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INTRODUCTION: The influence of hippocampal connectivity on memory performance
is well established in individuals with high educational attainment. However, the role of
hippocampal connectivity in illiterate populations remains poorly understood.
METHODS: Thirty-five illiterate adults were administered a literacy assessment (Test
of Functional Health Literacy in Adults [TOFHLA]), structural and resting state func-
tional magnetic resonance imaging, and an episodic memory test (Free and Cued
Selective Reminding Test). llliteracy was defined as a TOFHLA score < 53. We evalu-
ated the correlation between hippocampal connectivity at rest and both free recall and
literacy scores.

RESULTS: Participants were mostly female (57.1%) and self-declared as being Black
individuals (84.8%), with a median age of 50 years. The median TOFHLA literacy
score was 28.0 [21.0; 42.5] out of 100 points and the median free recall score was
30.0 [26.2; 35] out of 48 points. The median gray matter volume of both the left
and right hippocampi was 2.3 [2.1; 2.4] cm®. We observed a significant connectivity
between both hippocampi and the precuneus and the ventral medial prefrontal cor-
tex. The right hippocampal connectivity positively correlated with the literacy scores
(B = 0.58, P = 0.008). There was no significant association between episodic mem-
ory and hippocampal connectivity. Neither memory nor literacy scores correlated with
hippocampal gray matter volume.

DISCUSSION: Low literacy levels correlated with hippocampal connectivity inilliterate
adults. The lack of association with memory scores might be associated with low brain

reserve in this sample.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
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1 | INTRODUCTION

Life expectancy is increasing in low- and middle-income countries
(LMIC) with the prevalence of dementia rapidly rising.! Preventing
dementia is a powerful strategy to mitigate the high burden of the
disease because dementia has no curative treatments and the disease-
modifying drugs for Alzheimer’s disease (AD) have a high cost and are
only suitable to a limited group of patients.

In LMIC 48% of dementia cases could be prevented by control-
ling 12 modifiable dementia risk factors? with low educational level
accounting for an important proportion of risk. Dementia preva-
lence and incidence are significantly higher in illiterate older adults.3*
Low educational attainment accounts for up to 19% of dementia
cases in high-income countries (HIC) and up to 30% in LMIC.2 An
increase in educational attainment in HIC is believed to have con-
tributed to the recently observed decline in dementia incidence.” In
the Framingham Heart Study, the incidence of dementia is declin-
ing only among persons who have at least a high-school degree.®
However, in Brazil, a LMIC, low educational level is typically defined
as having < 8 years of formal education.” Although other socioe-
conomic determinants of health associated with high education
may play a role in the apparent protective trends, evidence sup-
ports education as an independent factor leading to lower risk of
dementia.®?

Literacy and formal education are tightly interconnected. Literacy
is defined by the United Nations Educational, Scientific and Cultural
Organization (UNESCO) as the abilities to read, write, and make simple
arithmetic calculations as well as to use these abilities to communi-
cate, understand, interpret, create, and be independent.'© Individuals
with low limited formal education tend to have low literacy levels. For
this paper, we will use the term “literacy” as defined by UNESCO and
the term “health literacy” as the applied knowledge about health con-
ditions. Health literacy and literacy are closely related!! because a

person needs to have writing, reading, and numeracy abilities to under-

cognitive reserve, episodic memory, hippocampal connectivity, illiteracy

* Asignificant link was found between health literacy and hippocampal connectivity.
* Enhanced hippocampus- ventromedial prefrontal cortex connectivity suggests
potential cognitive reserve improvement.

» Higher cognitive reserve may protect against hippocampal atrophy and neurodegen-

* Health literacy improvements could help prevent cognitive impairment in illiterate

» Study highlights importance of considering structural racism in brain connectivity

stand and appropriately manage health conditions. Health illiteracy is
associated with poor health outcomes.?213

To capture the broader complexity of cognitive determinants of
health conditions such as dementia, it is essential to consider some con-
cepts like cognitive reserve, language skills, and emotion recognition.
Cognitive reserve refers to distinct cognitive mechanisms, developed
across the lifespan that make a person more resilient or resistant
to cognitive decline caused by brain damage.’* One aspect of this is
hippocampal efficiency, which can be defined as the hippocampus’s
capacity to form and maintain effective neural connections with other
brain regions, thereby supporting optimal cognitive performance, par-
ticularly in memory-related tasks. A higher level of cognitive reserve
equips the brain to compensate through more efficient brain activa-
tion patterns that are more resilient to brain injury.X* Higher levels
of formal education and literacy are associated with better cognitive
reserve.'® Furthermore, language abilities like reading and writing are
tied to formal education and literacy and should be explored in studies
examining the role of health literacy in brain health. Emotion recogni-
tion is another ability linked to formal education and language skills, ¢
though its association with health literacy has been less explored. Addi-
tionally, ethnicity plays a significant role in these complex relationships.
For instance, Black individuals in the United States exhibit a faster cog-
nitive decline” and higher incidence of dementia’® compared to White
individuals, which is likely related to lower socioeconomic levels, lim-
ited formal education, and stressful events experienced by many Black
Americans in the United States.'? By considering these factors, we can
better understand the diverse influences on brain health and develop
more targeted interventions to mitigate the risk of dementia across
different populations.

AD is the leading cause of dementia.?® One of the first areas of
the brain affected by AD pathology is the hippocampus.?! Research
conducted on individuals with predominantly high levels of education
indicate that the hippocampal structures and its connections are
crucial for episodic memory performance.?? However, the role of
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hippocampal connectivity in episodic memory performance remains
a subject of debate, particularly in populations with lower educa-
tional attainment. Contributing to this debate are the fact that most
studies have primarily focused on educated populations, leaving a
gap in understanding how hippocampal connectivity functions in
those with limited formal education. Individuals with lower educa-
tion might have different neural strategies for memory processing,
potentially relying less on hippocampal connectivity and more on

other brain networks.2324

Different exposures to environmental
factors such as lifelong learning experiences, occupational complexity,
and engagement in cognitively stimulating activities in individuals
with low education levels can modulate hippocampal connectivity
and its relationship with memory performance.2>2% For instance,
less educated individuals may not develop the same level of hip-
pocampal connectivity due to fewer opportunities for cognitive
engagement, thus influencing how memory processes are supported
neurologically.

Moreover, the default mode network (DMN), which includes the
hippocampus and its connections with the medial prefrontal cortex, is
crucial for memory processing.2’” The DMN’s role in episodic memory
has been well documented in educated individuals, but its functional-
ity might differ in those with lower educational attainment. The DMN
is known to be affected in patients with dementia of the amnestic
type,28 and understanding its role in less educated populations could
provide insights into early detection and intervention strategies for
cognitive decline. Therefore, we hypothesized that episodic memory
would positively correlate with hippocampal connectivity in a sample
of low-literate individuals.

Considering the previously described different patterns of brain
activation and connectivity in literate and illiterate individuals,2?:39
we also aimed to investigate the association between hippocampal
connectivity and literacy, specifically focusing on health literacy. We
hypothesized that better health literacy would positively correlate
with hippocampal connectivity.

By addressing these factors our study aims to contribute to a
more nuanced understanding of how literacy, more specifically, health
literacy, plays a role in hippocampal connectivity and memory. Under-
standing the brain mechanisms involved in episodic memory processing
in low-literate individuals can help identify possible markers for suc-
cessfulinterventions to enhance cognitive reserve and mitigate the risk
of dementia. Examples of such interventions could be implementing
cognitive training programs focused on memory exercises, problem-
solving tasks, and learning new skills, as well as community education
initiatives that offer opportunities for learning, such as adult literacy

classes.

2 | METHODS
2.1 | Population

We used a community-based participatory research approach to col-

laborate with a basic-literacy training program for adults that is

Disease Monitoring

RESEARCH IN CONTEXT

1. Systematic Review: The authors reviewed the litera-
ture using traditional (e.g., PubMed) sources and meeting
abstracts. Much is known about the role of hippocampal
connectivity in episodic memory processing in individuals
with high levels of education, but less is known in persons
with barely any formal education, or illiterates.

2. Interpretation: Our results suggest that hippocampal
connectivity seems to play a minor role in episodic mem-
ory performance in illiterate individuals, while health
literacy scores correlated with hippocampal connectivity.
The correlation between hippocampal connectivity and
health literacy levels suggests that there may be room
for improvement in hippocampal connectivity if literacy
training is provided to illiterate adults.

3. Future Directions: Although preliminary because of the
limited sample size, our study sheds light on possible tar-
gets such as hippocampal connectivity for clinical trials
aiming to improve episodic memory in adults with low

levels of education.

sponsored by the Brazilian government. This program, called EJA: Edu-
cacdo para Jovens e Adultos (Young and Adult Education) targets adults
that did not have the opportunity to go to school when they were
young and consists of 3-hour daily classes held four times a week,
taught by experienced adult education teachers. Adults aged 40 to
80 years that spontaneously enrolled in EJA in the city of Belo Hori-
zonte, Brazil, from February to July 2019, were invited to participate.
Upon screening, participants underwent the Mini-Mental State Exam-
ination (MMSE)3! and the Brief Cognitive Battery.3? Participants who
scored < 1.5 standard deviations below the normative data for these
two tests33 were considered to have cognitive impairment and were
not recruited. A total of 43 cognitively unimpaired individuals agreed
to participate in the research. Sociodemographic and smoking habits
were collected through a structured questionnaire. Physical activity
was assessed with the Baecke scale.3* Depression, anxiety, and alcohol
abuse were investigated using the Mini International Neuropsychi-
atric Interview.%> All evaluations were conducted upon entry in EJA
before any education training. The socioeconomic levels were deter-
mined using the ABEPE (Brazilian Association of Research Companies)
framework that categorizes households into different socioeconomic
levels. The level A category represents the highest socioeconomic level
with high income levels, advanced education, and ownership of mul-
tiple properties and luxury goods. The level B includes households
with a relatively high socioeconomic status, good incomes, tertiary
education, and ownership of properties and durable goods. The level
C encompasses households with a middle socioeconomic status with
moderate income, secondary education, and ownership of a house or

an apartment. The levels D and E represent households with a lower
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socioeconomic status that often have low incomes, limited education,
and may live in rented accommodations or informal settlements. They
may face significant economic challenges and lack of access to basic
services. They often live in poverty, struggling to meet their basic needs
and relying on government assistance programs.

2.2 | Literacy and cognitive assessment
Participants that enroll in EJA have various degrees of reading
and writing skills. Some never attended formal school while others
attended for few years. Their reading abilities vary from inability to
recognize letters to some reading capacity, without comprehending
the meaning of the text. Because of this diversity in reading and writ-
ing skills, we used the Test of Functional Health Literacy in Adults
(TOFHLA\) to evaluate the participant’s literacy skills across different
levels. This test was chosen because it has been validated for Brazil-
ian Portuguese,3 it assesses reading and numeracy skills, and it has
proven to be a good predictor of health outcomes.!? It ranges from O
to 100, and a score < 53 defines health illiteracy, meaning a person
has poor reading and numeracy skills and cannot understand written
health instructions, such as a medical prescription.3¢

Global cognition was assessed by the MMSE.3! Episodic mem-
ory was assessed with the visual form (pictures) of the Free and
Cued Selective Reminding Test (FCSRT).3738 The FCSRT Free Recall
sum-of-attempts was considered the proxy for episodic memory. Non-
verbal intelligence was assessed by the Beta-3 test,?? attention with
the Digit Span Test,*? reading abilities with the Human Frontier Sci-
ence Program reading test,*! words and sentence repetition with
the Boston Diagnostic Aphasia Examination,*? and verbal compre-
hension with the Token Test.“? Finally, participants performed the
rapid naming of colors, letters, numbers, and objects*® and the Ekman
facial emotion recognition test.** A comprehensive assessment of
cognitive abilities beyond episodic memory is essential to ensure par-
ticipants do not have other impairments that could affect episodic
memory.

Global cognitive reserve was assessed with a structured question-
naire available in Portuguese that includes years of education, leisure
activities, and occupational attainment, the Cognitive Reserve Index

questionnaire (CRIg).*®

2.3 | Neuroimaging

2.3.1 | Neuroimaging acquisition

Brain magnetic resonance imaging (MRI) was acquired in a 3 Tesla
Siemens Verio scanner with 3D-T1 and resting-state functional MRI
(rsfMRI) acquisitions. The acquisition parameters are described in
the supporting information. All T1-weighted images were visually
inspected for quality control. One image was excluded because of a

large artifact.

2.3.2 | Neuroimaging preprocessing
Details of imaging preprocessing are described in the supporting infor-
mation. In summary, the T1-weighted images were segmented, a group
template was generated from the segmented gray and white mat-
ter tissues and cerebrospinal fluid (CSF), then normalized, modulated,
and smoothed in the group template using a Gaussian kernel with an
8~mm full width half maximum (FWHM). The Harvard-Oxford atlas*®
was used to calculate the hippocampal volumes for each participant.
Preprocessing was done with SPM12.47

The rsfMRI analyses were done using the CONN?*® release 20.b
toolbox. Functional and anatomical data were preprocessed using a
pipeline*? that included realignment with correction of susceptibility
distortion interactions, slice timing correction, outlier detection, direct
segmentation and Montreal Neurological Institute space normaliza-
tion, smoothing, and band-pass filtering. Details of further rsfMRI

analyses are described in the supporting information.

2.3.3 | Neuroimaging analyses

Seed-based connectivity maps and region of interest (ROI)-to-ROI
connectivity matrices were estimated characterizing the patterns of
functional connectivity with 164 HPC-ICA networks*® and Harvard-
Oxford atlas ROIs.*¢ Functional connectivity strength was repre-
sented by Fisher-transformed bivariate correlation coefficients from
a weighted general linear model (GLM), defined separately for each
pair of seed and target areas, modeling the association between their
blood-oxygen-level dependent signal time series. Individual scans were
adjusted for transient magnetization using a step function convolved
with an SPM canonical hemodynamic response function and rectified.
Seed-based connectivity analyses were conducted using the Harvard-
Oxford automated atlas*® with seeds placed in each hippocampus.
The analyzed ROI-to-ROI connectivity matrices included connections
between each hippocampus and the ventromedial prefrontal cortex
(VMPFC), each hippocampus (HC), and the precuneus cingulate cortex
(PCC) and between the VMPFC and PCC.

Group-level analyses were conducted using a GLM, estimating sep-
arate GLMs for each voxel. First-level connectivity measures served as
dependent variables with groups as independent variables. Voxel-level
hypotheses were evaluated using multivariate parametric statistics
with random-effects and sample covariance estimation. Inferences
were made at the level of individual voxel clusters. Cluster-level infer-
ences were based on parametric statistics from Gaussian random field
theory.?© Results were thresholded using a combination of a cluster-
forming P < 0.001 voxel-level threshold, and a familywise corrected
P-false discovery rate < 0.05 cluster-size threshold.”*

Demeaned age was used as a covariate in all neuroimaging analyses.

Hippocampal efficiency was operationally defined and measured
by assessing the strength of connectivity between the HC and the
VMPFC. Stronger connectivity indicates higher hippocampal effi-

ciency.
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2.4 | Statistical analyses

Continuous variables were depicted in median and interquartile inter-
vals; categorical variables were depicted in frequencies. GLM consid-
ering age, sex, and total intracranial volume as covariates were used
to calculate the correlations among episodic memory, literacy levels,
brain connectivity, and hippocampal volumes. In the first model, the
FCSRT free recall sum-of-attempts was the dependent variable, and
the predictors were the functional connectivity between each HC sep-
arately and the VMPFC, between each HC and PCC, and between the
VMPFEC and PCC, as well as with each hippocampal volume. In the sec-
ond model, the health literacy level measured by the TOFHLA total
score was the dependent variable and the predictors were the same as
depicted above. The Pearson correlation test examined relationships
between TOFLHA and reading fluency, cognitive reserve (CRIq total),
episodic memory, and emotion recognition (Ekman total), adjusting for
years of formal education.

Based on an effect size (8) of 0.5, our sample size of 35 provides an
85.9% chance of finding a significant result at an alpha level of 0.05 for

one-sample t tests of correlation.>2

3 | RESULTS

The final sample had 35 participants. We excluded three participants
that had claustrophobia and did not tolerate the brain MRI, one par-
ticipant whose scan had artifacts that precluded the analysis, three
that were left-handed; and one that scored 98 on the TOFLHA and
was therefore considered health literate. The median age was 50 years,
57.1% (n = 20) of participants were women, and 84.8% (n = 28) self-
declared themselves as Black individuals. Most participants were from
a low socioeconomic level of C or D-E (Table 1). Depression and anx-
iety were present in 17.1% and 14.3% of participants, respectively.
The median TOFHLA score was 28 with an interquartile interval of
21.0 to 42.5. Overall, participants had low reading fluency with a
median of 40 words, but 25% of individuals were unable to read any
words.

The seed-based connectivity analysis showed a significant connec-
tivity between both HC and the VMPFC and PCC, and other brain
regions (Figure 1). However, we failed to find a significant association
between the HC-VMPFC connectivity and episodic memory (Table 2).

On the other hand, we found a significant association between
the TOFHLA scores and the right HC-VMPFC connectivity (8 = 0.58,
P = 0.008; Table 3). The association was not significant for left
HC-VMPFC connectivity (8= —0.35, P=0.145).

There was no significant association between hippocampal gray
matter volumes and either episodic memory or health literacy (Tables 2
and 3).

Age and sex did not significantly correlate with the association
between HC connectivity and memory or health literacy scores.

The TOFHLA scores significantly correlated with the reading flu-
ency (Pearson R = 0.68, P < 0.001) and emotion recognition (Ekman
total; Pearson R=0.36,p =0.038), but not with cognitive reserve (CRIq;

TABLE 1

Characteristicsn = 35
Age (years)
Sex female n (%)
Self-reported ethnicity

Black

White

Indigenous

Unknown
Socioeconomic level

B

C

D-E
Current anxiety
Current depression
Baecke physical exercise scale
Cognitive Reserve Index
MMSE
Animal fluency/minute
Brief Cognitive Battery Delayed Recall
TOFHLA total
FCSRT free recall sum of attempts
FCSRT cue efficiency
FCSRT delayed free recall
Word reading test
Token verbal comprehension
Rapid naming colors (seg)
Rapid naming letters (seg)
Rapid naming numbers (seg)
Rapid naming objects (seg)
Non-verbal intelligence Beta Il test
Ekman facial recognition (total)
Right hippocampal volume (mm?)

Left hippocampal volume (mm?)

Disease Monitoring

Participant characteristics.

50f 10

50.0[42.5;58.0]
20(57.1%)

28 (84.8%)
3(9.1%)
2(6.1%)
2(5.4%)

6(17.1%)
11(32.4 %)

17 (50.0 %)
5(14.3%)
6(17.1%)
3.0[2.2;5.8]
73.0[70.0;79.0]
22.0[21.0;25.5]
14.0[12.0; 16.5]
8.0[7.5;9.0]
28.0[21;42.5]
30.0[26.2; 35.0]
0.98[0.96; 1.0]
11.0[9.0; 13.0]
40.0[0.0; 66.5]
27.0[21.5;29.0]
45.5[42.2;57.7]
41.5[32.2;54.2]
35.5[31.2;42.0]
55.0[47.2;62.0]
6.0[5.0;7.7]
22.0[16.5;24.5]
2.3[2.1;2.5]
2.3[2.2;2.4]

Note: Values depicted in median and Interquartile interval. See the text for
more details about the socioeconomic levels.

Abbreviations: FCSRT, Free and Cued Selective Reminding Test; MMSE,
Mini-Mental State Examination; TOFHLA, Test of Functional Health Liter-
acy in Adults.

Pearson R=-0.07,P=0.676). Last, cognitive reserve did not correlate
with episodic memory (Pearson R = —-0.06, P=0.732).

4 | DISCUSSION

Our study investigated the relationships among hippocampal connec-
tivity, episodic memory, and health literacy in adults with low levels

of formal education. Contrary to our expectations, we did not find a
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FIGURE 1 Correlation between hippocampal connectivity and low literacy levels. The statistical map is displayed on an inflated brain image.
The heat maps represent the t statistical value for the connectivity between the right and left hippocampal seed and the other clusters. Blue means
anticorrelation and red means positive correlation. The graph depicts the correlation between literacy levels measured by the Test of Functional
Health Literacy Assessment (TOFHLA) and the HC-VMPFC connectivity. FDR, false discovery rate; HC, hippocampus; VMPFC, ventromedial

prefrontal cortex.

significant association between hippocampal connectivity and episodic
memory performance. This finding diverges from previous studies
that primarily included individuals with higher educational attain-
ment, highlighting the need to explore different neural mechanisms in
populations with limited education.

We did, however, find a significant positive association between
health literacy, as measured by the TOFHLA, and right HC-VMPFC
connectivity. This suggests that higher health literacy is linked to
stronger connectivity in this brain region. Our finding may substantiate
the theory that improved hippocampal efficiency, reflected in stronger
connections between the hippocampus and critical areas for memory
processing such as the prefrontal cortex, may impact cognitive reserve.
Right hippocampal connectivity is more sensitive to interventions,>3
less affected by neurodegeneration,”® and the right hippocampus is
more activated during visual tasks, while the left is more involved in
verbal tasks.>®> Also, the right hemisphere is crucial for holistic pro-
cessing and context integration, which are essential components of
functional health literacy.”® Therefore, the absence of significant asso-
ciation with left hippocampal connectivity in our study might be due
to the TOFHLA'’s focus on broader cognitive processes beyond verbal

memory.

The TOFHLA test has been widely used to measure health literacy®”
and low health literacy measured by the TOFHLA was associated
with poor health outcomes.3¢ Although reading and writing liter-
acy has been associated with different patterns of brain activation
and connectivity,>® the neural correlates of health literacy have been
less studied, especially in the context of limited education. A pre-
vious study showed that higher academic literacy measured by the
Rapid Estimate of Adult Literacy in Medicine-Short Form test, a read-
ing exam, correlated with brain structural connectivity, but not with
hippocampal volumes.>? Previous studies have suggested neurobio-
logical differences between literate and illiterate individuals regarding
patterns of brain activation and structural connectivity.3%¢° Despite
evidence of the neurobiological correlates of literacy concerning lan-
guage processing, less is known about episodic memory function and
its neurobiological correlates such as the hippocampal structure and
its connectivity in individuals with low levels of formal education. Now,
we found an association between health literacy and brain functional
connectivity, suggesting the role of health literacy in brain connectiv-
ity as another possible mechanism of cognitive reserve, although the
cognitive reserve measured in our sample was not related to health lit-

eracy. The positive association we found between health literacy and
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TABLE 2 General linear models showing the association between
FCSRT free recall sum-of-attempts scores and functional connectivity
and hippocampal volume.

B t P
Sex (Male) 0.09 0.23 0.822
Age —-0.38 -1.34 0.193
Right HC—VMPFC connectivity 0.15 0.63 0.535
Left HC—VMPFC connectivity 0.24 0.86 0.400
Right HC—PCC connectivity -0.39 -1.67 0.109
Left HC—PCC connectivity 0.23 0.97 0.343
VMPFC—PCC connectivity 0.25 1.22 0.235
Left HC volume 0.11 0.31 0.762
Right HC volume -0.37 -0.98 0.336
TIV 0.04 0.23 0.822

Abbreviations: FCSRT, Free and Cued Selective Reminding Test; HC, hip-
pocampus; PCC, precuneus cingulate cortex; TIV, total intracranial volume;
VMPFC, ventromedial prefrontal cortex.

TABLE 3 General linear models showing the association between
TOFHLA scores (health literacy) and functional connectivity and
hippocampal volume.

Names B T P

Sex (Male) 0.25 0.65 0.522
Age -0.16 -0.76 0.456
Right HC—VMPFC connectivity 0.58 2.90 0.008
Left HC—VMPFC connectivity -0.35 -1.5 0.145
Right HC—PCC connectivity 0.10 0.51 0.616
Left HC—PCC connectivity 0.16 0.82 0.419
VMPFC—PCC connectivity 0.18 1.0 0.320
Left HC volume 0.39 1.26 0.219
Right HC volume -0.35 -1.08 0.288
TIV 0.22 1.3 0.208

Abbreviations: FCSRT, Free and Cued Selective Reminding Test; HC, hip-
pocampus; PCC, precuneus cingulate cortex; TIV, total intracranial volume;
TOFHLA, Test of Functional Health Literacy in Adults; VMPFC, ventrome-
dial prefrontal cortex.

reading abilities underscores the close relationship between these two
abilities, but probably other aspects play a role in cognitive reserve
itself.

Regarding episodic memory and hippocampal connectivity, there
is still a debate in the literature. Although the neural correlates of
the verbal version of the FCSRT are more explored than the visual,
we preferred the visual version in our sample due to the low edu-
cation level. The visual FCSRT test has been linked to activations in
the left superior temporal gyrus, left prefrontal cortex,®? inferior pari-
etal lobe, precuneus, hippocampus, parahippocampal gyrus,®? and the
PCC%3 in task-based fMRI studies conducted in highly educated adults.
However, in our study, we used rsfMRI, which is one possible reason

we did not find an association between episodic memory and hip-

Disease Monitoring

pocampal connectivity, because task-based fMRI is more sensitive to
detecting cognitive-brain correlations than resting state.®* Addition-
ally, individuals with low education might rely less on their hippocampal
connectivity for memory processing, potentially indicating a lower cog-
nitive reserve in this group. This theory is supported by our finding of a
significant positive link between health literacy and right HC-VMPFC
connectivity.

Regarding structural neural correlates of the visual version of the
FCSRT, previous studies have implicated hippocampal volumes®> and
brain areas involving visual processing.%¢ For the verbal version of
FCSRT, hippocampal gray matter volume, particularly in the left side,
has been consistently associated with memory performance®’-¢? in
individuals with high education levels. This association is more evi-
dent in patients with AD7%-72 and behavioral variant frontotemporal
dementia.”37* The low education level of our sample combined with
the absence of participants with dementia may explain why we did
not find an association between episodic memory and hippocampal
gray matter volumes. Indeed, the relationship between episodic mem-
ory and hippocampal volumes is moderated by education level.2324
Understanding these nuances highlights the importance of consider-
ing educational background, the type of fMRI (resting state vs. task
based) and memory test used (visual vs. verbal), when interpreting the
relationship between hippocampal connectivity and episodic memory
performance. Future research should aim to include diverse educa-
tion backgrounds and use both resting-state and task-based fMRI to
provide a more comprehensive understanding of these associations.

Our study has strengths and limitations. It is one of the first stud-
ies to look at the associations between the FCSRT visual version
and hippocampal functional connectivity and gray matter volumes
in an underserved and hard-to-reach population of illiterate adults.
However, because the study is cross-sectional, it cannot demonstrate
causality. A significant limitation of the study is the absence of a con-
trol group composed of individuals with higher education and literacy
levels making it difficult to ascertain if the patterns of hippocampal
connectivity identified are specific to theiilliterate group. Furthermore,
there is a potential selection bias because the participants were self-
selected from the literacy program and recruitment was based entirely
on individuals who were willing and able to volunteer their time to
research.

While much research has focused on samples predominantly con-
sisting of White individuals, our study uniquely fills a gap by presenting
data from a sample with most Black participants. This is significant as
it reflects the low socioeconomic level associated with being Black in
Brazil, a consequence of structural racism perpetuated since the era of
slavery. Given the scarcity of studies in adults with no formal educa-
tion, our research takes an important first step in demonstrating the
potential impact of late-life literacy on cognitive reserve in this vul-
nerable population underscoring the importance of gathering data on
minorities who are often underrepresented in research.

Future studies should explore the effects of adult-literacy training in
brain structural and functional connectivity and in cognitive abilities, to
determine whether adult-literacy acquisition has a beneficial effect on

dementia prevention. We also need to include nutrition, health status,
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and socio-economic factors that might influence cognitive outcomes in
further analysis and expand this work in larger populations to be able to
inform public policies to increase educational attainment in adulthood
as a potential way to reduce dementia burden.
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