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ABSTRACT
Background: African American (AA) adults have about twice the
risk of developing dementia compared with white adults. However,
evidence on dietary modification in preventing cognitive decline
from diverse populations focusing on AA adults is minimal.
Objectives: We aimed to evaluate the association between a plant-
based diet and the rate of cognitive decline in a population-based
sample of AA and white adults.
Methods: This study consisted of 3337 participants from the
Chicago Health and Aging Project (60% AA participants, 64%
female). Plant-based diet quality was evaluated by the overall plant-
based diet index (PDI), the healthful PDI (hPDI), and the unhealthful
PDI (uPDI). Global cognition was assessed using a composite score
of 4 individual tests of cognition. We used mixed models to examine
the associations of PDI, hPDI, and uPDI with the rates of decline
in global cognition, perceptual speed, and episodic memory. Models
were adjusted for age, sex, presence of apoE e4 allele, lifestyle
factors including education, cognitive activities, smoking status,
calorie intake, risk factors for cardiovascular disease, time, and the
interaction terms of time × each covariate.
Results: AA and white participants had various dietary patterns.
Higher hPDI was associated with a slower rate of decline in
global cognition, perceptual speed, and episodic memory in AA
participants but not white participants. AA study participants in the
highest quintile of hPDI had significantly slower rates of global
cognitive decline (β: 0.0183 ± 0.0086; P = 0.032), perceptual
speed (β: 0.0179 ± 0.0088; P = 0.04), and episodic memory (β:
0.0163 ± 0.0118; P = 0.04) than individuals in the lowest quintile
of hPDI. There were no associations of either PDI or uPDI with the
rate of cognitive decline in either racial group.
Conclusions: A healthy plant-based diet was associated with a
slower rate of decline in global cognition, perceptual speed, and
episodic memory in AA adults. Am J Clin Nutr 2022;116:875–
886.
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Introduction
By 2050, 83.7 million people in the United States are projected

to be 65 y old and older (1). The concurrent increase in
the prevalence of age-related cognitive decline paralleled with
an increase in Alzheimer dementia (AD) poses a significant
burden on health care and social-economic and public health.
African American (AA) adults have a disproportionally higher
risk of developing AD and other dementia (2). Because
persons from minoritized populations are predicted to comprise
a more significant segment of the older adult population
in the coming decades, understanding the underlying factors
affecting cognitive risk is critical, especially at the population
level (3).

The limited therapeutic options for AD make prevention
through modifiable lifestyle factors, including dietary factors, a
high public health priority. Cumulative evidence has reported
that healthy dietary patterns, including the Mediterranean diet
(MedDiet), Dietary Approaches to Stop Hypertension (DASH),
and Mediterranean-DASH Intervention for Neurodegenerative
Delay (MIND) diet (4), and specific foods such as berries
(5), vegetables (6, 7), and fish (8), are associated with slower
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cognitive decline. Current evidence on diet, dietary pattern,
and cognitive function is built predominantly from Caucasians
(9, 10); AA adults are underrepresented in this work with
few characterizations of how their dietary patterns relate with
cognitive performance in older adulthood (9, 10). Dietary quality
and patterns vary by race and ethnicity (11), socioeconomic
status (12), and other social factors (13). Racial disparities in
dementia might be attributable to dietary intakes and nutrients
closely linked to cognitive health. However, there is a significant
knowledge gap regarding how diet influences cognitive function
in individuals of different races (14).

Plant-based diets are recommended for their benefits in
preventing cardiometabolic diseases, including type 2 diabetes
(15), obesity (16, 17), and coronary artery disease (18), and
lowering mortality risk (19). The shared common patho-
physiologic mechanisms (i.e., oxidative stress, inflammation,
and vascular damage) between cardiometabolic diseases and
neurodegenerative diseases like AD suggest that a plant-
based diet might ameliorate age-related cognitive decline, the
hallmark feature of AD. Therefore, in the present study, we
aimed to first characterize dietary patterns among AA and
white participants of a biracial population-based study, and
then investigate the associations of different qualities of plant-
based diets using 3 plant-based diet indices with cognitive
decline.

Methods

Study population

The Chicago Health and Aging Project (CHAP) is a longitu-
dinal, biracial, population-based study that began in 1993 with
a census of individuals aged 65 y or older in neighborhoods
on the south side of Chicago, IL (20). The baseline in-home
interview was conducted from 1993 to 1997 and repeated
every 3 y with ≤6 data collection cycles. From October 1993
to April 1997, of those identified, 6158 (79%) participated
in an in-home interview. In the following cycles, newly age-
eligible participants (65 y or older) were recruited and received
an in-home interview. The interviews included demographic
variables, health outcomes, current functioning, and physical and
cognitive performance tests. In total, the CHAP study enrolled
10,802 participants with 62% AA adults and 38% white adults,
and achieved a follow-up assessment of ∼89% of surviving
participants. In the present study, 1228 participants had a date of
death before returning FFQs, and 2563 did not return an FFQ. We
included participants who responded to a dietary questionnaire.
Of the 7011 individuals with dietary data, 5050 participants
had ≥2 cognitive assessments. We excluded participants with
extreme BMI (in kg/m2; <14 or >55) and implausible caloric
intakes (<500 kcal or >3800 kcal for women, <800 kcal or
>4200 kcal for men), or who left an entire page or >50% of
items unanswered (21). Because apoE genotype has significant
influence on cognitive function, a total of 3337 participants
with apoE genotype measurements were included in this study
(Figure 1). The Rush University Medical Center Institutional
Review Board approved the study.

Cognitive function assessment

Four performance measures of cognitive function were con-
ducted during in-home interviews at each cycle. We conducted
2 measures of episodic memory: immediate and delayed recall of
12 ideas contained in the East Boston Story (0–12 points) (22,
23). We conducted 1 measure of perceptual speed: the oral form
of the Symbol Digit Modalities Test, in which persons match as
many digit–symbol pairs as possible in 90 s (24–27). The fourth
test was the Mini-Mental State Examination, a widely used 30-
item measure of global cognition (28).

For each test, we transformed the raw scores to z-scores using
the baseline raw scores as the SD for each of the tests. We
then created the global cognitive score by averaging the z-scores
from all 4 tests (composite z-score) (29). With this approach,
the cognitive function is scaled in standard units with positive
scores indicating higher performance (30). As regards individual
cognitive functions, the episodic memory score was the average
of the z-scores from the 2 components of the East Boston Test;
the perceptual speed score was the z-score from the Symbol Digit
Modalities Test.

Dietary assessment

Diet was assessed using a 144-item semiquantitative FFQ
modified from the Harvard FFQ (31). The FFQ was collected
at each cycle. Participants were asked how often, on average,
they consumed specific foods or beverages with prespecified
portion sizes during the preceding year (31). The modified
FFQ was validated for use in older Chicago residents (31).
Nutrient intake was calculated based on the USDA and
Harvard University food composition databases, updated over
time to include new food items and to reflect changes in
food composition. Frequency of consumption of foods was
multiplied by either the natural portion size (i.e., 1 apple)
or serving sizes based on sex-specific mean portion sizes
derived from a national survey for older adults (31). A trained
research assistant conducted screening on the quality of the
FFQs. Those with >50% of pages left unanswered were
documented.

Calculation of plant-based diet indices

We calculated 3 plant-based diet indices: the overall plant-
based diet index (PDI), a healthful plant-based diet index (hPDI),
and an unhealthful plant-based diet index (uPDI) (18). First,
18 food groups were defined based on nutrient and culinary
similarities. The frequencies of food consumption were converted
into servings consumed per day. Then we summed the number
of servings of foods that belonged to each of the 18 food
groups. We then categorized these food groups into animal
foods and healthy and less healthy plant foods. The healthy
plant food groups included whole grains, fruits, vegetables,
nuts, legumes, vegetable oils, tea, and coffee. In contrast, the
less healthy plant food groups included fruit juices, refined
grains, potatoes, sugar-sweetened beverages, and sweets and
desserts. The animal food groups included animal fat, egg, fish or
seafood, meat (red meat, poultry meat), and various animal-based
foods (i.e., hamburger, meat taco fillings, hot dogs or sausages,
etc.).
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FIGURE 1 Flow diagram of participant selection.

First, the food groups were divided into quintiles of consump-
tion and assigned a score from 1 to 5. For the PDI, participants
received a score of 5 if their consumption was within the highest
quintile for each plant food group (healthy or less healthy), a
score of 4 if their consumption was within the second-highest
quintile of each plant food group, and so on, with a score of
1 for consumption within the lowest quintile. In contrast, a
reverse score was given for the animal food groups. Participants
received a score of 1 when their consumption was within the
highest quintile of an animal food group, a score of 2 when
their consumption was within the second-highest quintile, and
so on. For the hPDI, positive scores were given only to the
healthy plant food groups. Reverse scores were given to the less
healthy plant and animal food groups. For the uPDI, positive
scores were given only to less healthy plant food groups, whereas
both healthy plant and animal food groups received reverse
scores. For each individual, scores from the 18 food groups were
summed to obtain the indices. The range of each index was

from 18 (the lowest possible score) to 90 (the highest possible
score).

Assessment of covariates

Social and demographic characteristics including age (y),
sex (male/female), education (number of years in school), and
smoking status (never smoker compared with current or former
smoker) were collected during participants’ baseline in-home
interview using the 1990 US Census questionnaire (29, 32).
Race and ethnicity were self-identified at baseline based on
the categories of race and ethnicity from the 1990 US Census
questionnaire (32). Cognitive activities were assessed by the
type and time of participation in cognitive activities (i.e.,
viewing television; listening to the radio; reading newspapers;
reading magazines; reading books; playing games such as cards,
checkers, crosswords, or other puzzles; and going to museums).
The mean frequency of each activity was converted to a
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TABLE 1 Demographics and clinical characteristics of analyzed CHAP (Chicago Health and Aging Project) participants according to racial groups1

All (n = 3337)

African American
participants
(n = 2012)

White participants
(n = 1325) P values

Age, y 73.7 ± 5.72 72.9 ± 5.08 74.8 ± 6.41 <0.0001
BMI, kg/m2 28.0 ± 5.52 28.8 ± 5.67 26.7 ± 5.02 <0.0001
Education, y 12.9 ± 3.41 11.9 ± 3.16 14.5 ± 3.20 <0.0001
Calories, kcal 1705 ± 586 1655 ± 608 1781 ± 543 <0.0001
Sex, women 2137 (64.0) 1307 (65.0) 830 (62.6) 0.17
ApoE e4 allele, carrier 1108 (33.1) 756 (37.5) 352 (26.4) <0.0001
Smoking status, current 357 (10.7) 248 (12.3) 109 (8.2) 0.0002
Hypertension 2326 (69.7) 1520 (75.6) 806 (60.8) <0.0001
Stroke 246 (7.4) 161 (8.0) 85 (6.4) 0.09
Diabetes 638 (19.1) 480 (23.9) 158 (11.9) <0.0001
Myocardial infarction 426 (12.8) 258 (12.8) 168 (12.7) 0.90
Cognitive activity 3.26 ± 0.65 3.10 ± 0.65 3.50 ± 0.57 <0.0001
Global cognition, score 0.41 ± 0.61 0.25 ± 0.62 0.64 ± 0.50 <0.0001
Episodic memory, score 0.40 ± 0.76 0.29 ± 0.79 0.57 ± 0.67 <0.0001
Perceptual speed, score 0.48 ± 0.86 0.19 ± 0.80 0.91 ± 0.76 <0.0001
Plant-based diet indices, score

Overall plant-based diet index 53.3 ± 6.31 53.0 ± 6.45 53.7 ± 6.07 0.003
Healthful plant-based diet index 51.4 ± 6.78 51.2 ± 6.61 50.2 ± 6.88 <0.0001
Unhealthful plant-based diet index 54.9 ± 6.72 55.4 ± 6.56 54.2 ± 6.90 <0.0001

1Values are means ± SDs and n (%) of the study population. P values were calculated using Student’s t-test for continuous variables and chi-square test
for categoric variables.

composite score (29). Weight (kg) and height (m) were measured
during the in-home interview and used to compute BMI. History
of diabetes, hypertension, heart disease (self-reported history of
myocardial infarction or digitalis use), stroke, and medication use
were self-reported (20). The moderate correlations between PDI,
hPDI, uPDI, the MedDiet score (33), and the MIND diet score (4)
in our study (range: −0.51 to 0.49, data not shown) suggested that
these 3 plant-based diet indices captured additional components
from diets.

The MedDiet score was based on 11 food groups including
nonrefined cereals, potatoes, fruit and vegetables, legumes, nuts
and beans, fish, olive oil, red meat and meat products, poultry,
full-fat cheese and other dairy, and alcohol, as previously
described (34). Consumption of items from these food groups
was assigned a score of 5 for at least daily consumption, scores
<5 were assigned to lesser consumption proportionally. For items
reported as being rarely consumed, a score of 0 was assigned. The
scoring of MedDiet for the CHAP population has been published
previously (33). The MedDiet score ranges from 0 to 55, where
higher scores correspond to greater adherence to the MedDiet.
The MIND diet score has 15 dietary components including
10 food groups (green leafy vegetables, other vegetables, nuts,
berries, beans, whole grains, fish, poultry, olive oil, and wine)
related to brain health and 5 unhealthy food groups (red meats,
butter and stick margarine, cheese, pastries and sweets, and
fried/fast food) (35). For all other diet score components except
olive oil, a score of 0, 0.5, or 1 was assigned to the frequency
of consumption of 1 portion of each food item. For olive oil, if
participants identified olive oil as the primary oil usually used at
home, they received a score of 1 and otherwise 0. The total MIND
diet score was computed by summing all 15 of the component
scores (35).

Statistics

The primary outcome variable was annual rate of decline in
global cognition. The secondary outcome variables were rates
of decline in perceptual speed and episodic memory. Data were
presented as means ± SDs for continuous variables and n (%)
for categoric variables. Differences between AA participants and
white participants at baseline were compared using Student’s t-
test for continuous variables and the chi-square test for categoric
variables.

We used linear mixed models to examine the associations
between plant-based diet indices and the annual rates of change
in global cognitive function, episodic memory, and perceptual
speed. The random-effects model allowed for within-individual
variation in initial cognitive scores and the rate of change in
cognitive scores. Each random-effects model included terms of
time, the main effect term for each covariate, and interaction
terms of time × each covariate. The overall PDI, hPDI, and uPDI
were modeled as categoric variables in quintiles, with the lowest
quintile as the referent category. Median values of each quintile
were used to calculate the P value for the trend. We assessed the
correlation of each PDI with 2 other dietary scores—the MedDiet
score and the MIND diet score—using Spearman rank correlation
coefficients.

We first analyzed the associations in a basic multivariable
model adjusted for age (y), sex (male, female), presence of apoE
e4 allele, time, and interaction terms of time × each covariate.
We then used a multivariable model to simultaneously control
for factors potentially related to change in cognitive function. In
a multivariate model (model 2), we further adjusted for dietary
and lifestyle factors including calorie intake (kcal), smoking
status (never compared with current or former), cognitive activity,
and education (number of years in school), time, and the
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FIGURE 2 Dietary patterns of participants from the CHAP (Chicago Health and Aging Project) study according to racial groups (n = 3337). The filled bars
and whiskers represent mean ± SD consumption of AAs (n = 2012) and the open bars and whiskers represent mean ± SD consumption of whites (n = 1325),
respectively. A t-test was used to compare between AA and white study participants. ∗P < 0.0001. AA, African American.

interaction of time × each covariate. Model 3 further adjusted for
cardiovascular comorbidities (history of hypertension, diabetes,
myocardial infarction, stroke), time, and the interaction of time
× each condition. As sensitivity analyses, we further adjusted
for a MedDiet score and a MIND score in the model and we
conducted the analyses again excluding participants in the lowest
5% of cognitive scores at baseline. We also examined whether the
rate of cognitive decline by diet was modified by cardiovascular

comorbidities, and excluded participants who had a history of
stroke. We presented the results stratified by race given that there
are distinct dietary patterns between AA and white participants.
Based on previous evidence from others and our group, we
therefore predetermined the analytical approach in investigating
the association of diet and cognition by race. SAS version 9.4
(SAS Institute Inc.) was used for data analysis with a type 1 error
rate for significance at 0.05, and all tests were 2-sided.
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TABLE 2 Associations of plant-based indices with global cognitive decline in AA and white study participants1

AA participants (n = 2012) White participants (n = 1325)

n

Quintile median
(minimum,
maximum) β ± SE n

Quintile median
(minimum,
maximum) β ± SE

PDI
Q1 407 45 (30, 47) Reference 204 45 (37, 47) Reference
Q2 320 49 (48, 50) 0.0052 ± 0.0076 203 49 (48, 50) 0.0105 ± 0.0099
Q3 456 52 (51, 54) 0.0039 ± 0.0068 333 53 (51, 54) −0.0005 ± 0.0091
Q4 330 56 (55, 57) −0.0014 ± 0.0076 243 56 (55, 57) −0.0037 ± 0.0097
Q5 499 61 (58, 74) 0.0072 ± 0.0073 342 60 (58, 73) 0.0010 ± 0.0095
P-trend 0.51 0.24

hPDI
Q1 238 42 (29, 44) Reference 266 42 (30, 44) Reference
Q2 350 47 (45, 48) 0.0086 ± 0.0084 296 47 (45, 48) −0.0106 ± 0.0084
Q3 372 50 (49, 51) 0.0167 ± 0.0084 222 50 (49, 51) −0.0053 ± 0.0093
Q4 532 54 (52, 56) 0.0175 ± 0.0082 308 54 (52, 56) −0.0031 ± 0.0088
Q5 520 60 (57, 72) 0.0183 ± 0.0086 233 60 (57, 76) −0.0047 ± 0.0098
P-trend 0.04 0.65

uPDI
Q1 307 46 (34, 48) Reference 281 46 (35, 48) Reference
Q2 467 51 (49, 53) −0.0091 ± 0.0075 321 51 (49, 53) −0.0022 ± 0.0083
Q3 325 55 (54, 56) −0.0015 ± 0.0084 244 55 (54, 56) −0.0041 ± 0.0090
Q4 462 59 (57, 60) −0.0097 ± 0.0080 236 58 (57, 60) −0.0084 ± 0.0094
Q5 451 64 (61, 78) −0.0137 ± 0.0086 243 63 (61, 77) −0.0091 ± 0.0096
P-trend 0.21 0.44

1Model was adjusted by age (y), sex (F/M), apoE e4 allele, education (y), calorie (kcal), cognitive activities, smoking status (current, former),
comorbidities (history of hypertension, diabetes, myocardial infarction, stroke), time (y), and their respective interactions with time. AA, African American;
hPDI, healthful plant-based diet index; PDI, plant-based diet index; Q, quintile; uPDI, unhealthful plant-based diet index.

Results

Population characteristics

Table 1 presents the participants’ demographics and clinical
characteristics. Among the 3337 participants, the mean age
was 73.7 ± 5.7 y. Women made up 64% of the participants,
and 60% were AA adults. White participants had more years
of education (14.5 ± 3.20 compared with 11.9 ± 3.16;
P < 0.0001), higher cognitive activity (3.50 ± 0.57 compared
with 3.10 ± 0.65; P < 0.0001), and higher global cognitive score
(0.64 ± 0.50 compared with 0.25 ± 0.62; P < 0.0001) than AA
study participants. AA participants had a higher prevalence of
cardiovascular disease (CVD) risk factors.

Dietary characteristics of AAs and EAs

White study participants, compared with AA study partici-
pants, had higher calorie intakes (1782 ± 547 kcal compared
with 1676 ± 624 kcal; P < 0.0001), higher PDI (53.7 ± 6.07
compared with 53.0 ± 6.45; P = 0.003), and lower hPDI
(50.2 ± 6.88 compared with 51.2 ± 6.56; P < 0.0001) and
uPDI (54.2 ± 6.90 compared with 55.4 ± 6.56; P < 0.0001).
Between AA and white participants, there were differences in
their dietary patterns (Figure 2). Compared with AA study
participants, white study participants had significantly higher
consumption of foods from animal food groups except for eggs,
and fish or seafood (P < 0.0001 for all food groups). White
study participants also had higher consumption of foods from
unhealthy plant-based food groups except for sugar-sweetened

beverages and fruit juices (P < 0.001 for all food groups). AA
participants had higher intakes of whole grains from healthy
plant-based foods (P < 0.0001) than white participants. It is
worth noting that when we categorized food intakes according
to quintiles of hPDI (higher numbers mean greater intakes of
healthful plant-based foods), among those in the lowest quintile
of hPDI, AA study participants had twice the consumption of
whole grains (0.8 compared with 0.4 servings/d) as compared
with white participants (Supplemental Table 1).

Plant-based diet indices and global cognitive function

Table 2 presents the associations between plant-based diet
indices and global cognition. Among AA participants, those in
the highest quintile of hPDI had significantly slower rates of
cognitive decline (β: 0.0183 ± 0.0086; P = 0.032) (Table 2) than
the individuals in the lowest quintile. There were no associations
of either PDI or uPDI with the rate of cognitive decline in either
racial group (Table 2). As shown in Figure 3, rates of global
decline in the highest quintile were slowed by 28.4% when
compared with individuals in the lowest quintile of hPDI in AA
participants. We did not see a similar trend in white participants
(Figure 3).

Plant-based diet indices and individual tests of cognitive
function: perceptual speed and episodic memory

AA study participants in the highest quintile of hPDI had a
slower rate of change in perceptual speed (β: 0.0179 ± 0.0088;
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P = 0.037) and in episodic memory (β: 0.0163 ± 0.0118;
P = 0.041) than those in the lowest quintile (Table 3). Among
AA participants, for individuals in the highest quintile, the
decline rates for perceptual speed and memory were significantly
slower, by 49.3% and 44.2%, respectively, than for those in
the lowest quintile (Figure 4). The overall PDI and uPDI were
not associated with domain-specific cognitive function in AA or
white study participants.

As sensitivity analyses, first, we adjusted for cardiovascular
conditions. Second, we further adjusted for dietary quality using
the MIND diet and MedDiet scores. Third, we conducted the
analyses excluding those participants in the lowest 5% of global
cognitive scores at baseline. Last, we examined whether the
rate of cognitive decline by diet was modified by cardiovascular
comorbidities, and excluded participants who had a history of
stroke. These associations remained largely unchanged (data not
shown).

Discussion
In the present study, we modeled the effect of 3 plant-

based diet indices—PDI, hPDI, uPDI—on the rate of cognitive
decline in a biracial population-based community cohort study
in older adults. We identified distinct dietary patterns between
AA participants and white participants. We demonstrated that
a healthy plant-based diet was associated with slower global
cognitive decline and slower declines in episodic memory and
perceptual speed in AA adults but not white adults.

In prior studies, a plant-based diet has often been defined as
“a vegetarian diet” which consists of dietary patterns excluding
animal foods totally or in part (36–38). Excluding intakes of the
entire animal food group might not be practical for all populations
because people with diets based on entirely plant foods may be
more susceptible to deficiencies in nutrients such as vitamin B-
12 that may offset the benefits of a vegetarian diet (39, 40).
More importantly, not all plant-based foods are equally healthy. A
healthy plant-based diet with fruits, vegetables, and whole grains
is different from a plant-based diet with discretionary foods (i.e.,
sugar-sweetened beverages, desserts, and potato chips that were
associated with deleterious health outcomes) (41–44). In the
present study, we used a gradient score system that enabled us
to capture a broad range of food groups and compare the quality
among plant-based diets. Our study distinguished the quality of
plant-based diets (healthful compared with unhealthful) and their
associations with cognitive function. In addition, our analysis
also highlighted the racial differences between dietary patterns
among AA and white adults. Results from the present study
expand prior research demonstrating an association between a
healthy plant-based diet and slower cognitive decline in AA
adults.

Emerging evidence brings more attention to the quality of a
plant-based diet. The moderate correlation between PDI, hPDI,
uPDI, the MedDiet score (33), and the MIND diet score (4) in
our study suggested that these 3 plant-based diet indices captured
additional components from diets. Whereas the MedDiet and
MIND diet feature certain food items, the plant-based diet indices
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TABLE 3 Associations of plant-based indices with rates of change in perceptual speed and episodic memory in AA and white study participants1

AA participants
(n = 2012)

White participants
(n = 1325)

Perceptual speed
PDI

Q1 Referent Referent
Q2 −0.0002 ± 0.0078 0.0222 ± 0.0118
Q3 0.0023 ± 0.0070 0.0130 ± 0.0108
Q4 0.0040 ± 0.0078 0.0108 ± 0.0115
Q5 0.0113 ± 0.0075 0.0054 ± 0.0113
P-trend 0.10 0.80

hPDI
Q1 Referent Referent
Q2 0.0040 ± 0.0087 −0.0109 ± 0.0100
Q3 0.0146 ± 0.0086 0.0072 ± 0.0110
Q4 0.0117 ± 0.0084 −0.0070 ± 0.0104
Q5 0.0179 ± 0.0088 0.0049 ± 0.0117
P-trend 0.03 0.67

uPDI
Q1 Referent Referent
Q2 −0.0074 ± 0.0078 0.0012 ± 0.0099
Q3 −0.0097 ± 0.0086 0.0066 ± 0.0107
Q4 −0.0075 ± 0.0082 −0.0002 ± 0.0112
Q5 −0.0083 ± 0.0088 0.0056 ± 0.0114
P-trend 0.48 0.66

Episodic memory
PDI

Q1 Referent Referent
Q2 0.0052 ± 0.0076 0.0105 ± 0.0099
Q3 0.0039 ± 0.0068 −0.0005 ± 0.0091
Q4 −0.0014 ± 0.0076 −0.0037 ± 0.0097
Q5 0.0072 ± 0.0073 0.0010 ± 0.0095
P-trend 0.51 0.24

hPDI
Q1 Referent Referent
Q2 0.0014 ± 0.0116 −0.0106 ± 0.0084
Q3 0.0109 ± 0.0116 −0.0053 ± 0.0093
Q4 0.0165 ± 0.0113 −0.0031 ± 0.0088
Q5 0.0163 ± 0.0118 −0.0047 ± 0.0098
P-trend 0.04 0.66

uPDI
Q1 Referent Referent
Q2 −0.0091 ± 0.0075 −0.0022 ± 0.0083
Q3 −0.0015 ± 0.0084 −0.0041 ± 0.0090
Q4 −0.0097 ± 0.0080 −0.0084 ± 0.0094
Q5 −0.0137 ± 0.0086 −0.0091 ± 0.0096
P-trend 0.21 0.44

1Values are β ± SE unless indicated otherwise. Model was adjusted by age (y), sex (F/M), apoE e4 allele, education (y), calorie (kcal), cognitive
activities, smoking status (current, former), comorbidities (history of hypertension, diabetes, myocardial infarction, stroke), time (y), and their respective
interactions with time. AA, African American; hPDI, healthful plant-based diet index; PDI, plant-based diet index; Q, quintile; uPDI, unhealthful plant-based
diet index.

differentiate the quality among plant-based foods. Under the
broader umbrella of plant-based diet, an unhealthy plant-based
diet including refined grains, sugar-sweetened beverages, and
snacks has distinct differences in dietary quality compared with a
healthy plant-based diet that highlights the consumption of fruits,
vegetables, and whole grains. The quality of a plant-based diet is,
therefore, an important factor when considering it as a preventive
strategy for cognitive decline.

Mechanistic evidence supports that nutrients from plant-based
foods [i.e., green leafy vegetables (6) and berries (6)] have

antioxidant capacity (21), are neuroprotective through reducing
inflammation and decreasing oxidative stress, and are associated
with less brain atrophy (45).

In the present study, we observed that participants in the
highest quintile of hPDI had a significantly slower cognitive
decline rate than those in the lowest quintile of hPDI in AA
but not white participants. This racial-specific association was
not unexpected. In line with our findings, Koyama et al. (46)
reported that the MedDiet was associated with a slower rate of
cognitive decline among AA older adults, but not white older
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FIGURE 4 hPDI and the rate of change in perceptual speed score (A) and episodic memory score (B) among AA and white participants of the CHAP
(Chicago Health and Aging Project) study (n = 3337). The hPDI was categorized into quintiles, with the lowest quintile as the referent group. The dark solid
line and the dark dashed line represent the lowest and highest quintiles of hPDI, respectively, among AA study participants. The gray solid line and the gray
dashed line represent the lowest and highest quintiles of hPDI, respectively, among white study participants. A multivariate model was adjusted for age, sex,
apoE e4 allele, calorie intake, smoking status, cognitive activity, education, cardiovascular comorbidities, time, and the interaction of time × each condition.
AA, African American; hPDI, healthful plant-based diet index.

adults, over 8 y. From a cross-sectional analysis, a Southern
diet was associated with worse cognitive performance in AA
adults but not white adults (47). In our study, when compared
with white participants, AA participants had significantly lower
calorie intake and lower intake from animal food groups and
significantly higher consumption of sugar-sweetened beverages
and whole grains. The association between a healthy plant-based
diet and a slower rate of cognitive decline in AA participants is,

therefore, likely attributable to the lower intake of animal foods
and unhealthy plant-based foods, given that the white participants
had slightly higher intakes of healthful plant-based foods (i.e.,
fruit and vegetables and vegetable oils). The dietary pattern of
AA adults from the Chicago area appears different from the
typical Southern diet consisting of red meat, processed meat,
fried food, and eggs (48). A high-fat diet, particularly with high
animal fats, was associated with cognitive impairment (49–51).
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Direct evidence from animal models suggests that a high-fat diet
increases neuroinflammation (52) and impairs insulin signaling
in the brain (53, 54), which has harmful effects on synaptic
integrity (53) and cognitive behavior (55). It is worth noting
that AA participants had higher intakes of whole grains. Whole
grains are a component of both the DASH and MedDiet. Higher
whole grain consumption was positively associated with higher
cognitive scores in elderly US adults (56), which could relate to
its bioactive compounds, minerals, and a low glycemic index that
could improve cardiometabolic health (57), which may contribute
to preserving cognitive function. The association between high
sugar-sweetened beverages and cognitive impairment (58, 59)
remained inconsistent between different racial groups (47),
which warrants further investigation. Also, different methods of
food preparation (i.e., fried, grilled, boiled, uncooked) between
different racial groups can affect vegetable nutritional values.
Further research is warranted to delineate the effects of cooking
method on vegetable preparation and their nutrimental values
on cognition among different ethnic groups. In addition, AA
adults have poorer overall cardiovascular health than white
adults (60). In the present study, a higher proportion of
AA study participants had hypertension, diabetes, and stroke;
the racial-specific association observed in the present study,
therefore, might partially contribute through healthful plant-
based diet that affects cardiovascular-related conditions in AA
participants.

The effects of diets on cognition are susceptible to social
and demographic factors among older adults. Previous evidence
has demonstrated that the relation between diet and cognition
depends on socioeconomic status (61, 62) where the effects of
diet were robust in individuals with low social-economic status
(61, 62). We accounted for these potentially confounding effects
and found that diet was protective against cognitive decline
only in AA participants and not white participants. The reasons
are not fully clear, but it is plausible that greater exposure to
education and cognitive activity in the early years may potentially
overshadow the impact of diet on cognitive decline later in
life among white individuals. In comparison, diet quality may
significantly influence cognition later in life in individuals with
low social-economic status.

Nonetheless, there are some limitations to be considered in the
interpretation of our study. Dietary data were self-reported using
FFQs, which could be prone to measurement error, although
the validity of FFQs has been demonstrated using objective
biochemical markers in older adults (31, 63). In the present study,
we examined the association of dietary data and cognitive decline
using the first available FFQ; therefore, we were unable to capture
causal associations of changes of diet and cognitive function over
time. The study participants were older adults from the south side
of Chicago; therefore, our findings may not be generalizable to
other populations with different socioeconomic status. Because
of the use of self-reported data on dietary intake and other
lifestyle factors, measurement errors or misclassification might
occur. Because apoE genotype has a significant influence on
cognitive function and AA individuals are more likely to carry
the apoE e4 allele than white individuals, we included those
with apoE e4 allele measurements in the final model. Participants
included in the final model shared similar characteristics with
the full study population, with 60% AA adults and 64% women.
The race-specific association between diet and cognitive function

could be mediated by the effects of diet on CVD because
AA individuals had a higher prevalence of developing CVD,
although we did account for CVD comorbidities during follow-
up. Although we have adjusted for multiple potential confounders
in the present analysis, we cannot completely rule out residual
confounding. Because of the observational study design, we
must caution against a causal interpretation of findings. Future
studies in different racial groups are warranted to validate our
findings, including studies with larger sample sizes and studies
investigating the causal role of plant-based diet on cognition.
Strengths of the present study include the prospective design
in a biracial community cohort. Other strengths include the
use of a gradient score system for the quality of a plant-based
diet. The evaluations of cognitive function were conducted in
person.

In conclusion, AA and white participants have distinct dietary
patterns. A healthy plant-based diet was associated with a
significantly slower rate of decline in global cognition in
AA adults. The results presented herein could be informative
in facilitating tailored dietary recommendations for diverse
populations.
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