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ABSTRACT

Background: Dementia and late-life cognitive decline are leading
causes of death and disability in the United States. Prevention of these
diseases, by maintaining brain health throughout the life course, is
essential. Diet and lifestyle changes are the chief strategies aimed at
primary prevention for many of the risk factors of cognitive decline.
Objective: The aim of this study was to examine the potential impact
of dietary factors on cognitive function.

Methods: This prospective cohort study followed 516 young adults
through midlife. The Youth/Adolescent Questionnaire was used
to collect habitual nutrition data (mean age: 32.03 £ 5.96 y) at
baseline. Scores from a neurocognitive battery were used to assess
cognitive function (mean age: 49.03 £ 4.86 y) at follow-up and
were transformed to z scores. Separate multivariable-adjusted linear
regression models were fitted. The trend across quintiles for each
dietary variable was assessed.

Results: Vitamin B-6, whole grains, processed meats, and foods
fried at home all displayed significant linear trends in their relation
with cognitive function. Dietary intake of vitamin B-6 and whole
grains was directly associated with better cognitive function after
adjustment for age, race, sex, and total calorie intake (8 coefficient
from linear regression and SE: 1.755 £ 0.621, P = 0.005, and
0.001 £+ 0.000, P = 0.018, respectively). Processed meat and
foods fried at home consistently displayed inverse associations with
cognitive function across crude and adjusted models (linear trend P
values were 0.05 and <0.0001, respectively).

Conclusions: Our findings suggest that dietary consumption in
young adulthood may affect cognitive function in midlife. Strong
associations between dietary intake and cognition were observed in
our analysis, but as with all observational studies, the possibility
of residual confounding cannot be excluded.  Am J Clin Nutr
2019;109:1656-1663.
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tion

Introduction

Brain health throughout the life course is critical to successful
aging. It has been well documented that diet influences the
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development and management of chronic diseases, specifically
hypertension and type 2 diabetes (1, 2), which are associated
with increased risk of late-life cognitive decline and dementia
(3, 4). Given that there is no cure for late-life cognitive
decline or dementia, strategies for prevention, before cognitive
decline becomes apparent, are essential. The latent onset period
for dementia lasts decades, suggesting that prevention must
begin in early and midlife (5, 6). Several epidemiological
studies examining cognitive decline have identified hypertension,
smoking, diabetes mellitus, obesity, atherosclerotic disease, atrial
fibrillation, and metabolic syndrome as risk factors (7-9).

Diet and lifestyle changes are the cornerstone of strategies
aimed at primary prevention for many of these risk factors for
cognitive decline. In the Prevencion con Dieta Mediterrdnea
randomized controlled trial, participants randomly assigned to
the Mediterranean diet intervention with nut or extra virgin
olive oil supplementation had higher cognition scores than those
randomly assigned to a low-fat diet after 6.5 years of follow-
up (10). Fruit and vegetable intake has also been shown to
be a positive correlate of cognition in some studies (11, 12).
In contrast, refined carbohydrates and simple sugars, such as
sucrose and fructose, when not consumed as part of whole fruits
and vegetables, have been hypothesized to be detrimental. In
particular, high-fructose corn syrup found in baked goods and
sugar-sweetened beverages has been linked to health concerns
because of its adverse effect on postprandial serum triglycerides
and its potential to increase insulin resistance (13). Other
putative dietary factors that may negatively affect cognitive health
include processed meats, fried foods, soft drinks, and refined
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carbohydrates, which are common components of the Western
dietary pattern (14). A prospective study examining dietary and
cognitive patterns in adolescence demonstrated that the Western
dietary pattern was associated with lower cognitive performance
scores after 3 years compared to other dietary patterns (14).

The results from observational studies exploring the relation
between dietary factors and cognition have been inconsistent,
with few data available for middle-aged individuals prior to
the onset of clinically apparent cognitive dysfunction (15-17).
Most available data are predominantly drawn from older white
or European Americans and include few African American
individuals and/or those living in a rural rather than urban setting
(18-21). Therefore, we took advantage of data from the well-
characterized, midlife, biracial Bogalusa Heart Study cohort in
a semi-rural setting to examine the potential impact of dietary
factors on cognitive function.

Methods

Study population

The Bogalusa Heart Study is a long-term epidemiological
study exploring the natural history of cardiovascular disease
in Bogalusa, Louisiana. The study began following children in
1973-1974 and is still collecting data today. From this semi-
rural, biracial community, African American (35%) and white
(65%) children aged 5-14 years were recruited (22). For this
analysis, the baseline dietary data were collected between 1998
and 2001 on 1970 individuals (mean age: 32.03 £ 5.96 y). The
follow-up data, including the cognitive function testing, were
collected between 2013 and 2016 for 1298 individuals (mean age:
49.03 £ 4.86 y). There were 782 individuals with data from both
the baseline and follow-up periods. Among those, 79 individuals
with a dietary intake of <500 calories or >3200 calories were
excluded due to unrealistic values, and 7 participants with a
history of cardiovascular disease and stroke at baseline were
excluded from the study. In addition, 174 individuals were
excluded due to incomplete cognitive data. Finally, 6 individuals
were excluded due to missing covariate data. A total of 516
participants were included in the final analysis (Supplemental
Figure 1). For the fully adjusted model, 441 participants were
included; 75 individuals were excluded from this portion of the
analysis due to incomplete salary information. All of the data
were managed using REDcap electronic data capture tools hosted
at Tulane University (23). Informed consent was obtained for
every participant, and the protocols for the studies were approved
by the institutional review board of the Tulane University Health
Science Center.

Dietary data

The Youth/Adolescent Questionnaire (YAQ) is a semiquanti-
tative, validated, 151-item food frequency questionnaire used to
collect longitudinal nutrition data on children and adolescents
(24). Participants were an average age of 32.03 £ 5.96 y in
1998-2001 when dietary nutrient intake data were collected. The
YAQ was found to be reflective of food commonly consumed
by this young adult population (25). Although the average age
is older than that generally accepted as “youth,” investigators
chose to maintain the use of this food frequency questionnaire to
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enhance comparability with previous exams. The Nutrition Data
System for Research developed by the Nutrition Coordinating
Center at the University of Minnesota was used to calculate the
specific nutrient information (26). Processed meat and whole
grain scores were created by converting each food item in the
category into grams, using standard portion sizes, and then adding
the different food grams together. The foods included in the
whole grain variable were whole-grain cereal, cooked oats, dark
bread, and other grains such as kasha, couscous, and bulgur. The
foods included in the processed meat variable were the meat
portion of hot dogs, turkey or chicken sandwiches, roast beef
or ham sandwiches, and deli meat sandwiches such as salami
and bologna. The category of foods fried at home was used as a
categorical frequency variable. The question assessing fried food
intake at home was “How often do you eat food that is fried
at home, like fried chicken?” with response options including
“Never/less than once per week,” “1-3 times per week,” “4-6
times per week,” and “Daily.”

Cognitive function assessment

Scores from a standardized neurocognitive battery were used
to assess cognitive function. These tests included the Wechsler
Adult Intelligence Scale, from this, Digit Span forward and
backward, vocabulary, and digit symbol coding. In addition, tests
were derived from the Wechsler Memory Scale IV, including
Logical Memory I and Logical Memory II and Recognition.
Letter and word reading were assessed using the Wide Range
Achievement Test IV. Finally, Trail Making Test Parts A and
B were included to assess executive function. The raw scores
of the components of the cognitive function assessment were
transformed to z scores with a mean of zero and an SD of 1.0.
These standardized scores were combined to formulate a global
cognitive function assessment score.

Covariates

Information on education was collected at follow-up along
with the cognitive assessment. Education level was categorized
into three groups: less than high school and high school
education, some college and associate’s degree, and bachelor’s
degree or higher. Salary level was classified into 9 categories:
>$5,000, $5,000-$11,999, $12,000-$15,999, $16,000-$24,999,
$25,000-$34,999, $35,000-$49,999, $50,000-$74,999,
$75,000-$99,999, and >$100,000. The 10-item Center for
Epidemiologic Studies Depression Scale Revised was used to
determine self-reported depressive symptoms for the participants
at follow-up. Any score >10 was considered depressed (27).
Diabetes was defined by having a fasting blood glucose
level >125 mg/dL or taking medication to control diabetes.
Hypertension was defined by having an average systolic blood
pressure >140 mm Hg or an average diastolic blood pressure
>90 mm Hg or taking medication to control hypertension at
baseline. BMI (in kg/m?) was collected at follow-up and was
categorized as underweight (<18.5), normal weight (18.5-24.9),
overweight (25-29.9), and obese (>30).

Physical activity was assessed at baseline. Two questions
were considered: “Compared to other people your age and sex,
how would you rate your physical activity at work during the
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past year?” and “Compared to other people your age and sex,
how would you rate your physical activity outside of work
during the past year?” Responses these questions ranged from
1, meaning inactive, to 5, meaning very active. For physical
activity at work, participants could respond with O to indicate not
applicable. This questionnaire was validated and demonstrated
differences between different groups of Bogalusa Heart Study
participants with insulin resistance syndrome (28). The scores
for physical activity were added together; thus, the overall
score could range from 1, being least active, to 10, being most
active.

Statistical analysis

Univariate analyses were performed to assess normality.
Bivariate analyses were performed with ANOVA and chi-square
to test for significance. Separate linear regression models were
fitted for the different dietary parameters. The models were
then adjusted for age, race, sex, and total calorie intake. Then,
adjusted model 1 was adjusted for age, race, sex, education,
BMLI, hypertension, diabetes, depressive symptoms, word reading
score, physical activity, and total calorie intake. The final
model, adjusted model 2, was adjusted for age, race, sex,
education, BMI, hypertension, diabetes, depressive symptoms,
word reading score, physical activity, total calorie intake, and
salary. The trend across quintiles for each dietary variable was
assessed for linearity. Because this is a hypothesis-generating
study, where the information is expected to be used to test
future dietary interventions that may improve cognitive function,
multiple comparison procedures are not appropriate (29). In
addition, we conducted stratification-based sensitivity analyses
for the outcome of interest, structuring the models by levels
of socioeconomic status (SES), race, salary, and depression
status, based on significant interaction terms determined a priori
(considering the main effect of the dietary exposures, and
covariates, in all models). All statistical analyses were generated
using SAS/STAT software (version 9.4; SAS Institute). Two-
tailed values of P = 0.05 or less were considered statistically
significant.

Results

Table 1 displays the baseline characteristics of the study
participants by quintile of cognitive function. The average age
at baseline dietary assessment was 32.03 £ 5.96 y. There
was no difference between age, sex, BMI, physical activity,
diabetes, or alcohol consumption across quintiles of cognitive
function. Higher standardized cognition scores were associated
with higher level of education and employment. Those in the
lowest quintiles of cognitive function reported being disabled or
unemployed most often. The overall prevalence of depressive
symptoms was 30.4% (P-value of 0.08). Individuals in the
lower quintiles of cognitive function were also more frequently
hypertensive (P = 0.07). Vitamin B-6, fructose, processed meat,
and the frequency of consumption of foods fried at home
differed significantly across quintiles of cognitive function.
Those in the highest quintiles of cognitive function consumed
the greatest amount of vitamin B-6 and reported the least
processed meat and fried food intake at home. Those in
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the median quintile of cognitive function consumed the most
fructose.

Mean cognitive score across dietary quintiles of nutrients are
displayed in Figure 1. Trends for vitamin B-6, whole grains,
processed meats, and foods fried at home were significantly linear
(P < 0.05). Vitamin C, fructose, and omega-3 fatty acid did not
show statistically significant trends. Consumption of sucrose was
the only component to demonstrate a significant quadratic trend,
with the middle quintile having the highest value for cognitive
score and the top and bottom quintiles with lower values for
cognitive score.

The results of the individual regression analysis of the
different dietary determinants influence on the standardized
cognitive score outcome are displayed in Table 2. The regression
coefficients for the crude associations demonstrate that vitamin
B-6, whole grains, processed meats, and foods fried at home
were positively associated with cognitive function. The age,
race, and sex adjusted models showed similar results. For the
adjusted models 2 and 3, the frequency of intake of foods fried
at home was significantly inversely associated with cognitive
function scores. In adjusted model 2, intake of processed
meats was only marginally, inversely significant, with a P
value of 0.065. These 2 dietary factors consistently displayed
inverse associations with cognitive function scores. In adjusted
model 3, processed meat was significantly inversely associated
with cognitive function, with a P value of 0.021. Although
there was a positive association between fructose intake and
cognitive scores in the adjusted model 2 (P = 0.027), there
was no statistically significant linear, quadratic, or cubic trend
across quintiles of fructose. In addition, there is no significant
association between fructose and cognitive scores in adjusted
model 3, with a P value of 0.236. Significant interactions for
vitamin B-6 and depression status were observed. Furthermore,
a depression status-stratified sensitivity analysis revealed that
the independent association between vitamin B-6 and cognitive
score was only significant in nondepressed individuals (8: —2.16;
SE = 1.45; P = 0.03) compared to depressed individuals
(B: —1.74; SE = 2.2; P = 0.4). No significant interactions
were observed between the dietary exposures and SES, race, and
salary.

Discussion

Our findings suggest that diet in young adulthood may be
an important indicator of future cognitive function in middle-
aged adults. As the burden of dementia is increasing with
population increases in life expectancy, and there is no known
cure, preventative strategies must be an essential component of
public health initiatives to reduce disease. This prospective study
provides evidence that diet in young adulthood may be a key
component to maintaining brain health and cognitive function in
midlife and later. Because diet is a universal exposure, adopting
even minor changes at a population level could potentially lessen
the burden of dementia over time.

A Western dietary pattern includes consumption of processed
meats, refined carbohydrates, and fried foods. A previous study in
adolescents found that the Western dietary pattern was associated
with poorer cognitive performance (14). Our study findings
are in agreement with these results and extend them to a
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A Trend for Vitamin B6 Intake
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B Trend for Whole Grain Intake
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F Trend for Sucrose Intake
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FIGURE 1 Trends for dietary variables: (A) vitamin B-6, (B) whole grains, (C) processed meat, (D) foods fried at home, (E) fructose, and (F) sucrose.

biracial population of young adults living in a semi-rural area.
Consumption of processed meat and frequency of consuming
fried foods at home were significantly and inversely associated
with cognitive scores across quintiles. Those who reported
consuming fried foods at home never or less than once a week
scored higher on cognitive tests than those who reported eating
fried foods at home 1-3 times a week, 4-6 times a week,
or daily. The Reasons for Geographic and Racial Differences
in Stroke study reported results indicating that diet patterns
including fried foods and processed meats were associated with
lower scores on cognitive tests (30). Furthermore, fried food
consumption has been found to be positively associated with
BMI (31). A review of the relation between obesity and mental
disorders including cognitive function found that both diseases
share pathophysiological mechanisms (32). It has been proposed
that the Western diet pattern may be associated with higher levels
of inflammation, which could play a role in brain health (33).
In a prospective study, higher intakes of red meat, processed
meat, and fried food and lower intake of whole grains were
associated with higher levels of IL-6. This study also found that
an inflammatory diet was associated with faster cognitive decline.
These associations were stronger in participants younger than age
56y (33).

In our study, we found a significant, positive, and linear
association between whole-grain intake and cognitive function.
Those who reported consuming the most whole grains had the
highest cognitive function score. Results from the Women’s
Health Study also suggest that whole-grain intake may positively
influence cognitive function (34). Although a few other studies
have shown similar results between the relation of whole grains
and cognitive function (33, 35), ours is the first to extend
this finding to young adulthood and to an underserved (rural)
population with substantial minority representation. Whole
grains are an abundant source of dietary fiber, a high consumption
of which is associated with lower blood pressure and lower blood
glucose values (36-38). Dietary fiber aids in slowing the rate of
nutrient absorption, thus keeping blood glucose at a consistent
level for a longer period of time (36, 37), and it is also thought to
play a role in the prevention of hypertension (38). It is possible
that through these mechanisms, dietary fiber may contribute to
the maintenance of healthy cognitive function in midlife and
throughout aging.

In many studies, vitamin C is used as an indicator of
fruit and vegetable intake (39). World Health Organization
recommendations for fruit and vegetable intake at 400 g/d have
been associated with better cognitive function in a disadvantaged



TABLE 2 Dietary associations with standardized cognitive score'

Adjusted 1 Adjusted 2 Adjusted 3

Crude association

(n = 441)

(n=516)

(n=516)

(n=516)

SE
0.003

SE

0.003

SE
0.004
0.621

SE
0.005

Dietary correlates

0.154
0.739

0.005
—0.147

0.128
0.936

0.005
—0.035

0.062

0.008

0.418

—0.004

Vitamin C, mg

0.442

0.429

0.005

1.755
0.005
—0.012

0.001

0.652

2.334
—0.019
—0.008

Vitamin B-6, mg
Fructose, g

0.761 0.026 0.012 0.027 0.014 0.012 0.236

0.017

0.289

0.018

0.007 0.010 0.522

—0.948

0.209
0.948
0.206

0.010
0.065

0.013
—0.216

0.594 0.015 0.402
0.781

0.016

Sucrose, g
w-3,g

0.781

3.404
0.000

3.327
0.000
0.000

0.296
0.018

4971

5.203
0.001
—0.001

5.276
0.000

1.469
0.001
—0.002

0.327

0.000
—0.001

0.000
—0.001

0.000

0.001

0.023

Whole grains, g

0.021

0.000

0.013

0.004

0.001

Processed meats, g

Foods fried at home

Never/less than once per week?

1-3 times per week
4-6 times per week

Daily

0.355 0.020

—0.831
—1.148

0.022
—3.459

0.348

—0.800
—1.262
—1.835

<.0001
0.001

0.496

—2.153
—3.272
—6.654

<.0001
<.0001
<.0001

0.501

—2.934
—4.689
—8.461

0.099

0.695

0.060

0.669

0.952

0.958
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0.021

1.489

0.065

0.994

<.0001

1.378

1.403

!Crude association: adjusted for total calorie intake; adjusted 1: adjusted for total calorie intake, sex, age at follow-up, and race; adjusted 2: same as adjusted 1 plus physical activity, diabetes, hypertension,

BMI at follow-up, word score, and education; and adjusted 3: same as adjusted 2 plus depressive symptoms.

2Reference group.

Brazilian elderly population (11). Although our results did not
show a significant association between vitamin C intake and
cognitive function, this may reflect differences in the populations
studied. In 1 of the few prospective studies to examine this
relation, individuals who consumed the most vitamin C from food
sources only had slower rates of cognitive decline compared to
those who consumed the least vitamin C after a 3-year follow-
up. However, there was no association after a 7-year follow-up
(40). In our analysis, we did find significant associations between
vitamin B-6 intake and cognitive function scores. This may be
because vitamin B-6 is a component of the homocysteine cycle,
which is thought to play a role in brain health and function (41).

We did not find any significant associations between fructose
or sucrose and cognitive function across models, with the
exception of adjusted model 2. This finding is consistent with
a study investigating sugar intake and cognitive function among
middle-aged and older Puerto Ricans, in whom natural sources of
fructose had no effect on cognitive function (42). Natural sources
of fructose are present in the diet through fruits and vegetables.
Conversely, fructose, when consumed as high-fructose corn
syrup, is thought to be detrimental because of its adverse effect
on postprandial serum triglycerides and potential to increase
insulin resistance (13). In a meta-analysis examining sugar
consumption, sucrose consumption did not have an effect on
cognitive performance in children (43).

In our study, w-3 fatty acid intake was not a significant
predictor of cognitive function. These results are consistent
with previous findings in midlife adults, despite w-3 fatty acid
being commonly advertised with the claim of cognitive benefits
(44). Similar to what we found, a systematic review of w-3
supplementation identified no significant impact on 9 different
domains of cognitive performance in adults (45). However,
there is evidence that w-3 fatty acid intake is an important
preventative factor in early life. EPA and DHA are proposed to
be essential for the growing brain, and clinical trials have shown
that supplementing breast milk with EPA and/or DHA increased
cognitive development in infants and young children (46, 47).

Although the prevalence of depressive symptoms (30.4%) was
high in our population, it is important to note that the Center for
Epidemiologic Studies Depression instrument is a self-reported
screening measure and not a diagnostic interview. This value was
on par with those seen in the Jackson Heart Study (JHS), which
included 3309 African American participants in nearby Jackson,
Mississippi. In the JHS, 738 participants (22.3%) had depressive
symptoms at baseline (48). The Bogalusa cohort is rural and of
lower average SES compared with the JHS cohort; both of these
characteristics have been associated with increased depressive
symptoms.

The strengths of this study include its comprehensive neu-
rocognitive assessment, prospective cohort design with the
dietary exposure information collected prior to the cognitive
assessment, and strong participation of African Americans. By
examining nutrition in early adulthood, we avoid the potential for
subclinical brain changes that occur decades before the period of
latency during which clinical dementia develops.

This study also has a number of limitations. We assessed
cognition function at a single follow-up only; therefore, changes
in cognitive function could not be assessed. As with all self-
reported dietary data, measurement error is an important issue.
Individuals who are overweight are more likely to under-report
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nutrient intake (49). In this analysis, dietary data were collected
at 1 point in time. In addition, high-fructose corn syrup was
unable to be assessed separately from total fructose. Therefore,
we were unable to determine the relation between high-fructose
corn syrup and cognitive function separate from total fructose.
All participants in this study were white or African American,
reflecting the racial makeup of the community. Therefore, our
results may not be generalizable to other populations and races
or ethnicities, such as those of Latino and Hispanic origin.
Last, as with all observational studies, residual confounding may
affect the results, and determining the causality of associations
ultimately requires randomized controlled trials.

Our findings strongly suggest that further research is warranted
to explore the role of diet in young adulthood as it relates
to midlife cognitive function and the potential maintenance of
cognitive performance through healthy aging. Additional studies
with repeated dietary assessments and imaging data to explore
brain structure and function would contribute substantially to our
understanding of the role of dietary intake in brain health.

In conclusion, as the burden of dementia continues to increase
with the aging of the US and the global population, the
importance of behavioral intervention strategies that have the
potential to influence cognitive function at a population level
grows. Our findings are some of the first to suggest that
moderating consumption of fried foods and processed meats, and
encouraging consumption of fruits, vegetables, and whole grains,
in young adulthood in an underserved, biracial population may
contribute to brain health throughout the life course.
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