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Abstract
Background and Objectives
To examine the association of whole grain consumption and longitudinal change in global
cognition, perceptual speed, and episodic memory by different race/ethnicity.

Methods
We included 3,326 participants from the Chicago Health and Aging Project who responded to a
Food Frequency Questionnaire (FFQ), with 2 or more cognitive assessments. Global cognition
was assessed using a composite score of episodic memory, perceptual speed, and the Mini
Mental State Examination (MMSE). Diet was assessed by a 144-item FFQ. Linear mixed-effects
models were used to estimate the association of intakes of whole grains and cognitive decline.

Results
This study involved 3,326 participants (60.1% African American [AA], 63.7% female) with a
mean age of 75 years at baseline and a mean follow-up of 6.1 years. Higher consumption of
whole grains was associated with a slower rate of global cognitive decline. Among AA partic-
ipants, those in the highest quintile of whole grain consumption had a slower rate of decline in
global cognition (β = 0.024, 95% CI [0.008–0.039], p = 0.004), perceptual speed (β = 0.023,
95%CI [0.007–0.040], p = 0.005), and episodic memory (β = 0.028, 95%CI [0.005–0.050], p =
0.01) compared with those on the lowest quintile. Regarding the amount consumed, in AA
participants, those who consumed >3 servings/d vs those who consumed <1 serving/d had a
slower rate of decline in global cognition (β = 0.021, 95% CI [0.005–0.036], p = 0.0093). In
White participants, with >3 servings/d, we found a suggestive association of whole grains with
global cognitive decline when compared with those who consumed <1 serving/d (β = 0.025,
95% CI [−0.003 to 0.053], p = 0.08).

Discussion
Among AA participants, individuals with higher consumption of whole grains and more fre-
quent consumption of whole grain had slower decline in global cognition, perceptual speed, and
episodic memory. We did not see a similar trend in White adults.

Introduction
Alzheimer disease and related dementia (ADRD) is a devastating neurodegenerative condition
affecting more than 6 million Americans. The concurrent increase in the aging population and the
prevalence of ADRD poses a significant burden on health care, social-economic, and public health
systems. Primary prevention through modifiable lifestyle factors including diet has become a high
public healthy priority. Previous evidence demonstrated that adherence to certain dietary
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patterns1 (i.e., MedDiet, Mediterranean-DASH Diet In-
tervention for Neurodegenerative Delay [MIND], diet, MIND
diet or consumption of certain foods including green leafy
vegetables2 and berries)2,3 was associated with slower cognitive
decline in older adults across various race/ethnic groups.

The American Heart Association and Dietary Guidelines for
Americans recommended whole grain as part of healthy dietary
pattern.4 In the United States, total grain consumption (sum of
refined and whole grains consumption) is exceeding the rec-
ommended daily intake levels5; however, whole grain con-
sumption is falling short across the population.5 Whole grains
preservemore fiber, polyphenols, minerals, and vitamins B andE6

compared with the refined-grain products. Previous epidemio-
logic studies demonstrated that whole grain consumption was
associated with a lower risk of cardiovascular disease (CVD),7

type 2 diabetes,8 and other cardiometabolic diseases.9,10

Emerging evidence suggested that carotenoids (lutein, zeax-
anthin, and β-cryptoxanthin) and polyphenol phytochemicals
in whole grains11,12 such as phenols and flavonoids were as-
sociated with benefits in cognition. Recent evidence from a
systematic review of 23 studies, including 4 randomized con-
trolled trials and 19 observational studies suggests higher in-
takes of whole grain were associated with better score of mood
and anxiety; however, inconsistent results were reported re-
garding cognition.13 In addition, there is limited evidence on
how whole grain consumption relates to cognitive function,
particularly, among different racial groups. The current evi-
dence on relation of diet, nutrition, and risk of ADRD and
cognitive function has been from cohorts and trials with pre-
dominantly White participants, which limited the generaliza-
tion across different racial groups. Our previous research
showed whole grain consumption as a subcomponent of a
plant-based diet was significantly different between African
American (AA) and White participants.14 Therefore, in this
study, we aim to investigate the association of whole grain
consumption and change of rate of global cognition, perceptual
speed, and episodic memory among AA participants andWhite
participants of the Chicago Healthy Aging Project.

Method
Study Population
The Chicago Health and Aging Project (CHAP), initiated in
1993, is a longitudinal, biracial, population-based study of
Alzheimer disease (AD) dementia and other health condi-
tions that enrolled individuals aged 65 years or older residing
in neighborhoods on the south side of Chicago, Illinois.15 Of

individuals who were identified from October 1993 to April
1997, 6,158 (79%) participated in an in-home interview,
which collected information on demographic variables,
health status, and current functioning. Participants’ racial
and ethnic identification were self-identification based on
the 1990 census race classification.15 Physical and cognitive
performance tests were also conducted as part of the in-
home interview. We conducted in-home interview every 3
years repeatedly with up to 6 data collection cycles. The
CHAP study is composed of 62% AA participants and 38%
White participants and has a follow-up rate of 89% of sur-
viving participants.

We included a total of 3,326 participants who responded to a
dietary questionnaire, with 2 or more cognitive assessments
and ApoE genotype assessment. We excluded participants
with MMSE ≤10, with extreme body mass index (BMI) (<14
kg/m2 or >55 kg/m2, n = 202), and with implausible caloric
intakes (<500 kcal or >3,800 kcal for women, <800 kcal or
>4,200 kcal for men), or when an entire page or >50% of
items were unanswered.16 Analysis was restricted to the first
10 years of follow-up after the initial FFQ.

Cognitive Function Assessment
At each cycle, during the in-home interview, 4 performance of
cognitive functioning tests were conducted, consisting of 2
measures of episodic memory: immediate and delayed recall
of 12 ideas contained in the East Boston Story,17,18 one
measure of perceptual speed19,20: the oral form of the Symbol
Digit Modalities Test,21 and the Mini-Mental State Exami-
nation,22 a widely used 30-item measure of global cognition.
In a previous principal components analysis, all tests had
loadings of 0.79 or more on a single factor accounting for 74%
of the variance.23 Therefore, we used a summary measure
including all 4 tests as an assessment of global cognition.
Combining all 4 tests creates a global measure that reduces
the effect of any skewness and floor or ceiling effects that can
come from individual tests.

For each test, the raw scores were transformed to z scores using
the mean and SDs from the total population at baseline. For
global cognitive score, we created a composite z score by av-
eraging the z scores of all 4 tests.23 With this approach, the
cognitive function is therefore standardized with positive scores
indicating higher performance.24 For the episodic memory
score, we averaged the z scores of the East Boston test; the
perceptual speed score was the z score from the Symbol Digit
Modalities Test. The MMSE variable is highly skewed; if used
independently, it would violate the normality assumptions of
the linear mixed-effects models used in our analysis.

Glossary
AAs = African Americans; AD = Alzheimer disease; ADRD = Alzheimer disease and related dementia; BMI = body mass
index.CHAP = Chicago Health and Aging Project; CVD = cardiovascular disease; FFQ = Food Frequency Questionnaire;
MMSE = Mini Mental State Examination.
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Dietary Assessment
Diet was assessed using a 144-item semiquantitative Food
Frequency Questionnaire (FFQ) modified from the Harvard
FFQ.25 Measurements of whole grain and refined-grain goods
along with other aspects of diet were assessed by FFQ. FFQs
were administered at each cycle. We used dietary data from
the first available FFQ in this study. For each food, partici-
pants were asked on average the frequency of their con-
sumption of specific foods or beverage with predetermined
portion sizes over the preceding year.25 The modified FFQ
was validated for use in older Chicago residents.25 The cal-
culation of nutrient intake was based on the food composition
databases of US Department of Agriculture and Harvard
University, which has been updated over time to incorporate
new food items and to reflect the changes in food composition.
For each food, daily consumption was calculated bymultiplying
frequency per day by either the natural portion size or the
serving sizes based on sex-specific mean portion sizes based on
a national survey for older adults.25Whole grain foods included
dark bread, whole grain breakfast cereal, cornbread, and other
grains i.e., kasha, couscous, bulgar, quinoa, tortilla, and pop-
corn. Refined grain included white bread, pita bread, or toast,
English muffins or bagels, muffin, rice, pancakes or waffles,
crackers, noodles, pasta, spaghetti, French toast, biscuit, pretzel,
cold breakfast cereal, and PopTarts.

Assessment of Covariates
During the in-home interview, we used the 1990 US Census
questionnaire collecting various social and demographic
characteristics including age (years), sex (male/female), ed-
ucation (number of years in school), smoking status (never
smoker vs current or former smoker), and ethnicity.23 Weight
(in kg) and height (in meters) were measured and used to
compute BMI (in kg/m2). History of diabetes, hypertension,
heart disease, myocardial infarction or digitalis use, stroke, and
medication use were self-reported.15 Participants’ cognitive
activities were assessed by the type and frequency of 7 cog-
nitive activities. A composite score was calculated as the mean
frequency across all items.23

Statistical Analysis
The primary outcome was rate of decline in global cognition.
The secondary outcome variables were rate of decline in per-
ceptual speed and episodic memory. Data were presented as
mean and SDs for continuous variables and frequency (%) for
categorical variables. We used linear mixed models to examine
the association of whole grain consumption and the longitu-
dinal change in global cognition, episodic memory, and per-
ceptual speed. The mixed model allows for both within-
individual and between-individual variations. All models
allowed for both random slope and intercept. Whole grain
consumption wasmodeled as both continuous (serving/d) and
categorical variables in quintiles, with the lowest quintile as the
reference category. Median values of each quintile were used to
calculate the p value for the trend. In addition, we modeled the
whole grain consumption as categorical variable based on the
frequency of consumption. Model of longitudinal change in

cognitive function, perceptual speed, and episodic memory
included whole grain consumption, age, sex, APOE e4 allele,
education, calorie, cognitive activities, smoking status, time, and
an interaction term of each covariate by time. Timewas defined
as years since baseline (time of first FFQ). We then further
accounted for comorbidities (history of hypertension, diabetes,
myocardial infarction, and stroke) and their respective inter-
actions with time in the model. We conducted several sensi-
tivity analyses to test the robustness of our findings by: (1)
further adjusting for BMI, (2) excluding participants with
MMSE ≤24, and (3) adjusting for physical activity. Our pre-
vious research showed that there are distinct dietary patterns
between AA and White participants; therefore, we presented
the results stratified by race. SAS version 9.4 was used for data
analysis with a type 1 error rate for significance at 0.05, and all
tests were 2-sided.

Standard Protocol Approvals, Registrations,
and Patient Consents
The institutional review board of Rush University Medical
Center approved this study. All CHAP participants provided
written informed consent.

Data Availability
Investigators may request access to data of the CHAP cohort
study through the Rush Institute for Healthy Aging data
portal (riha.rush.edu/dataportal.html) pending proposal ap-
proval and completion of a Data Use Agreement.

Results
A total of 3,326 participants were included with an average of 3
observations per person and a total of 9,866 cognitive assess-
ments (eFigure 1, links.lww.com/WNL/D178). Participant
baseline characteristics are summarized in Table 1. Participants
with higher whole grain consumption, on average, had higher
intakes of calories, protein, fat, carbohydrate, folate, vitamin B12,
and total fiber and a lower prevalence of comorbidities. There
was a higher proportion of AAparticipants who consumedmore
servings of whole grains compared with that of White partici-
pants and a higher proportion of people with APOE e4 in
participants with high whole grain consumption. In the CHAP
cohort, the average consumption of whole grain onlymet half of
the recommendation values and AA adults having a slightly
higher consumption of whole grains vs White participants
(Figure 1A). Similarly, compared with White participants
(28.8%), a higher proportion of AA participants (53.1%) had
more than 1 serving/d of whole grains (Figure 1B).

Whole Grain Consumption, Refined-Grain
Consumption, and Cognitive Decline
After adjusted for participant characteristics, higher whole grain
consumption was associated with slower global cognitive decline
(p for trend 0.004, Table 2). Participants in the highest quintile
of consumption vs those in the lowest quintile had a slower rate
of global cognitive decline (β = 0.015 ± 0.006, p = 0.013).
Regarding individual cognitive tests, higher whole grain
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consumption was associated with slower change in rate of per-
ceptual speed (p for trend 0.01) and episodic memory (p for
trend 0.02). When compared with the lowest quintile, partici-
pants in the highest quintile of whole grain consumption had a
slower rate of decline by β = 0.015 ± 0.007 (p = 0.026) for
perceptual speed and by β = 0.014 ± 0.008 (p = 0.08) for
episodic memory. There was no association between refined-
grain consumption and change of rate of global cognition, per-
ceptual speed, and episodic memory among study participants
(Table 2).

Association of Whole Grain Consumption and
Cognitive Decline by Race
We observed the protective association between whole grain
consumption and slower rate of decline in global cognition and
individual tests of cognition in AA participants, but not in White
participants (Table 3). Among AA adults, higher consumption of
whole grains was associated with slower decline in global cog-
nition (p for trend 0.004), perceptual speed (p for trend 0.03),
and episodic memory (p for trend 0.01). Those in the highest
quintile of consumption had a slower rate of decline by β = 0.024
± 0.008 (p = 0.0043) in global cognition, β = 0.02 ± 0.008 (p =
0.025) in perceptual speed, and β = 0.027 ± 0.011 (p = 0.012) in
episodic memory compared with the individuals in the lowest
quintile of consumption. Among White participants, there was a
suggestion of a protective association between whole grain

consumption and rate of cognitive decline (p = 0.08). Whole
grain consumption was not associated with a slower rate of
cognitive decline among White participants (n = 1,249). As
shown in Figure 2, rates of global decline among AAs in the
highest quintile were attenuated by 38% when compared with
individuals in the lowest quintile of whole grain consumption.
We did not see a similar trend in White adults (Figure 2). Sim-
ilarly, a slower rate of decline on perceptual speed (Figure 3A)
and episodic memory (Figure 3B) was observed in AAs but not
in White participants. When compared with years of cognitive
aging, among AAs, those who were in the highest quintile of
whole grain consumption had decline equivalent to being 8.5
years younger compared with those in the lowest quintile.

In sensitivity analyses, we further adjusted the model for BMI.
The results remained similar. Among AA participants, those in
the highest quintile had a slower decline in global cognition by
β = 0.024 ± 0.008 (p = 0.0032) compared with those in the
lowest quintile; per 1 serving/d increase in whole grain con-
sumption was associated with a slower rate of decline in global
cognition by β = 0.006 ± 0.002 (p = 0.0078). After further
excluded participants with MMSE scores less than or equal to
24 (n = 441), among AA participants (n = 1,636), for global
cognition, per 1 serving increase in whole grain consumption
was associated with a slower rate of cognitive decline by β =
0.007 ± 0.002 (p = 0.0077); those in the highest quintile had a

Table 1 Baseline Characteristics of CHAP Study Participants According to Whole Grain Consumption in Quintiles

Quintile of whole grain intake (serving/d)

p ValueQ1 (n = 582) Q2 (n = 704) Q3 (n = 708) Q4 (n = 658) Q5 (n = 674)

Median (IQR) 0.14 (0.07–0.27) 0.56 (0.50–0.57) 0.93 (0.86–0.99) 1.29 (1.14–2.14) 2.71 (2.08–3.36)

Age (y) 74.7 (6.1) 73.5 (5.6) 73.6 (5.9) 73.3 (5.5) 73.3 (5.5) <0.001

BMI (kg/m2) 27.4 (5.6) 27.9 (5.2) 28.2 (5.5) 28.8 (5.8) 27.5 (5.5) <0.001

Education (y) 13.2 (3.3) 13.2 (3.4) 12.9 (3.5) 12.7 (3.4) 12.8 (3.4) 0.011

Calories (kcal) 1,540 (525) 1,603 (554) 1,684 (577) 1,817 (603) 1,976 (592) <0.001

Cognitive activity 3.3 (0.6) 3.3 (0.6) 3.3 (0.7) 3.2 (0.7) 3.2 (0.7) 0.009

Female, n (%) 342 (58.8) 449 (63.8) 469 (66.2) 453 (68.8) 408 (60.5) 0.002

APOE «4 allele (%) 166 (28.5) 216 (30.7) 246 (34.8) 231 (35.1) 241 (35.8) 0.017

Smoking status, current or ever (%) 322 (55.3) 366 (52.1) 363 (51.3) 313 (47.6) 348 (51.6) 0.16

Race (%)

White participants 355 (61.0) 343 (48.7) 278 (39.3) 163 (24.8) 188 (27.9) <0.001

African Americans 227 (39.0) 361 (51.3) 430 (60.7) 495 (75.2) 486 (72.1)

Refined grains (serving/d) 1.9 (1.2) 1.8 (1.1) 1.6 (1.0) 1.6 (0.9) 1.7 (1.2) <0.001

Vitamin B12 (mcg) 12.1 (13.5) 12.4 (14.1) 13.2 (17.5) 13.6 (14.5) 13.9 (17.8) 0.10

Folate (mcg) 355.9 (233.0) 384.3 (244.0) 399.9 (251.9) 399.4 (254.8) 452.3 (264.9) <0.001

Fiber (g) 15.8 (6.7) 17.9 (6.5) 19.5 (6.8) 21.6 (7.3) 26.7 (8.3) <0.001

Abbreviations: BMI = body mass index.
Data are expressed as mean (SD); median (interquartile range) for continuous variables and percentage for categorical variables.
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slower cognitive decline by β = 0.023 ± 0.009 (p = 0.0094)
compared with those in the lowest quintile. Last, we further
adjusted physical activity. The results remained unchanged.
Among AA participants, those in the highest quintile had a
slower cognitive decline by β = 0.024 ± 0.008 (p = 0.0038)
compared with those in the lowest quintile. Among White
participants, for global cognition, whole grain consumption
was not associated with a slower rate of cognitive decline.

Association of Whole Grain Consumption and
Cognitive Decline by the Frequency
of Consumption
We further examined the association between the frequency
of consuming whole grain products and cognitive decline
(Table 4). Among all participants, those who consumed >3
serving/d (more than half of the recommendation values) had
a slower rate of decline in global cognition (p = 0.012), per-
ceptual speed (p = 0.049), and episodic memory (p = 0.048) vs
those who consumed <1 serving/d. Among AA adults, com-
pared with the individuals consuming whole grain <1 serving/d,
those who consumed >3 servings/d had a slower rate of decline
in global cognition β = 0.021 ± 0.008 (p = 0.0093), perceptual
speed by β = 0.020 ± 0.008 (p = 0.015), and episodic memory
by β = 0.024 ± 0.011 (p = 0.032) (Table 4). Among AA adults,
those who had 1–2 serving per day also had a slower rate of
decline in global cognition (β = 0.011 ± 0.005, p = 0.025) and

episodic memory (β = 0.017 ± 0.007, p = 0.011) compared with
the lowest consumption group. Among White adults, there is a
marginal statistical significance when comparing those who
consumedwhole grain >3 servings/d with those who consumed
<1 serving/d (β = 0.025 ± 0.015, p = 0.08).

Discussion
In this study, we observed that whole grain consumption was
associated with slower rate of decline in global cognition, per-
ceptual speed, and episodic memory. The observed association
of whole grain consumption and slower cognitive decline was
predominant in AA adults. By contrast, there was no association
between consumption of refined grains and cognitive function.

Whole grain consumption remains low in most countries.26

The Dietary Guidelines for Americans recommends adher-
ence to a healthy dietary pattern, which includes grains, at
least half of which are whole grain.27 However, whole grain
consumption is suboptimal in US adults, with more than 90%
not meeting the recommendation intakes.27 Among 3,326
CHAP participants, the average consumption of grain prod-
ucts is 3.2 serving/d with half from whole grains. In addition,
we observed that more AA adults (67.2%) who had intakes >1
servings per day than White adults (37.8%).

Figure 1 Daily Intake (A) and Frequency of Intake (B) of Whole Grains Among CHAP Participants

CHAP = Chicago Health and Aging Project.
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Whole grains are nutrient dense, containing greater amount of
minerals, trace elements, vitamins, and polyphenols compared
with refined flours and foods.28 For instance, the refined whole
grain wheat may have lost up to 58% fiber content, 90% of
various minerals, 61% folate, and 79% of vitamin E.29 Whole

grain has been included as part of recommended dietary pat-
terns i.e., the Mediterranean dietary pattern,30 the Dietary
Approaches to Stop Hypertension diet,31 and the MIND diet.1

Higher adherence to these dietary patterns has been associated
with slower cognitive decline in various populations.1,32 As part

Table 2 Association of Consumption of Whole Grains and Refined Grains in Quintiles and Rate of Change in Global
Cognition, Perceptual Speed, and Episodic Memory in CHAP Participants

Whole grain (serving/d)

Q1 Q2 Q3 Q4 Q5

p for trend Per serving day(N = 582) (N = 704) (N = 708) (N = 658) (N = 674)

Median (min, max) 0.14 (0, 0.4) 0.6 (0.4, 0.6) 0.9 (0.7, 1.0) 1.3 (1.0, 1.7) 2.7 (1.7, 6.4)

Global cognition Reference −0.000 (0.006) 0.007 (0.006) 0.009 (0.006) 0.015 (0.006)** 0.004 0.005 (0.002)*

Perceptual speed Reference 0.002 (0.006) 0.014 (0.006) 0.014 (0.007) 0.015 (0.007)** 0.01 0.005 (0.002)*

Episodic memory Reference −0.004 (0.007) 0.002 (0.007) 0.007 (0.008) 0.014 (0.008)* 0.02 0.005 (0.003)*

Refined grain (serving/d)

Q1 Q2 Q3 Q4 Q5

p for trend Per serving day(N = 718) (N = 685) (N = 638) (N = 678) (N = 607)

Median (min, max) 0.6 (0, 0.9) 1.1 (0.9, 1.3) 1.5 (1.3, 1.8) 2.0 (1.8, 2.5) 3.4 (2.5, 7.8)

Global cognition Reference −0.000 (0.006) −0.000 (0.006) 0.011 (0.006) 0.003 (0.007) 0.48 0.002 (0.002)

Perceptual speed Reference −0.004 (0.006) −0.008 (0.006) 0.000 (0.007) −0.004 (0.007) 0.80 −0.000 (0.002)

Episodic memory Reference −0.003 (0.007) 0.004 (0.008) 0.020 (0.008) 0.008 (0.009) 0.23 0.003 (0.003)

Abbreviation: CHAP = Chicago Health and Aging Project.
Model adjusted for age (years), sex (F/M), APOE e4, education (years), calorie (kcal), cognitive activities, smoking status (never or former), comorbidities (history
of hypertension, diabetes, myocardial infarction, and stroke), time (years), and their respective interactions with time.
Data are expressed as beta (standard error).
**p < 0.05 vs reference, *p < 0.1 vs reference.

Table 3 Association of Whole Grain Consumption and Rate of Change in Global Cognition, Perceptual Speed, and
Episodic Memory Among AA and White Participants

African American participants

Q1 Q2 Q3 Q4 Q5

p for trend Per serving day(N = 227) (N = 361) (N = 430) (N = 495) (N = 486)

Global cognition Reference 0.010 (0.008) 0.013 (0.008) 0.024 (0.008)** 0.024 (0.008)** 0.004 0.006 (0.002)**

Perceptual speed Reference 0.013 (0.008) 0.020 (0.008)** 0.026 (0.008)** 0.023 (0.008)** 0.03 0.005 (0.002)**

Episodic memory Reference 0.011 (0.011) 0.011 (0.011) 0.027 (0.011)** 0.028 (0.011)** 0.01 0.007 (0.003)**

White participants

Q1 Q2 Q3 Q4 Q5

p for trend Per serving day(N = 355) (N = 343) (N = 278) (N = 163) (N = 188)

Global cognition Reference −0.007 (0.008) 0.006 (0.008) −0.011 (0.010) 0.013 (0.009) 0.12 0.006 (0.003)*

Perceptual speed Reference −0.008 (0.009) 0.012 (0.010) −0.002 (0.012) 0.009 (0.011) 0.30 0.004 (0.004)

Episodic memory Reference −0.013 (0.010) −0.000 (0.010) −0.022 (0.012) 0.006 (0.012) 0.50 0.003 (0.004)

Abbreviation: CHAP = Chicago Health and Aging Project.
Model 2 adjusted by age (years), sex (F/M), APOE e4 allele, education (years), calorie (kcal), cognitive activities, smoking status (never or former), comorbidities
(history of hypertension, diabetes, myocardial infarction, and stroke), time (years), and their respective interactions with time.
Data are expressed as beta (standard error).
*p < 0.1 vs reference; **p < 0.05 vs reference.
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Figure 2Whole Grain Consumption and the Rate of Change in Global Cognitive Score Among African American andWhite
Participants of the CHAP Study (N = 3,326)

Thewhole grain consumptionwas categorized into quintiles,
with the lowest quintile as the referent group. Red dash line
and the red solid line represent the lowest and highest
quintiles of whole grain consumption among AA adults. Blue
dash line and the blue solid line represent the lowest and
highest quintiles of whole grain consumption among White
adults. Model adjusted for age, sex, APOE e4 allele, calorie
intake, smoking status, cognitive activity, education, cardio-
vascular comorbidities, time, and time interaction with each
condition. AAs = African Americans; CHAP = Chicago Health
and Aging Project.

Figure 3 Whole Grain Consumption and the Rate of Change in Perceptual Speed Score (A) and Memory Score (B) Among
African American and White Participants of the CHAP Study (N = 3,326)

The whole grain consumption was categorized into quin-
tiles, with the lowest quintile as the referent group. Red dash
line and the red solid line represent the lowest and highest
quintiles of whole grain consumption among AA adults. Blue
dash line and the blue solid line represent the lowest and
highest quintiles of whole grain consumption among White
adults. Model adjusted for age, sex, APOE e4 allele, calorie
intake, smoking status, cognitive activity, education, car-
diovascular comorbidities, time, and time interaction with
each condition. AAs = African Americans; CHAP = Chicago
Health and Aging Project.
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of the dietary pattern, intakes of whole grains, nuts, and le-
gumes were positively associated with better cognitive func-
tions over 11 years of follow-up among adults aged 65 years or
older without cognitive impairment.32 Higher intakes of whole
grains in young adulthoodwere associatedwith better cognitive
function later in life according to evidence from the Bogalusa
heart study.33 Evidence from the Whitehall II study demon-
strated that lower consumption of whole grains was part of a
dietary pattern associated with higher inflammatory markers
contributing to an accelerated cognitive decline at older ages.34

Whole grain is a great source of vitamins B and E, phyto-
chemicals, carotenoids, and flavonoids.28 The antioxidant and
anti-inflammatory properties of these bioactive compounds
have been suggested as potential mechanisms of neuro-
protection. High intakes of vitamin E from dietary source has
been associated with lower risk of incident AD.35 Dietary ca-
rotenoids intakes36 and circulating alpha-carotene37 were
positively associated with a higher score for cognition and lower
risk of incident AD.38 A recent study that included more than
7,000middle-aged and older adults demonstrated higher serum
carotenoids was associated with lower risk of all-cause de-
mentia.39 Vitamin B12 has been associated with slower cogni-
tive decline among very old participants,40 and serum vitamin
B12 was inversely associated with risk of dementia.

41 Folic acid
fortification of cereal grain products has been mandated since
1998. However, the association of folic acid with cognition is
still inconclusive,40,42 and further investigations are warranted.

Emerging research on the microbiota-gut-brain axis suggested
that fiber is a key contributor to the effects of nutrition on the

brain.43 Evidence from observational studies demonstrated
higher dietary fiber intake was associated with better cognitive
outcomes.44-47 Although not fully understood, the potential
mechanism underlying the effects of dietary fiber on cognitive
function include (1) dietary fiber influences gut microbiota
composition and function, (2) improvements in the immune
system, and (3) blood lipid levels.43

In our previous study, we presented that AA adults had dif-
ferent dietary patterns than White adults in the CHAP
study.14 This race-specific association may be partially
explained by the differences in background diet among mi-
norities groups. AA participants had significantly lower calorie
intake and lower intake from animal foods, refined grain
products, and significantly higher consumption of sugar-
sweetened beverages and whole grains. Our previous research
demonstrated a race-specific association of a healthful plant-
based dietary pattern and cognitive function among AA par-
ticipants.14 Higher intakes of whole grain may represent a
relatively healthier dietary pattern. The results remain un-
changed after we adjusted for other dietary factors in the
models. Previous evidence suggests whole grain consumption
was inversely associated with risk of coronary heart disease.48

AAs have higher prevalence of risk of cardiometabolic dis-
eases i.e., diabetes, hypertension, and stroke. The protective
association of whole grain on cognition may be through
lowering the risk of cardiometabolic diseases.

Among White participants, those in the highest consumption
quintile of whole grains had a baseline level of cognition (β =
0.14) higher than those in the lowest consumption quintile. By

Table 4 Association of Frequency in Whole Grain Consumption and Rate of Change in Global Cognition, Perceptual
Speed, and Episodic Memory

<1 serving/d 1–2 servings per day 2–3 servings/ day >3 serving/d

All participants N = 1826 N = 983 N = 266 N = 251

Global cognition −0.069 (0.012) 0.007 (0.004) 0.013 (0.007) 0.017 (0.007)**

Perceptual speed −0.049 (0.013) 0.007 (0.005) 0.011 (0.007) 0.015 (0.008)**

Episodic memory −0.036 (0.016) 0.009 (0.006) 0.014 (0.009) 0.018 (0.009)**

African American participants N = 888 N = 752 N = 156 N = 203

Global cognition −0.054 (0.014) 0.011 (0.005)** 0.014 (0.008) 0.021 (0.008)**

Perceptual speed −0.025 (0.014) 0.011 (0.005) 0.010 (0.009) 0.020 (0.008)**

Episodic memory −0.036 (0.019) 0.017 (0.007) 0.019 (0.012) 0.024 (0.011)**

White participants N = 938 N = 231 N = 110 N = 48

Global cognition −0.102 (0.020) −0.001 (0.008) 0.011 (0.011) 0.025 (0.015)*

Perceptual speed −0.067 (0.024) 0.003 (0.009) 0.014 (0.013) 0.009 (0.017)

Episodic memory −0.052 (0.026) −0.008 (0.010) 0.008 (0.013) 0.022 (0.018)

Model 2 was adjusted by age (years), sex (F/M), APOE e4, education (years), calorie (kcal), cognitive activities, smoking status (never or former), comorbidities
(history of hypertension, diabetes, myocardial infarction, and stroke), time (years), and their respective interactions with time.
Data are expressed as beta (standard error).
*p < 0.1 vs “<1 serving/d”; **p < 0.05 vs “<1 serving/d.”
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contrast, a difference of β = 0.04 was observed in AA participants
when comparing the extreme quintiles at baseline. If whole grain
consumption is indicative of a healthy dietary pattern, the dis-
crepancy we observed at baseline year in White adults might
reflect the effect of diet on cognition from prior years i.e., midlife.

Social and demographic factors may affect the relation of diet
and cognition among older adults with robust association
between diet and cognition observed among individuals with
low social-economic status.49,50 The association of whole
grain consumption and slower cognitive decline remained
significant among AA participants but not White participants
after we adjusted for potential confounding of social-
economic status (i.e., education, cognitive activates) in the
model. It is worth noting that diets are collectively determined
and shaped by multiple factors including cultural norms,
economic status, and available resources. And these factors are
often subject to external structural forces, for instance, pov-
erty and racism, which play a crucial role in shaping individ-
uals’ food choices and overall diet. We previously reported
that the racial differences in the level of late-life cognition were
significantly attenuated when considering demographic,
health-related, and other social structural factors.51 The ob-
served association in AAs could be partially due to the overall
higher consumption and more participants who met the
recommendations consuming >3 serving/d. The higher
consumption may partly explain the protective association
among AAs. Nevertheless, evidence from this study suggests
that meeting the daily recommendation of whole grain con-
sumption might potentially have cognitive benefits.

There are some limitations to be considered. First, the dietary
data were self-reported using FFQ, which could be prone to
recall error and misclassification of dietary intake although the
validity of FFQ has been demonstrated using objective bio-
chemical markers in older adults.25,52 To address the potential
recall error related to cognitive decline, we excluded partici-
pants with MMSE less than 10 and for sensitivity, less than 24.
Second, we examined the association of whole grain con-
sumption and cognitive decline using the first available FFQ,
which limited us to assess the causal association of dietary
changes over time and the changes in cognitive function. The
study demographic represents older adults from the south side
of Chicago, which may potentially limit the generalization of
our findings to populations with different socioeconomic sta-
tus. Last, we included participants with measurement of APOE
e4 allele in the final model, which potentially reduced the
sample size. Because AA adults have a higher prevalence of
developing CVD, the race-specific association between diet and
cognitive function could be mediated by the effects of diet on
CVD. Although we have adjusted for multiple potential con-
founders for CVD comorbidities during follow-up in this
analysis, we cannot completely rule out residual confounding.
We must caution against a causal interpretation of findings
given the observational study design. Future studies of different
racial groups with larger sample sizes are warranted to validate
our findings and to further investigate the causal role of whole

grain on cognition. Strengths of this study include the pro-
spective design in a biracial community cohort and the in-
person evaluation of cognitive function.

In this study, AA adults had higher whole grain consumption
compared with White participants. Among AAs, higher intake
and more frequent intakes of whole grain were associated with
slower rate of decline in global cognition, perceptual speed, and
episodic memory. In White participants, higher consumption
was not significantly associated with cognitive decline. The re-
sults presented in this study could be informative in facilitating
tailored dietary recommendations for diverse populations.
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