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Effects of daily almond consumption for six months on cognitive measures in
healthy middle-aged to older adults: a randomized control trial
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C.-Y. Oliver Chen? and Elizabeth J. Johnson?®
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ABSTRACT

Background: Age-related cognitive decline is a major public health issue. Almonds are rich in
nutrients that benefit cognitive function.

Objective: To investigate the impact of almonds on cognition in elderly adults.

Design: In a six-month, single-blinded, randomized-controlled trial, the effects of an almond
intervention on cognition in healthy, middle-aged/older adults (50-75 years) was tested.
Subjects were assigned to one of three groups: 1.5 oz/d almond (n = 19), 3 oz/d almond (n =
24), or 3.5 oz/d snack (control, matched for macronutrients in 3.0 oz almonds, (n = 17). Serum
analyses for tocopherols, oxidative status and inflammation, and cognition were assessed at
baseline (M0), three (M3), and six (M6) months.

Results: At M6, serum alpha-tocopherol concentrations increased by 8% from MO (p < 0.05) in the
3 oz almond group but did not increase in the other groups. Serum markers of inflammation and
oxidative stress were not significantly different throughout the study among the groups. There was
no difference in change over time in cognitive tests among the groups. However, there was a
significant improvement in visuospatial working memory (p = 0.023), visual memory and
learning (p = 0.017), and spatial planning and working memory (p < 0.001) in subjects receiving
3 oz/d almonds at M6, while the snack group showed no improvement.

Conclusions: Almonds did not significantly improve cognitive function in cognitively intact
middle-aged/older adults over six months. However, a significant improvement at M6 in
cognitive measures was observed with 3 oz/d almonds. While these results are encouraging, a
study of longer duration in subjects at risk for age-related cognitive decline is warranted.
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Trial registration: ClinicalTrials.gov identifier: NCT03093896.

capacity, high polyunsaturated fatty acids (PUFA)
concentrations, and high metabolic activity [3]. Given
that increased oxidative stress and inflammation may
lead to age-related cognitive deficits, interventions

1. Introduction

Age-related cognitive impairment is a common disorder
in elderly adults, ranging from mild cognitive impairment

(MCI) to severe dementia, such as Alzheimer disease
(AD) [1]. The prevalence of MCI in adults aged >65
years is approximately 10%-20% [1]. Although MCI
does not interfere greatly with everyday activities, it is a
risk factor for dementia and AD, which is currently the
seventh leading cause of death in the United States [2,3].

Oxidative stress and inflammation have been recog-
nized as mechanisms related to cognitive impairment
in aging. The brain may be particularly susceptible to
free radical attacks due to its relatively low antioxidant

with nutrients that exhibit antioxidant and anti-inflam-
matory properties could postpone the development of
cognitive impairment. Indeed, circulating levels of the
lipophilic antioxidant, vitamin E, have been inversely
associated with cognitive decline [4]. Moreover, obser-
vational and clinical studies reported that greater intake
of dietary monounsaturated fatty acids (MUFA) is
linked to better cognitive function [5,6]. A recent
study also showed that a diet containing more than
30 g/d of fiber increased cognition performance in
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healthy adults aged 50-73 years [7]. Lastly, the concen-
tration of plasma aminothiols, such as glutathione,
cysteinylglycine and cysteine, were found to be associ-
ated with cognitive status in MCI or AD patients [8].

Almonds contain MUFAs, a-tocopherol, and
fiber. Thus, it is possible that consuming almonds
could delay age-related cognitive impairment. Despite
previous studies showing an association between
higher intake of mixed nuts and better cognitive per-
formance [9-12], the impact of almond consumption
on cognition capacity in individuals at an increased
risk for cognitive decline has not been examined.

The primary objective of this study was to test the
effects of a 6-month almond intervention on cognition
in middle-aged to older adults who had no dementia.
We hypothesized that subjects receiving almonds would
have greater cognitive improvement (higher scores in
each test and higher number of tests) than subjects
receiving a macronutrient- and calorie-matched snack
mix devoid of almonds (control group). A secondary
objective was to investigate the effect of almond intake
on serum antioxidants, anti-inflammatory cytokines,
and lipids. We hypothesized that after 6 months these
measures would be favorable in subjects receiving
almonds as compared to the control group.

2, Subjects and methods
2.1. Subjects

Four hundred and twenty-three healthy, non-smoking
men and post-menopausal women (50-75 y) were
recruited and screened at the Human Nutrition Research
Center on Aging (HNRCA) at Tufts University from
March 2016 to January 2018 (Supplementary Figure 1).
Sixty-eight subjects who met the eligibility criteria were
enrolled, and 60 subjects completed the study by Septem-
ber 2018. All subjects underwent a screen that included a
medical history, a physical examination, and a routine
blood clinical chemistry profile. The eligibility criteria
included: body mass index (BMI) 25-35 kg/m? Mini
Mental State Examination score >24 [13], and Beck
Depression Inventory <20 [14]. Individuals were ineligi-
ble to participate if there was any history of significant
neurologic disorder, rheumatologic diseases, untreated
hypertension, active cancers, endocrine disorders, pan-
creatic disease, gastrointestinal diseases that interfere
with fat absorption, active bowel disease or resection,
immune deficiency conditions, anemia, other hematolo-
gic disorders or any other major chronic illness that
might interfere with the study outcomes. Other exclusion
criteria included current use of antipsychotic, antimanic,
anti-inflammatory (except for aspirin and non-steroidal

anti-inflammatory drugs [NSAIDS], monoamine inhibi-
tors, or dementia medications, drugs that interfere with
metabolism of blood clotting, or with fat absorption),
daily intake of proton pump inhibitors or H2 blockers.
Moreover, MUFA intake >10% total calories, whole
grain intake >1 serving/day, fruit and vegetable intake
>5 servings/day, nuts >0.25 oz/day, unwillingness or
inability to consume animal-based foods, nuts, coconuts;
use of lutein, n-3 fatty acid, or choline supplements
during the previous two months were grounds for exclu-
sion. Additionally, individuals smoking or using nicotine
patches or gum within the last 6 months and alcoholism
(>2 drinks/day or 14 drinks/week) were excluded.

2.2. Experimental design

We conducted a single-blinded, controlled, randomized
trial that tests the effects of supplementation with 1.5 or
3 oz (42 or 84 g, respectively) of almonds or 3.5 oz (100
g) of a snack mix containing cereal party mix, coconut,
meat jerky, and butter per day on cognitive function in
middle-aged to older adults older adults for six months.
The nutrient content of the almonds and snack mix can
be found in Table 1. A snack mix was chosen as the con-
trol group to approximate the calorie and macronutri-
ent content of almonds, but not the nutrients of
interest, e.g. MUFA, tocopherols, and fiber. Upon
enrollment, 68 subjects were randomly assigned to
one of the three dietary groups: supplementation with
1.5 oz of almonds, 3 oz of almonds, or 3.5 oz of snack
mix using a randomization plan generator (http://
www.randomization.com/). The subjects and study die-
titian (HR) were aware of the dietary group assignment,
while the study investigators were blinded to the ran-
domization. The trial was conducted in the HNRCA at
Tufts University in Boston. The protocol was approved
by the Institutional Review Board of Tufts Medical Center
and Tufts University Health Sciences. Informed consent
was obtained from all subjects. This study used the

Table 1. Nutrient profiles of almonds and snack mix.

1.5 0z (42 g) 3.0 0z (84 g) 3.5 0z (100 g)
Nutrient Almonds Almonds Snack mix
Energy (keal) 253 506 272
Protein (g) 9 18 9
Fat (g) 22 44 20
Carbohydrate (g) 9 18 17
Fiber (g) 5 10 3
Saturated fats (g) 17 34 13.0
Monounsaturated 13.8 27.6 3.8
fat (g)
Polyunsaturated 5.5 11.0 4.5
fat (g)
a-Tocopherol (mg) 10.1 20.2 1.5
y-Tocopherol (mg) 0.3 0.6 1.8
Magnesium (mg) 119 238 21
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CONSORT reporting guidelines [15]. This study was
registered at ClinicalTrials.gov (Clinical Trial Registry
#NCT03093896).

2.3. Study protocol

The subjects visited the HNRCA a total of 11 times (one
screening visit, four visits to pick-up a monthly supply
of study food, three visits to pick-up pre-study day
meals and three visits for study outcome measures).
Pre-study day meals were composed of breakfast,
lunch, dinner, and snacks and considered a menu low
in polyphenols, MUFA, and vitamin E. Breakfast
included a plain white-flour bagel, white cream cheese,
4 ounces of low-fat milk (if requested), and habitual
coffee or tea consumption (to avoid caffeine withdrawal
symptoms; <18 ounces of coffee or tea). Lunch included
chicken slices on white bread with low fat mayonnaise,
diet ginger ale, and a slice of angel food cake. Snacks (for
late afternoon and evening) included white cheddar
cheese on saltine crackers, and diet ginger ale. Dinner
included macaroni and white cheese with cubed chicken
breast, parmesan cheese, diet ginger ale, and a slice of
angel food cake. If preferred, subjects could have regular
ginger ale in place of diet ginger ale. At the beginning of
the study subjects were given instructions on how to
incorporate the supplemented food and offset these cal-
ories by substitution of other foods in order to maintain
their body weights throughout the trial. Subjects were
otherwise instructed to maintain their usual dietary
habits. At baseline (M0) and study months three (M3)
and six (M6) subjects visited the HNRCA and provided
an overnight fasting blood sample and urine. Fasting
blood samples were processed within 1 h (15 min,
1000xg, 4°C) and plasma or serum samples were stored
at —70°C, until analyzed. During those visits, measures
of cognitive function and dietary interviews were per-
formed. The web-based diet history questionnaire II
(DHQ II) developed by the Risk Factor Monitoring
and Methods Branch of the National Cancer Institute,
was administered by the study dietitian. The Diet*Calc
Analysis Program (Version 1.5.0., National Cancer
Institute), was used to interpret the DHQ II data to pro-
vide nutrient and food group intake estimates. A study
dietitian (HR) assessed compliance with the study pro-
tocol. Monthly compliance was monitored using calen-
dars given at each study visit. Monthly phone calls were
made for an assessment of compliance and wellness.

2.4. Cognitive measures

The subjects underwent computerized cognitive assess-
ment (CANTAB, Cambridge Cognition Ltd., Cambridge,
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UK) designed to test several cognitive domains, including
memory, processing speed, and attention [16]. The CAN-
TAB has been extensively evaluated for reliability and
validity and has been used in studies of dietary sup-
plementation and cognition in older adults [17-19], as
well as age-related cognitive decline [20-24]. Description
of cognitive tests and measures performed in this study
can be found in Supplementary Table 1. Tests were admi-
nistered in the same order as shown in Supplementary
Table 1. Before each testing session at all time points, sub-
jects also underwent a very brief, standardized training
session provided by CANTAB to ensure they understood
the instructions.

2.5. Serum analysis for tocopherols, aminothiol
and biomarkers of oxidative status and
inflammation

Serum a- and y- tocopherols were measured by a reversed
phase HPLC (Waters HPLC Empower® Network system
with the 717plus Wisp, 515 pump, Waters Corporation,
Milford, MA) procedure after the extraction of the vita-
mins into a suitable solvent according to the protocol of
Bieri et al. [25], with intra- and inter-assay CVs of 4.5%
and 5.5% respectively. The ex vivo resistance of serum
low density lipoprotein (LDL) resistance against Cu’
*.induced oxidation, a biomarker of oxidative stress,
was analyzed by spectrophotometric assay at an absor-
bance of 234 nm as previously described [26]. Markers
of inflammation- C-reactive protein (CRP), interleukin
(IL)-6, IL-12 and soluble intercellular adhesion mol-
ecule-1 (ICAM-1) - were measured in serum by electro-
chemiluminescence  detection validated sandwich
immunoassays using a MULTI-ARRAY technology (V-
PLEX Human Cytokine Assays, Meso Scale Diagnostics,
Rockville, MD) on the Meso Scale Discovery SECTOR
Imager 2400. Markers of oxidative stress - plasma and
red blood cell (RBC) superoxide dismutase (SOD), gluta-
thione reductase (GR), glutathione peroxidase (GPX) and
glutathione (GSH) - were measured using enzymatic
assays as specified in procedural documentation (Cayman
Chemical Company, Ann Arbor, MI). RBC GSH LOD
was 1.0 uM, and samples with a concentration lower
than LOD were imputed with 0.5 pM.

2.6. Lipoprotein analysis

Total cholesterol, low density lipoprotein cholesterol
(LDL-C), high density lipoprotein cholesterol (HDL-C),
very low density lipoprotein cholesterol (VLDL-C) and tri-
glycerides in plasma were measured on a clinical chemistry
analyzer (AU480 Clinical Chemistry Analyzer, Beckman
Coulter, Inc., Brea CA) as specified in the manufacturer’s
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procedural documentation with the intra- and inter-assay
CVs less than 2.4% and 3.8%, respectively.

2.7. Sample size calculation and statistical
analyses

Given the novelty of this work, a sample size calculation
was not possible. We proposed a sample size of 20/
group. This is based on data from a study with a similar
study design evaluating the effect of consuming 1 avo-
cado/d (13 g/d MUFA) or chickpeas/potatoes (<1 g/d
MUFA) for 6 months on cognitive function in 40
middle to older adults (>50 yrs) [19]. Data are expressed
as mean * SD. Paired Student’s t-test was performed to
compare all cognitive and serum measures between M3
and MO, and between M6 and M0. To determine the
effect of group, time, and the group x time interaction
on any cognitive or serum measure, repeated measure
ANOVA was performed. Log transformation was
applied to serum tocopherols, IL-6, CRP, and sICAM-
1 to normalize the data and satisfy the assumption of
normal distribution for statistical tests. One-way
ANOVA and Fisher’s Exact Test were performed to
detect any differences at baseline among the three diet-
ary groups and to assess the effectiveness of randomiz-
ation. All statistical tests were performed in R version
3.5.1, and statistical significance was set at a = 0.05.

3. Results
3.1. Subject characteristics

Among 68 healthy subjects who were enrolled, 8 sub-
jects (12%) did not complete the study due to the

Table 2. Subject characteristics (n = 60).

1.5 0z 30z 3.5 oz Snack
Almonds Almonds mix P
Characteristics (n=19) (n=24) (n=17) value?
Age (years), mean 61.6 +6.3 60.4 + 6.8 63.0+5.6 0.44
+SD
Sex, n (%) 0.90
Female 9 (47%) 10 (42%) 8 (47%)
Male 10 (53%) 14 (58%) 9 (53%)
Race 0.66
Caucasian 14 (74%) 16 (67%) 10 (59%)
African American 4 (21%) 4 (17%) 3 (18%)
Others 1 (5%) 4 (17%) 4 (24%)
BMI (kg/m?), mean  28.9+29 289+2.8 29.2+26 0.93
+SD
Highest education 0.98
level
High school or 3 (16%) 4 (17%) 3 (18%)
less
Some college 3 (16%) 4 (17%) 2 (12%)
Four year college 8 (42%) 8 (33%) 8 (47%)
Graduate school 5 (26%) 8 (33%) 4 (24%)

4Comparisons among the three groups were performed using ANOVA for
age and BMI, and Fisher's exact test for sex, race, and education.

following reasons: drop-out or lost to follow-up (n=
4), non-compliance with study protocol (n = 3), situa-
tional exclusion (n=1). No adverse events were
reported. Dropout rates were not statistically different
among groups. Of the 60 subjects who have completed
the study, 19 were in the 1.5 oz almond group, 24
were in the 3 oz almond group, and 17 were in the
snack mix group. Subjects were on average 61.5+ 6.3
years old and 45% were women. Forty subjects (67%)
were Caucasians, 11 subjects (18%) were African Amer-
icans, and 9 subjects (15%) were other races. The aver-
age BMI was 29.0 + 2.7 kg/m?, and 68% graduated from
a 4-year college or graduate school. As shown in Table 2,
there were no statistical differences among the three
intervention groups in age, sex, race, and highest edu-
cation level at randomization. No significant change in
BMI occurred during the study (Supplementary Table
2). Nutrient intakes at all visits are reported in Sup-
plementary Table 3. Among groups, the intake of nutri-
ents of interest was not significantly different
throughout the study.

3.2. Cognitive measures

At baseline, there was no significant difference in the 16
cognitive outcomes among the three dietary groups
(Table 3). Repeated measure ANOVA tests revealed
that the effect of time was significant for MOT
(ptime =0.002), SSP  Reverse (Pime=0.036), PAL
(FAMS, pime =0.009; TEA, pime<0.001), RVP (A’
Ptime < 0.001; PFA, pyme = 0.031), OTS (PSFC, piime <
0.001) outcomes, suggesting there is an improvement
in cognitive performance after repeated exposure to
these tests over time, independent of dietary interven-
tion. No treatment effect was observed (pgroup > 0.05
for all cognitive measures). The interaction between
dietary intervention and time was marginally significant
for SSP Reverse (SL, pgroup x time = 0.052) and PAL (TEA,
pgroup x time = 0061)

Results from paired t-tests were also shown in
Table 3. Only subjects receiving 3 oz of almonds daily
had a significant improvement at M6 in visuospatial
working memory (SSP Reverse, Spatial Span Reverse)
(p =0.023), the first attempt memory score (FAMS, p
=0.017) in visual memory and learning (PAL, Paired
Associate Learning), and the problems solved on first
choice (PSFC, p <0.001) in spatial planning and work-
ing memory (OTS, One Touch Stockings of Cam-
bridge). Adjustment for multiple comparisons across
18 cognitive measures were performed with false discov-
ery rate, and only PSFC remained significant (adjusted
p=0.013). Subjects in the snack mix groups showed
no improvement in these measures at M6 (although a
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trend was observed for PAL [FAMS, p = 0.059]). As for
subjects who received 1.5 oz of almonds daily, the only
improvement observed was at M3 for SSP Reverse (SL,
p=0.023) and PAL (FAMS, p =0.017), but they did not
remain significant at M6.

Improvement in sustained attention (RVP, Rapid
Visual Information Processing) as measured by the A’
metric, occurred at M6 regardless of which intervention
group they were in (1.5 oz almond, p=0.008; 3 oz
almond, p=0.014; snack mix, p=0.002, paired t-test,
Table 3), but only the snack mix group remained stat-
istically significant after the adjustment for multiple
comparisons (adjusted p = 0.048). Similarly, total errors
adjusted (TEA) of the PAL, a measure of visual memory
and learning, was improved among the 3 oz almond
group (p =0.004) and the snack mix group (p =0.030)
at M6, and among the 1.5 oz almond group at M3 (p
=0.045) but not M6. Only the 3 oz almond group
remained statistically significant after the adjustment
for multiple comparisons (adjusted p = 0.039). Subjects
in the 1.5 oz almond group also had an improvement
in the Motor Screening Task (MOT), which is a general
assessment of sensorimotor function and comprehen-
sion, at M3 (p = 0.046) but not at M6.

These results suggest that changes in any cognitive
measure over time did not statistically differ among
three dietary groups, and that the independent effect
of almonds on cognitive performance was relatively
small as compared to the effect of repeated exposure
to the tests.

3.3. Serum tocopherols

Baseline serum tocopherols were not significantly differ-
ent among groups (p > 0.05). In the 3 oz almond group,
serum a-tocopherol concentrations increased from MO
(12514381 pg/dL) at M3 (1356+313 pg/dL, p=
0.004) and M6 (1346+325 ug/dL, p=0.019), and
serum Yy-tocopherol concentrations decreased from
MO (148 + 74 pg/dL) at M3 (123 + 84 pg/dL, p = 0.004)
and was borderline significantly lower at M6 (128 +77
ug/dL, p = 0.054) (Table 4). Serum a- and y-tocopherols
did not significantly change over time in the other two
groups. Repeated measure ANOVA also demonstrated
the group x time effect is significant for y-tocopherol
(Pgroup x time = 0.026) but not a-tocopherol (pgroup x
time > 0.10), indicating that changes in serum y-toco-
pherol concentrations over time in the 3 oz almond
group were significantly different than the other two
groups. It should be noted that serum y-tocopherol con-
centrations in the 3 oz almond group were significantly
higher than those in 1.5 oz almond group at M0 (148 +
74 vs 99 + 49 pg/dL, Bonferroni adjusted p = 0.041).

Given that changes were observed with serum toco-
pherols at M3 and M6, as well as SSP Reverse (SL),
PAL (FAMS), and OTS (PSFC) only in the 3 oz almond
group, additional analyses were performed to evaluate
the relationship between changes in serum tocopherols
and changes in cognitive measures from MO to either
M3 or M6 in this group. No significant correlations
were observed at either time intervals.

3.4. Serum biomarkers of inflammation and
oxidative status

Serum IL-6, CRP, and sICAM-1 concentrations were
not significantly different at MO among the three groups
(Table 4). They also remained unchanged at M3 and M6
in all groups. Concentrations of serum IL-12 were below
the LOD in 66% of all samples and thus excluded from
all analyses.

Similarly, measures of oxidative status (Table 4) were
not significantly different at baseline. Red blood cell
(RBC) glutathione peroxidase (GPX) activities signifi-
cantly increased at M6 in the 1.5 oz Almonds group
(1.96 + 0.68 umol-min~"-mL™" at M0, 2.24 + 0.64 pmol--
min~'-mL™" at M6, p = 0.039), but this increase was not
statistically different from the non-significant changes
in the other two groups. No significant changes were
observed for other oxidative status measures at M3 or
M6 from MO within each group, and comparisons
among the three groups yielded no significant
difference.

3.5. Serum cholesterol and triglyceride

Serum total cholesterol, VLDL-C, LDL-C, and HDL-C,
and total triglyceride concentrations were comparable
among the three groups at baseline. As shown in
Table 4, total serum cholesterol significantly increased
at M3 (224 +30 mg/dL, p=0.048) and M6 (225 +29
mg/dL, p=0.043) from MO (214 +38 mg/dL) in the
snack mix group but not in the other two almond
groups, and the group x time interaction approached
statistical significance (Pgroup x time = 0.072). Serum
VLDL-C, LDL-C, and HDL-C and triglyceride concen-
trations remained unchanged in all groups at M3 and
M6. The non-HDL-C:HDL-C as well as the triglycer-
ide:HDL-C ratios were also constant in all groups at
M3 and Mé.

4. Discussion

The study found encouraging improvement in cognitive
performance among middle-aged to older adults who
consumed 3 oz of almonds daily over a six-month
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period. Subjects in the 3 oz almond group, but not the
control group, had improved memory and executive
function as measured by improved performance on
SSP Reverse (SL), PAL (FAMS), and OTS (PSFC) at
the end of the study. However, changes in any cognitive
measure over time did not statistically differ among
three dietary groups. Therefore, the independent effect
of almonds on cognitive performance is may be small
compared to the effect from repeated exposure to cogni-
tive tests. Indeed, almonds are rich in nutrients such as
MUFA, a-tocopherol, and fibers [27], that are known to
exhibit biological roles such as potent antioxidants and
anti-inflammatory-agents [28-31]. However, we were
not able to observe any significant changes in the mar-
kers of systemic inflammation and oxidative stress,
despite detecting a significant increase in serum concen-
trations of lipophilic antioxidant a-tocopherol in the 3
oz almond group. In our subject population, the
measures were within a healthy normal range at the
start of the study, which may explain an inability to
detect significant changes in these markers. Our
findings are consistent with previous studies reporting
an increase in antioxidant concentrations without
observing changes in oxidative stress or total antioxi-
dant capacity in plasma of adequately nourished adults
[32].

While our findings suggest increased serum a-toco-
pherol to be a good marker of compliance to the inter-
vention, the increase was not associated with the
improved performance in any cognitive tests. Still, the
significance of a-tocopherol on a brain function should
not be neglected. Brain is enriched in PUFAs, which
exert anti-inflammatory and pro-resolving activities
[33]. Chronic low-grade inflammation, which is charac-
teristic for the aging population, has been found to have
detrimental effects on normal function of many tissues,
including nervous tissue [34]. One of the major func-
tions of a-tocopherol is being a protector of the integrity
of PUFA, and thereby cell membrane morphology and
function, indicating an importance of maintaining ade-
quate a-tocopherol levels in a brain [35]. Nevertheless, a
recently published review paper reported increased all-
cause mortality risk with antioxidant supplementation,
which also contained supraphysiological doses of
vitamin E [36]. These findings are in agreement with
previous recommendations against vitamin E sup-
plementation in cardiovascular disease and cancer
[36,37] (Supplemental Vitamins and Minerals for CVD
Prevention and Treatment, 2018) and emphasize a sig-
nificance of achieving daily micronutrients recommen-
dations through a healthy diet, including those for
vitamin E. Possibly, other nutrients and bioactives
found in almonds, but not addressed in this study,

may play an important role in the cognition process
through other unknown biological pathways. Emerging
data suggest that polar lipids, such as phospholipids and
sphingolipids that are found in almonds [38,39], exhibit
many key roles important for proper brain function,
from maintaining synaptic function and plasticity to
signal transduction and anti-inflammatory function
[40,41]. Therefore, identifying nutritional intervention
with anti-inflammatory properties could serve as an
important mean to prevent or postpone age-related cog-
nitive decline.

It has been shown that feeding almonds to healthy
rats increased brain acetylcholine levels and enhanced
memory function [42]. Acetylcholine synthesis is
dependent on choline [43], whose levels are found in
the amount of 52 mg/100 g almonds (or 44.2 mg/3 oz
almonds) [27]. Administration of 3 oz of almonds also
provides 72% and 85% of the recommended dietary
allowance (RDA) of riboflavin for men and women,
respectively [27,44]. Riboflavin functions in many cog-
nitive processes, such as synthesis of monoamine neuro-
transmitters through the folate-dependent pathway.
Riboflavin also exhibits antioxidant properties, which
are known to be neuroprotective [45]. Additionally,
polyphenol intakes are associated with reduced cogni-
tive decline in some studies [46], and a number of phe-
nolic compounds in almonds have been identified and
demonstrated to prevent the formation of thiobarbituric
acid reactive substances (TBARS) in brain cells and lipid
peroxidation in biomembranes [47,48]. Also, the
observed improvement in cognition may be due to a
collective effort of all almond nutrients. Further studies
simultaneously evaluating different micronutrients,
phytochemicals in almonds, and their synergistic effect
are warranted.

Findings from our study support previously reported
associations of nut consumption, including almonds,
and better cognitive performance in older adults
[10-13]. However, the cognitive improvement observed
in the 3 oz almond group was not statistically different
from the other two groups. A longer duration in dietary
intake may be required to yield larger cognitive effects.
While a greater adherence to healthy dietary patterns
is associated with lower risk of cognitive impairment
[49-51], an intervention with a single food, such as
mixed berries or avocados, may have small yet signifi-
cant effects on cognitive changes [19,52], as we observed
in this study. Alternatively, stronger cognitive effects
from an almond intervention could possibly be
observed in participants who had poorer health or
nutrition status or were at higher risk of cognitive
impairment. We did not observe significant changes in
serum measures of oxidative status and inflammation



in this study. However, it was previously reported that
consumption of ~2.6 oz of almonds per day for one
month reduced oxidized LDL and lipid peroxidation
in older hyperlipidemic subjects [53]. Consuming 2 oz
almonds per day for 2 weeks reduced serum inflamma-
tory markers IL-6 and CRP in subjects with type 2 dia-
betes mellitus [54]. Moreover, given that higher
education is consistently associated with lower risk of
cognitive decline [55,56], and that 68% of our partici-
pants graduated from a 4-year college or graduate
school, our study population were possibly at lower
risk of cognitive decline than the general population.

Interestingly, we observed an improvement in cogni-
tive capacity in all three groups, independent of dietary
intervention, after repeated exposure to the tests over
time (known as the practice effect) [57]. Our findings
are consistent with previous studies reporting improve-
ment in cognitive measures with repeated exposure to
the cognitive tests in the control group [19]. It may be
possible to minimize the practice effect with a more
extensive training session before each testing. However,
it is likely that the effect of almonds in this present study
was under the influence of the practice effect. Conse-
quently, only when the effect of the treatment is
sufficiently large that the group x time effect is statisti-
cally significant. While the observed improvement in
cognitive function was not significantly different
among all groups, when each group was analyzed inde-
pendently, a significant improvement in some cognitive
tests, such as SSP Reverse, PAL, and OTS, was observed
only in subjects receiving 3 oz at M6 vs. MO. These
results suggest that the almond intervention may have
an effect on cognitive function.

This study is the first trial with the primary aim to
assess the effect of almond consumption on changes
of cognition over a 6-month period. Strengths of the
present study include the randomized control design,
use of a well-validated dietary questionnaire, compre-
hensive evaluation and diagnostic protocol at baseline
and each examination, and the use of a broad battery
of standardized cognitive tests for a more-detailed
characterization of cognitive function. However, this
study was not without limitations. First, our study had
a relatively small sample size, which may affect the stat-
istical power of the analyses, including cognitive func-
tion and serum measurements of oxidative stress and
inflammation biomarkers. Second, 6 months may not
be long enough to observe cognitive improvements
resulting from almond administration, which is inde-
pendent of the practice effect. Indeed, in the PRE-
DIMED-NAVARRA study the beneficial effect of a
Mediterranean diet supplemented with either olive oil
or mixed nuts on cognitive function was observed
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after 6.5 y of nutritional intervention [6]. Third, the ceil-
ing effect was observed in some cognitive tests, such as
the percent correct 4 (PC4) and 12 s delay (PC12) in the
Delayed Matching to Sample (DMS) where 37% and
35% of participants, respectively, received the maximum
scores at baseline. Therefore, these tests may not be sen-
sitive to gauge cognitive improvement in this study
population. Additionally, OTS has a relatively poor
accuracy since participants responded to a prompt by
only providing one final number without demonstrating
a reasoning process.

Findings from this study are impactful. Although
there was no significant difference in cognition
improvement among the three groups at M6, only the
3 oz almond group showed significant improvement
in measures of executive function, visual memory, and
learning ability at M6 compared to M0. RCTs of longer
duration and larger sample size are warranted to pro-
vide added evidence of beneficial effects of almond con-
sumption on cognitive function in the middle-aged to
older adults.
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