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Purpose: Disparities in cognition among middle-aged and older African American/Black adults are evident, especially among people 
living with HIV (PLWH). Though disparities in health literacy among African American/Black adults impact health outcomes across 
clinical populations, its role in racial differences in cognition among PLWH is not well understood. This study aimed to determine if 
health literacy mediated racial differences in cognition among PLWH and people living without HIV (PLWoH).
Patients and Methods: Measures of oral word literacy (Wide Range Achievement Test-3rd Edition), health literacy (Test of 
Functional Literacy in Adults – Reading Comprehension subtest, Rapid Estimate of Adult Literacy in Medicine, Newest Vital Sign, 
Expanded Numeracy Scale), and cognition (gold standard neurocognitive battery) were examined in 273 participants (170 PLWH: 
86% African American/Black; 103 PLWoH: 65% African American/Black) via secondary analysis. Multivariable linear regressions 
(MLRs) among PLWH and PLWoH examined associations between health literacy and cognition, accounting for relevant covariates, 
followed by adjusted bootstrap confidence interval mediation analyses to determine whether health literacy mediated the association 
between race and cognition.
Results: In both samples, White people scored higher than African American/Black people on measures of cognition, health literacy, 
oral word literacy, and SES. Adjusted MLRs in PLWH and PLWoH separately showed health literacy was associated with cognition 
(PLWH: b =0.205, p =0.007; PLWoH: b = 0.354, p =0.002). Health literacy significantly mediated the association between race and 
cognition, independent of covariates (PLWH: effect =0.055, 95% CI [0.0048, 0.1973]; PLWoH: effect =0.093, 95% CI [0.0276, 
0.1827]).
Conclusion: These results underscore the importance of health literacy in explaining racial disparities in cognition among African 
American/Black PLWH and PLWoH in the Deep South. Findings have implications for guiding the development of health literacy 
interventions, which may have downstream positive impacts on cognition.
Keywords: health disparities, neurocognitive disorders, infectious disease, race and ethnicity, cultural psychology, neuropsychological 
assessment

Introduction
Race and HIV
The United States (US) Deep South (a region including the following states: AL, FL, GA, LA, MS, NC, SC, TN, TX), is 
an epicenter of the US HIV epidemic, where people living with HIV (PLWH) experience the poorest outcomes compared 
to PLWH in other US regions. In addition to the Deep South contributing to over 52% of HIV diagnoses in 2022,1 the US 
Deep South also has the highest rates of infection and HIV-related deaths.2 The primary contributor to the US Deep 
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South having the worst HIV outcomes is attributed to the racial disparities in HIV outcomes among certain populations, 
particularly African Americans/Black people. Even though African American/Black people made of 13% of the US 
population in 2019, African American/Black people made up 40% of PLWH.3 Despite HIV incidence rates having 
decreased by approximately 18% from 2018 to 2022 among African American/Black people, they were nearly 8 times 
more likely to receive an HIV diagnosis compared to White people in 2022.1 Further, African American/Black PLWH 
also have significantly worse HIV care continuum compared to White PLWH (ie, receive care, care retention, viral 
suppression), highlighting the significant racial disparities in HIV outcomes among African American/Black PLWH.1–4

HIV, Race, and Cognition
These health disparities among African American/Black PLWH may ultimately increase the risk for developing HIV- 
associated neurocognitive disorder (HAND), a spectrum of cognitive impairment ranging from mild to severe impair
ments disrupting functional independence, which have an estimated prevalence of 30–50%5,6 and can present even 
among PLWH with well-control HIV.7 HIV damages the central nervous system via several mechanisms including 
release of viral proteins and neuroinflammation.8 A meta-analysis on the global HAND prevalence indicated it to be 
highest among people with more severe history of HIV (ie, low nadir CD4).9 As PLWH age, they are also at risk for other 
neurodegenerative disorders such as Alzheimer’s disease and related dementias (ADRD). In fact, dementia incidence 
rates have been estimated to be 1.2–3.7 times higher among PLWH than people living without HIV (PLWoH).10

The higher prevalence and incidence rates of ADRD among African American/Black people compared to Whites has 
been well-established in the general population.11,12 Research in PLWH has shown that African American/Black people 
and Hispanics have significantly worse cognitive outcomes compared to Non-Hispanic Whites. In a sample of African 
American/Black PLWH (N = 116) and White PLWH (N = 105) aged 50 and older, African American/Black PLWH had 
significantly worse memory and learning performance compared to White PLWH.13 Another study14 found that Non- 
Hispanic African American/Black PLWH had significantly worse global and domain (eg, learning, executive functioning) 
cognitive functioning than Non-Hispanic White and Hispanic PLWH. Another study found that African American/Black 
PLWH were more likely to meet criteria for neurocognitive disorders than White PLWH (45% vs 17%, respectively).15 

Increased rates of HAND among African American/Black people may partially be attributed to the greater prevalence of 
risk factors for HAND, including but not limited to cardiometabolic disorders (eg, diabetes and hypertension),16 

psychiatric comorbidities (eg, anxiety and depression, HIV disease severity),17 and social comorbidities (eg, low 
education, poverty, trauma).18 Understanding factors associated with poorer cognitive outcomes among African 
American/Black PLWH is challenging given issues related to culturally relevant cognitive tests and psychometrics/ 
norming. Furthermore, examination of the influence of social determinants of health on cognitive outcomes among 
African American/Black PLWH is needed.19

Health Literacy
Unequal quality in primary schooling provided to African American/Black populations in the Deep South has played 
a role in the current literacy disparities that are present in older African American/Black PLWH and PLWoH alike.20,21 

Disparities in health literacy are one potential mechanism leading to poorer health outcomes and cognitive function 
among African American/Black PLWH. Health literacy can be understood as, “the degree to which individuals have the 
capacity to obtain, process, and understand basic health information and services needed to make appropriate health 
decisions”.22 African American/Black PLWH are at particular risk for low health literacy,23 which may be attributable to 
various social determinants of health.

Health literacy has shown to influence ethnoracial disparities in neuropsychological functioning in other 
populations,24 but we know little about its influence in HIV disease. One study25 found in a sample of African 
American/Black and White PLWH that health literacy significantly mediated the association between race and global 
and domain (eg, attention/working memory) cognitive functioning. These findings converge with studies showing that 
general language literacy is associated with cognitive outcomes among African American/Black PLWH. For example, 
one study26 found that lower scores on the HIV Dementia Scale (a cognitive screener) among African American/Black 
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PLWH were partially explained by reading scores from the Weschler Test of Adult Reading (WTAR), an accepted 
measure of literacy that serves as a proxy for quality of education.27

Despite the evidence that there are racial disparities among African American/Black PLWH in HIV outcomes as well 
as non-HIV-related comorbidities16–18 and that health literacy that may have downstream impacts on cognitive function
ing, little research has examined if health literacy explains racial differences in cognitive functioning in PLWH. Of the 
two studies that have examined how health literacy and oral word literacy mediate racial differences in cognitive 
functioning in African American/Black and White PLWH,25,26 both studies lacked HIV-negative comparison groups, and 
included samples of PLWH that were relatively young (mean ages ~40–50), not representing older adulthood where 
declines in cognitive functioning are most pronounced. Furthermore, no studies have investigated these relationships 
within samples from the US Deep South, a population of PLWH that are largely African American/Black and that present 
with the worst HIV outcomes of any US region. Our study also uniquely expands upon previous research by examining 
specific components of health literacy that may drive racial differences. Thus, the purpose of the current study was to 
understand the relationship between health literacy and cognitive functioning among a sample of middle-aged and older 
African American/Black and White PLWH and PLWoH from the Deep South. The first aim was to determine if health 
literacy was associated with cognitive functioning when accounting for relevant covariate(s) among PLWH and PLWoH 
separately. The second aim was to determine if health literacy mediated racial differences in cognitive functioning, when 
accounting for relevant covariate(s). Inverse mediation models were also performed to confirm directionality (ie, examine 
whether cognitive functioning explains racial differences in health literacy), as various conceptual models have suggested 
that cognitive functioning may have upstream effects on health literacy,28 and that the relationship between health 
literacy and cognitive functioning may also be reciprocal.29 Post-hoc analyses from the mediation models performed for 
aim 2 were conducted to determine which specific health literacy domains (ie numeracy and reading) uniquely mediated 
the relationship between race and global cognitive function.

Materials and Methods
Participants and Procedure
The current study is a cross-sectional secondary analysis of observational data collected from September 2016 through 
July 2019. Participants in the current study included 273 middle-aged and older PLWH (n = 170; 86% African American/ 
Black) and PLWoH (n = 101; 65% African American/Black) from Birmingham, Alabama. PLWH were recruited from 
a parent RCT (after completing the baseline assessment for that study, they were invited to do the additional study 
measures used in the current study),30 which had the following inclusion criteria: aged 40+ years, a patient at the 
university HIV/AIDS clinic, not having a major health condition(s) that may affect cognitive function (eg, Alzheimer’s 
disease, schizophrenia), no major vision or hearing impairments, no prior head injury with loss of consciousness greater 
than 30 minutes, and not undergoing radiation or chemotherapy at the time of the study. PLWoH were recruited for 
a parent observational study via flyers in the community and a university online ad listing studies. Inclusion criteria were 
the same as for PLWH, with the exception that PLWoH were aged 50+ years. The rationale for the different age cut-off 
between PLWH and PLWoH was due to aims of the parent studies and because cognitive declines may have an earlier 
onset in PLWH. This study was funded by the National Institute on Aging, was approved by the UAB Institutional 
Review Board (protocol # 160601006), and was conducted in accordance with the Declaration of Helsinki. After written 
informed consent was obtained, participants completed questionnaires and measures, including a comprehensive neuro
cognitive battery, and measures of demographic characteristics, health literacy, and oral word literacy.

Measures
Sociodemographic Characteristics
Sociodemographic characteristics were obtained via self-report questionnaire and consisted of: age, race/ethnicity, sex, 
total years of education, and annual household income (ie 1 = $0 – $10,000 to 11 = $100,000 and above). Oral word 
literacy was determined from the reading subtest of the Wide Range Achievement Test-3rd Edition (WRAT-3),31 an 
established proxy for quality of education.27 A socioeconomic status (SES) composite Z-score was created given the 
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conceptual overlap and collinearity between total years of education and annual household income (PLWH: Spearman’s 
r =0.476, p <0.001; PLWoH: Spearman’s r =0.571, p <0.001).32,33 Sample descriptive and clinical characteristics across 
the HIV and racial groups are displayed in Table 1.

Neurocognitive Functioning
The neurocognitive battery assessed seven major cognitive domains, including speed of information processing, learning, 
memory, executive functioning, verbal fluency, attention and working memory, and motor functioning5 (see Table 2). 
A sample-based global cognition Z-score composite was calculated from the raw scores, with higher scores reflecting 
better functioning. The rationale for using a sample-based Z-score for global cognition functioning instead of a normed 
T score was to have a clearer comparison of racial difference in cognitive functioning, given the known norming issues 
among African American/Black adults.34

Table 1 Demographic and Clinical Statistics by HIV Status and Race

White PLWoH 
(n = 36; A)

African American/ 
Black PLWoH  
(n = 67; B)

White 
PLWH  
(n = 25; C)

African American/ 
Black PLWH  
(n = 145; D)

F or t df p-value

Demographics

Age M (SD) 62.86 (8.16) 58.91 (6.13) 54.28 (7.02) 50.92 (6.88) 39.067 3 <0.001 

A > B > C & D

Sex  

N, (% Female)

23 

(65.7%)

39 (57.6%) 4 

(16%)

60 (41.4%) 6.836 3 <0.001 

A > C & D; B > C

Education yrs 

M (SD)

15.49 (2.34) 12.98 (1.96) 13.24 (2.13) 12.41 (2.17) 19.481 3 <0.001 

A > B – D

Income M (SD) 5.74 (3.35) 2.21 (1.59)a 2.80 (2.36) 1.80 (1.44) 40.625 3 <0.001 

A > B – D

Socioeconomic 

status composite 
Z-score M (SD)

0.68 (0.92) −0.36 (0.61) 0.42 (1.06) −0.07 (0.7) 18.17 3 <0.001A & C > 

B & D

Oral word 
literacy M (SD)

63.03 (6.63) 53.07 (9.77) 61.00 (5.87) 50.92 (10.60) 21.273 3 <0.001 
A & C > B & D

Clinical Variables

Depressive 

symptoms 
M (SD)

8.91 (6.85)b 13.26 (11.40) 17.80 (10.72) 17.50 (10.75) 7.724 3 <0.001 

A < C & D; B < D

Nadir CD4 Mdn 
(SD)

– – 259.54 
(338.86)c

251.16 (247.23)d −0.143 151 0.885

Health Literacy

Health Literacy 

Composite 
Z-score M (SD)

0.61 (0.44) −0.36 (0.80) 0.76 (0.37) −0.16 (0.91) 20.742 3 <0.001 

A & C > B & D

Cognitive Functioning

Global Cognition 

Z-score Avg 
M (SD)

0.39 (0.68) −0.23 (0.60) 0.46 (0.62) −0.09 (0.62) 14.766 3 <0.001 

A & C > B & D

Notes: a: n full data = 66; b: n full data = 35; c: n full data = 24; d: n full data = 129.
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Health Literacy
The following health literacy measures were administered to ensure there were two reading measures and two numeracy 
measures: the Test of Functional Literacy in Adults (TOFHLA) Reading Comprehension subtest,35 the Rapid Estimate of 
Adult Literacy in Medicine (REALM),36 the Newest Vital Sign (NVS),37 and the Expanded Numeracy Scale (ENS).38 

The TOFHLA Reading Comprehension subtest includes 50-items, with high higher scores indicating greater health 
literacy (scores ranging between 16 and 50). The REALM is a 66-item measure used to assess the capacity to recognize 
and accurately pronounce health-related words (eg, “jaundice”, “colitis”, “impetigo”). The total scores range from 0 to 
66, with scores ≤ 60 used to indicate limited health literacy. The NVS is a 6-item measure of health literacy (numeracy) 
that is performance-based, requiring participants to answer questions about an ice cream nutrition label (eg, “If you are 
allowed to eat 60 grams of carbohydrates as a snack, how much ice cream could you have?”). Scores can range from 0 to 
6, with higher scores indicating greater health literacy. Lastly, the ENS is a 7-item activity designed to assess one’s 
fundamental competency with mathematical concepts in the context of perceived health risks (eg “Which of the 
following numbers represents the biggest risk of getting a disease: 1%, 10%, or 5%?”). Scores range between 0 and 7, 
with higher scores indicating greater understanding of health risks. After calculating sample-based Z-scores for each of 
the health literacy measures, a health literacy Z-composite score was created, following the approach suggested by 
Matchanova et al.39 We also examined individual domain (numeracy vs reading) Z-scores of the health literacy measures 
in subanalyses.40

Clinical Variables
The Center for Epidemiological Studies – Depression41 was used to assess depressive symptoms, with scores of 16 or 
greater considered as clinically relevant. HIV disease characteristics were derived from interview and clinic records, and 
included current and nadir CD4 count, estimated duration of HIV disease, plasma viral load, and treatment status. 
Participants also provided urine samples for toxicology (TransMedR) for five illicit substances (ie marijuana, ampheta
mines, cocaine, methamphetamine, and opiates).

Statistical Analyses
Statistical analyses were conducted in JMP Pro Version 1442 and R version 4.1.43 In order to calculate the sample-based 
composite Z-scores for the cognitive domains, we used the following equation for each neurocognitive measure: z ¼ x� μ

σ 
[eg, individual score on Controlled Oral Word Fluency (COWF) subtracted by the average score on COWF all divided by 
the standard deviation of COWF; individual scores on Category Fluency – Animal and Actions (CF-AA) subtracts by the 
average score on the CF-AA all divided by the standard deviation of CF-AA]. Afterwards, we obtained the mean z-score 

Table 2 Neuropsychological Test Battery by Cognitive Domain

Cognitive Domain Neuropsychological Tests

Speed of Information Processing WAIS-III Symbol Search 
Trail Making Test, Part A 

WAIS-III Digit Symbol

Learning and Memory (2 domains) BVMT (Immediate and Delayed Recall) 

HVLT (Immediate and Delayed Recall)

Abstraction/Executive Function Wisconsin Card Sorting Test (64-item) 

Trail Making Test, Part B

Verbal Fluency Category Fluency (Animal and Actions) 

Controlled Oral Word Fluency

Attention/Working Memory Paced Auditory Serial Addition Test (PASAT) 

WAIS-III Letter-Number Sequencing

Motor Function Grooved Pegboard Test (Dominant & Non-dominant Hands)
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for each of the cognitive domains by taking the mean from the previously calculated z-scores (eg Verbal Fluency 
z ¼ COWFzþCFAAz

3 ). We then created the global cognitive functioning Z-score by obtaining the mean Z-score from all of 
the cognitive domains Z-scores. One-way ANOVAs were performed to determine if there were significant differences by 
race/HIV-status groups (ie, four groups) and to characterize the sample. To determine covariates for the multiple linear 
regressions and mediation analyses as well as confirm conditions for mediation were met, correlation analyses were 
performed among PLWH and PLWoH separately, determining which demographic and clinical variables listed in Table 1 
were associated with race, health literacy, and global cognitive functioning.44 Variables that were associated with race, 
health literacy, and global cognitive functioning were entered as covariates in the linear regression and mediation 
analyses. For the linear regression analyses, we examined within PLWH and PLWoH separately whether health literacy 
was associated with cognitive functioning. Specifically, for the mediation, we examined within PLWH and PLWoH 
separately whether health literacy mediated the association between race and cognitive functioning (see Figure 1), 
followed by inverse mediation models where we examined within PLWH and PLWoH separately whether cognitive 
functioning mediated the association between race and health literacy. For the post hoc analyses, mediation analyses were 
performed to determine which specific domains of health literacy (ie, numeracy and reading) mediated the association 
between race and cognitive functioning among PLWH and PLWoH separately. Post hoc power calculations were 
conducted per Fritz and MacKinnon’s specifications45 and determined that for PLWH (n = 170) the sample size has 
approximately 80% power to detect combinations a*b of at least H*H in magnitude, where H stands for Halfway 
between small and medium effect (ie, each standardized coefficient (a and b), of at least 0.26 in magnitude in the 
population). The post hoc power calculation for PLWoH (n=103) indicated it would be approximately 80% power to 
detect a*b combinations slightly higher in magnitude than H*M where H is as above and M is a medium effect (ie, 
a standardized coefficient of at least 0.39 in magnitude in the population).

Results
PLWoH were significantly (p’s <0.01) older, had greater representation of females and Whites, had more years of 
education, higher annual income, higher oral word literacy, and fewer depressive symptoms than PLWH. When 
examining racial differences within PLWH and PLWoH separately, White PLWoH were significantly (p’s <0.01) older, 
had higher SES (ie, more years of education and higher annual income), higher oral word literacy, higher health literacy, 
and higher global cognitive functioning than African American/Black PLWoH. Similarly, within PLWH, White PLWH 
had higher SES, higher oral word literacy, higher health literacy, and higher global cognitive functioning than African 
American/Black PLWH. More details on the specific differences found between the four groups are shown in Table 1. 
Descriptive analyses revealed few instances of missingness. One data point on income was missing among African 
American/Black PLWoH, one data point on depressive symptoms was missing among White PLWoH, 16 data points on 

Oral word literacy
SES
Sex
Age

Health Literacy 
Composite

Race Global 
Cognitive 

Functioning

Figure 1 Mediation Pathway.
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Nadir CD4 were missing among African American/Black PLWH, and one data point on Nadir CD4 was missing among 
White PLWH. Therefore, missingness was handled with listwise deletion.

To determine which variable(s) to include in the multiple linear regression and mediation models as covariates, 
correlation analyses were performed. Variables correlated with all three primary variables of interest (ie, race, health 
literacy, cognitive functioning) were included as covariates. Correlation analyses among PLWH revealed SES and oral 
word literacy to be the only variables that correlated with race (SES: r =0.205, p <0.01; oral word literacy: r =0.336, 
p <0.01), health literacy (SES: r =0.451, p <0.01; oral word literacy: r =0.834, p <0.01), and cognitive functioning (SES: 
r =0.460, p <0.01; oral word literacy: r =0.627, p <0.01). Similar to PLWH, correlation analyses among PLWoH revealed 
SES and oral word literacy to be correlated with race (SES: r =0.563, p <0.01; oral word literacy: r =0.478, p <0.01), 
health literacy (SES: r =0.649, p <0.01; oral word literacy: r =0.859, p <0.01), and cognitive functioning (SES: r =0.650, 
p <0.01; oral word literacy: r =0.609, p <0.01). Thus, oral word literacy and SES were selected as covariates due to the 
above-mentioned associations, while age and sex were included as covariates given their conceptual relevance.

The linear regression in PLWH showed higher health literacy was significantly associated with higher cognitive 
functioning [R2 =0.517, F(6, 163) = 29.100, p <0.001; b =0.205, p =0.007], when accounting for race, age, sex, SES, and 
oral word literacy. The linear regression in PLWoH showed that higher health literacy was significantly associated with 
higher cognitive functioning [R2 =0.618, F(6, 96) = 25.905, p <0.001; b =0.354, p =0.003], when accounting for race, 
age, sex, SES, and oral word literacy. See Table 3 for full results.

The mediation analysis in PLWH showed that health literacy (indirect effect =0.055, 95% CI [0.0048, 0.1973]; 
partially standardized mediated effect =0.084) significantly mediated the association between race and global cognitive 
functioning, independent of oral word literacy, age, sex, and SES (see Figure 2), with 23.3% [indirect effect (0.055) 
divided by the total effect (indirect effect + direct effect)] of the total variance in global cognitive functioning being 
explained by the mediating effect of health literacy. The indirect pathways indicated that the association between race and 
health literacy was significant (b =0.267, 95% CI [0.0467, 0.4882], p =0.018), as well as the association between health 
literacy and global cognitive functioning (b =0.205, 95% CI [0.0562, 0.3546], p =0.007). While higher oral word literacy, 

Table 3 Health Literacy Predicts Global Cognitive Function

PLWH Output (n = 170)

Variable b SE t p-value

Health Literacy Composite Z-score 0.205 0.076 2.719 0.007

Race 0.181 0.110 1.644 0.102

Oral word literacy 0.018 0.006 2.800 0.006

Age −0.016 0.006 −2.902 0.004

Sex 0.061 0.075 0.814 0.417

SES 0.165 0.047 3.465 0.001

PLWoH Output (n = 103)

Health Literacy Composite Z-score 0.354 0.114 3.102 0.003

Race 0.036 0.117 0.305 0.761

Oral word literacy 0.001 0.009 0.063 0.950

Age −0.019 0.007 −2.716 0.008

Sex 0.214 0.090 2.384 0.019

SES 0.304 0.072 4.226 <0.001

Notes: Dependent Variable: Global cognition Z-score.
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younger age, and higher SES were associated with higher global cognitive functioning (oral word literacy: b =0.018, 95% 
CI [0.0052, 0.0301], p =0.006; age: b = −0.016, 95% CI [−0.0269, −0.0051], p =0.004; SES: b =0.164, 95% CI [0.0708, 
0.2582], p <0.001), the direct effect of race was not significantly associated with global cognitive functioning (b =0.181, 
95% CI [−0.0364, 0.3473], p =0.102) nor was sex significantly associated with global cognitive functioning (b =0.061, 
95% CI [−0.0876, 0.2103], p =0.417). The inverse mediation analysis in PLWH showed that global cognitive functioning 
(indirect effect =0.049, 95% CI [−0.0000, 0.1225]) did not mediate the association between race and health literacy, 
independent of oral word literacy, age, sex, and SES. The indirect pathways indicated that the association between race 
and global cognitive functioning was significant (b =0.236, 95% CI [0.0182, 0.4536], p =0.034), as well as the 
association between global cognitive functioning and health literacy (b =0.211, 95% CI [0.0578, 0.3645], p =0.007). 
While higher oral word literacy and younger age were associated with higher health literacy (oral word literacy: 
b =0.059, 95% CI [0.0504, 0.0685], p <0.001; age: b = −0.017, 95% CI [−0.0282, −0.0062], p =0.002), the direct effect 
of race on health literacy approached significance (b =0.218, 95% CI [−0.0019, 0.4372], p =0.052). Sex was not 
significantly associated with health literacy (b = −0.004, 95% CI [−0.1551, 0.1475], p =0.960), while the association 
between SES and health literacy approached significance (b =0.096, 95% CI [−0.0017, 0.1930], p =0.054). In summary, 
mediation findings indicated that White PLWH were expected to obtain higher global cognitive functioning than African 
American/Black PLWH through the partial mediating effect of higher health literacy, and that the inverse mediating 
effect of global cognitive functioning on racial differences in health literacy among PLWH was not observed.

Similarly, the mediation analysis in PLWoH showed that health literacy (indirect effect =0.093, 95% CI [0.0276, 
0.1827]; partially standardized mediated effect =0.134) significantly mediated the association between race and global 
cognitive functioning, independent of oral word literacy, age, sex, and SES (see Figure 3), with 72.1% of the total 
variance being in global cognitive functioning explained by the mediating effect of health literacy. The indirect pathways 
indicated that the association between race and health literacy was significant (b =0.263, 95% CI [0.0628, 0.4633], 
p =0.011), in addition to the association between health literacy and global cognitive functioning (b =0.354, 95% CI 
[0.1275, 0.5805], p =0.002). While oral word literacy and the direct effect of race were not associated with global 
cognitive functioning (oral word literacy: b =0.001, 95% CI [−0.0175, 0.0187], p =0.949; race: b =0.036, 95% CI 
[−0.1971, 0.2686], p =0.761), the other covariates were significantly associated with global cognitive functioning (age: 
b = −0.019, 95% CI [−0.323, −0.0050], p =0.008; sex: b =0.214, 95% CI [0.0358, 0.3918], p =0.019; SES: b =0.304, 95% 
CI [0.1610, 0.4462], p <0.001). The inverse mediation analysis in PLWoH showed that global cognitive functioning 
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Figure 2 Mediation among PLWH. 
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(indirect effect = 033, 95% CI [−0.0223, 0.1081]) did not mediate the association between race and health literacy, 
independent of oral word literacy, age, sex, and SES. While the indirect pathways indicated that the association between 
race and global cognitive functioning was not significant (b =0.129, 95% CI [−0.1060, 0.3637], p =0.279), the association 
global cognitive functioning and health literacy was significant (b =0.257, 95% CI [0.0927, 0.4221], p =0.002). While 
higher oral word literacy, younger age, and the direct effect of white race were significantly associated with higher health 
literacy (oral word literacy: b =0.056, 95% CI [0.0452, 0.0663], p <0.001; age: b = −0.013, 95% CI [−0.0250, −0.0014], 
p =0.028; race: b =0.229, 95% CI [0.0368, 0.4230], p =0.020), sex and SES were not significantly associated with health 
literacy (sex: b = −0.014, 95% CI [−0.1697, 0.1426], p =0.863; SES: b =0.033, 95% CI [−0.0992, 0.1653], p =0.621). 
Thus, much like the findings among PLWH, White PLWoH were expected to obtain higher global cognitive functioning 
than African American/Black PLWoH through the partial mediating effect of higher health literacy, and the inverse 
mediating effect of global cognitive functioning on racial differences in health literacy among PLWoH was not observed.

Finally, we conducted post-hoc analyses to examine which domains of health literacy uniquely mediated the 
associations between race and global cognitive functioning while covarying for oral word literacy, age, sex, and SES 
in PLWH and PLWoH alike. Among PLWH, numeracy (indirect effect =0.102, 95% CI [0.0248, 0.2576]; partially 
standardized mediated effect =0.156) significantly mediated the association between race and global cognitive function
ing, independent of oral word literacy, age, sex, and SES, with 42.9% of the total variance in global cognitive functioning 
being explained by the mediating effect of the numeracy domain of health literacy. The indirect pathways indicated that 
the association between race and numeracy was significant (b =0.457, 95% CI [0.1645, 0.7505], p =0.002), as well as the 
association between numeracy and global cognitive functioning (b =0.222, 95% CI [0.1128, 0.3321], p <0.001). While 
sex and the direct effect of race were not associated with global cognitive functioning (sex: b =0.087, 95% CI [−0.0586, 
0.2329], p =0.239; race: b =0.134, 95% CI [−0.0802, 0.3483], p =0.218), higher oral word literacy (b =0.020, 95% CI 
[0.0114, 0.0296], p <0.001), younger age (b = −0.015, 95% CI [−0.0254, −0.0044], p =0.006), and higher SES (b =0.133, 
95% CI [0.0387, 0.2267], p =0.006) were significantly associated with higher global cognitive functioning. However, an 
indirect effect of reading on global cognitive functioning was not observed among PLWH (b =0.007, 95% CI [−0.0152, 
0.0395]). The indirect pathways indicated that the association between race and reading was not significant (indirect 
effect =0.109, 95% CI [−0.1024, 0.3204], p =0.310) nor was there an association between reading and global cognitive 
functioning (b =0.061, 95% CI [−0.0983, 0.2213], p =0.448). While the direct effect of white race (b =0.226, 95% CI 
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[0.0068, 0.4450], p =0.043), higher oral word literacy (b =0.027, 95% CI [0.0122, 0.0418], p <0.001), younger age (b = 
−0.019, 95% CI [−0.0305, −0.0086], p <0.001), and higher SES (b =0.189, 95% CI [0.0963, 0.2835], p <0.001) were 
associated with higher global cognitive functioning, sex was not significantly associated with global cognitive function
ing (b =0.047, 95% CI [−0.1081, 0.2025], p =0.549). The findings among PLWH indicated that White PLWH were 
expected to obtain higher global cognitive functioning than African American/Black PLWH through the partial mediating 
effect of higher numeracy, while the association between race and global cognitive functioning among PLWH was not 
mediated by the reading domain of health literacy.

Among PLWoH, numeracy (indirect effect =0.155, 95% CI [0.0556, 0.3012]; partially standardized mediated effect 
=0.223) significantly mediated the association between race and global cognitive functioning, independent of oral word 
literacy, age, sex, and SES. Since the signs of the indirect effect (positive) and the direct effect (negative) were not 
consistent, calculation of the total variance in global cognitive functioning being explained by the mediating effect of the 
numeracy domain of health literacy was not appropriate. The indirect pathways indicated that the association between 
race and numeracy was significant (b =0.502, 95% CI [0.2040, 0.8000], p =0.001), as well as the association between 
numeracy and global cognitive functioning (b =0.308, 95% CI [0.1611, 0.4550], p <0.001). While the direct effect of race 
was not associated with global cognitive functioning (b = −0.026, 95% CI [−0.2553, 0.2037], p =0.824), higher oral word 
literacy (b =0.013, 95% CI [0.0008, 0.0249], p =0.037), younger age (b = −0.020, 95% CI [−0.0332, −0.0079], p =0.002), 
female sex (b =0.249, 95% CI [0.0768, 0.4203], p =0.005), and higher SES (b =0.249, 95% CI [0.1060, 0.3919], 
p <0.001) were significantly associated with higher global cognitive functioning. However, an indirect effect of reading 
on global cognitive functioning was not observed among PLWoH (indirect effect < −0.001, 95% CI [−0.0220, 0.0243]). 
The indirect pathways indicated that the association between race and reading was not significant (b =0.034, 95% CI 
[−0.2226, 0.289], p =0.795) nor was there an association between reading and global cognitive functioning (b = −0.004, 
95% CI [−0.1915, 0.1834], p =0.966). While higher oral word literacy (b =0.024, 95% CI [0.0011, 0.0461], p =0.039), 
younger age (b = −0.026, 95% CI [−0.0406, −0.0117], p <0.001), female sex (b =0.236, 95% CI [0.0445, 0.4283], 
p =0.016), and higher SES (b =0.341, 95% CI [0.1915, 0.4915], p <0.001) were associated with higher global cognitive 
functioning, the direct effect of race was not significantly associated with global cognitive functioning (b =0.130, 95% CI 
[−0.1070, 0.3674], p =0.279). The findings among PLWoH indicated that White PLWoH were expected to obtain higher 
global cognitive functioning than African American/Black PLWoH through the partial mediating effect of higher 
numeracy, while the association between race and global cognitive functioning among PLWH was not mediated by 
the reading domain of health literacy. In summary, the mediating effects of general health literacy on the association 
between race and global cognitive functioning among PLWH and PLWoH was driven by the numeracy domain of health 
literacy, and not the reading domain of health literacy.

Discussion
As the average age of HIV population in the United States continues to increase, the need to understand how to mitigate 
declines in cognitive functioning is apparent. The goal of the current study was to examine the mediating role health 
literacy plays in racial disparities in cognitive functioning in a sample of middle-aged and older White and African 
American/Black PLWH and PLWoH from the Deep South. In our sample, White PLWH and PLWoH demonstrated 
greater global cognitive functioning, health literacy, and higher oral word literacy and SES than African American/Black 
counterparts, confirming racial disparities previously reported.13–15,23,25,26,46,47 Our findings for aim one were confirmed, 
such that health literacy was significantly associated with cognitive functioning among PLWH and PLWoH separately. 
Consistent with our second aim, health literacy was found to partially mediate racial differences in global cognitive 
functioning in PLWH and PLWoH, while the inverse mediation model was not supported (cognitive function as the 
mediator). Lastly, our post-hoc analyses based on the analyses for aim 2 indicated that the health literacy domain of 
numeracy drove the racial differences in global cognitive functioning in both samples. It should be noted that the while 
partially standardized indirect effects, a recommended effect size measure for indirect effects when the independent 
variable (ie, race) is dichotomous,48,49 do not have benchmarks for small, medium, or large effect sizes like 
Cohen’s d and ƒ2, the partially standardized indirect effects increased for PLWH and PLWoH after post hoc analyses 
were performed (PLWH: 0.084 to.156; PLWoH: 0.134 to.223). These observed increases in effect size when examining 
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the mediating effects of the numeracy domain of health literacy on racial differences in global cognitive functioning 
among PLWH and PLWoH alike emphasizes the role that numeracy may have in global cognition among these aging 
populations.

Prior work among PLWH and PLWoH demonstrates that health literacy is a key social determinant of health that 
contributes to racial disparities in neurocognitive functioning,23,46,47,50,51 indicating a concern about the quality of 
education that ethnic/racial minorities receive, and how poor literacy translates to poor health literacy.22 Furthermore, 
as health literacy encompasses oral word literacy and applies it to health and medical contexts, it has been found to 
predict cognitive functioning above and beyond oral word literacy,23,46,47,50,51 as was the case in the current study. These 
findings are consistent with data from younger PLWH25 and represent the first study to examine this mediation among 
middle-aged and older PLWH and PLWoH, and to demonstrate the effect of health literacy is not dependent on oral 
literacy and SES. Our findings also highlight the unique role that numeracy skills may play in explaining racial 
differences in cognitive function.

There are several potential interpretations of the mediating effect of health literacy on racial differences in 
cognitive function. It is possible that poorer health literacy is associated with worse cognitive performance among 
African American/Black people in part due to the downstream impact of general literacy. Indeed, oral reading is 
often considered a proxy for quality of education,27 and African American/Black people may have different 
educational experiences (eg, lower quality teaching leading to differences in knowledge acquisition and application, 
familiarity/comfortability with standardized testing) that may impact their performance on cognitive tests. Yet our 
adjustment for oral reading suggests that the health literacy mechanism is likely more complex than this. There are 
several potential mediators and moderators that may explain the impact of health literacy with cognitive function, 
which should be explored in future work. For example, HIV management (as well as management of other 
comorbidities among PLWoH, such as diabetes and hypertension) may be one pathway whereby health literacy 
explains poorer cognitive outcomes among African American/Black people. In other words, poorer health literacy 
drives poorer HIV disease management (including attitudes related to HIV care)23,39,52 and outcomes among African 
American/Black people (particularly in the Deep South) which can directly cause central nervous system impairment 
and cognitive decline. Similarly, there are several positive health behaviors that are putative predictors of cognitive 
decline and dementia (eg, physical activity, cognitive activity), and race and health literacy may impact engagement 
in these behaviors, thereby impacting cognitive function. Our finding that numeracy measures (with complex applied 
questions requiring critical thinking skills) were driving racial differences in cognition also supports this hypothesis 
that such higher-order decision making skills (ie, executive function) are a pathway potentially leading to better 
health behaviors and cognitive function. The finding that numeracy explained racial differences in cognition above 
and beyond oral reading measures also suggests that health numeracy measures may simply be a better proxy for 
quality of education than oral reading measures, and that numeracy skills may be more directly relevant to cognitive 
testing performance.

Implications for Clinical Practice and Research
Assessing health numeracy skills in clinical settings may provide an indication of PLWH that may be at risk for poorer 
cognitive outcomes. Conversely, having high health numeracy may serve as an individual buffer whereby some PLWH 
may be better able to compensate for cognitive functioning (and/or brain pathology) and perform better on cognitive (and 
perhaps everyday function) assessments. Future research should determine whether health literacy interventions may 
have secondary downstream effects on cognitive function. There also may be factors not examined here that may further 
explain why health literacy mediates racial differences in cognitive function, such as disease management and health 
behaviors, which should be examined in future studies.

Furthermore, given the graying of the HIV population, it is important to address the medical needs of PLWH 
through a gerontological perspective. Given the growing concerns with the early onset of cognitive decline and 
development of related dementias among middle aged and older PLWH,7 clinicians should be informed on predictors 
and potential signs of HAND among PLWH, in addition to holistically monitoring any changes in patients, especially 
cognitive-related health changes. Brief measures are available to assess a patient’s current level of everyday function 
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difficulties as well as cognitive functioning, such as the Montreal Cognitive Assessment (MOCA).53 Healthcare 
providers can also implement strategies to increase the health literacy of their patients as has been shown by previous 
interventions,54 including but not limited to increasing engagement in self-management practices, increasing under
standing and knowledge about HIV-related health implications (eg, CD4 count, viral load), and teaching behavioral 
skills that PLWH can implement in their daily lives (eg, coping strategies to manage HIV-related stigma, develop 
routines that increase medication adherence).

Strengths and Limitations
Several limitations should be noted about the current study. First, the sub-sample sizes of the White participants was 
substantially smaller than the African American/Black participants in both PLWH and PLWoH (though they are 
representative of the higher burden of HIV among African American/Black in the Deep South), and there was 
a limited presence of females among the PLWH subsample, limiting generalizability and reproducibility of the results, 
as well as the power to detect race/sex differences. Additionally, the results may have limited generalizability to PLWH 
and PLWoH of other geographic regions. Another point regarding generalizability is two inherent biases: 1) volunteer 
bias such that participants who are interested in research and willing and able to attend the study visit(s) may not 
generalize to the broader population and 2) although people without HIV were recruited from the community, PLWH 
were recruited from a University HIV clinic, a sample that is engaged in care and may not represent the broader 
population with HIV. A second limitation of this study is that analyses were conducted with cross-sectional data, limiting 
our ability to infer causality. For example, while health literacy and cognitive skills may overlap and have a bidirectional 
relationship not able to be detected with cross-sectional data, inverse mediation models from the current study and prior 
research have found that an alternate path for the mediation (cognitive function as the mediator) did not fit the model.25 

Similarly, although longitudinal data can better support causal inferences in mediation analysis, with caution applied to 
interpretation and to provide empirical support of a conceptual model, cross-sectional data is appropriative.55 Further, the 
post hoc mediation analyses have increased Type I error, as analyses were not controlled for multiple comparisons. Third, 
although we adjusted for age, sex, education quality, and SES, there are several other factors that may explain the 
relationships between race and health literacy with cognitive function that were not examined in this study, including 
cardiometabolic disorders (eg, diabetes and hypertension),16 psychiatric comorbidities (eg, anxiety and depression),17 

social comorbidities (eg, discrimination, racism, trauma, access to and quality of health care),18 and health behaviors (eg, 
HIV management, physical activity). Another related limitation is that the cognitive measures used in this study may not 
be culturally appropriate for African American/Black people34 vs Whites and thus may have impacted performance and 
thus study results. However, our use of sample-based Z scores vs normatively corrected scores may have minimized such 
an impact.

Despite the various limitations to the current study, there were also notable strengths. To our knowledge, this is the 
first study to explore the mediating role that health literacy has on racial/ethnic disparities on cognitive functioning 
among middle-aged and older PLWH and PLWoH from the Deep South, with prior studies only having conducted 
similar analyses among PLWH across the lifespan.25,26 The current study also expanded upon prior research25 by 
assessing global cognitive functioning through a comprehensive neurocognitive battery, as well as investigating which 
unique measures of health literacy attributed to the mediating effects found between race and global cognitive 
functioning.

Conclusion
Findings from the current study provide insight into what future researchers should investigate in middle-aged and older 
PLWH. Given the relationship between health literacy and cognitive functioning in the current study is consistent with 
past studies,23,25,46,47 future researchers should assess health literacy when conducting neuropsychological studies. The 
addition of health literacy measures as a staple to neuropsychological batteries will provide researchers more context on 
factors that can contribute to cognitive functioning, as well as how other variables can potentially mediate or moderate 
the relationship between health literacy and cognitive functioning in African American/Black PLWH and other ethnic/ 
racial PLWH. As the PLWH population continues to age and reach older adulthood, future researchers should investigate 

https://doi.org/10.2147/NRR.S520064                                                                                                                                                                                                                                                                                                                                                                                                                                                            Nursing: Research and Reviews 2025:15 188

Delgadillo et al                                                                                                                                                                      

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



how health literacy relates to cognitive decline in older PLWH longitudinally, as there are concerns of accelerated and 
premature aging effects on cognitive functioning in PLWH.56,57 In order to better understand the health disparities among 
African American/Black PLWH, future research should assess both policy and health behavior changes that are linked to 
increased health literacy and cognitive functioning, including cognitive and physical activity, dietary habits, and sleep 
health.58,59
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