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ABSTRACT
Background: Diet quality may be an important area of focus for promoting cognitive health; however, the association

between diet quality and cognitive function among Hispanics/Latinos remains largely unexamined. We hypothesized

that a healthier diet quality will be associated with better cognitive function in middle-aged and older Hispanics/Latinos.

Objective: The objective of this study was to examine associations between the Alternate Healthy Eating Index (AHEI-

2010), a measure of diet quality, and cognitive function in middle-aged and older Hispanics/Latinos.

Methods: Data from the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) Visit 1 (2008–2011) were

used (n = 8461; ages 45–74 y). Cognitive function was assessed with tests of verbal learning and memory, verbal

fluency, and processing speed; a global cognition score was derived by summing the z scores of individual tests. Dietary

intake was assessed via two 24-h recalls. Total AHEI-2010 score was categorized into quintiles (higher quintiles indicating

healthier diet). Linear regression models were used to examine associations between AHEI-2010 quintiles and cognitive

function adjusting for sociodemographic characteristics, daily energy intake, type 2 diabetes, smoking, and depressive

symptoms.

Results: Compared with the lowest quintile, in the second to fourth AHEI-2010 quintiles, global cognition scores

were significantly higher by 0.28, 0.52, and 0.48 units (P-trend = 0.042). In the second to fifth AHEI-2010 quintiles,

verbal learning scores were significantly higher by 0.60, 0.62, 0.92, and 0.88 units, and verbal memory scores were

higher by 0.33, 0.40, 0.52, and 0.46 units (P-trend = 0.020 and 0.007, respectively). No associations were observed

between the AHEI-2010 and verbal fluency or processing speed (P-trend = 0.49 and 0.84, respectively). Among AHEI-

2010 components, adequate consumption of vegetables, alcohol, and whole fruits were each associated with better

cognitive function.

Conclusions: An overall healthier diet quality was associated with better global cognition, verbal learning, and verbal

memory in middle-aged and older Hispanics/Latinos. J Nutr 2020;150:1478–1487.
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Introduction

Diet quality is an understudied potential target for pro-
moting cognitive health among middle-aged and older His-
panics/Latinos, a growing segment of the population in the
United States (1) at high risk for accelerated cognitive decline
(2). Overall diet quality refers to a pattern of food and
nutrient consumption reflecting the complexity of nutritional
adequacy for optimal health (3). Diet quality is a potentially
modifiable lifestyle factor that may play a role in cognitive
health through indirect [e.g., lower burden of cardiovascular
disease risk factors (CVD-RFs) such as hypertension, obesity,
and hypercholesterolemia] (4–6) and direct mechanisms (e.g.,
lower inflammation) (7, 8). It is possible that these mechanisms
exert their effects on cognitive health by limiting oxidative stress
in nervous cells and increasing protection against the adverse
effects of developing neuropathology (9). In fact, a growing
body of evidence has associated an overall healthier diet quality
with better brain and aging-related outcomes (6, 10–12).

The Alternate Healthy Eating Index-2010 (AHEI-2010)
represents adherence to overall healthy dietary pattern recom-
mendations. The AHEI-2010 is an empirically based measure
of diet quality based on items known to be predictive of major
chronic disease risk, particularly CVD, stroke, diabetes, and
cancer (13). It emphasizes high intake of vegetables, whole
fruits, whole grains, nuts and legumes, ω-3 fats, and PUFA,
while limiting intake of red and processed meats, trans fat,
sodium, sugary beverages, and alcohol (13). Research has
shown good validity and reproducibility of the AHEI-2010
across US racial/ethnic populations (14); however, studies on
the associations between AHEI-2010 and cognitive function
are surprisingly sparse. To date, available studies have reported
no association between AHEI-2010 and cognitive function
outcomes among US adults aged ≥65 y including non-Hispanic
white women in the Nurses’ Health Study (15), Women’s Health
Initiative Memory Study (16), and non-Hispanic white women
and men in the Rancho Bernardo Study of Healthy Aging
(17). Further, it was recently shown that higher AHEI-2010
during mid-life does not protect against Alzheimer disease in
late-life among non-Hispanic whites in the Whitehall II study
(18). In contrast, higher AHEI-2010 in mid-life was associated
with lower risk of cognitive impairment in late-life among
older Chinese adults (19). Among Puerto Ricans adults living
in Boston, higher AHEI-2010 was associated with higher 2-y
memory function among those without type 2 diabetes but
not among participants with type 2 diabetes (20). Notably,
the generalizability of the current evidence on the associations
between AHEI-2010 and cognitive function to middle-aged and
older US Hispanics/Latinos of diverse backgrounds, many of
whom are of relatively lower household income and educational
attainment, remains unclear.
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We used baseline data from the Hispanic Community
Health Study/Study of Latinos (HCHS/SOL) to examine the
cross-sectional associations between AHEI-2010 and cognitive
function in middle-aged and older Hispanics/Latinos of diverse
backgrounds, independent of sociodemographic characteris-
tics, daily energy intake, type 2 diabetes, smoking, and
depressive symptoms, all of which could be confounders in
the diet–cognition association. We also tested whether sex,
Hispanic/Latino background, or presence of type 2 diabetes—
some of which have been the target of previous work studying
the AHEI-2010 and cognition association (15–17, 20)—
modify the AHEI-2010 and cognitive function associations. In
secondary analyses, we examined the associations of individual
AHEI-2010 components with statistically significant cognitive
function tests (to assess the role of each dietary component).
A better understanding of these AHEI-2010 and cognitive
function associations among Hispanics/Latinos may help to
inform culturally appropriate approaches to promote cognitive
health in this rapidly growing but understudied segment of the
US population.

Methods
Study population
The HCHS/SOL is a community-based prospective cohort study of
Hispanic/Latino adults who were aged 18–74 y at recruitment (21).
The cohort includes 16,415 participants who self-identified as having
Cuban, Central American, Dominican, Mexican, Puerto Rican, or South
American backgrounds (21, 22). Baseline (Visit 1) study enrollment was
conducted from 2008 to 2011 in 4 designed community areas with field
centers located in the Bronx, NY; Chicago, IL; Miami, FL; and San
Diego, CA. The goals of the HCHS/SOL are to describe the prevalence
of risk and protective factors for chronic conditions and diseases over
time. Baseline data were used in the current study. The probability-
based sampling designed used in HCHS/SOL allows estimation of the
prevalence of chronic conditions and their putative antecedent factors
in the target population (22). The Institutional Review Boards of all
affiliated institutions approved the study. All participants provided
written informed consent.

This study focused on 9705 participants aged 45–74 y who were
eligible to complete the cognitive function module. We excluded 522
participants with self-reported heart attack, stroke, mini-stroke, or
transient ischemic attack because of potential confounding effects on
cognitive function. We also excluded 540 participants with missing
data on any of the cognitive function variables, 159 participants with
missing data on AHEI-2010, and 363 participants with missing data on
any of the model covariates. The final analytic sample comprised 8461
participants of the baseline HCHS/SOL examination.

Data collection
Detailed methodology for data collection was previously described
(18, 21). Briefly, the baseline examination included a comprehensive
array of biological (e.g., anthropometrics, blood draw, and oral
glucose tolerance test), lifestyle (e.g., physical activity, tobacco use,
and alcohol use), and sociodemographic (e.g., income, education, and
employment status) assessments. All assessments were conducted in the
field centers by trained bilingual personnel in the preferred language of
the participant (i.e., English or Spanish). Fasting blood samples were
collected soon after arrival and shipped to the central laboratory for
analysis. A Roche Modular P Chemistry Analyzer was used to analyze
plasma glucose (Roche Diagnostics). All field center procedures and
laboratory protocols have been previously posted to the HCHS/SOL
website (23).
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Dependent variables: cognitive function
Detailed methods describing the HCHS/SOL neurocognitive assess-
ments were previously published (24). Briefly, cognitive function tests
were conducted during face-to-face interviews by trained research
staff in the preferred language of the participant. Cognitive function
measures, which assess important daily activities associated with
aging including learning, memory, and attention/executive functioning,
administered in the HCHS/SOL were chosen because they have been
shown to be adequate for use among Hispanics/Latinos and Spanish
speakers. Verbal learning and verbal memory were assessed using the
abbreviated version of the Brief Spanish-English Verbal Learning Test
(25, 26). The verbal learning score is the sum of the number of items
correctly recalled across 3 learning trials (range: 0–45) and the verbal
memory score is the sum of the number of items correctly recalled
post-interference (range: 0–15). Verbal fluency was assessed through an
adapted version of the Word Fluency test of the Multilingual Aphasia
Examination (27, 28). Participants were asked to generate as many
words as possible in 60 s that began with the letter F in the first trial
and the letter A in the second trial; the verbal fluency score is the
sum of the correctly generated words across both trials (range: 0–50).
Processing speed was assessed using the Digit Symbol Subtest of the
Wechsler Adult Intelligence Scale Revised (29). Participants were asked
to write the corresponding symbol under each digit. Processing speed
score is the sum of the number of correctly identified symbols in 90 s
(range: 0–90). From the individual cognitive function tests, we created a
global cognitive function score by summing the z scores [i.e., (individual
value − mean value)/standard deviation] for performance across these
4 cognitive indices (i.e., verbal learning, verbal memory, verbal fluency,
and processing speed). All cognitive function indices were treated as
continuous variables with higher scores representing better cognitive
function.

Independent variable: diet quality
Detailed methods for dietary data collection in the HCHS/SOL have
been previously published (30, 31). Briefly, diet quality was assessed
using data from two 24-h dietary recalls administered by trained
interviewers in the participant’s language of preference. The first
recall was administered in-person at the baseline examination and
the second recall was administered over the telephone about 5–90 d
after the baseline visit (with only 5% administered more than 46 d
after). Food models (in-person) and a food-amount booklet (telephone)
were used by the participants to estimate portion sizes. Recalls were
conducted using the Nutrition Data System for Research dietary
analysis software application (version 2011), which contains over
18,000 foods, about 8000 brand name products, and has applicability
across Hispanic/Latino backgrounds (as it includes a variety of ethnic
and regional foods). Dietary recalls were excluded if daily energy intake
was below the sequence sex-specific 1st percentile or above the 99th
percentile, or if the interviewer determined it was unreliable because
the participant could not recall food intake. The AHEI-2010 score was
computed, if a participant had at least one 24-h dietary recall after
exclusions. Among the HCHS/SOL participants, 97% and 91% had the
1st and 2nd dietary recall considered reliable, respectively.

In the present study, diet quality was defined based on the AHEI-
2010 scoring criteria proposed by Chiuve et al. (13) and operationalized
in accordance with a previous HCHS/SOL study (31) as shown in
Supplemental Table 1. The National Cancer Institute method (32)
was used to estimate the usual intake amounts for each AHEI-2020
component. For each dietary component, score ranges from 0 to 10
based on minimal to maximal observance of recommended intake
amount (reflecting either current dietary guidelines or associations
previously reported in the literature). Intermediate intakes were scored
proportionately between 0 and 10 (33). There are 6 components for
which highest intake is considered the healthiest [i.e., vegetables without
potatoes, whole fruits without fruit juice, whole grains, nuts and
legumes, long-chain ω-3 fatty acids, and PUFA (excluding long chain
n-3)], 1 component for which low-to-moderate intake is considered
the healthiest (i.e., alcohol), and 4 components for which avoidance or
lowest intake is considered the healthiest (i.e., sugar-sweetened beverage
and fruit juice, red and processed meats, trans fat, and sodium). Whole

grains and alcohol intake had sex-specific recommendations. The total
AHEI-2010 score is computed as the sum of the 11 dietary components
(range 0–110) with higher scores representing healthier diet quality
based on the extent to which recommended intakes of each item are met.
To capture the presence of fine gradations and/or nonlinear associations,
the AHEI-2010 score and its components were categorized according
to quintiles of roughly equal size based on the overall sample. The first
AHEI-2010 quintile represents the unhealthiest diet quality while the
fifth quintile represents the healthiest diet quality. In secondary analyses,
AHEI-2010 was also treated as a continuous variable to assess the
robustness of the associations.

Covariates
Our covariates included self-reported sociodemographic factors: age,
sex, Hispanic/Latino background, education (<high school, high school
graduate, or >high school), annual household income (<$20,000,
$20,000–$50,000, >$50,000, or not reported), and language preference
for baseline examination. Participants who declined to report their
household income were included as a category to avoid deleting those
observations. In analysis of effect modification by Hispanic/Latino
background, those in the “other or more than one Hispanic/Latino
background” category were excluded from analysis to allow for
conceptually meaningful comparisons across backgrounds. Total daily
energy intake was also included as a covariate. According to the
American Diabetes Association (34), type 2 diabetes was defined as
fasting plasma glucose ≥126 mg/dL, 2-h-postload plasma glucose
≥200 mg/dL, and hemoglobin A1c ≥6.5%, or use of type 2 diabetes
medication. Current smoking status was self-reported. Depressive
symptoms were ascertained with the 10-item version of the Center for
Epidemiologic Studies Depression scale (35).

Statistical analysis
Five major steps were followed to conduct the statistical analysis of
this study. First, we estimated the weighted means and SEs of the
AHEI-2010 total score and its components for the target population.
Second, descriptive statistics of all covariates were estimated for the
target population and according to AHEI-2010 quintiles. Differences in
covariates across AHEI-2010 quintiles were examined using chi-square
tests for categorical variables and F-tests for continuous variables.

Third, in our main analyses, survey-weighted adjusted linear
regression models were used to evaluate the associations of AHEI-
2010 (with first quintile defined as referent) with each of the cognitive
function outcomes. The base model was adjusted for age, sex, education,
and log of daily total energy intake (i.e., Model 1). The fully adjusted
model also included Hispanic/Latino background, annual household
income, language preference for baseline interview, type 2 diabetes,
smoking, and depressive symptoms (i.e., Model 2). Further adjustment
for hypertension, hypercholesterolemia, C-reactive protein, BMI, or
physical activity did not change our results (data not shown); thus,
these factors were not considered confounders in the current study.
Tests of linear trend across increasing AHEI-2010 quintiles were
conducted by assigning the medians to each quintile and treating it
as a continuous variable. Main analyses were repeated treating AHEI-
2010 as continuous to assess robustness of findings. Fourth, to explore
whether sex, Hispanic/Latino background, or type 2 diabetes modified
the association between AHEI-2010 and cognitive function, we included
each interaction term separately in the fully adjusted model using
survey-weighted linear regression analysis. Finally, secondary analyses
were conducted to identify whether statistically significant associations
might be attributable to specific dietary components. These secondary
models examined the associations between AHEI-2010 components and
cognitive function adjusting for all covariates and each of the other
dietary components.

Data management was performed using SAS 9.4 software (SAS Insti-
tute) and all statistical analyses were performed using Stata Statistical
Software Release 15 (Stata Corp LP). All analyses accounted for the
complex study design. All reported values are weighted, except sample
size which are unweighted. Significance level of P < 0.05 was used.
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Results
Descriptive statistics

Table 1 presents descriptive statistics for the overall target
population and by quintile of AHEI-2010. The mean age of
the target population was 56 y and 56% were female. The
mean AHEI-2010 score for the overall target population was
50.2 ± 0.2 (Supplemental Table 1). Compared to those in
the lowest AHEI-2010 quintile, those in the highest quintile
tended to be older, male, of Mexican heritage, and reported
higher annual household income (all P < 0.001). As AHEI-2010
quintiles increased, we observed lower depressive symptoms
scores, higher percentage of type 2 diabetes, and lower
percentage of current smokers (all P < 0.001). In addition,
higher AHEI-2010 quintiles were generally associated with
lower levels of C-reactive protein and BMI, and meeting the
2008 US physical activity guidelines, whereas the opposite
was observed for hypercholesterolemia and no differences were
observed in hypertension across AHEI-2010 quintiles (data
not shown). Finally, as AHEI-2010 quintiles increased, we
observed higher verbal learning, verbal memory, and verbal
fluency scores.

Association between diet quality and cognitive
function

Table 2 displays results of the adjusted associations between
AHEI-2010 quintiles and cognitive function. In base models
(Model 1), the highest AHEI-2010 quintile was significantly
associated with higher global cognition (Q5: β: 1.32; 95% CI:
1.05, 1.59), verbal learning (Q5: B: 2.38; 95% CI: 1.34, 2.92),
verbal memory (Q5: B: 1.40; 95% CI: 1.11, 1.69), verbal fluency
(Q5: B: 2.33; 95% CI: 1.57, 3.10), and processing speed (Q5:
B: 1.34; 95% CI: 0.09, 2.59), compared to the lowest AHEI-
2010 quintile. There was evidence of a linear trend in all of
these relations; specifically, global cognition, verbal learning,
verbal memory, verbal fluency, and processing speed scores were
each significantly higher across the second to fourth AHEI-2010
quintiles (P-trend ≤ 0.010).

In fully adjusted models (Model 2), the association between
the highest AHEI-2010 quintile and global cognition was
no longer significant (Q5: β: 0.32; 95% CI: -0.01, 0.65).
In contrast, the associations of the second to fourth AHEI-
2010 quintiles (versus first) with global cognition remained
significant. The associations of second to fourth quintiles
of AHEI-2010 with verbal learning and verbal memory
remained significant although attenuated. We observed evidence
of a linear trend in these associations of AHEI-2010 with
global cognition, verbal learning, and verbal memory (i.e.,
higher cognitive function scores with increasing AHEI-2010
quintiles; P-trend ≤ 0.050). AHEI-2010 was not significantly
associated with verbal fluency or processing speed in the fully-
adjusted Model 2, and there was no evidence of a linear
trend. When treating AHEI-2010 as a continuous measure,
each 10-unit increase in AHEI-2010 was associated with
higher verbal learning (B: 0.31; 95% CI: 0.02, 0.61) and
verbal memory (B: 0.17; 95% CI: 0.02, 0.31) (Supplemental
Table 2).

Interaction effects

There was no evidence of interaction by sex or by type 2 diabetes
in any of the associations of AHEI-2010 (treated as quintiles)
and any cognitive metric in the fully adjusted Model 2 (all
P-interaction > 0.05). Therefore, stratified analyses by sex or by

diabetes status were not conducted. There was evidence of inter-
action by Hispanic/Latino background only in the association
between AHEI-2010 (treated as quintiles) and verbal memory
in the fully adjusted Model 2 (P-interaction = 0.013). Hence,
we conducted additional stratified analysis between AHEI-2010
quintiles and verbal memory by Hispanic/Latino background
adjusting for all covariates except Hispanic/Latino background
(Supplemental Table 3). The highest AHEI-2010 quintile (versus
lowest) was associated with higher verbal memory among
Mexicans (B: 1.5; 95% CI: 0.7, 2.3; P-trend < 0.001) and
Puerto Ricans (B: 1.5; 95% CI: 0.4, 2.6; P-trend < 0.010) but
not among Dominicans, Central Americans, Cubans, or South
Americans. Significant findings were replicated among Puerto
Ricans but not among Mexicans when treating AHEI-2010 as
continuous.

Associations between components of AHEI-2010
score and cognitive function

Secondary analyses tested the associations of each AHEI-2010
component with the statistically significant cognitive function
outcomes (Table 3), adjusting for all covariates included in
Model 2 as well as the other dietary components. Compared
to those at the lowest quintile, those with the highest intake
of vegetables had significantly higher global cognition (β: 0.35;
95% CI: 0.03, 0.66), verbal learning (B: 0.72; 95% CI: 0.10,
1.34), and memory (B: 0.44; 95% CI: 0.11, 0.76) scores with
evidence of a linear trend (P-trend ≤ 0.05). Those with the
highest intake of whole fruits had a significantly higher global
cognition score (β: 0.39; 95% CI: 0.10, 0.69) with evidence of
a linear trend (P-trend < 0.001). Those at the highest alcohol
consumption quintile, representing low-to-moderate intake, had
higher global cognition (0.52; 95% CI: 0.22, 0. 83), verbal
learning (B: 1.13; 95% CI: 0.49, 1.76), and memory (B: 0.53;
95% CI: 0.21, 0.85) scores with evidence of a linear trend
(P-trend ≤ 0.010). No associations were observed of the highest
quintile of the other dietary components (i.e., whole grains,
sugar-sweetened beverages and fruit juice, nuts and legumes,
red/processed meats, trans fat, ω-3 fatty acids, PUFA, and
sodium) with any of cognitive function variables.

Discussion

In a large sample of middle-aged and older US Hispan-
ics/Latinos of diverse backgrounds, we found that healthier
diet quality was associated with higher global cognition, verbal
learning, and verbal memory independent of sociodemographic
characteristics, daily total energy intake, type 2 diabetes,
current smoking, and depressive symptoms which are known
contributors to cognitive decline and Alzheimer disease and
related dementias. The association of diet quality and memory
was stronger among those of Mexican and Puerto Rican
backgrounds. Furthermore, our results suggest that cognitive
benefits may be gained mostly from adhering to recommended
intake of vegetables and low-to-moderate alcohol consumption,
and to a lesser extent, whole fruits.

Results of our study contribute to the literature in several
ways. First, our study used a more comprehensive approach to
assess cognitive function than previous research that relied upon
cognitive screening tools (such as Mini-Mental State Examina-
tion) and/or telephone adaptations. Second, our study moves
beyond cohorts of US older non-Hispanic whites of higher
income and education (15–17) to suggest that AHEI-2010 is
associated with global cognition, verbal learning, and verbal
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TABLE 1 Characteristics of the overall target population and according to AHEI-2010 quintiles: among middle-aged and older
Hispanics/Latinos, HCHS/SOL: 2008–20111

Quintiles of AHEI-20102

Characteristics All Q1 (0.00–42.24) Q2 (42.25–46.49) Q3 (46.50–50.61) Q4 (50.62–55.59) Q5 (55.60–110.00)
n 8461 1055 1487 1700 1953 2266 P 3

Age, y 56.0 ± 0.1 52.9 ± 0.3 55.3 ± 0.3 56.5 ± 0.3 56.3 ± 0.4 57.4 ± 0.3 <0.001
Sex, %

Female 56.0 66.6 56.1 55.6 60.3 45.8 <0.001
Male 44.0 33.4 43.9 44.4 39.7 54.2

Hispanic/Latino background, %
Central American 6.7 2.1 5.8 9.4 9.8 10.3 <0.001
Cuban 27.0 45.3 48.2 32.4 15.9 3.8
Dominican 8.4 1.1 3.5 10.6 13.4 10.3
Mexican 32.3 2.5 5.6 20.5 43.0 73.7
Puerto Rican 17.4 41.9 27.6 17.4 9.4 1.4
South American 5.8 5.1 7.3 7.0 5.9 3.9
Other/more than one 2.3 2.1 2.0 2.6 2.6 2.2

Education, %
<High school 37.5 29.9 31.3 36.8 40.9 45.1 <0.001
High school 22.0 28.5 28.0 19.8 19.7 17.3
>High school 40.5 41.7 40.7 43.4 39.4 37.6

Annual household income, %
<$20,000 44.5 49.8 47.0 49.2 39.4 39.6 <0.001
$20,000–$50,000 35.1 33.2 32.5 32.8 38.0 38.0
>$50,000 11.6 7.7 8.7 9.9 13.1 16.4
Not reported 8.8 9.2 11.8 8.1 9.5 6.0

Language preference, %
Spanish 86.0 75.0 85.3 86.3 89.8 89.5 <0.001
English 14.0 25.0 14.7 13.7 10.2 10.5

Depressive symptoms4 7.4 ± 0.1 9.4 ± 0.3 7.8 ± 0.2 7.5 ± 0.3 7.0 ± 0.2 6.0 ± 0.2 <0.001
Energy intake, kcal/d 1853 ± 11 1923 ± 21 1924 ± 19 1841 ± 23 1759 ± 18 1851 ± 14 <0.001
Diabetes, % 26.1 23.2 23.2 24.7 26.1 31.7 <0.001
Current smoking, % 20.1 32.6 29.0 20.9 12.9 11.0 <0.001
Cognitive function

Global cognition5 0.2 ± 0.1 0.1 ± 0.1 0.0 ± 0.1 0.1 ± 0.1 0.4 ± 0.1 0.3 ± 0.1 0.057
Verbal learning 22.7 ± 0.1 22.2 ± 0.2 22.4 ± 0.2 22.5 ± 0.2 23.2 ± 0.2 23.0 ± 0.2 0.004
Verbal memory 8.2 ± 0.1 7.9 ± 0.1 8.0 ± 0.1 8.2 ± 0.1 8.5 ± 0.1 8.4 ± 0.1 <0.001
Verbal fluency 18.6 ± 0.2 17.9 ± 0.3 17.9 ± 0.2 18.7 ± 0.3 19.0 ± 0.3 19.1 ± 0.3 0.004
Processing speed 34.4 ± 0.3 36.9 ± 0.6 34.6 ± 0.5 33.8 ± 0.5 34.3 ± 0.6 33.5 ± 0.6 <0.001

1Values are percentages (%) or means ± SEs. All reported results are weighted except number of observations which are unweighted. AHEI-2010, Alternate Healthy Eating
Index; HCHS/SOL, Hispanic Community Health Study/Study of Latinos (HCHS/SOL); Q, quintile.
2Q1: represents the unhealthiest diet quality. Q5: represents the healthiest diet quality. Values in parentheses indicate the range of the AHEI-2010 score for each quintile.
3P-values refer to differences across quintiles and were calculated using chi-square tests for categorical variables and F-tests for continuous variables.
4Depressive symptoms score was assessed using the 10-item Center for Epidemiologic Studies Depression Scale.
5Cognitive function was calculated by summing the z scores [i.e., (individual value − mean value)/SD] for performance across the 4 cognitive tests (i.e., verbal learning, verbal
memory, verbal fluency, and processing speed).

memory among middle-aged and older Hispanics/Latinos of
relatively lower income and education. Finally, our results,
if replicated longitudinally, suggest there may be utility of
an overall healthier diet (based on the recommendations of
the AHEI-2010 food and nutrient components) as a tool to
promote better cognitive health outcomes in Hispanics/Latinos,
which may provide additional incentive for dietary change
in this population. Towards this end, our study addresses
previous calls (10) for more research to build a body of
evidence among racial/ethnic minorities that could inform the
development of targeted dietary guidelines to promote cognitive
health.

Previous studies have reported conflicting findings on the
AHEI-2010 and cognition associations. Our findings on the
associations of an overall healthier diet quality with higher
global cognition, verbal learning, and memory are consistent

with previous studies in middle-aged and older Chinese adults
(19) and Puerto Rican adults without type 2 diabetes (20).
These findings are also supported by extensive literature on the
positive association of other similar and well-known diet quality
scores with better verbal learning and memory performance
(36, 9–11). Likewise, higher cumulative AHEI-2010 score was
linked to larger hippocampal volumes (a key brain structure
involved in learning and memory) among middle-aged and older
British adults (37). In contrast, our results on the association
of healthiest diet quality with global cognition, verbal learning,
and memory are inconsistent with previous studies (15–18) that
had reported null associations among older US non-Hispanic
whites, potentially because of, in part, differences in the income
and education of the study populations. For example, a study
among Canadian adults reported that a dietary patter similar to
the AHEI-2010 was associated with cognitive function among
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TABLE 2 Associations of quintiles of AHEI-2010 with cognitive function: middle-aged and older Hispanics/Latinos, HCHS/SOL:
2008–2011 (n = 8461)1

Cognitive function

Quintiles of
AHEI-2010 n

Global cognition2

β (95% CI)
Verbal learning

B (95% CI)
Verbal memory

B (95% CI)
Verbal fluency B

(95% CI)
Processing speed B

(95% CI)

Model 13

Q1 (0.00–42.24)4 1055 0.00 (Ref) 0.00 (Ref) 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (42.25–46.49) 1487 0.37 (0.15, 0.60) 0.92 (0.45, 1.39) 0.53 (0.27, 0.80) 0.36 (−0.38, 1.11) − 0.29 (−1.42, 0.84)
Q3 (46.50–50.61) 1700 0.69 (0.44, 0.95) 1.31 (0.82, 1.81) 0.82 (0.54, 1.09) 1.38 (0.50, 2.26) − 0.59 (−1.28, 1.08)
Q4 (50.62–55.59) 1953 1.10 (0.84, 1.37) 2.04 (1.50, 2.58) 1.20 (0.92, 1.47) 1.97 (1.12, 2.81) 0.86 (−0.35, 2.06)
Q5 (55.60–110.00) 2266 1.32 (1.05, 1.59) 2.38 (1.34, 2.92) 1.40 (1.11, 1.69) 2.33 (1.57, 3.10) 1.34 (0.09, 2.59)
P-trend5 <0.001 <0.001 <0.001 <0.001 0.010

Model 26

Q1 (0.00–42.24) 1055 0.00 (Ref) 0.00 (Ref) 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (42.25–46.49) 1487 0.28 (0.04, 0.52) 0.60 (0.11, 1.09) 0.33 (0.03, 0.59) 0.23 (−0.52, 0.98) 0.39 (−0.64, 1.41)
Q3 (46.50–50.61) 1700 0.38 (0.08, 0.68) 0.62 (0.05, 1.19) 0.40 (0.04, 0.67) 0.75 (−0.27, 1.77) 0.40 (−0.89, 1.69)
Q4 (50.62–55.59) 1953 0.48 (0.17, 0.80) 0.92 (0.22, 1.62) 0.52 (0.12, 0.80) 0.66 (−0.32, 1.64) 0.65 (−0.62, 1.92)
Q5 (55.60–110.00) 2266 0.32 (−0.01, 0.65) 0.88 (0.18, 1.58) 0.46 (0.01, 0.72) 0.23 (−0.80, 1.26) − 0.32 (−1.79, 1.16)
P-trend 0.042 0.020 0.007 0.486 0.836

1All reported results are weighted except number of observations which are unweighted. Bs are unstandardized regression cofficients. AHEI-2010, Alternate Healthy Eating
Index; HCHS/SOL, Hispanic Community Health Study/Study of Latinos (HCHS/SOL); Q, quintile.
2Global cognition score was calculated by summing the z scores [i.e., (individual value – mean value)/SD] for performance across the 4 cognitive tests (i.e., verbal learning,
memory, verbal fluency, and processing speed).
3Model 1: age, sex, education, and log of daily energy intake.
4Q1: represents the unhealthiest diet quality; Q5: represents the healthiest diet quality. Values in parentheses indicate the range of the AHEI-2010 score for each quintile.
5P-trend represents difference across the AHEI-2010 quintiles.
6Model 2: Model 1 + Hispanic/Latino background, annual household income, language preference, type 2 diabetes, current smoking, and depressive symptoms.

adults of lower socioeconomic position but not among those of
higher socioeconomic position (38).

Our finding on interaction by Hispanic/Latino background
contributes to the growing literature on the complex asso-
ciations of diet quality with CVD-RFs among US Hispan-
ics/Latinos of diverse backgrounds (31, 39). Our stratified
analysis suggests that the association of AHEI-2010 with
verbal memory was largely driven by US Hispanics/Latinos
of Mexicans and Puerto Rican backgrounds (with most
robust findings observed among Puerto Ricans). Among Puerto
Ricans, vegetables, whole grains, and alcohol (treated as
continuous variables) were each associated with higher verbal
memory scores, regardless of all covariates and other dietary
components. No associations were observed of specific dietary
components and verbal memory among Mexicans, suggesting
that the overall dietary pattern is driving the association,
not particular components (data not shown). This is an
important finding because a study using data from the
HCHS/SOL showed significant differences in verbal memory
scores across Hispanic/Latino backgrounds (24), which were
not fully explained by important correlates such as education,
income, and sex, but may be related to background distinctions
in the burden of CVD-RFs (40). Our study suggests that
diet quality may be an additional explanation for some
of the more specific differences in verbal memory between
Hispanic/Latino backgrounds. However, our findings stratified
by Hispanic/Latino background should be interpreted with
caution given the relatively smaller sample size in some of
the cells. While a previous study reported an association
between AHEI-2010 and 2-y changes in memory only among
Puerto Rican adults without type 2 diabetes (but not those
with type 2 diabetes) (20), we did not find evidence of effect
modification by type 2 diabetes, possibly because of differences
in the Hispanic/Latino background composition between
studies.

Mechanisms by which an overall healthy diet may lead to
better cognitive function are beyond the scope of the current
cross-sectional study; however, several direct mechanisms
have been proposed in the literature (7, 8). Findings from
our secondary analyses on the independent associations of
recommended intake of vegetables with higher global cognition,
verbal learning, and verbal memory scores, as well as recom-
mended intake of whole fruits with higher global cognition,
provide further support for the potential role of vitamins and
nutrients secondary to higher diet quality on cognitive function.
Bioactive compounds such as antioxidants found in vegetables
and fruits including carotenoids, vitamin C, and vitamin E are
considered important for the protection against oxidative stress
(41, 42), which, in turn, has been shown to play a role in the
early pathophysiology of cognitive decline (43) and dementia
(44). In addition, epidemiologic evidence (45) has shown that
light-to-moderate alcohol consumption has protective effects
for CVD-RFs (46) and cognitive function (47) through multiple
mechanisms including reduction in inflammatory response (46,
47), impairments in cells that lead to buildup of plaque in
arteries (45), and changes in arterial-vascular function (48).

There are several limitations to this study. The cross-
sectional design does not allow for an examination of causality
or directionality of the observed associations. For example,
it may be that those with higher socioeconomic status and
overall healthier lifestyles, which are associated with better
cognitive function, also have better diet quality (38). Future
research should further examine socioeconomic gradients and
the clustering of healthier lifestyles in these associations. Thus,
prospective work is needed in Hispanics/Latinos to assess the
utility of adhering to the AHEI-2010 on cognitive function
over time to validate our current associations. Second, dietary
intake was self-reported, and underreporting of energy and
protein intakes and over reporting of protein density was
demonstrated in an ancillary study to the HCHS/SOL cohort
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TABLE 3 Associations of quintiles of AHEI-2010 components with cognitive function: middle-aged and older Hispanics/Latinos,
HCHS/SOL: 2008–2011 (n = 8461)1

Cognitive function

Components n3

Global cognition2 β

(95% CI)
Verbal learning B

(95% CI)
Verbal memory B

(95% CI)

Vegetables (without potatoes)
Q1 (0.00–2.73)4 1461 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (2.74–3.49) 1604 − 0.04 (−0.31, 0.24) 0.04 (−0.46, 0.54) 0.24 (−0.06, 0.54)
Q3 (3.50–4.18) 1655 0.06 (−0.22, 0.35) 0.19 (−0.35, 0.73) 0.29 (−0.03, 0.56)
Q4 (4.19–5.01) 1772 0.13 (−0.18, 0.45) 0.30 (−0.33, 0.93) 0.34 (−0.01, 0.66)
Q5 (5.02–10.00) 1969 0.35 (0.03, 0.66) 0.72 (0.10, 1.34) 0.44 (0.11, 0.76)
P-trend5 0.023 0.023 0.011

Whole fruit (without fruit juice)
Q1 (0.00–1.28) 1084 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (1.29–1.97) 1558 0.08 (−0.20, 0.36) 0.04 (−0.52, 0.60) 0.07 (−0.23, 0.37)
Q3 (1.98–2.89) 1754 0.34 (−0.03, 0.70) 0.39 (−0.26, 1.04) 0.19 (−0.16, 0.55)
Q4 (2.90–4.16) 1879 0.38 (0.10, 0.65) 0.56 (−0.03, 1.15) 0.31 (0.00, 0.61)
Q5 (4.17–10.00) 2186 0.39 (0.10, 0.69) 0.57 (−0.06, 1.20) 0.20 (−0.11, 0.52)
P-trend <0.001 0.019 0.064

Whole grains
Q1 (0.00–0.77) 1661 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (0.78–1.78) 1634 0.08 (−0.17, 0.33) 0.07 (−0.42, 0.55) 0.04 (−0.21, 0.28)
Q3 (1.79–3.37) 1716 0.04 (−0.21, 0.30) 0.13 (−0.51, 0.72) 0.20 (−0.05, 0.45)
Q4 (3.38–5.31) 1784 − 0.03 (−0.37, 0.30) − 0.15 (−1.00, 0.57) 0.13 (−0.23, 0.50)
Q5 (5.32–10.00) 1666 − 0.46 (−0.91, −0.01) − 0.56 (−1.72, 0.36) 0.09 (−0.37, 0.54)
P-trend 1661 0.064 0.250 0.637

Sugar-sweetened beverage and fruit juice
Q1 (0.00) 5071 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (0.01–0.99) 491 0.28 (−0.10, 0.66) 0.44 (−0.28, 1.17) 0.25 (−0.10, 0.60)
Q3 (1.00–3.00) 891 0.09 (−0.16, 0.34) 0.10 (−0.40, 0.60) 0.03 (−0.25, 0.32)
Q4 (3.01–4.76) 745 0.19 (−0.10, 0.48) − 0.05 (−0.82, 0.72) 0.04 (−0.25, 0.33)
Q5 (4.77–10.00) 1263 0.00 (−0.06, 0.51) − 0.02 (−0.51, 0.47) 0.09 (−0.17, 0.35)
P-trend 0.379 0.522 0.928

Nuts and legumes
Q1 (0.00–3.74) 1303 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (3.75–5.00) 1682 − 0.31 (−0.61, −0.01) − 0.53 (−1.01, −0.04) − 0.02 (−0.28, 0.25)
Q3 (5.01–6.85) 1715 − 0.12 (−0.40, 0.15) 0.14 (−0.37, 0.64) 0.19 (−0.08, 0.46)
Q4 (6.86–8.93) 1847 − 0.20 (−0.48, 0.08) 0.02 (−0.55, 0.59) 0.27 (−0.01, 0.55)
Q5 (8.94–10.00) 1914 − 0.38 (−0.69, −0.08) − 0.09 (−0.76, 0.59) 0.10 (−0.21, 0.42)
P-trend 0.057 0.646 0.193

Red and processed meats
Q1 (0.00–1.36) 1193 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (1.37–3.27) 1523 − 0.07 (−0.34, 0.20) 0.01 (−0.61, 0.64) − 0.04 (−0.29, 0.22)
Q3 (3.28–4.60) 1661 − 0.05 (−0.39, 0.29) − 0.06 (−0.84, 0.72) − 0.16 (−0.49, 0.18)
Q4 (4.61–5.83) 1911 − 0.04 (−0.40, 0.33) − 0.13 (−0.97, 0.70) − 0.01 (−0.36, 0.35)
Q5 (5.84–10.00) 2173 0.10 (−0.29, 0.50) 0.25 (−0.63, 1.13) 0.10 (−0.30, 0.50)
P-trend 0.602 0.729 0.634

Trans fat
Q1 (0.00–7.47) 1212 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (7.48–7.92) 1498 − 0.01 (−0.30, 0.27) 0.24 (−0.41, 0.88) 0.21 (−0.08, 0.51)
Q3 (7.93–8.28) 1710 − 0.10 (−0.31, 0.22) 0.24 (−0.47, 0.89) 0.15 (−0.16, 0.47)
Q4 (8.29–8.66) 1904 − 0.20 (−0.38, 0.12) − 0.06 (−0.75, 0.63) 0.08 (−0.25, 0.47)
Q5 (8.67–10.00) 2137 − 0.52 (−0.68, −0.18) − 0.46 (−1.18, 0.27) − 0.02 (−0.37, 0.33)
P-trend 0.004 0.154 0.695

ω-3 fatty acids
Q1 (0.00–2.28) 1726 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (2.29–2.85) 1729 0.08 (−0.18, 0.34) 0.26 (−0.22, 0.4) − 0.05 (−0.29, 0.19)
Q3 (2.86–3.45) 1658 0.09 (−0.14, 0.32) − 0.12 (−0.58, 0.34) − 0.14 (−0.38, 0.10)
Q4 (3.46–4.30) 1643 0.07 (−0.22, 0.35) − 0.10 (−0.67, 0.48) − 0.17 (−0.45, 0.11)
Q5 (4.31–10.00) 1705 0.14 (−0.21, 0.50) 0.16 (−0.48, 0.80) − 0.23 (−0.51, 0.05)
P-trend 0.498 0.962 0.090

(Continued)
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TABLE 3 (Continued)

Cognitive function

Components n3

Global cognition2 β

(95% CI)
Verbal learning B

(95% CI)
Verbal memory B

(95% CI)

PUFA
Q1 (0.00–4.93) 2174 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (4.94–5.44) 1919 0.04 (−0.19, 0.28) − 0.02 (−0.49, 0.46) − 0.06 (−0.28, 0.16)
Q3 (5.45–5.92) 1689 0.07 (−0.15, 0.28) − 0.12 (−0.56, 0.32) − 0.01 (−0.23, 0.21)
Q4 (5.93–6.52) 1503 0.21 (−0.04, 0.47) 0.16 (−0.33, 0.66) 0.04 (−0.21, 0.29)
Q5 (6.53–10.00) 1176 − 0.02 (−0.30, 0.26) − 0.19 (−0.73, 0.35) − 0.03 (−0.28, 0.22)
P-trend 0.682 0.754 0.906

Sodium
Q1 (0.00–3.99) 1261 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (4.00–5.78) 1541 0.19 (−0.05, 0.44) 0.37 (−0.15, 0.90) 0.12 (−0.09, 0.34)
Q3 (5.79–7.13) 1667 0.13 (−0.16, 0.41) 0.20 (−0.41, 0.80) 0.13 (−0.14, 0.40)
Q4 (7.14–8.86) 1858 0.12 (−0.19, 0.43) 0.31 (−0.39, 1.01) − 0.09 (−0.41, 0.23)
Q5 (8.87–10.00) 2134 − 0.03 (−0.41, 0.36) 0.20 (−0.61, 1.01) − 0.06 (−0.42, 0.30)
P-trend 0.782 0.739 0.461

Alcohol
Q1 (0.00–3.26) 1949 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Q2 (3.27–3.72) 1849 − 0.19 (−0.43, 0.05) − 0.11 (−0.58, 0.35) 0.16 (−0.09, 0.38)
Q3 (3.73–4.50) 1535 0.35 (0.06, 0.63) 0.68 (0.12, 1.24) 0.29 (0.00, 0.57)
Q4 (4.51–6.41) 1559 0.35 (0.05, 0.65) 0.80 (0.14, 1.47) 0.40 (0.00, 0.74)
Q5 (6.42–10.00) 1569 0.52 (0.22, 0.83) 1.13 (0.49, 1.76) 0.53 (0.21, 0.85)
P-trend <0.001 <0.001 0.002

1All reported results are weighted except number of observations which are unweighted. Bs are unstandardized regression cofficients. Models adjusted for age, sex,
education, log of daily energy intake, Hispanic/Latino background, annual household income, language preference, type 2 diabetes, current smoking, depressive symptoms,
and other AHEI-2010 components. AHEI-2010, Alternate Healthy Eating Index; HCHS/SOL, Hispanic Community Health Study/Study of Latinos (HCHS/SOL); Q, quintile.
2Global cognition score was calculated by summing the z scores [i.e., (individual value − mean value)/SD] for performance across the 4 cognitive tests (i.e., verbal learning,
memory, verbal fluency, and processing speed).
3Column indicates sample size of quintiles, which were created based on the distribution of each AHEI-2010 component.
4Q1: represents the unhealthiest diet quality; Q5: represents the healthiest diet quality. Values in parentheses indicate the range of the AHEI-2010 component score for each
quintile.
5P-trend represents difference across the AHEI-2010 quintiles.

(49); however, this is a consistent finding across studies using
self-reported dietary intake measures, which does not diminish
the value of dietary recalls (50). It must also be kept in mind
when interpreting our findings that those with worse cognitive
function may not be able to adequately recall food intake, as
such, results involving verbal learning and memory should be
interpreted with caution. Nevertheless, we attempted to address
this bias with use of 24-h recalls (as opposed to weekly or
monthly recalls), employing validated “probing” techniques
(i.e., food models and booklets, multiple-pass interviewing
techniques, and follow-up questions) (51), and by excluding
dietary recalls deemed unreliable when participants could not
remember their food intake. Moreover, the majority of our
relatively young cohort has been shown (24) to have high
performance in the brief Six-Item Screener (52) for cognitive
impairment. Despite these limitations, our study has several
strengths. For example, we addressed the limitations of previous
research (15–17) as well as calls for additional studies (10)
by focusing on a growing but understudied segment of the
population at high risk for Alzheimer disease and related
dementias. Further, the HCHS/SOL’s hybrid design, which
uses probability sampling within pre-selected diverse regions,
extends the generalizability of our results. Finally, given that
the HCHS/SOL is a comprehensive study, we were able to
examine the role of important lifestyle and clinical CVD-RFs
and depressive symptoms which are associated with lower
cognitive function. To shed further light on the implications
of our findings, future research should elucidate whether

higher performance in these cognitive tests is associated with
better health-related quality of life of Hispanics/Latinos in our
cohort.

Among middle-aged and older Hispanics/Latinos, we
showed that an overall healthy diet such as that recommended
by the AHEI-2010 was associated with higher global cognition,
verbal learning, and verbal memory scores, after adjustments
for well-known risk factors for poor cognitive function.
Overall, our findings suggest the need for additional prospective
longitudinal research on the potential role of diet quality as
a strategy for promoting cognitive health among middle-aged
and older Hispanics/Latinos of diverse backgrounds. Although
the magnitude of effects observed in our study were relatively
small, given the expected growth of the Hispanic/Latino
population (2) and their higher risk of dementias (1), even
modest positive effects in cognitive function related to greater
adherence to an overall dietary pattern could have valuable
public health implications (5, 53). In the context of the growing
Hispanic/Latino aging population, the development of targeted
public health initiatives focused on promoting cognitive health
are particularly relevant and timely.
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