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Abstract.

BACKGROUND: Pecans are rich in nutrients known to benefit cognition.
OBJECTIVE: To examine the effect of daily pecan consumption on cognitive function in older adults.

METHODS: In this randomized controlled trial, 42 adults (50-75y) either consumed 68 g of pecans/day for 4-weeks (pecan;
n=21) or avoided all nuts (control; n=21). At pre- (V1) and post-intervention (V?2) visits, cognitive function was assessed
using a fluid composite score and four subtests from the NIH Toolbox-Cognitive Battery (NIHTB-CB) (Flanker Test, Digital
Change Card Sort Test (DCCS), Picture Sequence Memory Test (PSMT), NIHTB Auditory Verbal Learning Test (RAVLT))
at fasting, 30- and 210-min after a high-saturated fat meal void of pecans.

RESULTS: From V1 to V2, fasting and postprandial cognitive performance did not differ between groups. There were
improvements in both groups for fasting fluid composite score (p <0.001) and performance on RAVLT, PSMT, DCCS, and
Flanker tests from V1 to V2 (p <0.001 for all), with no differences between groups. Additionally, postprandial performance
on RAVLT, PSMT, and Flanker tests improved at V2 (p <0.01 for each), with no differences between groups.
CONCLUSIONS: A short-term pecan-enriched diet did not provide additional cognitive benefits in healthy older adults in

the fasted or postprandial state.
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1. Introduction

Age-related cognitive decline is linked with natu-
ral occurring elevations in health risk seen in normal
aging. Implications of cognitive impairment can be
debilitating as it affects cognitive domains essential
to the activities of daily living such as executive func-
tion, memory, and attention. The direct link between
aging and cognitive impairment has not yet been
established; however, elevations in oxidative stress
have been noted in the acceleration of cognitive
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decline in aging populations [3]. Recent evidence
demonstrating the relationship between nutrition and
cognition has noted dietary interventions efficacious
in reducing oxidative stress further extend associated
health benefits to cognitive function [4]. The Mediter-
ranean diet [5, 6] and Dietary Approach to Stop
Hypertension (DASH) diets [7], dietary sources of
antioxidants [8], B vitamins [9], and mono- (MUFA)
and poly unsaturated fatty acids (PUFA) [10—12] have
all been associated with improved or preserved cog-
nitive function in older adults.

Diets high in saturated fatty acids (SFA) can
disrupt cognitive performance, affecting processing
speed, attention, executive function, and memory [11,
13-17]. Interestingly, high fat (HF) meals consisting
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of MUFA (high oleic acid (OA)), or HF meals deliv-
ered with almonds (high in OA and the PUFA linoleic
acid (LA)), may limit such post-meal deficits [11,
13, 18]. Further, there is evidence suggesting acute
consumption polyphenol-rich blueberries may lead to
cognitive improvements 2, 4, and 8 h postprandially
[19, 20]. Its hypothesized that such post-meal protec-
tion is the result of substituting SFAs with MUFAs,
and other nutrients comprising tree nuts, namely,
vitamin E and other antioxidants [21]. As most Amer-
icans are in the postprandial state for approximately
two-thirds of the day, the potential protection afforded
by tree nuts 30 minutes and 2.5 hours postprandially
may be critical for the prevention or deceleration of
age-related cognitive decline.

Tree nuts are a rich source of previously noted
nutrients associated with cognition. In particular,
pecans contain the highest total phenolic content of
all tree nuts and are a good dietary source of B
vitamins, MUFA (OA), PUFA (LA), anthocyanins,
proanthocyanidins, flavan-3-ols and <y-tocopherol
(Supplementary Table 1 and 3) [22, 23]. Previous
research in healthy and at-risk populations has shown
an improvement in antioxidant status and blood
lipids, and reduced oxidative stress associated with
both acute [24, 25] and long-term consumption of
pecans [26, 27]. Despite evidence that pecans are
a principal source of antioxidants and phytonutri-
ents, there is no literature investigating the effect of
pecans on cognitive function. The purpose of this
study was to examine the impact of daily pecan
consumption for 4-weeks on cognitive performance
in healthy older adults. We hypothesized that daily
pecan consumption would result in better perfor-
mance on tasks assessing executive function, episodic
memory, and fluid composite score, compared to
control. We also considered potential influences on
cognitive performance such as age, anxiety, and sleep
quality, hypothesizing that increased age, heightened
anxiety, and negative changes in sleep quality could
lead to worsened performance at the post-diet visit.

2. Methods

2.1. Study design

This study was a randomized, parallel controlled
trial involving a 4-week intervention conducted at
the University of Georgia. Recruitment spanned
from August 2020 to final testing in May 2022.

The study protocol included a phone screening,
screening visit, and 2 testing visits (pre- and post-
intervention). Participants were randomly assigned
(balanced blocks stratified by age, sex, and body mass
index (BMI)) to either a control group or a pecan
group. Those randomized to the pecan group were
instructed to consume 68 g of pecans per day for
4-weeks while those in the control group abstained
from all nut consumption. All participants were also
instructed to avoid a prescribed list of foods high
in antioxidants and nitrates starting 2 days prior
to the first visit and extending the duration of the
intervention period (Supplementary Table 2). This
study (PROJECTO00001978) was approved by the
Institutional Review Board for human subjects and
informed written consent was obtained from each
participant prior to testing.

2.2. Participants

Sixty-two sedentary men and women between
the ages of 50 and 75y were assessed for eligi-
bility. Participants were recruited through flyers,
paid advertisements on social media, campus emails,
local listservs, radio ads, and word of mouth.
Individuals with dementia or cognitive deteriora-
tion with a score<24 on the Telephone Interview
for Cognitive Status [28] were excluded. Addi-
tionally, individuals with significant head trauma,
brain surgery, or severe major depression with a
score>26 on the Beck’s Depression Inventory-II
[29] were excluded. Other exclusion criteria included
habitual nut consumption (>2 servings/week), nut
allergies, special diets (i.e., ketogenic diet, inter-
mittent fasting), excessive alcohol use (>3 drinks/d
for men and>2 drinks/d for women), tobacco or
nicotine use, exercise>3h/week, weight loss or
gain>5% of body weight in the past 3 months,
plans to begin a weight loss or exercise program,
history or medical events or medication use, gastroin-
testinal surgery, or chronic or metabolic diseases.
Individuals taking fish oil or omega-3 fatty acid
supplements were also excluded from the study.
The use of nitrate- or arginine-based supplements
or other supplements (vitamins and minerals) was
allowed if supplementation was stopped 2 weeks
prior to the study and for the duration of the study.
Finally, individuals with the following biomarkers
were excluded: fasting glucose > 126 mg/dL or blood
pressure > 180/120mmHg. Eligibility based on blood
pressure and blood glucose were determined at the
screening visit.
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2.3. Protocol

2.3.1. Screening visit

Individuals arrived at the lab after an 8-12h
overnight fast and 24 h without exercise or alcohol.
A fasting blood draw for a glucose measurement
was obtained and anthropometrics including height,
weight, blood pressure, and waist and hip cir-
cumference were measured. Next, individuals were
familiarized with the cognitive battery by complet-
ing the full battery as practice, which consisted of
four subtests from the National Institute of Health
Toolbox- Cognitive Battery (NIHTB-CB) (Health-
Measures; Northwestern University, CA) completed
in the following order: 1) Picture Sequence Mem-
ory Test (PSMT), 2) Flanker Inhibitory Control and
Attention Test (Flanker), 3) Dimensional Change
Card Sort Test (DCCS), and 4) Rey’s Auditory and
Verbal Learning Test (RAVLT) [30]. Additionally,
alcohol consumption habits were assessed using the
Alcohol Use Disorders Identification Test (AUDIT)
to confirm habitual consumption of <3 drinks/d for
men or <2 drinks/d for women [31]. If individuals
qualified for the study, participants were random-
ized to one of two treatment groups by a researcher
that had no interactions with participants and was
not involved in data collection or analysis. With an
allocation ratio of 1:1, a permuted block design (bal-
anced for age, sex, and BMI) was used to randomize
participants.

2.3.2. Experimental protocol

Participants completed a two-day food diary con-
taining one weekend day and one weekday between
the screening visit and the pre-intervention visit (V1).
One of the food diaries was completed the day before
V1. The night before V1, participants consumed a
lead-in dinner meal and snack (provided by research
personnel) that contained 16% fat, 65% carbohydrate,
and 19% protein. Additionally, questionnaires assess-
ing pre-intervention state and trait anxiety levels,
obtained through the State-Trait Anxiety Inventory
(STAI) [32], sleep quality by the Pittsburg Sleep
Quality Index (PSQI) [33], and physical activity,
assessed by calculating total Metabolic Equivalent
Task (MET) minutes/week with the International
Physical Activity Questionnaire (IPAQ) [34], were
delivered electronically 2 days prior to V1.

For V1 and the post-intervention visit (V2), par-
ticipants arrived at the lab following an 8-12h
overnight fast, 24 h without exercise, alcohol, or over-

the-counter medications, and 15 h without caffeine.
Height, weight, waist-hip circumference, blood pres-
sure, and body composition were measured. Body
composition was measured by Dual-Energy X-ray
(DXA) (Discovery A; Hologic Inc., Waltham, MA).
The research personnel then administered the base-
line cognitive assessment.

Following the completion of all baseline measures,
participants were instructed to consume a SFA-rich
breakfast shake within 5 min. This SFA meal pro-
vided 35% of total daily energy needs based on
Mifflin St. Jeor [35] calculation using measurements
from the screening visit and was made from an orig-
inal milk chocolate ready-to-drink shake (Ensure,
Abbott Nutrition, Abbott Laboratories, Inc., Colum-
bus, Ohio, USA), unsalted butter, red palm oil,
coconut oil, soy lecithin granules, and powdered
chocolate drink mix. The SFA meal was 69.5%
fat, 5.0% protein, and 25.0% energy from carbo-
hydrates. Saturated fatty acids contributed 46.9% of
total energy, with 15.7% and 6.9% from MUFAs and
PUFAs, respectively [27]. Four ounces of water was
used to rinse the container and then ingested to ensure
that the entire liquid meal was consumed. A high-SFA
meal (not including pecans) was specifically chosen
since daily pecan consumption has been shown to
protect against oxidative stress following a high SFA
meal devoid of pecans [27], and because there is evi-
dence suggesting high SFA meals or diets may be
detrimental to cognitive performance [13]. After the
high SFA meal, postprandial cognitive assessments
occurred at 30- and 210-min postprandially. Four
ounces of water was provided at fasting and hourly
postprandially.

2.3.3. 4-Week diet intervention

The day after V1, all participants began the 4-
week intervention. Diet instructions were provided to
all participants. Participants in both treatment groups
were instructed to avoid a written list of antioxidant or
nitrate-rich foods, to avoid consuming >3 alcoholic
beverages/d (men) or>2/d (women), to consume < 2
servings of red wine/week, and <2 servings of nut
butter/week. Supplementary Table 2 shows the com-
plete list of foods that were avoided during the
intervention period. The list of excluded foods was
limited to 38 items including processed meats, heav-
ily spiced dishes, and foods rich in antioxidants,
defined by total-ORAC values > 1001 umolTE/100 g,
or rich in nitrate, defined as > 100 mg of nitrate/100 g
[36,37]. The prescribed list of antioxidant and nitrate-
rich foods were excluded to separate the effect of a
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pecan-enriched diet from other foods rich in nutrients
also hypothesized to impact cognition [38—40]. Par-
ticipants in the control group were also asked to avoid
all forms of nuts while those in the pecan group were
asked to avoid all nuts apart from pecans. Participants
in the pecan group received 68 g (~0.5 cup or 2.25
ounces) portions of pecans, packaged in individual
Ziploc bags, to consume as part of their free-living
diet daily. A daily dose of 68 g was selected due to
previous tree nut literature suggesting doses > 60 g/d
have a larger impact on measures of health [41]. Fur-
ther, a high dose of pecans was chosen to match other
antioxidant-rich intervention studies, in which high
doses may be necessary to observe an effect of the
intervention [39, 40]. Complete nutritional informa-
tion for the provided portion of pecans is shown in
Supplementary Table 3. All pecans were provided to
participants in the pecan group at the end of V1. Par-
ticipants in the pecan group were instructed to eat
the pecans in their raw form (no roasting, cooking, or
baking) with or without other foods (i.e., as a snack
or with cereal). Lastly, all participants were asked not
to make any other changes to their diet or physical
activity levels.

Participants in the pecan group completed daily nut
compliance logs that described the time of day that
pecans were consumed. Nut compliance logs were
submitted to research personnel weekly. Poor com-
pliance was considered to be consumption of <75%
of pecans throughout the 4-week intervention. All
participants completed a food diary once per week
alternating between weekdays and weekend days. In
the weekly food diaries, participants recorded what,
and how much, they consumed including foods and
beverages during a 24-hour period. Participants were
asked to be as specific as possible to improve the
accuracy of nutrient intake data derived from the
food diaries. Nutrient intake based on food diaries
was assessed using the Food Processor SQL software
(version 10.12.0). Two food diaries that were com-
pleted prior to V1 were averaged, and food diaries
completed during weeks 1-4 were also averaged
before analysis. During week 2, a link to an elec-
tronic version of the IPAQ was sent to the participants
to complete.

2.4. National Institutes of Health
Toolbox-Cognitive Battery (NIHTB-CB)

All participants completed the same four subtests
selected from the NIHTB-CB at each time point.
The four subtests included in the battery assessed

memory, executive function, processing speed, and
attention within a 20-25 min assessment period. The
battery was limited to four assessments to min-
imize undue participant burden during pre- and
post-intervention visits. A visual analog scale (VAS)
using a standard 100 mm line was used to assess
motivation anchored by “Not at all motivated” and
“Extremely motivated” prior to the initiation of the
first subtest. We obtained an uncorrected standard
score and computed scores for respective episodic
memory, executive function, and processing speed
subtests. A description of these tasks is detailed else-
where [42] and briefly described below. Additionally,
the fluid composite was derived from averaging stan-
dard scores from fasting Flanker, DCCS, and PSMT
and using the calculated standard score to evaluate
changes in overall fluid ability [43].

2.4.1. Executive function and attention measures

Two NIHTB-CB subtests were selected to measure
aspects of executive function (set-shifting, inhibition,
and working memory). The Dimensional Change
Card Sort Test (DCCS) assessed switching and set-
shifting ability. During this task, a target stimulus
was displayed while two different stimuli appeared
at the bottom of the screen. Participants were asked
to match one of the two new stimuli to the target
stimulus based on the dimension presented. Each
assessment begins with rule learning, in which you
are asked to identify new stimuli based one dimension
(e.g., color), and then after several trials, according to
the other dimension (e.g., shape). “Switch” trials are
then introduced, in which the participant must change
the dimension being matched. The Flanker Inhibitory
Control and Attention Test (Flanker) assessed inhi-
bition and attention. In this task, participants were
asked to inhibit automatic responses and select the
direction of the central stimulus (arrow symbol) with
similar stimuli on either side pointing the same or
different directions. Twenty randomly generated tri-
als with arrows are completed per assessment and
each assessment takes approximately 3 minutes to
complete. Computed scores for DCCS and Flanker
tests factor both accuracy and reaction time with
scores ranging between 0-10, with 10 indicating
high levels of accuracy and quick reaction time.
Computed scores were used to track changes from
V1to V2.

2.4.2. Episodic memory measures
Selected subtests measured episodic memory or
one’s ability to acquire, store and recall information.
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The Picture Sequence Memory Test (PSMT) asked
participants to recall a sequence of 18 pictures imme-
diately following their presentation. Performance on
two sets of picture sequences was evaluated based
on the number of correctly identified sequences.
To prevent sequence learning, postprandial picture
sequences were not repeated within a visit. To track
changes in performance on this task, an uncor-
rected standard score was used. Uncorrected standard
score is determined using NIHTB nationally rep-
resentative normative sample, with higher scores
indicating better performance. The NIHTB Audi-
tory Verbal Learning Test (RAVLT) also assessed
episodic memory. For this test, participants were
asked to recall 15 unrelated words immediately
after their auditory presentation. The same list is
presented on three learning occasions per assess-
ment. The number of words recalled correctly per
assessment was recorded as a raw score, ranging
from 0-45.

2.5. Statistical analysis

SAS version 9.2 statistical package (SAS Insti-
tute Inc., Cary, NC, USA) was used for statistical
analyses. All values were reported as mean = SEM
unless otherwise indicated. Statistical significance
was set at p <0.05. A sample size of 32 (16 per
group) was estimated to detect a large effect size
for cognitive assessments based on the previous
study conducted by Rakic et al. [44] using G*power
3.19.7 assuming at least 80% power and an o of
0.05. The decision to use per-protocol analyses was
made a priori. A two-factor repeated measures lin-
ear mixed model for treatment and visit was used to
test for differences within and between groups for
anthropometrics, STAI, PSQI, total MET minutes,
dietary intake and calculated fasting fluid compos-
ite scores. For fasting and postprandial differences
in motivation and cognitive data, a 3-factor (treat-
ment X Visit X time point) repeated measures linear
mixed model was used. When significance was found,
post hoc analyzes were performed using the Tukey’s
test for multiple comparisons. Finally, an exploratory
analysis was performed using Pearson’s linear corre-
lation tests to determine whether changes in cognition
were associated with anxiety, sleep quality, or age.
Correlations were run between pre-intervention and
change values for fasting subtest performance, post-
prandial area under the curve (AUC) subtest values,
anxiety, sleep quality, and age.

3. Results
3.1. Participants

Forty-nine participants were randomly assigned to
agroup (n =25 control, n =24 pecan); however, seven
participants were not included in the final analyses
(Fig. 1). Therefore, forty-two participants completed
the intervention (15 women and 6 men for control,
15 women and 6 men for pecan). Pre-intervention
characteristics of the participants are presented in
Table 1. There were no differences between groups
at V1 for anthropometrics or cognitive function mea-
sures. Furthermore, there were no between group
differences in the change from V1 to V2 for weight,
BMI, waist circumference, hip circumference, sys-
tolic blood pressure, or diastolic blood pressure (data
not shown).

On average, participants in the pecan group
consumed 98+0.8% of the pecans provided.
One participant reported poor compliance (defined
as<75% of pecans consumed) and was excluded
from the analyses. Based on analyses of the weekly
food diaries, self-reported intakes prior to the inter-
vention and during the intervention are presented
in Table 2. The only reported difference between
groups prior to the intervention was for higher sugar
intake in pecan vs. control (p=0.01). As expected
with the daily pecan consumption during the inter-
vention, there was a treatment X visit interaction
(p<0.05) for an increase in energy (p=0.01), per-
cent of energy from carbohydrates (p<0.001) and
fat (p <0.001), MUFA (p < 0.001), PUFA (p <0.001),
omega-3 (p<0.001), omega-6 (p <0.001), and cop-
per (p=0.001) for pecan vs. control. There were no
main or interaction effects for self-reported intake of
protein, saturated fat, trans fat, caffeine, cholesterol,
sodium, or other micronutrients. Further, there were
no differences in physical activity (total MET min-
utes), ratings of anxiety, or sleep quality from V1
to V2 within either group, and the change was not
different between groups.

3.2. Fasting cognitive measures

Fasting motivation, Flanker, DCCS, PSMT,
RAVLT, and calculated fluid cognition scores are
presented in Table 3. There were no significant
changes in motivation ratings. There were no sig-

nificant differences in fasting fluid composite scores
(V1: p=0.98; V2: p=0.99), and for fasting sub-
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Assessed for eligibility

Enrollment I (n=62)

Excluded (n=13)

»| Did not meet inclusion criteria (n=11)
Declined to participate (n=2)

Randomized (n=49)

Pecan (n=24)

¢ Received allocated

intervention (n=23)

% Did not like testing
procedures (n=1)

A

% Lost to follow-up (n=2)
+ Did not like
intervention (n=1)
Intervention non-
compliance (n=1)

0

6

Analyzed
(n=21)

: l

Follow-Up
\4

Control (n=25)
«» Received allocated
intervention (n=23)

< Did not like testing
procedures (n=2)

g

Lost to follow-up (n=2)
% started excluded
medication (n=2)

)
*

Analyzed
(n=21)

Fig. 1. CONSORT flow diagram selection of participants.

test performance by treatment at visit 1 or visit 2:
RAVLT (V1: p=0.99; V2: p=0.99), PSMT (V1:
p=0.99; V2: p=1.0), Flanker (V1: p=0.99; V2:
p=0.98), and DCCS (V1: p=0.99; V2: p=0.99).
There was a significant change in fasting fluid
composite scores (pecan: p =0.03; control: p=0.01)
and fasting RAVLT performance (pecan: p=0.002;
control: p=0.02) within both pecan and control
treatments. However, there were no other signifi-
cant differences within pecan or control treatments
detected for any of the other subtests.

3.3. Postprandial cognitive measures

The time course meal response data for Flanker,
DCCS, PSMT, and RAVLT are presented in Fig. 2.
There was no effect of time (p = 0.53), visit (p =0.78),
treatment (p =0.47), or treatment X Vvisit interaction
(»=0.12) for postprandial motivation ratings. For

postprandial subtest performance, there were no
treatment effects or treatment x visit interactions
(p>0.05), but there were significant effects of time
for Flanker (p <0.01) (Fig.2A) and RAVLT (p <0.01)
(Fig. 2D), and significant visit effects for Flanker
(p<0.01), PSMT (p<0.01), and RALVT (p<0.01)
(Fig. 1A, 2C, and 2D, respectively). The visit effects
were for improvements in those measures from V1 to
V2 across both pecan and control groups.

3.4. Exploratory analysis

Correlations between age, anxiety, sleep quality
and subtest performance (fasting, area under the
curve (AUC)) were determined at V1, and for the
change from V1 to V2 in all participants. There was
a significant negative correlation between age and
fasting performance on Flanker (r=-0.31; p=0.05)
and PSMT (r=-0.35; p=0.02) but not with DCCS
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Table 1

Participant pre-intervention characteristics

Pecan Control P-value
(n=21) (n=21)
Female (%) 71 71
Age (years) 59+1 59+1 0.66
BMI (kg/m?) 2541 25+1 0.99

Waist circumference (mm) 85+ 14 84+ 12 0.86

Hip circumference (mm) 104+ 11 103+ 10 0.92
SBP (mmHg) 122+ 17 122£19 0.99
DBP (mmHg) 75+£10 77+ 11 0.94
Total MET (min/wk) 1,339 £710 1,185+858 0.97
STAI-state 49+4 49+4 0.96
STAI-trait 45+4 46+3 0.50
PSQI 8+2 7+3 1.0

Baseline characteristics of participants by intervention group. Val-
ues are mean = SD. There were no significant differences between
groups at baseline for any outcome. MET, metabolic equivalent
task; STAI, state-trait anxiety inventory; PSQI, Pittsburg sleep
quality index; SBP, systolic blood pressure; DBP, diastolic blood
pressure.

(r=-0.22; p=0.16) or RAVLT (p=-0.24; p=0.13)
at V1. Age was not correlated with changes in any
cognitive measures from V1 to V2 nor AUC data. Pre-
intervention sleep quality (PSQI), and state and trait
anxiety were not correlated with any fasting cognitive
measures at V1. However, there was a trend for a neg-
ative correlation between PSQI (lower scores indicate
better sleep quality) and fasting DCCS performance
at V1 (r=-0.28, p=0.08). Trait anxiety at V1 was
negatively correlated with the change in fasting
Flanker scores (r=-0.33, p=0.05), while changes in
state anxiety were negatively correlated with changes
in fasting DCCS performance (r=-0.38; p=0.02)
and DCCS AUC (r=-0.35; p=0.04) from V1 to
V2. No other correlations with state anxiety were
detected. Finally, change in sleep quality from V1
to V2 did not correlate with changes in performance
for any of the subtests.

4. Discussion

In this randomized control study, fluid cognition,
executive function, and episodic memory improved
following a four-week intervention in all partici-
pants. Postprandial performance on the Flanker test,
a test of executive function, and both episodic mem-
ory subtests, RAVLT and PSMT, improved at the
post-intervention visit for all participants, and scores
on both the Flanker and RAVLT tests progressively
increased following the high SFA meal challenge.

Despite daily consumption of pecans rich in nutrients
previously associated with cognitive improvements,
there were no differences between pecan and control
on fasting or postprandial fluid composite or subtest
scores. As participant fluid composite scores and fast-
ing RAVLT performance improved at the post-diet
visit, and performance on RAVLT and Flanker tests
improved at postprandial time points with no dif-
ferences between control and pecan treatments, we
demonstrated that with repeated exposure or prac-
tice to the same version of a task, performance on
certain cognitive tasks improved. It is possible that
the practice effect overshadowed any potential treat-
ment effect if one existed. Finally, changes in anxiety
and characteristic anxiousness correlated with exec-
utive function task performance showing that lower
anxiety, either in the moment or a reduction at the
post-intervention visit, was associated with improve-
ments in executive function performance.

To our knowledge, this is the first study assessing
the effect of pecans on cognitive function; however,
investigations examining the effect of antioxidant-
rich foods on cognitive decline are not novel [39].
Previously, a preservation effect on cognitive function
in healthy older adults was noted following supple-
mentation with antioxidant-rich vitamin E [45, 46],
tree nuts [21, 44, 47-49], and fruit juices [50, 51]
when consumed consistently over longer periods of
time ranging from 3 months to 3 years. In those anal-
yses, improvement or no change in the intervention
group, along with impairment in control groups, was
a marker of preserved cognitive function. Interest-
ingly, our findings may mirror the existing evidence
regarding tree nuts and aspects of cognitive function,
in which almonds [18, 44, 47, 48], walnuts [47, 52],
peanuts [53], or mixed nuts [5, 8, 54, 55] did not lead
to significant improvements in one or all included
measures of cognitive function.

Pecans contain more antioxidants than any other
tree nut, approximately 873-1,370 mg total polyphe-
nols per 68 g [23]. However, in the present study,
change in cognitive function was not better with daily
pecan consumption when compared to control. In a
recent meta-analysis and systematic review, Ammar
et al. [39, 40] suggested that cognitive benefits may
be restricted to highly bioavailable sources at large
doses (>500mg total polyphenol) and in young or
middle-aged populations. Although pecans exceed
this dose, not having pecans in the HF meal challenge
may have diminished potential cognitive benefits. It
is also possible that our 4-week intervention was too
short to detect cognitive changes. Previous studies



Table 2

Self-reported daily nutrient intake for diets enriched with pecans or diets void of all nuts

Control, n=21 Pecan, n=21 P values
Nutrient Baseline Intervention Baseline Intervention Treatment Visit Interaction
Energy, kcal 1,850 £ 167 1,798 £ 101 1,928 + 124 2,526+ 171" 0.01 0.09 0.04
Energy from protein (%) 161 17£1 15+1 13+1 0.03 0.92 0.12
Energy from carbohydrate (%) 50+2 50+2 51£2 40+ 1" 0.03 <0.001 <0.001
Fiber (g) 17.8+£3.4 17.7+2.8 17.8+2.3 249+3.2 0.28 0.16 0.15
Sugar (g) 55+ 5* 68+7 97+ 14 88+ 13 0.02 0.72 0.09
Energy from fat (%) 33+2 3242 33+1 45+17 <0.001 <0.001 <0.001
SFA (g) 22425 24423 28+4 36+5 0.01 0.16 0.31
Trans-FA (g) 0.7+0.2 0.6+0.1 0.6+0.3 0.6+0.2 0.82 0.66 0.80
MUFA (g) 29.4+3.7 26+2.8 30+3 64+ 127 0.004 0.02 0.005
PUFA (g) 14+19 16+2 16+1.6 35+ 6" 0.003 0.002 0.01
Omega 3-FA (g) 04+0.1 0.6+0.1 0.6+0.1 1.6 £0.3" 0.002 0.001 0.02
Omega 6-FA (g) 4.0+£0.5 5.8+£0.7 5.7+09 2345170 0.001 0.001 0.01
Energy from alcohol (%) 1+£0.6 1+£04 1+£0.6 1+0.6 0.85 0.09 0.63
Cholesterol (mg) 222+39 245+ 35 203 +37 280+ 32 0.81 0.16 0.44
Sodium (mg) 2,551 +£309 2,579 £ 198 2,791 £324 3,081 +332 0.23 0.56 0.63
Caffeine (mg) 4414353 244 £ 63 156 +£28 150+ 26 0.32 0.49 0.54

All values are mean = SEM. Baseline values represent averages of the 2 food diaries before the intervention. Intervention values represent averages of all food diaries kept during the 4-week
intervention. Main and interaction effects were analyzed using a linear mixed model for treatment and visit. SFA, saturated fatty acid; FA, fatty acid; MUFA, mono-unsaturated fatty acid; PUFA,
polyunsaturated fatty acid. *indicates a significant difference between groups at baseline (p <0.05). "indicates a significant difference from baseline within the pecan group only (p <0.05).
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Table 3

Fasting cognitive function measures

Pecan (n=21)

Control (n=21)

Visit 1 Visit 2 Visit 1 Visit 2

Motivation (mm) 57.3+£25.3 64.6 £26.5 64.2+23.4 66.8 +29.9
Fluid composite 104+7 109 + 6* 104 +7 109 £ 7*
NIHTB subtest scores

Flanker 8.24+0.7 85+0.6 84+0.6 8.7+0.7
DCCS 8.3+0.7 8.8+0.8 8.6+0.8 8.9+0.7
PSMT 107£15 114+13 104+ 14 113+ 16
RAVLT 28+8 33+ 10% 30+8 35+ 7%

Fasting motivation, performance on cognitive battery subtests, and fluid composite percentile rank for pecan (n =21)
and control (n=21) at visit 1 (pre-intervention) and visit 2 (post-intervention). Data was analyzed using a linear
mixed model. Posthoc differences within and between groups were determined using a Tukey’s test. All values
are mean £ SD. NIHTB, National Institute of Health Toolbox; Flanker, flanker inhibitory control and attention;
DCCS, digital change card sort test; PSMT, picture sequence memory test; RAVLT, NIH toolbox audiotry verbal
learning test. *Denotes within treatment differences in fasting performance at p <0.05.

with daily pecan consumption have shown changes
in other physiologic markers within a 4-week period
[26, 27, 56]; however, the lack of change between
groups here suggests longer intervention studies may
be warranted.

Despite the demonstrated antioxidant capacity of
pecans [24, 25, 27, 57], and the effect of pecan-
enriched diet on postprandial oxidative stress [27],
post-meal cognitive performance on executive func-
tion and episodic memory tests was not different
between pecan vs. control groups. However, the acute
impact of a meal high in SFA on cognitive function is
not well known. To date, only one study has examined
the postprandial implications of a single meal high in
SFA [13]. In their analysis, performance on attention
tasks were impaired 1 h following a SFA-rich meal in
a middle-aged women [13]. In contrast to those find-
ings, postprandial cognitive performance in our study
was unaffected or improved in both pecan and control
treatments. As the benefits of daily pecan consump-
tion on oxidative stress following a meal high in SFA
has been noted after 8 weeks, the shorter intervention
period and absence of pecans in the meal challenge
in this study may have reduced the potent antioxi-
dant effects previously noted [25-27, 58]. While this
study, to our knowledge, is the first to investigate the
effect of a dietary intervention on post SFA meal cog-
nitive function, more research is needed to determine
the long-term benefits of diet modifications, such
as daily pecan consumption, on slowing age-related
changes in cognition.

Anxiety and sleep quality are also factors known to
impact performance on cognitive tests. In Wightman
et al. [38], improved cognitive function follow-
ing a 4-week intervention period was attributed to

reductions in anxiety more so than the tea extract
intervention being assessed. Exploratory correlation
analyses from our study revealed a negative correla-
tion between the change in state anxiety, or anxiety
felt in the present moment, and the change from pre-
to post-intervention in DCCS performance at fast-
ing and postprandially. Although exploratory, this
negative correlation aligns with Wightman et al.’s
[38] findings suggesting participant comfort or famil-
iarity with the testing environment following the
initial visit may lead to reductions in anxiety that
result in better cognitive performance. In the present
analysis, we attempted to reduce the impact of anx-
iety and practice effects on cognitive outcomes by
exposing participants to the cognitive battery at the
screening visit. However, other aspects of the pre-
and post-intervention visits such as IV placement,
meal challenge, and 4h of postprandial measure-
ments were not practiced. Therefore, the novelty of
the intervention visits may still have led to increased
state anxiety at the first test visit. Previously, sleep
quality has also been found to be an independent
predictor of cognitive performance on memory and
executive function tests [59]. However, we did not
observe any significant changes in sleep quality dur-
ing the intervention, nor was sleep quality correlated
with changes in any of our cognitive performance
outcomes.

There are a few limitations to this study that could
possibly explain our lack of between group differ-
ences. The NIHTB-CB was chosen for this present
analysis because it is well-accepted by older adult
participants and its validity has been demonstrated in
several studies [30, 42, 60-62]. However, few inter-
vention studies have utilized this tool to examine
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Fig. 2. Time course of meal response for (A) Flanker, (B) DCCS, (C) PSMT, (D) RAVLT at pre- (V1) and post- (V2) intervention visits
for control (n=21) in black and pecan (n=21) in grey, with solid lines representing V1 and dashed lines representing V2. Participants
consumed a high-saturated fat meal immediately after time 0. Data were analyzed using a linear mixed model for treatment, visit, and time.
All values are presented as means = SEM. Flanker, flanker inhibitory control and attention; DCCS, digital change card sort test; PSMT,
picture sequence memory test; RAVLT, NIH toolbox auditory verbal learning test.

changes in cognitive function over time [63]. Valida-
tion studies have noted practice effects comparable
to other cognitive batteries in studies examining test-
retest reliability over intervals spanning 7-28 days
[30, 42, 60-62]. As practice effects are apparent,
repeated exposure to subtests during each visit may
have further masked true differences in cognitive per-
formance that may have occurred, especially since
this toolkit is designed to provide the same ver-
sion of tasks at each session. Another limitation may
have been the design of the study and the baseline
cognitive health of our participants. As it was not
possible for this to be a double-blinded study, the
conclusions should be interpreted with some degree
of caution. Moreover, fasting performance at baseline
suggested that participants included in the present
analysis had average to above average cognitive abil-
ities possibly preventing further improvements with
pecan consumption [43]. Further, the prescribed list
of excluded food items was not a comprehensive
list. Other sources of antioxidants and/or unsatu-
rated fatty acids such as certain teas, fruit juices,
dried fruits, fish, or avocados were allowed during
the 4-week intervention; however, participants were
instructed avoid introducing new foods or beverages
to their diet during the intervention. Additionally,
the application of our findings to everyday life may
be limited due to the dose of pecans being higher

than the U.S. Food and Drug Administration 2003
health claim, recommending just 1.5 ounce (42 g) of
nuts per day [64]. Finally, in our analysis we did not
account for the impact of COVID-19 on study out-
comes. To our knowledge, none of our participants
were diagnosed with COVID-19 during the interven-
tion and per University guidelines both participants
and research personnel were masked at pre- and post-
intervention visits. Previous history of COVID-19
infections were not recorded, so that impact on our
results are unknown.

Although this study, like every study, had some
limitations, the current study design is a key feature
with one unique aspect that deserves consideration.
Few studies have assessed cognitive function post-
prandially, and even fewer following a HF meal
challenge. Dhillon et al. [18] noted preserved perfor-
mance on memory tasks 35 min following a HF meal
containing almonds. In this study, the meal challenge
was high in SFAs, known to increase oxidative stress
and influence cognitive performance. Much like HF
meals would be in real life, the meal challenge in our
study was void of pecans. This is important for gen-
eralizability, as most individuals would not normally
consume pecans in conjunction with the occasional
unhealthy (high SFA) meal. Further, as the effect of a
single meal high in SFA on cognitive function is not
well understood, we wanted to determine whether
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daily pecan consumption could be protective from a
cognitive standpoint against an occasional unhealthy
meal. Unfortunately, the results of this present study
did not support that notion.

In conclusion, short-term adherence to a pecan-
enriched diet did not exert additional cognitive
benefits in a group of cognitively healthy older adults
in either the fasting or postprandial state compared
to control. With the majority of the day spent in the
postprandial state, investigating the effect of pecans
on cognitive performance following a meal could
provide applicable insight into the consequence of
the habitual diet on age-related cognitive decline. As
memory deficits are debilitating consequences of the
aging process, future studies examining the longer-
term effects of pecan consumption on age-related
cognitive decline are needed to discern potential ben-
efits of the inclusion of pecan as we age.
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