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Abstract

Successful medication management is an essential ingredient for effective treatment for HIV. Risk factors for
poor medication adherence, including neurocognitive impairment and low health literacy, are common in HIV
patients. To better understand the most salient risks for poor management of HIV medications, we tested the
interrelation of neurocognitive functioning, reading literacy for health related information, and numeracy and
their effect on self-management of a simulated HIV medication regimen. Cross-sectional data on 191 HIV-
positive men and women recruited from HIV outpatient clinics in South Florida were collected. Exploratory
factor analysis was conducted with literacy, numeracy, and neurocognitive scores and suggested that four
factors were present representing executive skill, verbal memory, planning, and motor speed. Both the literacy
and numeracy scores loaded on the executive factor. Adjusted analyses showed that executive and planning
skills were significantly related to medication management. Findings suggest that patients must rely on higher
order cognitive skills to successfully navigate medication self-management, and that efforts to simplify health
information that merely lowers readability are likely to meet with limited success.

Introduction

Successful management of HIV infection requires strict
adherence to antiretroviral therapy (ART). Several studies

have implicated neurocognitive functioning and health liter-
acy as important indicators of an individual’s ability to cor-
rectly understand one’s HIV medication regimen.1–3 The
cognitive dysfunction associated with HIV infection has been
well described and affects domains such as executive func-
tioning, working memory, learning, information processing
speed, and psychomotor skills.4–7 Despite the reduced prev-
alence of the more severe HIV-associated dementia following
the advent of highly active antiretroviral therapies (HAART),
the number of HIV positive individuals living with more mild
forms of HIV associated neurocognitive disorders (HAND)
appears to be increasing.8,9 Multiple factors influence the
benefits of HAART on neurocognitive function including HIV
disease duration and severity, medication adherence, and
genetic predisposing factors.9 Therefore, clear estimates of
neurocognitive impairment in the era of HAART are diffi-
cult to ascertain. In a sample of nonsubstance-abusing HIV-
positive men and women with no history of head injury or
major psychiatric illness, Heaton et al.2 classified 37% of their

sample as cognitively impaired. Others have shown similar
results with one third of a study sample remaining cognitively
impaired at 6–12 months of follow-up10 and study incidence
of cognitive impairment of 21%.11

Several studies have shown that cognitive impairment is
associated with nonadherence over time.12–14 Few studies,
however, have assessed the relation of cognitive abilities with
understanding ART prescription instructions independent of
adherence. Albert et al.,3 using the Medication Management
Test (MMT), a simulated observed-performance test specifi-
cally tailored to antiretroviral regimens, reported that deficits
in executive functions and psychomotor skills were related to
inaccurate pill dispensing (correctly placing a week’s supply
of 5 medications into a pill box). Deficits in learning were
related to poor performance on items that assessed anticipa-
tion of refills, understanding side effects, dosing instructions
and determination of missed doses. Furthermore, Heaton et
al.,2 found that performance on a revised version of the MMT
was significantly lower for HIV patients classified as globally
neuropsychologically impaired. Skill deficits in executive
skills (e.g., reasoning and mental flexibility) and learning/
memory were the only ability domains significantly related to
medication knowledge; information processing speed, motor
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skills, attention/working memory and delayed recall were
not associated with management of the simulated regimen.

Likewise, health literacy, or the ability to complete basic
reading and numerical tasks required to perform in the health
care environment, has been shown to be related to adherence
to antiretroviral medications among HIV patients.15–17 The
relation of health literacy to prescription knowledge was
shown by Miller et al.,1 to be predictive of poorer regimen
knowledge 8 weeks after initiation of ART medications.
Moreover, in non-HIV patient populations, several studies
have associated poor reading literacy for health-related in-
formation with poor regimen knowledge.18–20 Emerging re-
search on health numeracy, the use of quantitative skill in a
health context, has shown its importance in the management
of chronic illness21,22 and for adherence to HIV medications.20

In addition to the risk for neurocognitive impairment, HIV
disproportionately affects persons at high risk for poor health
literacy (e.g., low income, poor educational quality). Given
the relationship between neurocognitive impairment and low
health literacy and poor medication management, certain HIV
patients may be at substantial risk for poor medication man-
agement. A better understanding of the interrelationship of
health literacy and neurocognitive functioning on medication
management can inform interventions developed from em-
pirically derived data on the most salient component of suc-
cessful medication management. We therefore tested the
association of neurocognitive functioning, reading literacy for
health related information and numeracy to management of a
simulated HIV medication regimen.

Methods

Analyses from this dataset have been previously pub-
lished23 but did not include neuropsychological measures, but
rather, focused exclusively on health literacy and numeracy.
The current study differs from previous publications through
its inclusion of domain specific neuropsychological skills and
their relation to medication management. As discussed above,
neuropsychological functioning has been shown to affect
medication-taking behavior across a number of studies as has
health literacy. Thus it is important to understand their impact
on medication management as co-occurring entities.

Participants

Participants for this study were recruited from either the
HIV care clinic at the University of Miami, Jackson Memorial
Hospital or Florida Department of Health pharmacies serving
individuals enrolled in the AIDS Drug Assistance Program
(ADAP) in Miami-Dade County, Florida. Study enrollment
took place from December 2005 through August 2008. Parti-
cipants were primarily referred by their HIV care providers or
learned of the study from posted flyers. Interested persons
were screened in person or over the telephone. Those eligi-
ble for the study were 18 years of age, currently receiving
antiretroviral treatment (ART) or medically ‘‘in-process’’ for
their first course of ART, had no history of head injury or loss
of consciousness lasting more than 30 min and no presence of
psychotic symptoms at the time of enrollment. Additionally,
eligible individuals self reported no use of heroin, cocaine or
marijuana in the past 12 months. Both English- and Spanish-
speaking individuals were enrolled and the study was con-
ducted in the preferred language of the individual.

This study was approved by the Internal Review Boards of
the University of Miami and the Florida Department of
Health. Informed consent was obtained from each participant
prior to initiation of study procedures. The study assessor was
a master’s level counselor trained and supervised by a li-
censed neuropsychologist involved in the study. All study
procedures were completed in one session at a private office at
the University of Miami medical campus located in a separate
building from the HIV recruiting clinic. Testing procedures
lasted no more than 2 h and participants were compensated
$50 upon completion.23

Measures

Demographics. Participants answered basic demo-
graphic questions about age, education, race, and history of
HIV infection.

Reading comprehension for health-related informa-
tion. The Reading Comprehension subtest of the Test of
Functional Health Literacy (TOFHLA)24 was used to measure
reading literacy. This test consists of 50 items that assess text
comprehension using the modified cloze procedure.25 Every
fifth to seventh word in a health-oriented text passage is
omitted and the reader selects the appropriate word from a
list of four possible choices. Scores range from 0 to 50 and the
percent correct was calculated. Although a short version of
the test is available (36 items) the test developers recommend
use of the full version in research studies.

Numeracy. The Applied Problems subtest of the Wood-
cock Johnson–III Tests of Achievement26 was used to assess
quantitative skills involving analyzing and solving math
problems. To solve the problems, the person must listen to the
problem (the test items are read aloud by the examiner), rec-
ognize the procedure to be followed, and then perform rela-
tively simple calculations. Because many of the problems
include extraneous information, the individual must decide
not only the appropriate mathematical operations to use but
also which numbers to include in the calculation. Applied
Problems is a measure of quantitative reasoning, math
achievement, and math knowledge. According to the test
developers, low performance on this test may be a function
of limited math skills, comprehension difficulties, or poor
mathematical reasoning abilities. This test was chosen since it
tapped abilities identified at ‘‘face value’’ to be similar to skills
required for medication management capacity, including
those identified in ‘‘document literacy’’ that require calcula-
tion problems and inference of the correct mathematical
operation when one is not provided.27

Any test item may be repeated and the person is given a
pencil and paper on which to make calculations. Although the
test contains a total of 63 items, all items are not usually ad-
ministered. This test has a ceiling criterion to determine dis-
continuation of the test. The ceiling is met when the subject
responds incorrectly to 6 consecutively administered items or
when the final item is administered.

Neuropsychological measures. Brief descriptions of each
test are provided below. More detailed information on these
measures can be found in Lezak28 and Spreen and Strauss.29

The Color Trails Test (CTT)30 uses colored circled numbers
and alternately colored circled numbers to measure speed of
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attention, sequencing, mental flexibility and visual search and
motor functions. This test has been widely used with HIV-
positive individuals and was developed by the World Health
Organization to eliminate cultural bias. The time taken to
complete the two portions of the CTT (CTT-1 and CTT-2) will
be the variables of interest from this test.

The Tower of London Test31 assesses higher order planning
and problem solving. The test involves looking ahead to de-
termine the order of moves necessary to rearrange three col-
ored balls from their initial position on two of three upright
sticks to a new set of predetermined positions on one or more
of the sticks. The total number of moves and total correct
scores will be the variables of interest for analyses.

The WHO/UCLA Auditory Verbal Learning Test
(AVLT)32 was used to assess verbal learning through 5 re-
peated trials of a 15-word list. A learning score was derived
from the total number correct across the 5 trials. Delayed
memory was assessed after asking for repetition of the origi-
nal word list after a 20-min delay. Scores used in this study
were total recall from trials 1 through 5, and the 20-min
delayed recall score.

The Rey Complex Figure33 was administered to measure
visual memory and visuomotor skills. The copy score is de-
rived following the presentation of a black and white image of
a complex line drawing for copy. Delayed visual memory is
assessed after the individual reproduces the design from
memory after a 20- to 30-min delay. Scores used in this study
were the total copy score and total delayed recall score.

The Purdue Pegboard Test34 is a measure of fine eye–hand
motor coordination and speed. This test consists of a board
with cups for holding pins, washers and collars and two
columns of holes. The test is taken over four trials. The first
trial consists of taking small metal pins with the dominant
hand (e.g., right) and placing them in the right-hand column
of holes as quickly as possible within 30 seconds. The same
procedure is followed in trial 2 with the nondominant hand.
The third trial involves the participant using both hands si-
multaneously. The fourth trial is an ‘‘assembly’’ task requiring
continuous alternating movements of the right and left hands,
one picking up a pin, next a washer, then a collar. Participants
complete as many assemblies as possible in 60 seconds. Total
completed insertions for the nondominant hand, both hands
and assembly tasks were scores of interest for the present
study.

Outcome variable: medication management. A stan-
dardized test to measure one’s ability to manage a simulated
HIV medication regimen, the Columbia Medication Manage-
ment Test (MMT),3 was the outcome variable in this study. The
test consists of 8 items with a total of 16 points. There are 5
‘‘mock’’ HIV medications with labels (created for the test) based
on typical ART medications and dosing schedules (e.g., zido-
vudine, lamivudine, and saquinavir; over-the-counter medi-
cations such as acetaminophen and vitamins were used in place
of actual antiretroviral medications). An example of a medi-
cation label is ‘‘Take one tablet two times a day–Medication B
150 mg tablet 30 tablets.’’ Another is ‘‘Take two tablets three
times a day.’’ The MMT also has a medication insert for
loperamide, an antidiarrheal, which contains indications, con-
traindications, dosing instructions side effects, and warnings.

The test score is then based on answers to questions about
the medication labels, the loperamide insert, the ability to

correctly count out and place a week’s supply of pills in a
medication organizer, and to determine missed doses and
refills. Example questions include ‘‘The next few questions are
about Medication A. Assume that when you started taking
Medication A, you had a 7-day supply and that you’ve been
taking the medication for 3 days now. In other words, you
should have taken the medication as prescribed for the last
3 days. Now show me what you would do to determine if
you’ve missed any pills so far’’ and ‘‘For medication B, how
many days will a new prescription last?’’ and ‘‘Please answer
the following questions based on this package insert infor-
mation for a common diarrhea medication. If you were
suddenly experiencing diarrhea and began taking this medi-
cation, what’s the maximum number of capsules you should
take over a 2-day period?’’ The total percent correct was used
in analyses.23 The MMT has good reliability (Cronbach a
range from 0.63 to 0.84) and is related to measures of adher-
ence. In the validation study, low scores (�60% correct) were
significantly more likely to report missing a dose of medica-
tion in the past 3 days.3

Data analysis

In order to understand the interrelationship of health lit-
eracy, numeracy, and neurocognitive skill, we developed a
factor analytic model of the underlying ability domains em-
ploying exploratory factor analysis. Scores on the health lit-
eracy, numeracy, and neurocognitive measures described
above were included in the factor analysis. Factor scores were
retained and included in a hierarchical multiple regression
analysis to test their relationship to medication management
skill. Correlation analyses were conducted to test for potential
covariance between demographic characteristics (e.g., age,
gender, race, time since HIV diagnosis) and medication
management scores. Only those characteristics significantly
associated with medication management ( p< 0.05) were
included in the final regression model.

Results

A total of 191 participants completed this study. As shown
in Table 1, 57% of participants were men and nearly 83% were
African American. The majority of participants reported
being heterosexual (78%) and nearly 22% reported being
homeless during the past year with 14% reportedly living on
the streets or in a homeless shelter at the time of the study
while half of the participants lived in their own home or
apartment. Most (75%) reported heterosexual sex as their risk
factor for HIV infection. On average, participants were about
45 years old (range, 23–67 years) and had been diagnosed
with HIV for 9.98 years (range, <1 year to 25 years). Study
participants averaged less than 12 years of education
(11.5 years of school; range, 5–20 years of school); 6% had 8
years or less of school, 36% had a high school degree (12 years
of education) and 27% had some college or technical training.

Table 2 presents average test performance of study partic-
ipants. To be able to describe here participants’ neurocogni-
tive performance in relation to ‘‘average’’ performance, test
scores, except those for the TOFHLA, were converted into
demographically corrected z scores (with a mean of 0 and
standard deviation of� 1) based on each test’s published
normative data. On the reading comprehension portion of the
TOFHLA, participants answered 77% of test items correctly
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on average. Examination of z scores for all other measures
shows that only average scores for the Tower of London were
above the normative mean (z score¼ 0.60). All other scores
were below average. Numeracy scores averaged more than 1
standard deviation below the mean and scores on the Purdue
Pegboard Test (motor speed) and the copy of the Rey Com-
plex Figure (visuoconstruction) averaged more than 2 stan-
dard deviations below the normative mean.

Results of exploratory factor analysis with varimax rotation
(using raw test scores) revealed that four factors should be
retained and interpreted based on the eigenvalue greater than
1 criterion and inspection of the scree plot. The first factor
accounted for 35.4% of the common variance, factor two

accounted for 12.7% of the common variance, the third fac-
tor accounted for 11.8% of the common variance, and factor
four accounted for 11.0% of the common variance. Measures
with high loadings on factor one included scores from the
TOFHLA, Applied Problems test, Rey Complex Figure copy
and recall, and time to complete trials 1 and 2 of the Color
Trails Test. We named this first factor ‘‘Executive Skill’’ since it
appears to represent a number of higher order mental pro-
cesses tapped by these various measures including working
memory, organizing, sequencing, and monitoring. Measures
with high loadings on factor two, ‘‘Verbal Memory,’’ included
total number of words recalled across trials 1 through 5 and
on the delayed recall trial of the Auditory Verbal Learning
Test. The third factor, ‘‘Planning,’’ included the total number
of moves and the total correct scores from the Tower of
London. Finally, the fourth factor, ‘‘Psychomotor,’’ included
scores from the Purdue Pegboard insertion with both hands
and assembly tasks. Rotated factor loadings are presented in
Table 3.

Next, gender, African American versus non-African
American race, and time since HIV diagnosis were entered
into the first step of a multiple regression analysis. These
variables were significantly related to medication manage-
ment score, explaining 10% of the variance in those scores
(R2¼ 0.103, p< 0.001). All three of the variables were signifi-
cant with female gender, African American race, and living
with HIV longer being associated with poorer medication
management. Next, the four ability factors were entered into
the model. The addition of these factors accounted for a sig-
nificant increase in variance in the model l (R2D¼ 0.276,
p< 0.001). The two steps in the model together explained 38%
of the variance in medication management scores. The Ex-
ecutive and Planning factors were significantly associated
with medication management ( p< 0.05). With the inclusion of
the four factors, the association of gender, race, and time since
HIV diagnosis with medication management diminished to
nonsignificance. Examination of standardized beta weights
shows that Executive Skill accounted for the greatest amount
of variance (Table 4).

Discussion

This study tested the effects of neurocognitive functioning,
reading literacy for health-related information and numeracy
on the ability to manage a simulated HIV medication regimen.
Although studies have found each of these skill areas to be
related to medication management, no study to date has
evaluated how these skills may relate to one another and to
understanding medication instruction. Our findings showed
that tests of reading comprehension and mathematical rea-
soning shared common traits with neuropsychological mea-
sures that require working memory, mental flexibility, visual
scanning, and organization. This set of executive skills was
highly associated with successfully managing the simulated
HIV regimen. Similarly, planning skills were demonstrated to
be important for completion of this task as well. A number of
studies have shown impairment in cognitive function and
executive skill in particular to affect medication adherence in
individuals with HIV infection.12,43,44

Executive function is a broad term that encompasses a
number of higher order skills necessary for independent,
goal-directed behavior, including holding and manipulat-

Table 1. Sociodemographic Characteristics

of Participants (n¼ 191)

Study subjects

Characteristics
Gender

Men 108 (57%)
Women 83 (43%)

Race/ethnicity
African American 159 (83%)
Hispanic 21 (11%)
White 8 (4%)
Other 3 (2%)

Sexual orientation
Heterosexual 144 (78%)
Gay 25 (13%)
Bisexual 13 (7%)
Not sure 3 (2%)

Mean age 44.81 (8.43)
Mean years of education 11.56 (2.25)
Mean years since HIV diagnosis 9.98 (6.73)
Mean years taking ART 3.4 (3.5)
Living situation

In own home 96 (52%)
Someone else’s home 41 (22%)
Rented room 9 (5%)
Shelter, car or street 26 (14%)
Treatment facility/halfway house 13 (7%)

Homeless in the last year 40 (22%)
Unemployed (yes) 154 (81%)
Receiving public assistance (yes) 105 (43%)

Table 2. Mean Neuropsychological

Test Performance (z scores)

Neuropsychological test score Mean z score

Rey Copy Total �2.23
Rey Delayed Total �0.77
Color Trails 1 �0.73
Color Trails 2 �0.57
Tower of London total moves �0.94
Tower of London total correct 0.65
Purdue Pegboard both hands �2.08
Purdue Pegboard Assembly �2.05
AVLT learning (total of trials 1-5) �0.87
AVLT delayed recall �0.65

AVLT, Auditory Verbal Learning Test.
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ing information in working memory, planning/sequencing
multistep tasks, and ascertaining the ‘‘big picture’’ from a
complicated set of details.45 Recent studies have emerged to
describe the contribution of executive skill to reading com-
prehension.46,47 Although deficits in single-word decoding,
fluency, and reading proficiency explain a portion of reading
comprehension deficits, they do not account for all problems
with reading comprehension and for those whose single word
reading is intact. Studies have shown that children with
dyslexia display working memory deficits in both verbal and
visual domains.48 Verbal working memory has been linked to
reading comprehension across a number of studies49–51 and is
thought to ‘‘. . . facilitate comprehension through the avail-
ability of ample cognitive resources to simultaneously engage
in multiple reading processes including decoding of unfa-
miliar words, retrieving semantic knowledge of familiar
words, recalling previously read text, and anticipating where
the passage is going.’’47 Moreover, reasoning and critical
analysis are also thought to influence reading comprehen-
sion52 and those with good reading comprehension are more
likely to use cognitive and metacognitive strategies.53 On
measures requiring an organized response, children with

reading comprehension difficulties tend to produce less or-
ganized and less structured copies of geometric figures
(similar to the Rey Complex Figure task used in the present
study) and require longer planning times on visual problem
solving tasks.48,54 Sesma et al.47 demonstrated that executive
skills (measured by the Tower of London, and Arithmetic and
Digit Span tests that are working memory components of the
Wechsler Intelligence Scale for Children) were associated with
reading comprehension but not single word recognition in
children. Arithmetic measures that require computation and
inference of mathematical operands are also strongly associ-
ated with attention and working memory. The arithmetic
subtest from the Wechsler Intelligence Scales55 contains sim-
ilar task demands to those of the Applied Problems test used
in the present study, with the exception that scoring is
based partially on speed of response. In a factor analysis, the
arithmetic test loads on an IQ index termed ‘‘Freedom from
Distractibility’’ tapping attention, working memory, and or-
ganizing skill sets.56

This evidence lends support to the present study showing
that executive skills are inherently involved in reading com-
prehension and numeracy. Although planning skill did not

Table 3. Exploratory Factory Analysis

Factor

Variable Executive Verbal Memory Planning Psychomotor

TOFHLA 0.655 0.140 0.206 0.005
Applied Problems 0.620 0.191 0.310 0.029
Rey Copy Total 0.659 0.168 0.052 0.057
Rey Delayed Total 0.455 0.280 0.025 0.179
Color Trails 1 �0.663 �0.060 �0.018 �0.126
Color Trails 2 �0.708 �0.027 �0.141 �0.146
AVLT learning (total of trials 1-5) 0.289 0.784 0.178 0.108
AVLT delayed recall 0.127 0.872 0.042 0.091
Tower of London total correct 0.098 0.023 0.859 0.063
Tower of London total moves �0.252 �0.168 �0.767 �0.084
Purdue Pegboard both hands 0.103 0.064 0.054 0.977
Purdue Pegboard Assembly 0.146 0.114 0.076 0.658

TOFHLA, Test of Functional Health Literacy; AVLT, Auditory Verbal Learning Test.
Bold values represent variables with higher loadings on each factor.

Table 4. Hierarchical Multiple Regression of Numeracy, Reading Literacy for Health Information,

and the Four Neurocognitive Domains on Medication Management Scores

Model 1 Model 2

Variable B SE B b B SE B b

Gender �1.427 0.663 �0.164a �1.036 0.627 �0.119
HIV diagnosisb �0.008 0.004 �0.153a �0.007 0.004 �0.138
Racec �2.322 0.911 �0.191a �1.167 0.881 �0.096
Executive 2.317 0.315 0.476c

Verbal Memory 0.418 0.322 0.085
Planning 1.045 0.312 0.218d

Psychomotor 0.163 0.273 0.038

R2 0.103 0.379
F for change in R2 6.329d 14.020d

ap< 0.05.
bHIV diagnosis¼ time since HIV diagnosis.
cRace¼African American vs. non-African American.
dp< 0.001.
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load on the same factor as the literacy, numeracy and other
executive skills, its association with medication management as
well suggests that it too is an important, higher order cognitive
process that is necessary to carry out rather complex day-to-day
health behaviors such as medication management. In the con-
text of earlier research, a number of studies found the TOFHLA
and other reading tests (e.g., the REALM) to be related to
medication understanding and adherence.15–20 Moreover, in-
terventions stemming from such findings have used non-
written communication strategies such as pictorial medication
cards, to communicate medication instructions.19 Although
these interventions have met with some success, the findings
presented herein suggest that successful medication manage-
ment for low health literate individuals involves a broader and
more complex array of skills than only reading ability.

A recent study found HIV perinatally infected adolescents
to have significantly lower receptive language and word
recognition skills than those who were perinatally exposed to
HIV but did not seroconvert. Moreover, their performance
was well below that of age appropriate expectations. Un-
fortunately, executive skill was not assessed in this study and
so the contribution of executive deficits to language defi-
ciencies cannot be measured. The findings emphasize that
HIV may have a significant effect on language skill that should
be accounted for in care programs for this population.57

The generalizability of this study is limited since the study
sample was not randomly selected and was comprised
mostly of African Americans. However, executive and
planning skills are a universal human ability that would be
equally important to those who confront the task of medi-
cation management regardless of background, level of edu-
cation, or nationality. Second, contemporary HIV regimens
often contain fewer total medicines than the five used in our
simulated regimen. This may decrease generalizability for
less complex regimens which are associated with poorer
management.40 However, in addition to antiretroviral med-
icines, many HIV patients are also prescribed prophylactic
medications, vitamins, and supplements that also require
adequate adherence for maximum effectiveness. Therefore,
we believe these findings to still be relevant for many HIV-
positive patients. It also noteworthy to consider the present
findings within the parameters of health numeracy put forth
by Ancker and Kaufman.26 They purport that productive use
of quantitative health information, such as completion of a
medication regimen, depends in part on the health numer-
acy abilities of the individual. It also depends on the ability
of the communication device, whether through an individ-
ual expert or information artifact, to effectively communicate
clear, ‘‘cognitively manageable’’ information.26 Poorly com-
municated information can handicap even those with ad-
vanced numeracy skill whereas effectively communicated
health information can help to compensate for weak indi-
vidual skill. The findings from the present study constitute
only a portion of the dynamic of functional health literacy
by measuring individual-level ability. A number of other
factors untested in the present study may also impact
self-management of one’s medications such as drug use,12

disease knowledge,16 support of family or caregivers,41 and
self-efficacy for medication taking.42 Nonetheless, these
findings help to underscore individual skill sets of particu-
lar relevance for managing medications. The optimal point
of intervention based on these findings, whether with the

individual, provider, healthcare system, or some combina-
tion thereof, should be evaluated in further intervention re-
search.

These findings hopefully increase provider awareness of
the complexity of higher order cognitive processes on which
patients must rely to successfully navigate medication self-
management. Although reading and arithmetic are key ele-
ments for understanding prescription instructions, they are
carried out via metacognitive processes that may be more
challenging to identify. In diseases such as HIV/AIDS that
produce cognitive dysfunction, the need to assess for cogni-
tive dysfunction as well as reading and numeric literacy is
further illustrated here. Based on these findings, efforts to
simplify health information that merely lowers readability are
likely to meet with limited success.

Acknowledgments

This study was funded through a grant from the National
Institutes of Mental Health, MH 74664 awarded to Dr.
Waldrop-Valverde.

Author Disclosure Statement

No competing financial interests exist.

References

1. Miller LG, Liu H, Hays RD, et al. Knowledge of anti-
retroviral regimen dosing and adherence: A longitudinal
study. Clin Infect Dis 2003;36:514–518.

2. Heaton RK, Marcotte TD, Mindt MR, et al. The impact
of HIV-associated neuropsychological impairment on
everyday functioning. J Int Neuropsych Soc 2004;10:
317–331.

3. Albert SM, Weber CM, Todak G, et al. An observed per-
formance test of medication management ability in HIV:
Relation to neuropsychological status and medication ad-
herence outcomes. AIDS Behav 1999;3:121–128.

4. Grant I, Hampton Atkinson J, Hesselink JR, et al. Evidence
for early central nervous system involvement in the acquired
immunodeficiency syndrome (AIDS) and other human im-
munodeficiency virus (HIV) infections. Ann Intern Med
1987;107:828–836.

5. Martin EM, Robertson LC, Edelstein HE, et al. Performance
of patients with early HIV-1 infection on the Stroop task.
J Clin Exp Neuropsych 1992;14:857–868.

6. Peavy G, Jacobs D, Salmon DP, et al. Verbal memory per-
formance of patients with human immunodeficiency virus
infection: Evidence of subcortical dysfunction. J Clin Exp
Neuropsych 1994;16:508–523.

7. Wilkie FL, Goodkin K, van Zuilen MH, Tyll MD, Lecusay R,
Edwin T. Cognitive effects of HIV-1 infection. CNS Spectr
2000;5:33–51.

8. Sacktor N, McDermott MP, Marder K, et al. HIV-associated
cognitive impairment before and after the advent of com-
bination therapy. J Neurovirol 2002;8:136–142.

9. Cysique LA, Brew BJ. Neuropsychological functioning and
antiretroviral treatment in HIV/AIDS: A review. Neu-
ropsychol Rev 2009;19:169–185.

10. Ferrando S, Van Gorp W, McElhiney M, Goggin K, Sewell
M, Rabkin J. Highly active antiretroviral treatment in HIV
infection: Benefits for neuropsychological function. AIDS,
1998;12:F65–F70.

482 WALDROP-VALVERDE ET AL.



11. Robertson KR, Smurzynski M, Parsons TD, et al. The prev-
alence and incidence of neurocognitive impairment in the
HAART era. AIDS 2007;21:1915–1921.

12. Hinkin CH, Hardy DJ, Mason KI, et al. Medication adher-
ence in HIV-infected adults: Effect of patient, age, cognitive
status, and substance abuse. AIDS 2004;18:S19–S25.

13. Wagner GJ. Predictors of antiretroviral adherence as mea-
sured by self-report, electronic monitoring and medication
diaries. AIDS Patient Care STDs 2002;16:599–608.

14. Avants SK, Margolin A, Warburton LA, Hawkins KA, Shi J.
Predictors of nonadherence to HIV-related medication regi-
mens during methadone stabilization. Am J Addiction
2001;10:69–78.

15. Kalichman SC, Benotsch E, Suarez T, Catz S, Miller J, Rompa
D. Health literacy and health-related knowledge among per-
sons living with HIV/AIDS. Am J Prev Med 2000;18:325–331.

16. Kalichman SC, Rompa D. Functional health literacy is as-
sociated with health status and health-related knowledge in
people living with HIV/AIDS. J Acquire Immun Defic Syndr
2000;25:337–344.

17. Kalichman SC, Ramachandran B, Catz S. Adherence to
combination antiretroviral therapies in HIV patients of low
health literacy. J Gen Intern Med 1999;14:267–673.

18. Davis TC, Wolf MS, Bass PF, et al. Low literacy impairs
comprehension of prescription drug warning labels. J Gen
Intern Med 2006;21:847–851.

19. Kripalani S, Henderson LE, Chiu EY, Robertson R, Kolm P,
Jacobson TA. Predictors of medication self-management skill
in a low literacy population. J Gen Intern Med 2006;21:852–
856.

20. Wolf MS, Davis TC, Shrank W, et al. To err is human: Patient
misinterpretations of prescription drug label instructions.
Patient Educ Couns 2007;67:293–300.

21. Estrada CA, Martin-Hryniewicz M, Peek BT, Collins C, Byrd
JC. Literacy and numeracy skills and anticoagulation con-
trol. Am J Med Sci 2004;328:88–93.

22. Montori VM, Rothman RL. Weakness in numbers: The
challenge of numeracy in healthcare. J Gen Intern Med
2005;20:1071–1072.

23. Waldrop-Valverde D, Jones DL, Jayaweera D, Gonzalez, P,
Romero J, Ownby RL. Gender differences in medication
management capacity in HIV infection: The role of health
literacy and numeracy. AIDS Behav 2009;13:46–52.

24. Parker RM, Baker D, Williams MV. The test of functional
health literacy: A new instrument for measuring patients’
literacy skills. J Gen Intern Med 1995;10:537–541.

25. Taylor WS. Cloze procedure: A new test for measuring
readability. Journal Q 1953;38:632–637.

26. Woodcock RW, McGrew KS, Mather N. Woodcock Johnson
III Tests of Achievement. Itasca, IL: Riverside, 2001.

27. Ancker JS, Kaufman D. Rethinking health numeracy: A
multidisciplinary literature review. J Am Med Informatics
Assoc 2007;14:713–721.

28. Lezak M, ed. Neuropsychological Assessment, 3rd ed. New
York: Oxford University Press, 1995.

29. Spreen O, Strauss E. A Compendium of Neuropsychological
Tests: Administration, Norms, and Commentary, 2nd ed.
New York: Oxford University Press, 1998.

30. D’Elia L, Satz P. Color Trails 1 and 2. Psychological As-
sessment Resources. Odessa, FL: 1989.

31. Shallice T. Specific impairments of planning. Philos T Roy
Soc London 1982;298:199–209.

32. Maj M, D’Elia L, Satz P, Janssen R, et al. Evaluation of two
new neuropsychological tests designed to minimize cultural

bias in the assessment of HIV-1 seropositive persons: A
WHO study. Arch Clin Neuropsych 1993;8:123–135.

33. Corwin J, Bylsma FW. ‘‘Psychological examination of
traumatic encephalopathy’’ by A. Rey and ‘‘The Complex
Figure Test’’ by P.A. Osterrieth. Clin Neuropsychol 1993;7:
3–21.

34. Tiffin J. Purdue Pegboard: Examiner Manual. Chicago, IL:
Science Research Associates, 2001.

35. Lovejoy TI, Suhr JA. The relationship between neu-
ropsychological functioning and HAART adherence in HIV-
positive adults: A systematic review. J Behav Med 2009;
32:389–405.

36. Hinkin CH, Castellon SA, Durvasula RS, et al. Medication
adherence among HIVþ adults. Neurology 2002;59:1944–
1950.

37. Denckla MB. Executive function, the overlap zone between
attention deficit hyperactivity disorder and learning dis-
abilities. Int Pediatr 1989;4:155–160.

38. Williams JP. Teaching text structure to improve reading
comprehension. In: Swanson HL, Harris KR, Graham S, eds.
Handbook of Learning Disabilities. New York: The Guilford
Press, 2003:293–305.

39. Sesma HW, Mahone EM, Levine T, Eason SH, Cutting, LE.
The contribution of executive skills to reading comprehen-
sion. Child Neuropsych 2009;15:232–246.

40. Reiter A, Tucha O, Lange KW. Executive functions in chil-
dren with dyslexia. Dyslexia 2005;11:116–131.

41. Swanson HL. Reading comprehension and working mem-
ory in learning disabled readers: Is the phonological loop
more important than the executive system? J Exp Child
Psych 1999;72:1–31.

42. Swanson HL, Alexander JE. Cognitive processes as predic-
tors of word recognition and reading comprehension in
learning disabled and skilled readers: Revisiting the speci-
ficity hypotheseis. J Educ Psych 1997;89:128–158.

43. Swanson HL, Jerman O. The influence of working memory
on reading growth in subgroups of children with reading
disabilities. J Exp Child Psych 2007;96:249–283.

44. Vellutino FR, Scanlon DM, Lyon GR. Differentiating be-
tween difficult to remediate and readily remediated poor
readers: More evidence against the IQ achievement dis-
crepancy definition of reading disability. J Learn Disab
2002;33:223–238.

45. Pearson PD, Fielding L. Comprehension instruction. In: Barr
R, Kamil ML, Mosenthal P, Pearson PD, eds. Handbook of
Reading Research. Volume II. New York: Longman, 1991,
Chapter 29, pp 815–860.

46. Keeler MH. Strategic organization and reading comprehen-
sion deficits in middle school children. Dissertation Abstracts
International: Section B: The Sciences and Engineering.
1995;55:4123.

47. Wechsler D. Wechsler Adult Intelligence Scale—Third Edi-
tion (WAIS-III). San Antonio, TX: The Psychological Cor-
poration, 1997.

48. Sattler JM. Assessment of Children. San Diego: Jerome M.
Sattler, Publisher: 1992.

49. Brackis-Cott E, Kang E, Dolezal C, Abrams EJ, Mellins
CA. The impact of perinatal HIV infection on older school
aged childrens’ and adolescents’ receptive language and
word recognition skills. AIDS Patient Care STDs 2009;23:
425–421.

50. Stone VE, Hogan JW, Schman P, et al. Antiretroviral regi-
men complexity, self-reported adherence, and HIV pa-
tients’ understanding of their regimens: Survey of women

NEUROCOGNITION, HEALTH LITERACY, AND HIV 483



in the HER study. J Acquire Immune Defic Syndrome
2001;28:124–131.

51. Catz SL, Kelly JA, Bogart LM, Benotsch EG, McAuliffe TL.
Patterns, correlates and barriers to medication adherence
among persons prescribed new treatments for HIV disease.
Health Psych 2000;19:124–133.

52. Amassari A, Trotta MP, Murri R, et al. Correlates and pre-
dictors of adherence to highly active antiretroviral therapy:
Overview of published literature. J Acquir Immune Defic
Syndrome 2002;31:S123–S127.

Address correspondence to:
Drenna Waldrop-Valverde

Department of Psychiatry & Behavioral Sciences
University of Miami Miller School of Medicine

1120 NW 14th Street
Suite 1409A (D21)

Miami, FL 33136

E-mail: DWaldrop@med.miami.edu

484 WALDROP-VALVERDE ET AL.


