior Cingulum .26 0.0595 -.30 0.0299

Precuneus .30 0.0258 -.39 0.0038

Hipp/Amyg .38 0.0042 -.39 0.0032

Thalamus .25 0.065 -.25 0.064

Corpus Callosum .04 0.80 -.13 0.36

Centrum Semiovale .07 0.61 -.17 0.21

Frontal Sulci -.38 0.005 .48 0.0002

Sylvian Fissure -.20 0.14 .30 0.0295

Lateral Ventricles -.20 0.14 .21 0.12

Third Ventricle -.37 0.0055 .35 0.0087

Family-wise Bonferroni correction for 20 comparisons in bold: p<.005
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