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Abstract

Background—Impairments in component processes of working and episodic memory mark both
HIV infection and chronic alcoholism, with compounded deficits often observed in individuals
comorbid for these conditions. Remote semantic memory processes, however, have only seldom
been studied in these diagnostic groups. Examination of remote semantic memory could provide
insight into the underlying processes associated with storage and retrieval of learned information
over extended time periods while elucidating spared and impaired cognitive functions in these
clinical groups.

Methods—We examined component processes of remote semantic memory in HIV infection and
chronic alcoholism in 4 subject groups (HIV, ALC, HIV+ALC, and age matched healthy adults)
using a modified version of the Presidents Test. Free recall, recognition, and sequencing of
presidential candidates and election dates were assessed. In addition, component processes of
working, episodic, and semantic memory were assessed with ancillary cognitive tests.

Results—The comorbid group (HIV+ALC) was significantly impaired on sequencing of remote
semantic information compared with age matched healthy adults. Free recall of remote semantic
information was also modestly impaired in the HIV+ALC group, but normal performance for
recognition of this information was observed. Few differences were observed between the single
diagnosis groups (HIV, ALC) and healthy adults, although examination of the component
processes underlying remote semantic memory scores elicited differences between the HIV and
ALC groups. Selective remote memory processes were related to lifetime alcohol consumption in
the ALC group and to viral load and depression level in the HIV group. Hepatitis C diagnosis was
associated with lower remote semantic memory scores in all three clinical groups. Education level
did not account for group differences reported.

Conclusions—This study provides behavioral support for the existence of adverse effects
associated with the cormorbidity of HIV infection and chronic alcoholism on selective component
processes of memory function, with untoward effects exacerbated by Hepatitis C infection. The
pattern of remote semantic memory function in HIV+ALC is consistent with those observed in
neurological conditions primarily affecting frontostriatal pathways and suggests that remote
memory dysfunction in HIV+ALC may be a result of impaired retrieval processes rather than loss
of remote semantic information per se.
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Medicine (MC5723), 401 Quarry Road, Stanford, CA 94305-5723, FAX: (650) 859-2743, edie@stanford.edu.
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Chronic abusive drinking is reported in upwards of 50% of HIV-infected individuals
(Conigliaro et al., 2006; Miguez et al., 2003; Samet et al., 2004). Overlapping and
dissociable neural systems are affected in HIV infection and chronic alcoholism, indicating
the need to examine these conditions separately and together as comorbid diagnoses. It has
been consistently reported that HIV infection demonstrates an affinity for basal ganglia
structures and associated pathways (e.g., frontostriatal pathways) (Castelo et al., 2007; Kaul
et al., 2001; Navia et al., 1986). By contrast, the effect of chronic alcoholism on the brain is
generally widespread but with a predilection for prefrontal and cerebellar tissue and
structures of Papez circuit (Cardenas et al., 2007; Makris et al., 2008; Pfefferbaum et al.,
1997; Pitel et al., 2009; Sullivan and Pfefferbaum, 2009). Processes relying on neural
systems implicated in both HIV infection and chronic alcoholism could be at particularly
high risk in individuals who are comorbid for both these conditions. The few studies that
have investigated the potential additive or synergistic effects of these conditions on
cognition report that comorbid individuals often show greater deficits in visuospatial, verbal
reasoning, episodic memory, motor, and reaction time processes compared with individuals
with HIV infection or alcoholism alone (Fama et al., 2009; Farinpour et al., 2000; Green et
al., 2004; Martin et al., 2003; Rothlind et al., 2005; Sassoon et al., 2007).

Specific impairments in component processes of memory are observed in both HIV
infection and chronic alcoholism. Working memory and short-term memory impairments
have consistently been reported in HIV infection (e.g., Stout et al., 1995; Woods et al.
2009), whereas episodic memory has been consistently shown to be impaired in chronic
alcoholism (e.g., Nixon et al., 1987; Oscar-Berman, 1990). Studies investigating processes
of visual and verbal working memory (Bartok et al., 1997; Martin et al., 2001) and episodic
memory (Fama et al., 2009) in individuals comorbid for HIV infection and substance abuse,
including alcoholism, have reported selective and often additive effects of these conditions
0N Memory processes.

Whereas processes of consolidation of new information have been the focus of nearly all
mnemonic studies of HIV, chronic alcoholism, or HIV-alcoholism comorbidity, the fate of
processes supporting remote memory and related semantic memory processes are relatively
unknown in these diseases. Tests of remote semantic memory generally assess recall or
recognition of previously learned information, including names of famous people, places, or
events. In contrast to episodic memory tasks that assess recently learned information (e.g.,
word lists or stories presented by examiner at test session), remote memory tasks assess
information learned months, years, or even decades ago. Within the domain of remote
memory, content (e.g., name of person, place, historical event) and contextual (e.g., the
temporal or spatial information associated with person, place, historical event) aspects have
been shown to be dissociable (Fama et al., 2000b; Sagar et al., 1988). Further, an array of
component processes, both mnemonic (e.g., working and episodic memory processes) and
nonmnemonic (e.g., executive functions including ability to search and retrieve information;
cf., Kopelman, 1991; Mangels et al., 1996) likely influences these processes. Examining
mnemonic and nonmnemonic influences on remote memory processes could provide
information about the underlying processes associated with storage and retrieval of remote
semantic memories.

Functionally independent brain systems mediate different aspects of memory (Gabrieli,
1998; Squire and Zola-Morgan, 1991). For example, although the hippocampus and related
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medial temporal structures are principal neural substrates of episodic memory consolidation,
these structures do not play a similarly central role in access to remote semantic information
(Bright et al., 2006; Fama et al., 2004a; Kopelman, 1993; Squire and Zola, 1997). Rather,
remote semantic information is considered to be widely distributed throughout cortical
association areas (Bright et al., 2006; Ungerleider, 1995).

Studies of remote semantic memory in alcoholism have typically focused on patients with
Korsakoff’s syndrome (KS) because of their notable amnesia (e.g., Albert et al., 1979;
Cermak, 1987; Chang et al., 1997; Fama et al., 2004a; Kopelman et al., 2009; Marslen-
Wilson and Teuber, 1975; Sanders and Warrington, 1971; Seltzer and Benson, 1974;
Verfaellie et al., 1995). These studies have generally reported remote semantic memory
impairments with most but not all noting a temporal gradient, a performance pattern
characterized by markedly better remote than recent memory.

In HIV-related studies, Sadek and colleagues (Sadek et al., 2004) investigated remote
memory processes in HIV infection with concomitant dementia (HIV+dementia),
Huntington’s disease (HD), and probable Alzheimer’s disease (AD), using an updated
version of the Remote Memory Battery (Albert et al., 1981). They reported that the deficits
observed in the HIVV+dementia group were similar to those observed in HD and different
from the deficit pattern observed in AD. Temporal gradients characteristic of remote
memory impairments in AD (cf., Beatty et al., 1988; Fama et al., 2000b; Kopelman, 1989;
Sagar et al., 1988; Squire and Cohen, 1984) were not observed in the HIVV+dementia group.
In addition, recognition of information was relatively spared while free recall was markedly
impaired. The authors attributed the remote memory impairments in HIV+dementia patients
to dysfunction in subcortical systems. These results are consistent with a number of other
studies reporting similarities between the cognitive deficits observed in HIV infection and
those observed in conditions primarily affecting subcortical structures and associated
pathways (e.g., Heaton et al., 1995; Peavy et al., 1994; Tross et al., 1988).

In this study we used a modification of a test devised by Hamsher and Roberts (Presidents
Test; Hamsher and Roberts, 1985) to examine content and contextual information of past
public figures and events. This measure has been used successfully to assess remote
semantic memory processes in individuals diagnosed with Alzheimer’s disease (Fama et al.,
2000a), Parkinson’s disease (Fama et al., 2000b), and Korsakoff’s syndrome (Fama et al.,
2004a). Here, we examined remote semantic memory processes and the potential influences
of mnemonic and nonmnemonic component processes in individuals with HIV infection,
chronic alcoholism, and those with both conditions. We tested the hypotheses that 1) remote
semantic memory processes would be impaired in the comorbid group (HIV+ALC)
compared with a normal comparison (NC) group of healthy adults; 2) the combined
untoward effects of HIV infection and chronic alcoholism would put the comorbid group at
liability for performing more poorly than either single diagnosis group (HIV, ALC); 3)
recognition scores for remote memory events would be significantly better than free recall
scores, particularly in the HIV groups, based on the reported frontostriatal dysfunction
associated with HIV infection; 4) HIV and ALC groups would perform below the level of
normal comparison group on the remote memory test but at similar levels to each other, and
the pattern of component processes underlying these scores would differ between these
groups; and 5) greater disease burden measured, for example by total alcohol consumption
in the alcoholic and CD4 cell count in the HIV-infected groups would correlate with remote
semantic memory scores.
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Study participants included 18 men and 8 women with HIV infection (HIV), 21 men and 7
women with alcoholism (ALC), 23 men and 9 women comorbid for both conditions (HIV
+ALC), and 16 healthy adults who made up the normal comparison group (NC; 12 men, 4
women). Clinical participants were recruited from HIV clinics and local substance abuse
treatment programs. Subjects for the normal comparison group were recruited from the local
community. All participants were screened using the Structured Clinical Interview for DSM-
IV (SCID) (First et al., 1998) and structured questionnaires on health status. Upon initial
assessment subjects were excluded if they had a significant history of psychiatric or
neurological disorder not related to their primary diagnosis, a history of past or present
alcohol or drug abuse or dependence in the NC group, recent (within the last 3 months)
substance dependence other than alcohol in the clinical groups, or a serious medical
condition or HIV-related opportunistic infection. The Beck Depression Inventory-11 (Beck et
al., 1996) assessed severity of depression symptoms in all groups. HIV subjects were also
rated on the Karnofsky Scale, which provides a global measure of general abilities in
activities of daily living (Karnofsky, 1949). All subjects underwent a semi-structured
interview (Skinner, 1982; Skinner and Sheu, 1982) to quantify lifetime alcohol
consumption. Blood samples were used to determine HIV status via HIV Ab, plasma viral
load and CD4 cell count. At time of recruitment all HIV positive individuals had CD4>100
cells per mm3 and a Karnofsky score >70. Subjects were assigned to one of the following
four groups based on clinical assessment: 1) HIV: individuals who were HIV seropositive
and had never met criteria for alcohol dependence, 2) ALC: individuals who met lifetime
criteria for alcohol dependence within the past 3 years and were seronegative for HIV, 3)
HIV+ALC: individuals who were HIV seropositive and also met criteria for alcohol
dependence or abuse within the past 3 years at initial visit, and 4) NC: normal comparison
individuals who were neither HIV seropositive nor met alcohol dependence or abuse criteria
or other Axis-1 diagnosis in their lifetime. Neither amount of alcohol drunk (Table 1) nor
duration of time since last drink (ALC group 1.2+2.1 years; HIV+ALC group 1.0£2.1 years)
was statistically different between the alcohol groups. The HIV-infected groups did not
differ on duration of illness or viral load (HIV group: duration 14.948.0 years, log viral load
2.2+1.1; HIV+ALC group: duration 15.2+7.7 years; viral load 2.3+1.1).

Five of the HIV and 8 of the HIV+ALC subjects met CDC criteria for AIDS (CD4<200,
AIDS defining symptom) sometime during the course of their illness. At the time of testing,
2 of the 26 HIV subjects and 5 of the 32 HIV+ALC subjects had T cell counts below 200,
while 13 HIV and 18 HIV+ALC subjects had T cell counts above 500. Of the 26 HIV
subjects, 22 individuals were on HAART and 3 others were on other HIV-related
medications. Of the 32 HIV+ALC subjects, 27 were on HAART and 4 others were on other
HIV-related medications. Eleven of the HIV and 30 of the HIVV+ALC subjects met criteria
for a non-alcohol substance abuse diagnosis sometime in their lifetime (but not currently).
Average number of years since criteria was met for a non-alcohol substance abuse diagnosis
was 14.7 years for the HIV group and 7.2 years for the HIV+ALC group. Seven of the HIV,
6 of the ALC, and 12 of the HIV+ALC subjects tested positive for Hepatitis C. All data were
obtained in compliance with the regulations of both Stanford University and SRI
International through Institutional Review Board review and approval. Written informed
consent was obtained from all participants.

Only subjects who were at least 40 years old at the time of testing were included in this
study as they would have the advantage of episodic memories associated with elections prior
to the most recent time period (cf., Piolino et al., 2007), whereas individuals younger than
40 years old would likely only have episodic memories for presidential elections since 1980,
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when they were at least 10 years old (cf., Westmacott and Moscovitch, 2003).
Demographics for the four subject groups are in Table 1.

Groups did not differ significantly in age (F(3,98)=0.52, p=.67) but did differ in years of
formal education (F(3,98)=5.61, p=.0014) and estimated 1Q scores based on the NART
(National Adult Reading Test; F(3,98)=3.28, p=.024) (Nelson, 1982). Follow-up t-tests
indicated that the HIV, ALC, and HIV+ALC groups had significantly fewer years of
education and lower estimated 1Q scores than the NC group but did not differ significantly
from each other.

The Presidents Test

The Presidents Test required subjects to recall, recognize, and sequence the names of elected
and defeated presidential candidates and the years of presidential elections. We modified the
Presidents Test by Hamsher and Roberts (Hamsher and Roberts, 1985; Roberts et al., 1990)
which was designed originally as an episodic memory test. Remote semantic memory
processes were assessed here by extending the temporal range of the test to include
presidential elections from 1928-2004. The test consisted of three subtests, administered in
the following fixed order: free recall, recognition of candidate names and election dates, and
sequencing. Subjects were given as much time as needed to complete these subtests.

Items of the Presidents Test are considered to have greater equivalency than those from
other remote memory measures (cf., Brandt and Benedict, 1993; Squire and Cohen, 1982;
Warrington and Sanders, 1971) because all test items refer to a common category of people
and events, presidential candidates and elections, albeit specific presidential candidates or
elections may be particularly memorable for specific individuals. Further, compared with
one-time episodic events, such as the raising of the flag in lwo Jima or the September 11,
2001 attacks on the World Trade Center and Pentagon, for which people can often
remember where they first learned of these events, presidential elections have generally less
autobiographical significance or temporal-spatial context. With loss of temporal-spatial
associations with the passing of time, names of presidential candidates likely become more
semantic than episodic in nature (cf., Cermak, 1984). Elections were divided into 4 time
periods (each time period containing five presidential elections) to differentiate historical
knowledge from remote semantic memory processes for this information (Time 1: 1928-
1944; Time 2: 1948-1964; Time 3: 1968-1984; Time 4: 1988-2004). Testing took place
between 2007 and 20009.

Candidate Recall—Subjects were given a sheet of paper divided into columns and asked
to write down as many of the presidential candidates they could recall (Republican and
Democratic) who ran in any election between the years 1928 and 2004. Subjects were also
asked to write down the year of the election for each candidate recalled. A candidate’s last
name was deemed sufficient for credit. Order of names was not important for this subtest.
Subjects were given one point for each name correctly recalled; two scores were computed -
one denoting the number of correct candidates recalled and one denoting the number of
different candidates recalled. Thus, while the maximum number of presidential candidates
from the 20 elections was 20 elected and 20 defeated candidates (40 total names) the
maximum number of different candidates was 12 elected and 18 defeated candidates (30
total names) because a number of individuals ran for office in more than one election. See
Appendix A for a list of presidential candidates and election dates.

Candidate and Election Year Recognition—Each of the 20 items of this subtest

consisted of 6 names and 3 dates; subjects were to circle the 2 names that represented
presidential candidates who ran against each other in a particular election and the date of the
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election. The 4 foils for each item were names of high profile individuals who had been
politically or socially active during the same time period as the presidential candidates. The
2 election year foils were balanced across items such that one of the incorrect dates was +4
years and the other incorrect date was +£12 years from the correct election year. For example,
one recognition item included the names John Dean, Robert Dole, Nelson Rockefeller,
Gerald Ford, Jimmy Carter, and Warren Burger, arranged in a 2 x 3 array, with the dates
1972, 1976, 1964 placed underneath the names. The correct choices for this item are Gerald
Ford and Jimmy Carter and the correct date is 1976. Maximum score for this subtest was 40
points for candidate recognition (20 for correct elected candidates, 20 for defeated
candidates) and 20 points for date recognition. Only items that were correct for both elected
and defeated candidates were eligible to be scored for date recognition.

Candidate Sequencing—Subjects were presented a set of 20 index cards, each card
containing two names for a particular election - the elected presidential candidate on top and
the defeated candidate below. Subjects were asked to sequence the cards in chronological
order. Cards were presented in a fixed random order and a point was given for every card
correctly sequenced.

Ancillary Cognitive Measures

Tests assessing component processes of executive functions, working memory, episodic
memory, and semantic knowledge were administered to examine the underlying component
processes of remote semantic memory for public figures and dates. The Trail Making Test -
Part B (Reitan, 1958) assessed component executive functions, namely sequencing and
ability to switch set. Subjects connected 25 circles containing numbers and letters in
alternate sequence (i.e., 1-A-2-B-3-C). Working memory was assessed with the Letter
Number Sequencing subtest of the WAIS-I11 (Wechsler, 1997). In this test, subjects are
presented a sequence of numbers and letters and asked to organize them in ascending order
within category, numbers first and then letters. The Logical Memory subtest from the WMS-
R (Wechsler, 1987) assessed episodic memory processes. After listening to a short narrative,
subjects recalled stories. Semantic fluency (1-minute trials for inanimate objects and
animals) assessed semantic knowledge. Subjects produced as many different exemplars as
possible for each category (Newcombe, 1969).

Statistical Analyses

Between-group and within-group analyses were conducted. Analysis of variance (ANOVA),
analysis of covariance (ANCOVA), and t-tests assessed between group differences. A priori
two group analyses were also conducted to investigate hypothesized differences between the
comorbid (HIV+ALC) group and the normal comparison (NC) group independent of the
four group analyses. It was hypothesized that because of the combined untoward effects of
HIV infection and alcoholism the HIV+ALC group would show impairment compared with
healthy adults not necessarily detectable in either single diagnosis.

Within-group analyses were conducted with paired t-tests and correlational analyses. Paired
t-tests assessed differences between free recall and recognition scores within subject groups.
Correlational analyses using Bonferroni adjusted significance levels examined the
relationships between President Test scores and other mnemonic and nonmnemonic
measures. In addition, relationships between cognitive test scores and demographic
variables, including age, years of education, depressive symptoms, and disease-related
variables such as lifetime alcohol consumption (ALC and HIV+ALC groups), CD4 cell
count, and viral load (HIV and HIV+ALC groups) were assessed. Finally, multiple
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regression analyses examined selectivity of significant relationships by testing the unique
contribution of demographic and cognitive processes to remote semantic memory scores.

Between Group Analyses

Education as a Covariate—Average years of education for the NC group was
approximately 2 years more than those of the HIV and ALC groups and almost 3 years more
than the HIV+ALC group (Table 1). Education and semantic knowledge have been reported
to be positively correlated (Heaton et al., 1986;Lezak et al., 2004) and analyses investigating
this association in the present study yielded significant relationships between education level
and Presidents Test scores in all subject groups. Years of education was used as a covariate
in all between-group analyses that included the normal comparison group. We did not
conduct separate ANCOVAs controlling for estimated 1Q scores because years of education
was highly correlated with estimated 1Q scores, which were derived from the NART.

After controlling for education differences, significant group differences were observed,
between the HIV+ALC and NC groups on sequencing (F(1,45)=4.63, p=.037) and a
statistical trend was observed between these groups on free recall (F(1,45)=3.03, p=.089).
Effect sizes (Cohen’s d) were calculated for both raw scores and education-corrected Z
scores, which were based on our normal comparison group. The lowest level of education
for the normal comparison group was 13 years, whereas the lowest level of education for the
clinical groups was 9 years. When standardizing scores on education based on our
comparison group we may also be partially controlling for diagnosis; thus, we calculated
effect sizes based on the raw scores as well as on the education corrected Z-scores,
considering that the true effect size likely falls between these two values. The computed
effect size for sequencing ranged from small to moderate (.256 for education-corrected Z
scores and .597 for raw scores). A similar pattern for effect size was observed for free recall
(.187 for education-corrected Z scores and .481 for raw scores). Group differences were not
observed for free recall, recognition, or sequencing in 4-group analyses after controlling for
education.

The next set of analyses assessed the potential interaction of HIV infection and chronic
alcoholism effects on free recall, recognition, and sequencing of remote semantic
information. A 2x2 (ALC — present/absent, HIV present/absent) analysis of variance yielded
no significant interactions (Free Recall (F(1.98)=1.12, p=.293, Recognition (F(1,98)=.710.
p=.402, Sequencing F(1,97)=.553, p=.459).

Historical Semantic Information vs. Remote Semantic Memory—Figure 2 depicts
free recall and recognition scores for the Presidents Test over the four designated time
periods. Names of presidential candidates and election dates from the most remote time
period (1928-1944) is likely a measure of pure semantic knowledge because events took
place before the subjects from this study were either born or old enough to incorporate
episodic information about these events. By contrast, presidential candidates from the two
most recent time periods (1968-2004) likely reflect both semantic knowledge and the
influence of episodic based memories as to contextual events surrounding these elections
(Westmacott and Moscovitch, 2003).

Repeated measures ANCOVA, controlling for years of education, comparing the most
remote time period with the two most recent time periods, failed to identify group x time
interactions for free recall or recognition in both the two group (HIV+ALC vs. NC F(1,46)=.
380, p=.541; F(1,46)=.482, p=.491) and four group (F(3,98)=.204, p=.893; F(3,98)=1.766,
p=.159) analyses, suggesting that all groups showed the same pattern of performance, i.e.,
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free recall and recognition of presidential candidates for the most recent time periods was
better than that for the most remote time period.

Correlational analyses, with Bonferroni family-wise correction (p<.016), indicated that age
was significantly associated with free recall (r=.682, p=.0036), recognition (r=.633, p=.
0085), and sequencing (r=.629, p=.009) scores in the NC group, with older subjects scoring
better than younger subjects. These relationships, however, were not consistently observed
in the HIV, ALC, or HIV+ALC groups. By contrast to the NC group, age in the clinical
groups was not significantly related to free recall, recognition, or sequencing scores.

Free Recall versus Recognition—Repeated measures ANCOVA, controlling for years
of education, indicated a significant group (HIV+ALC, NC) x memory score (free recall,
recognition) interaction (F(1,56)=8.61, p=.005), demonstrating that although memaory scores
for both groups were aided by recognition cues, HIV+ALC showed a significantly greater
increase on recognition score than NC relative to free recall scores. No group x memory
score interaction was forthcoming on the four group analyses (F(3,98)=2.03, p=.115).

Within Group Analyses

Relationships between Presidents Test and Ancillary Cognitive Measures—
Correlational analyses were conducted to examine the relationships between scores on the
Presidents Test and measures of executive functions, working memory, episodic memory,
and semantic fluency. Raw scores for these ancillary cognitive measures are presented in
Table 2. Due to the number of comparisons conducted, correlations were deemed significant
if p<0.01. As Table 3 indicates, there were a number of significant relationships between
ancillary test scores and scores for the Presidents Test in the HIV and ALC groups. By
contrast, the only significant relationships observed in the HIV+ALC group were between
Semantic Fluency score and free recall and recognition scores.

Multiple regression analyses examined the unique contribution of significant ancillary test
scores to President Test scores in the HIV and ALC groups. In the HIV group, free recall
and recognition remote memory scores were predicted by Logical Memory scores (Table 4).
Remote recognition memory scores in the HIV group were additionally predicted by
Semantic Fluency scores as were sequencing scores on the remote memory test. In the ALC
group, free remote memory recall score was predicted by Semantic Fluency, remote
recognition score was predicted by Trails B score, and sequencing score was predicted by
Letter-Number Sequencing score. Separate multiple regression analyses (Table 5) were
conducted to assess whether these selective relationships between Presidents Test scores and
ancillary test scores held after taking years of education into account. Although education
contributed independently to President Test scores, the unique contributions of the ancillary
test scores to free recall, recognition, and sequencing scores within each group were
independent of education.

Disease-Related Variables and President Test Scores—In the ALC group, lower
free recall (r=—.46, p=.016) and sequencing (r=—49, p=.009) scores were significantly
related to greater lifetime alcohol consumption (Figure 3a). Scores on the Presidents Test
were not related to CD4 cell count in the HIV or HIV+ALC groups. In the 23 individuals
who had detectable viral load in these groups, poorer recognition of dates correlated
significantly with higher viral load (r=—58, p=.004) (Figure 3b).

Within the combined HIV-infected group (HIV and HIV+ALC), individuals who were
diagnosed with AIDS at any point during their illness (n=13) did not score lower on total
free recall, recognition, or sequencing of presidential candidates than those without an AIDS
diagnosis. However, ANCOVAs controlling for education indicated that HIV-infected
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individuals (HIV and HIV+ALC) who were diagnosed with Hepatitis C in their lifetime
(n=19) were significantly more impaired in free recall (F(1,49)=5.39, p=.025) and
marginally more impaired in sequencing of presidential candidates (F(1,49)=3.34, p=.074)
than HIV-infected individuals without Hepatitis C.

Almost one-third of the subjects in the single diagnosis groups were diagnosed with
Hepatitis C; neither age nor education differed between individuals with and without
Hepatitis C in these groups. In the ALC group, individuals with Hepatitis C (n=6) scored
lower in free recall (Mann-Whitney Z=2.2, p=.028) and recognition of election dates
(Z=2.13, p=.033) than ALC individuals without Hepatitis C. In the HIV group, individuals
with Hepatitis C (n=7) had lower free recall (Z=2.27, p=.023) and sequencing scores
(Z=2.93, p=.003) than HIV individuals without Hepatitis C.

Depression Symptomatology and Presidents Test Scores—In the HIV group
higher scores on the BDI-I11 significantly correlated with lower scores on free recall (r=—.40,
p=.042), date recognition (r=—61, p=.0009), and sequencing (r=—58, p=.003) (Figure 4).
By contrast, BDI-11 scores were not significantly correlated with remote semantic memory
scores in the ALC group.

Post-hoc multiple regression analyses rerun to include BDI-11 score indicated that BDI-11
score was a unique predictor of date recognition (p=.006) scores, after accounting for the
contribution of years of education, Logical Memory, and Semantic Fluency scores, and was
a modest predictor for sequencing score (p=.055) after accounting for years of education and
Semantic Fluency in the HIV group. By contrast, BDI-1I score was not a unique predictor of
free recall score.

Discussion

In support of our initial hypothesis, the HIV+ALC group showed impairments in selective
remote semantic memory processes compared with healthy adults. The deficits were limited
to sequencing and free recall of semantic information, leaving recognition intact. Despite the
difference in years of education between the comorbid and healthy group, education alone
did not fully account for these group differences. Although the HIV and ALC groups
consistently scored below the normal comparison group, differences among these groups
were not statistically significant.

Selective disease related variables were associated with remote semantic memory processes.
Specifically, in the alcohol group greater lifetime alcohol consumption was predictive of
poorer free recall and sequencing of remote semantic information. Age did not account for
this relationship; age was not related to amount of lifetime alcohol consumption in the
chronic alcohol group. In the HIV and the HIV+ALC groups, viral loads were related to date
recognition, a task thought to require intact frontally based neural systems, and individuals
with Hepatitis C showed greater impairment on free recall and sequencing scores than HIV-
infected individuals not comorbid for Hepatitis C. In addition, individuals with chronic
alcoholism and Hepatitis C had poorer free recall and date recognition performance than
individuals with chronic alcoholism who did not have Hepatitis C. Taken together, these
results reveal a potential fragility of components of remote memory in alcoholism and HIV
infection that reach a threshold of detection when compounded with other secondary
conditions, notably Hepatitis C.

Tests of remote memory using time-limited memoranda can track points of robust and
impaired memory consolidation in amnesic patients. Individuals with amnesia of a known
onset typically exhibit a stepped impairment, such that memories antecedent to the amnesic
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event are relatively intact but those afterwards are lost (cf., Kopelman, 1989). In our study,
temporal gradients were not observed in any alcoholic or HIV-infected group. There were
no notable differences between recall and recognition for historical names from the last 20
years (1988-2004) compared with the previous 20 years (1964-1988). These results suggest
that memory for past historical names and events within one’s lifetime was not affected by
duration of the memory enhancing consolidation processes. In addition, the pattern of
performance in the HIV+ALC group, recognition significantly better than recall with no
temporal gradient, is similar to the pattern of remote semantic memory performance of
individuals with subcortical/frontostriatal dysfunction and provides behavioral support of
frontally-based pathology in HIV infection and chronic alcoholism as observed in in vivo
imaging (HIV: Chang et al., 1997; Pfefferbaum et al., 2009) (ALC: Pfefferbaum et al., 1997)
and neuropathological studies (HIV: Navia et al., 1986) (ALC: Harper, 1998; Kril and
Harper, 1989).

In support of our secondary hypothesis, component processes predicting remote semantic
memory differed among the clinical groups. In the comorbid group, ability to recall and
recognize remote semantic information was selectively associated with semantic fluency. By
contrast, remote semantic memory scores in the alcohol and HIV groups were predicted by
multiple mnemonic and nonmnemonic processes, and processes which were largely
idiosyncratic for each group. Thus, although the alcohol and HIV groups did not differ from
each other in remote semantic memory performance, they appeared to invoke different
cognitive processes and possibly different neural systems to perform these tasks (cf., Fama
et al., 2004b).

Education was related to aspects of recall and recognition of semantic information in the
clinical groups, with more years of education associated with higher scores. This
relationship serves as a reminder that when interpreting cognitive tests it is important to
assess the potential influence of developmental and experiential variables to performance.
Despite the educational differences between the normal comparison group and the clinical
groups, the ability to recognize names of historical figures did not differ among groups, with
and without education as a statistical covariate. It was only on sequencing and free recall of
this information that differences between the comorbid and normal comparison groups were
observed. This pattern of results suggests that information about presidential candidates and
elections has been learned and retained over time in individuals with HIV infection, chronic
alcoholism, or both, but that ability to retrieve and work with this information is affected.
This hypothesized retrieval deficit, as opposed to an actual loss of semantic information, is
consistent with reports of other neurological conditions affecting structures of the basal
ganglia and associated frontostriatal neural pathways (Cummings, 1993; Heindel et al.,
1989; Huber et al., 1989).

Limitations of this study include the sensitivity of the remote memory measure used and the
differences between the normal comparison group and the clinical groups in years of
education. Although the Presidents Test has been shown to document remote memory
deficits in neurodegenerative disorders (e.g., AD, PD, KS) it may not be the most
appropriate measure to document remote memory impairments in younger cohorts. In
addition, although we statistically controlled for the influence of education on remote
memory performance it is always preferable to have the normal comparison group with
education range matching the patient group.

In conclusion, this study provides behavioral evidence of the untoward effects associated
with the comorbidity of HIV infection and chronic alcoholism and exacerbated by Hepatitis
C infection on selective component processes of remote memory. This study also extends
the behavioral evidence, observed via remote memory processes, for frontally based system
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compromise associated with HIV infection and chronic alcoholism. Clinically, the remote
memory impairments observed in the comorbid group can have implications for personal
and professional activities (Gorman et al., 2009; Woods et al., 2009). Ability to store, retain,
retrieve, and manipulate previously learned information is imperative for successful
implementation and completion of daily tasks including management of personal health
care, finances, and long-term tasks and projects.
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Figure 1.

Number correct for free recall, recognition (individual candidates, pairs of candidates,
election year), and sequencing of elected and defeated presidential candidates from 1928-
2004 for each subject group.
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Figure 3a. Scatterplots depicting the relationships between free recall and sequencing of
presidential candidates and estimated amount of lifetime alcohol consumed in the ALC
group.

Figure 3b. Scatterplot depicting the relationship between recognition of election year and
viral load in the HIV and HIV+ALC groups.
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Figure 4.
Scatterplots depicting the relationships between free recall, election date recognition, and
sequencing and BDI-11 scores in the HIV group.
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Table 4
Multiple Regressions: Predicting President Test scores in the HIV and ALC groups

1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

HIV Group Dependent Measure Predictors Beta-Coefficient  p-value
Free Recall Letter-Number Seq .20 .301
Logical Memory anx .018
Semantic Fluency .33 .073
Recognition: Election Dates Logical Memory 40" .021
Semantic Fluency 46 .009
Sequencing Letter-Number Seq .01 .976
Semantic Fluency 56 017
Trails B -.25 .220
ALC Group Dependent Measure Predictors Beta-Coefficient  p-value
Free Recall Letter-Number Seq .18 373
Logical Memory .30 126
Semantic Fluency an’* .012
Recognition: Candidate Pairs Letter-Number Seq .22 .250
Logical Memory 12 .550
Trails B —53 ** .006
Sequencing Letter-Number Seq 50* .018
Logical Memory .25 .220
*x
p<.01;
*
p<.05
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Table 5

Multiple Regressions: Years of education as a predictor of President Test scores

HIV Group Dependent Measure Predictors Beta-Coefficient  p-value
Free Recall Years of Education 43* .014
Semantic Fluency 43 .014
Recognition: Election Dates Years of Education .18 .336
Logical Memory .33 .069
Semantic Fluency 39% .032
Sequencing Years of Education 0" .014
Semantic Fluency 46" .009

ALC Group Dependent Measure Predictors Beta-Coefficient  p-value
Free Recall Years of Education 53 ** .002
Semantic Fluency 35 .024
Recognition: Candidate Pairs Years of Education 2% .003
Trails B —57 *** .001
Sequencing Years of Education 47 .003
Letter-Number Sequencing 43 .007

HIV+ALC Group Dependent Measure Predictors Beta-Coefficient  p-value
Free Recall Years of Education 437" .003
Semantic Fluency 50 *** .001
Recognition: Candidate Pairs Years of Education 47 .003
Semantic Fluency 38~ .014

*

*
p<.01;

*
p<.05
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