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Abstract
Hispanic individuals in the U.S. have been disproportionately impacted by HIV/AIDS, yet little is
known regarding the neuropsychological sequelae of HIV within the Hispanic population. This study
characterized neuropsychological (NP) test performance of HIV+ English-speaking Hispanic
participants (n= 51) and investigated the combined roles of sociocultural factors (e.g., ethnicity,
socioeconomic status [SES] proxy, and reading level) on NP test performance among our HIV+
Hispanic and non-Hispanic White participants (n=49). Results revealed that the pattern of NP
impairment in HIV+ Hispanic participants is consistent with the frontal-striatal pattern observed in
HIV-associated CNS sequelae, and the overall prevalence of global NP impairment was high
compared to previous reports with more ethnically homogeneous, non-Hispanic White cohorts.
Multivariate prediction models that considered both sociocultural factors and CD4 count revealed
that reading level was the only unique predictor of global NP functioning, learning, and attention/
working memory. In contrast, ethnicity was the only unique predictor of abstraction/executive
functioning. This study provides support for the use of neuropsychological evaluation in detecting
HIV-associated NP impairment among HIV+ Hispanic participants, and adds to the growing
literature regarding the importance of considering sociocultural factors in the interpretation of NP
test performance.
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HIV has a unique affinity for the central nervous system (CNS), and neuropsychological
impairment significantly increases mortality risk among HIV+ adults, regardless of
physiological disease progression (Davis et al., 1992; Goudsmit et al., 1986; Mayeux et al.,
1993; Sevigny et al., 2007; Wilkie et al., 1998). HIV-related neuropathology in fronto-striatal
regions, along with elevated HIV viral load in CSF, are associated with neuropsychological
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sequelae in up to 50% of HIV+ persons (Cherner et al., 2002; Ellis et al., 2002; Heaton et al.,
1995; Masliah, Ge, DeTeresa, Terry & Wiley, 1992; Masliah, Ge & Mucke, 1996; Zhao, Kim,
Morgello & Lee, 2001). While HIV-associated CNS disease has been extensively studied over
prior decades, little has been done to investigate how the epidemic's changing demographics
might be associated with HIV's neuropsychological complications.

Initially, non-Hispanic White men accounted for the majority of HIV/AIDS cases in the U.S.
(Centers for Disease Control; CDC, 2001, 2003). Hispanic individuals have since become a
disproportionately affected at-risk group for HIV/AIDS. Hispanic individuals account for 20%
of reported AIDS cases, but only represent 12.5% of the U.S. population (CDC, 2002). Between
1999 and 2002, the estimated number of Hispanic individuals living with HIV/AIDS rose at
approximately twice the rate of non-Hispanic White individuals, and HIV/AIDS is now one
of the leading causes of death for Hispanic men and women (ages 35 to 44; Anderson & Smith,
2003; CDC, 2002).

The U.S. Hispanic population is also disproportionately impacted by a myriad of sociocultural
risk factors, each of which may play a role in the increased rates and possibly the virulence of
HIV-1 infection (Cargill & Stone, 2005). Factors that have disproportionately impacted the
U.S. Hispanic population include lower education/literacy, higher rates of poverty, and limited
access to and/or use of health care (Cargill & Stone, 2005; Fiscella, Franks, Gold & Clancy,
2000; U.S. Census Bureau, 2003a). Thus, utilizing a biopsychosociocultural theoretical
framework (briefly summarized here) for neurologic illness provides a rich tableau for
conceptualizing neuroAIDS among the U.S. Hispanic population, by incorporating the
following aspects of disease (Engel, 1980; Kiesler, 1999; Kuhn, 1970; Vatassery & Maletta,
1983):

1. the biomedical (the cellular to systemic changes produced by disease);

2. the psychosocial (the “person” level of analysis - how experience, behavior, emotion,
cognition, etc. affect disease manifestations and outcomes); and

3. the sociocultural (the “community” and “cultural” levels of analysis - how social,
socioeconomic, institutional, ethnic, and racial; as well as the shared attitudes, values,
goals, and practices that characterize a group from one generation to the next modulate
the group's health behaviors).

The field of neuropsychology has historically focused upon the biomedical and psychosocial
aspects of neurologic illness, with relatively little focus upon the role of sociocultural factors
in mediating the expression of neurologic disease. Consequently, with the increasing ethnic
diversity of populations with HIV/AIDS, this approach provides an incomplete understanding
of their neurologic illnesses. The expanded theoretical framework (above) for neuropsychology
may have practical application in determining whether sociocultural factors associated with
Hispanic ethnicity contribute to the overall cognitive profile of individuals with HIV/AIDS,
and is essential if we are to disentangle how such factors (e.g., education, literacy, and
socioeconomic status) impact the expression of neurologic illness with the U.S. Hispanic
population - a group disproportionately impacted by the HIV/AIDS epidemic.

Hispanic individuals are the least educated and literate racial/ethnic group in the U.S.
(Greenberg, Macias, Rhodes, & Chan, 2001; National Center for Education Statistics [NCES],
2006; The Pew Research Center, 2005). This is notable because lower education and/or literacy
are associated with poorer neuropsychological test performance and decreased cognitive
reserve (Byrd, Jacobs, Hilton, Stern, & Manly, 2005; de Ronchi et al., 2002; Manly, Jacobs,
Touradji, Small & Stern, 2002; Ostrosky-Solis, Ardila, Rosselli, Lopez-Arango, & Uriel-
Mendoza, 1998; Ryan et al., 2005; Satz et al., 1993; Stern et al., 2003). Lower premorbid
functioning (e.g., lower education or literacy) thus appears associated with increased risk for
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neuropsychological abnormalities and more rapid decline secondary to neurological disease
or insults (Le Carret et al., 2005; Stern, 2002; Stern, Silva, Chaisson, & Evans, 1996; Stern,
Albert, Tang, & Tsai, 1999). However, these factors have yet to be examined among HIV+
Hispanic individuals.

Low socioeconomic status (SES) affects both access to and quality of healthcare (Shapiro et
al., 1999). Hispanic individuals are approximately three times as likely as non-Hispanic White
individuals to both live in poverty and be uninsured (Harrell & Carrasquillo, 2003; The Pew
Hispanic Center, 2005). Moreover, Hispanic individuals who become infected with HIV are
less likely to receive the pharmacological standard of care (highly active antiretroviral
medications; HAART), have a higher mortality rate, and are more likely to die at significantly
younger ages than non-Hispanic White individuals (Cargill & Stone, 2005; McGinnis, 2003;
Morgello, Mahboob, Yakoushina, Khan, & Hague, 2002). Consequently, lower SES, and thus
the lower standard of care Hispanic individuals often encounter, appears to have a salient
impact on poorer health outcomes for HIV+ Hispanic individuals. Despite such findings,
research has yet to examine the association between sociocultural risk factors and
neuropsychological outcomes within this population.

The few available studies addressing U.S. Hispanic ethnicity and HIV-associated
neuropsychological sequelae report contradictory findings. Compared to non-Hispanic White
participants, one pre-HAART era study suggests worse performance for Hispanic participants
on language and judgment/abstraction measures (Levin, Berger, Didona, & Duncan, 1992),
another points to impairment in processing speed (Durvasula et al., 2001), while a third found
no differences between ethnicities in global neuropsychological functioning (Richardson et al.,
2002). A recent study also reports a higher prevalence of HIV-associated Dementia (HAD;
28.6%) among HIV+ Puerto Rican women residing in Puerto Rico compared to previous
reports of prevalence among U.S. HIV+ populations (5.6% - 10.4%; see Wonjna et al.,
2006). However, none of the above mentioned studies examined whether sociocultural risk
factors might better account for these contradictory findings. Given the known
neuropsychological complications of HIV, and the disproportionately higher rates of HIV-1
infection and poverty, as well as lower education and literacy rates among the U.S. Hispanic
population, there is a need to characterize and understand HIV-associated neuropsychological
complications within the U.S. Hispanic population.

Working from biopsychosociocultural theory, we hypothesized the following: 1) among HIV
+ Hispanic participants, rates of NP-impairment would be consistent with a fronto-striatal
pattern of HIV-associated NP impairment (i.e., higher rates of impairment in processing speed,
learning, attention/working memory, and abstraction/executive function), 2) among the entire
sample, reading level and SES would be significantly associated with NP functioning, and 3)
among the entire sample, when the presence of a biological marker of disease progression (CD4
count) is also considered, reading level and SES would be better predictors of global and
domain specific neuropsychological functioning than ethnicity.

Method
Participants

One hundred HIV+ adults participated in this study: 51 Hispanic participants and 49 non-
Hispanic White participants, with 78% men, a mean age of 44.46 years (SD = 7.39), and a
mean education of 12.87 years (SD = 2.43). Participants were recruited by the Manhattan HIV
Brain Bank (MHBB, R24MH59724), an NIMH-funded longitudinal observational study. The
sample's median CD4 lymphocyte was 66 cells μ/L (IQR = 28, 515). Participants had no
reported history of learning disability or expressive or receptive language problems. Seventy-
one percent of participants reported some form of prescribed HAART, and there was no
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difference between groups on rate of prescribed HAART therapies (p > .10). All participants
provided written informed consent after the study's procedures were fully explained. The study
was approved by the Mount Sinai School of Medicine Institutional Review Board (IRB).
Additional demographic and medical characterization of the sample is provided in the results
section.

Inclusion Criteria—All participants were at the advanced stage of the disease. MHBB
participation eligibility criteria included: 1) presence of a condition indicative of advanced HIV
without effective therapy; or 2) a CD4 count ≤ 50 cells/mm3 for at least a 3 month period of
time or 3) substantive risk for imminent mortality in the judgment of the participant's primary
physician. Indicator conditions for criteria 1 are progressive multifocal leukoencephalopathy,
systemic or CNS lymphoma, disseminated mycobacterium avium-intracellular, wasting (>30%
lean body mass), AIDS Dementia Complex, CMV end organ disease, visceral Kaposi's
sarcoma, congestive heart failure, hemoglobin less than 10 mg/dl, or serum albumin <3.2 g/
dl.

Procedure
All participants completed language assessments, as well as comprehensive neuromedical,
psychiatric/substance use, and neuropsychological evaluations. Only baseline data were
utilized in this study. All study protocols were administered in English, with the exception of
one verbal fluency test given to Hispanic participants in Spanish for screening purposes.

Language Determination—All Hispanic study participants reported some degree of
fluency in both English and Spanish, and were screened by a bilingual neuropsychologist
(MRM) utilizing the following information to determine participants' language preference and
proficiency: self-report on language use questionnaires, performance on the Controlled Oral
Word Association Test (COWAT: F-A-S in English versus P-M-R in Spanish; Artiola, Fortuny,
Hermosillo, Heaton & Pardee, 1999; Gladsjo et al., 1999), chart review and/or clinical
interview. Our bilingual neuropsychologist (MRM) also assigned qualitative, clinical ratings
of bilingual ability (i.e., Spanish-dominant, Balanced Bilinguals, English-dominant), based
upon the information described above, to all Hispanic participants. Only participants with clear
proficiency in English participated in this study.

Neuromedical Evaluation—All participants underwent a physical examination conducted
by a neurologist specializing in HIV infection, including assessment of motor, sensory, and
extrapyramidal systems; medical and medication use history obtained by trained nursing staff;
and laboratory studies (CD4 lymphocyte counts, routine hematology, and chemistry).

Psychiatric/Substance Use Evaluation—Psychiatric symptomology and alcohol/
substance use were assessed with the Psychiatric Research Interview for Substance Use and
Mental Disorders (PRISM; Hasin et al., 1996), and administered by a trained examiner. The
PRISM yields DSM-IV diagnoses for current and past psychiatric and alcohol/substance use
disorders.

Neuropsychological Evaluation—All participants completed a detailed
neuropsychological test battery that was administered and scored by trained psychometrists
using standardized procedures. Table 1 summarizes the two-hour battery, which consists of
measures assessing the following seven ability domains: abstraction/executive functioning,
attention/working memory, learning, delayed recall, motor skills, processing speed and
English-language verbal skills (Woods et al., 2004). Table 1 also provides the norms used to
convert raw scores to age-, education-, and gender- corrected T-scores using published
procedures based upon large normative data sets. To evaluate the rates of neuropsychological
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(NP) impairment across domains, Domain Average T-scores were derived from the mean T-
scores of the individual tests in that particular domain, and the Global NP Average T-score is
the mean of all individual NP test T-scores. NP Global and Domain Average T-scores below
40 were considered impaired.

Reading Level—As part of the NP evaluation, all participants' reading level was evaluated
using the Reading Recognition subtest of the Wide Range Achievement Test - third edition, a
test of single word reading (WRAT-3; Wilkinson, 1993). This measure has been used
ubiquitously in clinical and research settings as an estimate of premorbid intelligence, as a
“hold” test, due to its stability over time in a normal population (Blair & Spreen, 1989; Franzen,
Burgess, & Smith-Seemiller, 1997; Griffin, Rivera Mindt, Rankin, Ritchie, & Scott, 2002).
Moreover, there is strong empirical support showing that performance on single word reading
tests (such as WRAT-3 Reading Recognition subtest) is among the most valid estimates of
quality of educational experience among multiethnic samples (Constantino, Manly, & Mungas,
2007; Del Ser, Gonzalez-Montalvo, Martinez-Espinosa, Delgado-Villaplos, & Bermejo,
1997).

Socioeconomic Status—Socioeconomic status (SES) was estimated using median income
for each participant's respective zip code by household ethnicity utilizing the 2000 U.S. Census
data (U.S. Census Bureau, 2000). U.S. Department of Housing and Urban Development (HUD,
2005) standards were used to categorize `Very Low' household income, which HUD defines
as less than $22,000 per year.

Statistical Analyses
The sample size (N =100) provided adequate statistical power (≥ .80) to detect medium
univariate effect sizes and medium multivariate effect sizes for planned multiple regression
analyses using four predictors. All statistical analyses using NP data utilized demographically
corrected average T-scores using the procedures described above. Effect sizes are presented
with 95% confidence intervals.

For the final set of analyses, simultaneous multiple regressions were used to determine which
sociocultural predictors (ethnicity, reading level, and SES) were most predictive of NP test
performance (Global NP and Domain Average T-scores) in the presence of an indicator of
disease progression (CD4 lymphocyte count). Multicollinearity diagnostics were also
calculated with the use of variance inflation factor (VIF) values and tolerance levels (VIF values
> 5.0 and tolerance values < .20 suggest high multicollinearity and unstable regression models).
Ethnicity was dummy coded (0 = non-Hispanic White group and 1= Hispanic group).

Results
Within Group Analyses

Country of Origin—Country of origin data were available for 20 of the 51 Hispanic
participants. Twelve of those participants (60%) were born in the U.S. and were of Caribbean
ancestry and the remaining 40% were originally from the Caribbean (7 from Puerto Rico and
1 from Dominican Republic).

HIV+ Hispanic Participants and Neuropsychological Test Performance—Among
the 51 Hispanic participants, 70% were classified as NP-impaired. Of this subgroup, 27.8%
had mild impairment, 36.1% had mild-to-moderate impairment, 30.6% had moderate
impairment and 5.5% had moderate-to-severe impairment. The most prevalent deficits among
the Hispanic NP-impaired participants were in the NP domains of Learning (97%), Motor Skills
(91%), Delayed Recall (91%), and Processing Speed (82%).
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Table 2 summarizes the results of t-test and chi-square analyses, which revealed no significant
differences between the Hispanic NP-normal and NP-impaired groups on relevant
demographic or medical characteristics. As Figure 1 illustrates, chi-square analyses revealed
that the Hispanic NP-impaired group demonstrated a significantly higher rate of NP impairment
on all NP domains compared to Hispanic NP-normal group (all p's< .05). However, the largest
differences were observed on Processing Speed (χ2

(1)=33.52, p< .0001), Abstraction/
Executive Functioning (χ2

(1)=21.49,p< .0001), Motor Skills (χ2
(1)=18.58, p< .0001), and

Learning (χ2
(1)=14.2, p= .0002). Of note, additional posthoc chi-square analyses revealed that

the non- Hispanic White NP impaired group also demonstrated a significantly higher rate of
NP impairment on all NP domains compared to their NP normal counterparts (all p's< .01),
with the largest differences observed on: Processing Speed (χ2

(1)=42.64, p<.0001), Attention/
Working Memory (χ2

(1)=23.79, p< .0001), and Learning (χ2
(1)=22.26, p< .0001).

Post hoc analyses were also computed to examine the role of language fluency on NP test
performance. As all of the Hispanic participants reported some degree of fluency in both
English and Spanish, comparisons between purely English-only and bilingual Hispanic
participants were not possible. Chi-square analyses to compare English-dominant Hispanic
participants to balanced bilingual Hispanic participants revealed no significant differences
between groups on Global NP function or any of the NP domains described above (all p's > .
10; please see Methods for information on assignment of language groups). Thus, language
fluency measures were not included in the following a priori analyses.

Between Group Analyses
Comparison of Ethnic Groups on Demographic, Medical, and Psychiatric
Characteristics—Table 3 summarizes demographic and medical characteristics of the
Hispanic participants who were comparable with their non-Hispanic White counterparts on a
number of important demographic and medical variables. Of note, there was no significant
difference between ethnic groups on time (years) since HIV diagnosis (p = .78). A series of
posthoc Pearson correlations were also revealed that there was no significant association
between time (years) since HIV diagnosis with Global NP or specific NP domains (all p's > .
10).

No significant differences between ethnic groups were observed on any measures of current
(within the past year) or past diagnoses of depression or substance abuse or dependence (based
on PRISM DSM-IV diagnoses; all p's>.10). In addition, a posthoc independent samples t-test
comparing Global NP functioning (Global NP Average T-score) of participants with a current
diagnosis of any substance dependence or abuse (including opiates) versus those without any
such a diagnosis revealed that there was no significant difference between the two groups
(t=-0.74(98), p= .46). An independent samples t-test specifically comparing Global NP
functioning of participants with a current diagnosis of opiate dependence versus those without
such diagnosis also revealed no significant difference (t=-0.90(93), p= .37). A similar analysis
with a diagnosis of opiate abuse was not possible as none of the participants met criteria for
this diagnosis. Consequently, substance dependence or abuse does not appear to contribute to
the current NP test results.

Reading Level and Neuropsychological Test Performance—The results of an
independent samples t-test revealed that the Hispanic group had significantly lower WRAT-3
Reading subtest T-scores compared to the non-Hispanic White group (M=40.73 (9.62) vs.
M=48.57 (10.09), respectively; t(93)=-3.88, p< .001). A large effect size was also observed (.
80; CI=.37,1.21). A Pearson correlation revealed that performance on the WRAT-3 Reading
subtest was significantly associated with Global NP functioning (r=.43, p< .0001). Posthoc
Pearson correlations revealed that the WRAT-3 Reading subtest was also significantly
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associated with Learning (r=.51, p< .0001), Attention/Working Memory (r=.44, p< .0001),
Delayed Recall (r=.42, p< .0001), and Verbal Fluency (r=.39, p=.0001).

Socioeconomic Status (SES) and Neuropsychological Test Performance—In
order to assess whether SES was associated with NP performance, we evaluated estimated
income level. Hispanic participants lived in neighborhoods where the median income level for
their ethnicity was significantly less than the non-Hispanic White participants (M= $28,734/
year ($15,173) vs. M= $50,936/year ($25,936), respectively; t(98)=5.25, p< .0001), and was
approximately four times as likely to meet criteria for Very Low household income according
to HUD (2005) standards (10% vs. 43%; χ2

(1)=14.17, p< .001). However, there was no
association between income and Global NP functioning or any of the NP domains (all p's>.
10).

Ethnicity, Reading Level, and SES—Lastly, a series of linear multiple regression
analyses were computed to evaluate the combined contribution of ethnicity (non-Hispanic
White group vs. Hispanic group), SES (median income level based on participants' zip code
per household ethnicity), reading level (WRAT-3 Reading T-score) and CD4 count to predict
Global NP Function, Attention/Working Memory, Abstraction/Executive Functioning,
Processing Speed & Learning.

Table 4 summarizes the results of Spearman's rho correlations among the predictor variables.
As three sociocultural predictors in the following regressions were mild-to-moderately
intercorrelated, multicollinearity diagnostics were computed for all of the regression analyses
to evaluate the stability of the models. The results revealed that all VIF values (.688 - .975)
and all tolerance values (1.026 - 1.453) were within acceptable range for all five regression
models.

Table 4 also illustrates the results of each of the multiple regressions, all of which were
significant (even after correcting for alpha inflation), with the exception of the model predicting
Processing Speed (R2=.09; F(4,84)=2.11, p= .09). The model predicting Global NP Functioning
accounted for 22% of the variance (R2=.22; F(4,88)=6.29, p< .0001). For the respective NP
domains, the models accounted for 13% to 27% of the variance (respectively) in predicting:
Learning (R2=.27; F(4,88)=8.12, p<.0001); Attention/Working Memory (R2=.22; F(4,86)= 6.00,
p< .0001), and Abstraction/Executive Functioning (R2=.13; F(4,85)=3.20, p= .02). The
WRAT-3 Reading score was the only significant predictor of Global NP function, Learning,
and Attention/Working Memory (all p's < .0001). In contrast, ethnicity (p=.009) was the only
significant predictor of Abstraction/Executive Functioning.

In order to better understand the role of ethnicity in Abstraction/Executive Function, two
posthoc analyses were undertaken. First, a simultaneous linear multiple regression analysis
was computed exclusively within the Hispanic group to examine whether with-in group
variance on English language verbal skills (based on the Verbal Skills Domain) provided a
unique contribution to the prediction of Abstraction/Executive Functioning when the other 6
NP domains (see Methods for complete list) were also considered as predictors. The results
revealed that the model was significant (R2=.71; F(6,36)=14.95, p<.0001), but only Processing
Speed (p<.0001) and Motor Skills (p=.01) provided a unique contribution to the model while
English-language Verbal Skills did not (p=.20). Second, a posthoc Pearson correlation was
computed to examine whether bilingual ability (based upon difference scores between the
English- and Spanish-language verbal fluency measures: COWAT F-A-S vs. P-M-R) was
associated with Abstraction/Executive Functioning, but the association was not significant (r
=-.13, p=.67).
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Discussion
The Hispanic population represents the largest and fastest growing racial/ethnic minority group
in the U.S., and has also been disproportionately affected by the HIV/AIDS epidemic. This
study is the first to begin to systematically characterize the neuropsychological sequelae of
HIV-1 infection within an advanced HIV+ Hispanic cohort utilizing a biopsychosociocultural
framework to inform measurement of sociocultural factors that may be involved in the
expression of neurologic illness among HIV+ Hispanic individuals. This study is also the first
of which we are aware to begin to disentangle the role of sociocultural factors (reading level
and SES) from ethnicity in the prediction of neuropsychological test performance among HIV
+ Hispanic participants. The current results suggest that the pattern of neuropsychological
impairment demonstrated by our Hispanic cohort is consistent with other reports of HIV/AIDS-
related neuropsychological impairment and higher prevalence of global neuropsychological
impairment compared to previous reports with more non-Hispanic White cohorts. Further, the
present findings highlight the prominent and separable roles of reading level and ethnicity in
neuropsychological test performance.

Hispanic participants were primarily of Caribbean descent, and this is consistent with the
demographic characteristics of the area in which this study was conducted (East Harlem, New
York City; NYC Department of Health and Mental Hygiene, 2006). To characterize the
neuropsychological sequelae of HIV+ Hispanic participants, we conducted a series of analyses
exclusively within the Hispanic group. We found that 71% of the Hispanic group was globally
neuropsychologically impaired, with the great majority (95%) of those demonstrating a mild
to moderate level of impairment. When the Hispanic NP-impaired group was compared with
the Hispanic NP-normal group, the former demonstrated the greatest deficits in the areas of
processing speed, abstraction/executive functioning, fine motor skills, and learning. This
pattern of deficits is consistent with previous reports of HIV-associated neuropsychological
sequelae and with frontal-striatal involvement, suggesting that these deficits truly represent
HIV disease- induced CNS abnormality in this group (Becker et al., 1997; Grant & Heaton,
1990; Heaton et al., 1995; Heaton et al., 2004; Martin, Sorensen, Edelstein, & Robertson,
1992; White et al., 1997). Parallel analyses conducted with the non-Hispanic White group
revealed a similar pattern of results thereby bolstering support for the detection of HIV-related
neuropsychological sequelae within both ethnic groups.

The present study observed a higher prevalence of global neuropsychological impairment
(70%) among the HIV+ Hispanic group than has been previously reported with samples with
greater proportions of HIV+ non-Hispanic white participants (Heaton et al., 1995; Heaton et
al., 2004). The results also demonstrated that time since HIV diagnosis and substance abuse/
dependence were not associated with ethnicity or neuropsychological function. Thus, this
finding provides preliminary support for Wojna et al.'s (2006) report that HIV+ Puerto Rican
women residing in Puerto Rico had a higher prevalence of HIV-Associated Dementia (HAD),
and those findings by examining global and specific aspects of NP functioning (rather than just
an HAD diagnosis) with U.S. Hispanic individuals of Caribbean origin that include a majority
of men (78%) in the sample. Still, these findings must be interpreted with caution as several
factors may be influencing these results.

The greater pervasiveness of observed neuropsychological impairment among the HIV+
Hispanic participants in this study compared to previous studies is likely to be associated with
several factors, including: 1) cultural bias of the neuropsychological measures used in this
study (e.g., inadequate normative data, cultural variability in response set, participant/examiner
interactions, test-taking attitudes, etc.; Manly, 2005), 2) methodological and/or sampling
differences between the current and previous studies on HIV+ Hispanic & non-Hispanic white
participants, and/or 3) bio-behavioral factors associated with differing Hispanic populations
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(e.g., genetics, health disparities, medication adherence, etc.). While certainly a more
speculative hypothesis, it is also possible that there is a lowered threshold for the onset of HIV-
associated neuropsychological sequelae secondary to reduced cognitive reserve within this
HIV+ Hispanic population given their myriad sociocultural risk factors (educational,
socioeconomic, and health disparities; Durvasula et al., 2001; Manly et al., 2003; Satz et al.,
1993; Stern et al., 1996). The current findings, in concert with the recent findings of Wojna et
al. (2006) and a report of earlier onset of Alzheimer Disease symptoms among Hispanic
participants compared to non-Hispanic White participants (Clark et al., 2005), make this latter
hypothesis worth future examination.

The significant association between reading level and neuropsychological functioning
observed in this study goes far to contextualize the current findings. Hispanic individuals are
more likely than non-Hispanic White individuals to live in poverty and reside within
geographically concentrated urban areas (Llorente, Ponton, Taussig, & Satz, 1999; The Pew
Hispanic Center, 2005; U.S. Census Bureau, 2003b), both of which are risk factors for lower
per pupil resource allocation (Carey, 2004). Moreover, while national literacy scores have risen
for African- and Asian- Americans, and have remained essentially unchanged for non-Hispanic
White individuals between 1992 and 2003, they have decreased significantly for Hispanic
individuals (NCES, 2006). Therefore, although our Hispanic sample was relatively well
educated in terms of duration of schooling (M=12.5 years), this appears to be strongly mitigated
by their lower reading level, which serves as a proxy for poorer quality of education. Ultimately,
such educational disparities appear to put HIV+ Hispanic individuals at greater risk for poorer
neuropsychological test performance.

SES was not associated with neuropsychological functioning in this study. However, due to
the fact that this study's SES measure was actually a proxy (median income based on zip code),
which used household ethnicity as part of the determination of SES, caution must be taken
when interpreting this finding. This study's measure of SES may lack the specificity necessary
to draw more definitive conclusions regarding the association between SES and
neuropsychological functioning in this population.

Our most important hypotheses, regarding the combined roles of sociocultural variables
(ethnicity, reading level, SES) and disease progression (CD4 count) in the prediction of
neuropsychological functioning, were partially supported. As predicted, we found that only
reading level significantly predicted global neuropsychological functioning, learning, and
attention/working memory. In contrast to our hypotheses, only ethnicity significantly predicted
abstraction/executive functioning. Posthoc analyses revealed that neither English-language
verbal skills nor bilingual ability uniquely predicted abstraction/executive functioning.
However, our current assessment of English and Spanish language fluency was circumscribed
to brief verbal fluency measures, and more comprehensive assessment may have yielded
different results. Further research is needed to examine the association between English-
language fluency, bilingual ability, and abstraction/executive functioning.

Beyond potential language considerations, the unique role of ethnicity in abstraction/executive
functioning may also be associated with acculturation, a construct not examined in the current
study. Previous research suggests that lower acculturation (to majority, mainstream culture) is
associated with poorer performance on measures of abstraction/executive functioning (Arnold,
Montgomery, Castaneda, & Longoria, 1994). It is possible that the process of nonverbal,
abstract reasoning is more culturally mediated than other neuropsychological processes within
the Hispanic population. However, additional research specifically examining these
associations is needed in order to test this hypothesis.
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The findings on the association between ethnicity and abstraction/executive function highlight
a limitation of this study, e.g., that it lacked the resources to do more comprehensive cultural
evaluations to examine within group variation among Hispanic participants. Additional
research is needed to replicate and expand the current findings with larger, more thoroughly
characterized Hispanic samples of English- and Spanish-speakers to better evaluate the
prevalence of HIV-associated neuropsychological sequelae within this population and to
examine the role of with-in group variation on several sociocultural factors (acculturation,
language, etc.) that may associated with neuropsychological test performance.

Given the relative homogeneity of our Hispanic sample, one could make the argument that the
generalizability of the current findings is limited to primarily English-speaking Hispanic
individuals of Caribbean origin. While this may indeed be the case, it is alternately possible
that the current findings are applicable to other Hispanic subpopulations, and potentially other
racial/ethnic groups who experience similar sociocultural disadvantages. Thus, more research
is needed to replicate this study with other Hispanic subpopulations as Hispanic individuals
tend to exhibit nonrandom, preferential geographical affinity that could interact with other
demographic/cultural factors to create distinct patterns of neuropsychological test performance
(Llorente et al., 1999).

The lack of demographically corrected norms, which include ethnicity, for English- speaking
Hispanic individuals represents a major limitation, and within the field more broadly, to all
neuropsychological studies of U.S. Hispanic individuals. While we utilized the best available
norms, they did not address current educational disparities and the current findings provide
strong support for the fact that even relatively well educated Hispanic individuals are likely to
experience poorer quality of education compared to their non-Hispanic White counterparts.
Additional research using improved norms for English-speaking Hispanic individuals is
needed.

An additional limitation of this study is that HIV-seronegative controls were not included.
While inclusion of such a control group would certainly enhance the current study, the goal of
this study was not to compare HIV-seropositives to seronegative controls. Rather, this study
sought to characterize the NP function of HIV-seropositive Hispanic participants, and to
examine the combined roles of sociocultural variables in the prediction of their NP test
performance. As a first step in a new area of investigation, this study met its goals using the
current sample.

A final study limitation relates to the limited assessment of literacy. Consistent with previous
research, this study's assessment of literacy was limited to evaluation of reading level based
upon a single word reading test (WRAT-3 Reading subtest) as a proxy for quality of education
(Byrd et al., 2005; Constantino et al., 2007; Manly et al., 2002, 2003; Ryan et al., 2005).
Consequently, the current results cannot be used to make broad generalizations regarding the
association between literacy and neuropsychological test performance, but rather provide
initial insight into the role of quality of education on neuropsychological test performance
among those with advanced HIV/AIDS.

Despite these limitations, this study has three important strengths. This study is the first to
suggest that HIV+ Hispanic participants with advanced disease demonstrate a pattern of
neuropsychological sequelae that is consistent with the frontal-striatal pattern observed in HIV-
induced CNS disease. Second, this study is the first to systematically evaluate HIV-related
neuropsychological complications within a sample of advanced HIV+ Hispanic participants
in the U.S. In using a larger and better characterized Hispanic group with a demographically
and medically equivalent non-Hispanic White comparison group, this study was able to more
confidently make inferences based on the current findings than previous studies with smaller
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or less thoroughly characterized Hispanic groups. Third and finally, in utilizing
biopsychosociocultural theory to inform hypotheses, this investigation will hopefully help to
move NeuroAIDS research beyond categorical racial/ethnic variables as terminal explanatory
constructs of neuropsychological functioning in favor of more conceptually and theoretically
driven constructs, such as quality of education and SES (Helms, Jernigan, & Mascher, 2005).

The current findings have implications for treatment interventions and public policy. Given
that HIV has a strong affinity for the CNS and that neuropsychological impairment is a
significant risk factor for non-adherent medical behaviors and mortality in HIV (Hinkin et al.,
2002; Hinkin et al., 2004; Heaton et al., 2004; Mayeux et al., 1993; Rivera Mindt et al.,
2003; Sevigny et al., 2007; Wilkie et al., 1998), accurate neuropsychological evaluation of HIV
+ Hispanic individuals is critical for optimal care and public planning for disease burden.

With regard to disease, this study's results affirm the utility of commonly used
neuropsychological test measures in the detection of HIV-related neuropsychological
impairment among HIV+ Hispanic participants. However, the results also demonstrate the need
for providing culturally competent neuropsychological evaluations as an integral part of the
standard of care. Specifically, it is recommended that a comprehensive sociocultural evaluation
(e.g., literacy, quality of education, acculturation, linguistic information, etc.) and improved
normative data be utilized. Integration of such information could potentially improve the
interpretation of neuropsychological test data, aid in making more precise cognitive-diagnoses,
and assist in developing culturally tailored treatment recommendations.

Research suggests HIV-related neuropsychological impairment is related to significant
functional impairment across a spectrum of areas, including medication adherence (Hinkin et
al., 2002; Hinkin et al., 2004; Heaton et al., 2004; Rivera Mindt et al., 2003). If it is indeed the
case that a high rate of neuropsychological impairment is present among HIV+ Hispanic
individuals as this and previous research suggests (Wojna et al., 2006), then research is needed
to develop culturally tailored interventions to address likely associated functional impairments
(particularly in the area of medication adherence - a critical factor for positive health outcomes)
- with public policy support to implement such interventions within Hispanic communities.
Public policy would also go far to address the dearth of linguistically/culturally competent
neuropsychologists currently in practice and research in the U.S. in order to better provide
evaluation and treatment services to HIV+ Hispanic individuals. In sum, the current results
suggest that HIV+ Hispanic individuals with global neuropsychological impairment
demonstrate a pattern of impairments consistent with other reports of HIV-related CNS
complications. Moreover, this study highlights the need to consider sociocultural factors in the
interpretation of neuropsychological test performance with this population. Given the
importance of sociocultural factors in the neuropsychological evaluation of HIV+ Hispanic
individuals, it is likely that these same factors play important roles for consideration at every
stage of the disease, from prevention to palliative care, and more research is needed to better
understand these factors at every stage of care.
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Figure 1.
Rate of neuropsychological impairment for global neuropsychological functioning and
neuropsychological domains by neuropsychological status among Hispanic participants.
Note: NP = Neuropsychological, Abs./EF = Abstraction/Executive Functioning, SPI = Speed
of Information Processing, Attn./WM = Attention/Working Memory. All p's < .05
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Table 1
Neuropsychological test battery and normative data arranged by the seven major ability areas for computation of
average T-scores.

Neuropsychological Domain and Tests Normative Data Sources

Abstraction/Executive Functioning

Wisconsin Card Sorting Task-64 Item Version Kongs, Thompson, Iverson & Heaton (2000)1,2

Trail Making Test (Part B) Heaton, Grant & Matthews (1991)1,2,3

Attention/Working Memory

WAIS-III Letter Number Sequencing Wechsler (1997)1

PASAT Total Correct Diehr et al. (2003)1,2,3

Learning

Hopkins Verbal Learning Test-Revised (Total Recall) Benedict, Schretlen, Groninger & Brandt (1998)1

Brief Visuospatial Memory Test-Revised (Total Recall) Benedict (1997)1

Delayed Recall

Hopkins Verbal Learning Test (Delayed Recall Trial) Benedict, Schretlen, Groninger & Brandt (1998)1

Brief Visuospatial Memory Test-Revised (Delayed Recall Trial) Benedict (1997)1

Motor

Grooved Pegboard Time (dominant hand) Heaton, Grant & Matthews (1991)1,2,3

Grooved Pegboard Time (non-dominant hand) Heaton, Grant & Matthews (1991)1,2,3

Speed of Information Processing

WAIS-III Digit Symbol Wechsler (1997)1

WAIS-III Symbol Search Wechsler (1997)1

Trail Making Test (Part A) Heaton, Grant & Matthews (1991)1,2,3

Verbal Functioning

Controlled Oral Word Association Test (F-A-S) Gladsjo et al., 19991,2

Note: Wechsler Adult Intelligence Scale (WAIS); Paced Auditory Serial Arithmetic Test (PASAT). Normative data corrects for the following demographic
characteristics indicated by superscript number:

1
Age

2
Education

3
Gender
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