Advances in Nutrition 14 (2023) 652-670

r‘\ . . e Advances in Nutition
AN Advances in Nutrition |

American
SNou(tifitt‘i'ofn"r AN INTERNATIONAL REVIEW JOURNAL as S
td: journal homepage: https://advances.nutrition.org/ =

Review

Check for
updates

The Relationship between Whole-Grain Intake and Measures of
Cognitive Decline, Mood, and Anxiety—A Systematic Review

Alastair B. Ross "', Shruti P. Shertukde ?, Kara Livingston Staffier °, Mei Chung?,
Paul F. Jacques %, Nicola M. McKeown **
1 AgResearch, Lincoln, New Zealand; ? Friedman School of Nutrition Science and Policy, Tufts University, Boston, MA, United States; > Jean Mayer

USDA Human Nutrition Research Center on Aging, Tufts University, Boston, MA, United States; * Programs of Nutrition, Department of Health
Sciences, Sargent College of Health and Rehabilitation Sciences, Boston University, Boston, MA, United States

ABSTRACT

Greater intake of whole grains, compared to refined grains, is consistently associated with a reduced risk of cardiovascular disease and type
2 diabetes, both of which are associated with cognitive decline. To better understand the relationship between whole-grain intake,
cognition, mood, and anxiety, a systematic review was conducted to synthesize available evidence linking whole grains to these outcomes.
Four electronic databases were searched from inception to August 2021 for potentially relevant observational and interventional studies.
Risk of bias (RoB) assessments were performed using the newly developed Nutrition Quality Evaluation Strengthening Tools, and the Grades
of Recommendation, Assessment, Development, and Evaluation approach was used to determine the strength of evidence for each outcome.
In total, 23 studies [4 randomized controlled trials (RCTs) and 19 observational studies] met the predefined eligibility criteria. Of these,12
studies included analysis of whole-grain intake and cognitive decline, 9 included mood outcomes, and 2 included both cognition and mood
outcomes. The overall evidence for an association between whole-grain intake and cognition is inconclusive. With respect to mood out-
comes, evidence from RCTs prospective cohort and case-control studies suggest that higher intake is linked to improved outcomes for mood
and depression although the evidence is mixed for cross-sectional studies. Reporting of whole-grain intake fell short of suggested standards,
and the strength of available evidence was low or very low for all outcomes. A high RoB toward studies reporting results was also noted,
complicating both the interpretation of some studies and the combined evidence. Of note, few well-designed RCTs assessing the effect of
whole-grain intake on measures of cognition, mood, and anxiety were identified, highlighting the need for more studies in this area. The
available, although limited, evidence suggests that greater whole-grain intake is associated with better mood and anxiety-related scores and
is inconclusive regarding cognitive outcomes. PROSPERO registration: CRD42021266355.
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Statement of Significance

Evidence for whole grains reducing cognitive decline is inconclusive, although there are consistent associations between higher levels of whole-
grain intake and reduced scores for mood disorders including depression and anxiety. Whole grains may be a modifiable lifestyle factor that can
improve some mental health conditions, although this needs to be supported by randomized controlled trials to establish a causal relationship.

Introduction around 55 million people living with dementia worldwide. It is
estimated that there are nearly 10 million new cases each year,
As the proportion of older adults across many countries in-  with many more likely undiagnosed [1]. Cognitive decline

creases, there is an increase in the rate of cognitive diseases, with covers a broad spectrum of neurological disorders related to a

Abbreviations: GRADE, Grades of Recommendation, Assessment, Development, and Evaluation; HDS, Hasegawa Dementia Scale; NUQUEST, Nutrition Quality
Evaluation Strengthening Tools; RCT, randomized controlled trial; RoB, risk of bias; T2D, type 2 diabetes; UHHPBR, ultrahigh hydrostatic pressurized brown rice.
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progressive reduction in mental capabilities with age, usually
categorized as preclinical cognitive impairment, mild cognitive
impairment, and late-stage cognitive impairment or dementia
[2]. These disorders have severe impacts on both individual and
societal health outcomes. Cognitive decline can include mental
health conditions including anxiety, depression, and mood
changes, as these are typically associated with the onset of mild
cognitive impairment [3,4], although these conditions can act
independently. Changes to the brain that lead to cognitive dis-
ease start more than a decade before symptoms of cognitive
decline are clinically measurable [5,6]. To date, there are no
proven clinical treatments for treating or preventing cognitive
decline, emphasizing the need for lifestyle-based preventative
strategies.

Cognitive decline is associated with several comorbidities
including type 2 diabetes (T2D), hypertension, CVD, and obesity
[7-9]. The coassociation of these diseases with cognitive dis-
eases and impairment suggests there could be a protective role of
increased consumption of whole-grain cereal foods, as there are
consistent observational data to support that people who eat the
most whole grains have a reduced risk of these diseases
compared with people who eat the least whole grains [10-12].
Based on these findings, many countries recommend replacing at
least half of refined grains with whole grains [13]. Greater intake
of whole grains is associated with improved metabolic markers
linked to cognitive function, including inflammation, glucose
metabolism, blood pressure, and cholesterol. However, evidence
from intervention studies is inconsistent or mixed [14-19].

To date, there are few studies that investigated the possible
association between whole-grain intake and measures of cogni-
tive decline, usually as a secondary analysis of an overall dietary
pattern study [20]. To clarify the quality of available evidence,
we conducted a systematic review to synthesize all available
observational and interventional studies evaluating the associa-
tion between whole-grain intake and cognitive outcomes
[focusing on cognitive decline and function (including dementia)
and measured changes to brain structure and function] or mea-
sures of mood (including depression) and anxiety.

Methods

We followed the standard methodology outlined in the
Cochrane Handbook for this systematic review [21]. We re-
ported findings according to the PRISMA statement [22]. The
study protocol was preregistered on the PROSPERO (https:
//www.crd.york.ac.uk/prospero) as CRD42021266355.

Literature search and study selection process
Literature searches were implemented in MEDLINE (1946 to
week 3 in July 2022), Embase (1966 to 27 August 2021),
Cochrane Central (1991 to 27 August 2021), and PsycINFO
(1967 to 27 August 2021) databases. Searches were limited to
human studies and restricted to the English language. The search
strategy included specified terms for whole-grain intake and
cognition outcomes (cognitive decline and mild cognitive
impairment) and related disorders (including Alzheimer’s dis-
ease and dementia), brain structure, and function. Full search
strategies for all databases are described in Supplemental
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Table 1. Secondary outcomes of anxiety, mood, and depression
were included in the literature search and reviewed for inclu-
sion. Such papers were included as part of this review if very few
papers were identified to assess the relationship between whole-
grain intake on cognitive outcomes. Studies in which whole
grain was part of a larger dietary pattern were included if the
individual food components—including whole grain—were
examined in relation to cognition or anxiety, mood, and
depression outcomes. These strategies did not include dietary
pattern search terms (for example, Dietary Approaches to Stop
Hypertension diet, Mediterranean diet). Thus, any dietary
pattern papers included in this review were identified through
abstracts containing search terms included in the full search
strategy or additional sources (for example, reference mining of
systematic reviews or hand searching). To identify randomized
controlled trials (RCTs) of relevance, citation tracing was per-
formed on included RCTs in this review. In addition, in-
vestigators conducted searches within national and international
clinical trial registries. To further identify RCTs and observa-
tional studies of relevance, investigators screened several sys-
tematic reviews in related areas. Two investigators
independently screened abstracts using the Rayyan software for
systematic reviews [23]. Full-text articles of screened-in ab-
stracts were independently assessed by 2 investigators using
standardized forms. All rejected abstracts and full-text articles
were re-examined to confirm or refute their exclusion. Dis-
agreements were resolved by group consensus.

The study eligibility criteria are presented in Table 1. Briefly,
abstracts and full-text articles were included if the study popu-
lation was considered healthy or generally healthy (prediabetes
or T2D populations were included as part of controlled trials); if
the intervention included whole-grain foods, biomarkers of
whole grain, or dietary patterns that isolate the effect or asso-
ciation of whole-grain foods on outcomes in the study analyses; if
the comparator included no or low whole-grain foods; and if the
outcome was defined as cognition (cognitive decline, cognitive
function, mild cognitive impairment, dementia, Alzheimer’s
disease, etc.), structural and functional changes to the brain, or
conditions of mood, anxiety, and depression.

Data extraction

Standardized data extraction forms were created to extract
population characteristics, study design details, and key find-
ings, including observational (cross-sectional, case-control,
and cohort) and interventional studies. Extracted population
characteristics included age, sex, race and ethnicity, and
health status. Extracted study design details included sample
size (of the cohort, cases, and controls, those randomly
assigned); dietary whole-grain intervention (RCT) or assess-
ment method (observational); outcome assessment method,
study cohort, or design (parallel or crossover trial); and study
duration [cohort studies (follow-up duration) and RCTs (total
trial duration)]. Key findings of cognition, brain structure and
function, along with anxiety, mood, and depression were re-
ported according to a symbol system, further described in the
footnote of Table 2. The extracted data were separated into
tables by study design to facilitate qualitative synthesis. Ex-
tractions were completed by one investigator and indepen-
dently reviewed by another investigator.
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TABLE 1
Study eligibility criteria
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Inclusion criteria

Exclusion criteria

Controlled trials

e Randomized

e Nonrandomized

Observational studies

o Cross-sectional

e Case-control

e Nested case-control

e Case-cohort

e Cohort

Observational studies and trials

e Healthy or generally healthy® adults
(unless case-control design).

Controlled trials only

e Individuals with prediabetes or T2D

Whole grain

o Whole-grain foods®

e Cereal fiber

e Bran

e p-glucan and arabinoxylan

Biomarkers of whole grain

o Alkylresorcinol(s)

e Avenacosides(s)

e Avenanthramides(s)

No or low whole-grain or whole-grain foods

Cognition

Cognitive decline

Cognitive function®

Mild cognitive impairment

Dementia

Alzheimer’s

Brain structure and function

e Phosphorylated tau proteins or
neurofibrillary tangles

e Amyloid p plaques

Secondary outcomes:

e Mood, anxiety, and depression®

Study design

Population

Intervention

Comparator
Outcome

Pre—post trials

Single-arm trials

Acute interventional or postprandial studies’
In vitro and animal studies

Unpublished studies (for example, conference
abstracts and posters)

Case studies or reports

Exclusively unhealthy participants (unless health
status is nutrient deficiency related)

Dietary patterns that do not isolate the whole-grain
variable (for example, whole-grain intake is not
sufficiently isolated from other components in the dietary pattern).

None
Cerebrovascular outcomes (for example, stroke)
Movement-related outcomes (for example, balance and falls)

Abbreviation: T2D, type 2 diabetes.

! Acute interventional studies are defined as 24 h after whole-grain exposure or exposure to one whole-grain—containing meal.

2 Generally healthy is defined as <20% of the included population has disease. Hypertension and elevated cholesterol are common conditions
found in a generally healthy population. Studies were included if the prevalence of these conditions was found in <20% of the study population.
3 Whole-meal, brown bread, coarse bread, wheat, rye, oats, barley, corn/maize, rice, sorghum, millet, quinoa, buckwheat, amaranth, teff, etc.

* Cognitive function, as assessed by the following domains: learning and memory, visuospatial and motor function, attention and concentration,
language, social cognition and emotion, processing speed, and executive function.
5 If we did not identify enough papers with the following cognition and brain structure/function outcomes, we considered additional cognition-

related outcomes such as mood, anxiety, and depression.

Risk of bias assessment

Risk of bias (RoB) assessments were performed using the
newly developed Nutrition Quality Evaluation Strengthening
Tools (NUQUEST), a suite of RoB tools for nutrition RCTs,
cohort, and case-control studies [24]. These tools were designed
to evaluate the RoB in human nutrition studies by integrating
nutrition-specific criteria into assessment domains [24]. The 4
domains assessed and rated in these 3 tools included a selection
of participants (RCTs), selection of cohorts (cohort), and creation
of study groups (case-control); comparability of study groups
(RCTs and case-control) or cohorts (cohort); ascertainment of the
exposure (case-control) or outcomes (RCTs and cohort); and
nutrition-specific (all 3 tools). Each domain was rated as either
good, neutral, or poor; domain ratings were reached using a
prespecified point system set by the study investigators (Sup-
plemental Table 2). An overall RoB rating was determined using
the rationale described in the revised Cochrane RoB tool for
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randomized trials (RoB 2) guidance document [25]. For
example, to fulfill the overall RoB criteria for neutral, >1 domain
had to be rated neutral, and no domains could be rated as poor.
Currently, a NUQUEST tool for cross-sectional studies does not
exist. We modified the NUQUEST cohort tool to assess biases in a
cross-sectional design. Details of this modification can be found
in Supplemental Table 3.

Two investigators independently performed RoB assessments
for each included study, with all investigators participating in
reviewing the assessments. Disagreements were resolved
through group discussions. RoB assessments are reported in
Supplemental Table 4.

Rating of whole-grain reporting

The quality of how each study reported and estimated whole-
grain intake was graded in relation to 5 criteria proposed by Ross
et al. [26]. These criteria include 1) how the amount of whole
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TABLE 2
Study design details, population characteristics, and key findings from randomized controlled trials assessing the effects of whole-grain intake on cognition, mood, anxiety, and depression
outcomes
Author, Country N Design Mean age % Male  Racial or Health Dietary whole- Comparator Total trial Outcome Outcome Key findings’
year [range], y ethnic status grain duration assessment analyzed
background intervention method
Cognition
Kuroda, Japan 52 Parallel 72.9 48.1 100% 100% 100 g/d of 100 g/d 24 mo Cognition: Cognition: HDS-R Cognition: HDS-R
2019 [50] [NR] Japanese healthy ultrahigh of white HDS-R; MMSE; score, MMSE score, score: 0; MMSE
hydrostatic rice Frontal FAB score, CADi score: 0; FAB score:
pressurizing Assessment score, A FAB scores 0; CADi score: 0; A
brown rice Battery (FAB); and on FAB scores: ++; and
(UHHPBR) the Cognitive “conceptualization,” ACADiI scores: ——
Assessment for and ACADi scores on Mental health:
Dementia, iPad “time required” (s) apathy score: ——;
version (CADi). Mental health: apathy SDS score: ——; and
Mental health: score, SDS score, A A apathy scores: ——
Japanese version apathy scores
of Starktein’s
Apathy Scale and
Zung Self-Rating
Depression Scale
(SDS).
Uenobe, Japan 31 Crossover  84.1 22.6 100% 100% 3 meals/d of 3 meals/d 12 mo HDS-R A HDS-R score among A HDS-R score:
20197 [30] [NR] Japanese healthy  dewaxed brown of white (Period I those in group A, group A: 0; group B:
rice rice and II: group B, group A + B, 0; group A + B: 0;
6 mo each) and the low cognitive  and low cognitive
function group® function group: ++
Mood, anxiety, and depression
Esmaeilpour, Iran 100  Parallel 31 0 NR 100% Diet enriched Usual diet 3 mo Daily symptom Mean of PMS score Mood score: ——
2019 [40] [19-45] healthy with whole record. Three (mood)
grains® subgroups
measured,

including mood
symptoms
(restlessness;
irritability;
anxiety;
depression or
sadness; crying;
and feeling of
isolation).

(continued on next page)
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TABLE 2 (continued )

Ross et al.

Key findings’

Outcome

Outcome

Total trial
duration

Comparator

Dietary whole-

Health
status

Racial or
ethnic

% Male

Mean age

Design

N

Country

Author,
year

analyzed

assessment
method

grain

[range], y

intervention

background

TMD score: ——

Total mood

The Profiles of
Mood States

White rice 2 wk

Pregerminated
brown rice

100%

100%

41 Parallel 32.2

Japan

Sakamoto,

POMS parameters:

disturbance (TMD)

score

(average
intake:

healthy

Japanese

[NR]

2007 [41]

tension-anxiety: 0;

depression: ——;

(POMS): brief

(average intake:

POMS parameters:

form Japanese

version

270 £ 57.6 g)

238 + 35.3 g)

anger-hostility: ——;

tension-anxiety,

vigor: 0; fatigue:

depression, anger-
hostility, vigor,

fatigue, and
confusion

——; confusion: 0

Abbreviations: HDS-R, Revised Hasegawa Dementia Scale; N, number of individuals randomly assigned; NR, not reported; PMS, premenstrual syndrome.

! Key findings’ symbols: ++ significant positive effect (P < 0.05); + marginally significant positive effect (0.05 < P < 0.1); 0 no effect; — marginally significant inverse effect (0.05 < P < 0.1);

—— significant inverse effect (P < 0.05).

2 This article reported both cognition and mood, anxiety, and depression outcomes.

% Group A: received dewaxed brown rice for the first 6 mo then received white rice for the remaining 6 mo; group B: received white rice for the first 6 mo then received dewaxed brown rice for

the remaining 6 mo; low cognitive function group had a total HDS-R score of 1 or more and <10 points (HDS-R is out of 30 points).

4 Replaced >4 servings of daily refined grains with whole grains. Given a whole-grain food list that included whole-wheat bread, brown rice, brown spaghetti, and homemade cakes and cookies

using whole-wheat flour. Individuals were also given 840 g of whole-grain bread each week to replace their daily consumption of refined bread with 120 g of whole-grain bread.
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grains was reported and if a clear distinction was made between
whole grains (for example, “grams of whole grain as an ingredient
in different foods”) and whole-grain food (for example, “grams of
whole-grain—containing food™); 2) stating how whole grains had
been defined; 3) differentiating between different types of cereal
grain (for example, wheat, rice, maize/corn, rye, and oats); 4)
distinguishing between different kinds of cereal processing or
products (for example, bread, breakfast cereal, noodles, pasta,
and porridge); and 5) if a biomarker of whole-grain intake had
been used in the study. When criteria were partially met, a score of
0.5 for that criterion was given. Ratings for all included studies are
reported in Supplemental Table 5.

Meta-analysis

Meta-analyses of RCTs were planned to combine the effects of
whole-grain interventions on cognition, anxiety, mood, or
depression outcomes when 2 or more RCTs reported sufficient
quantitative data for the analyses. However, due to the high
degree of variation in intervention duration and outcome mea-
sures coupled with a high RoB in a number of studies (Table 2),
meta-analyses were deemed inappropriate. Mean differences and
standardized mean differences describing the relationship be-
tween whole-grain intake and cognition, mood, and depression
outcomes are reported in Supplemental Table 6.

Strength of evidence rating

The Grades of Recommendation, Assessment, Development,
and Evaluation (GRADE) approach [27,28] was used to deter-
mine the strength of available evidence for each outcome. A
GRADE evidence profile table was used to present synthesized
data (Supplemental Table 7). All investigators rated the strength
of evidence for each outcome.

Results

Study selection

A total of 4993 eligible abstracts were identified and screened
and 93 abstracts were accepted for full-text review (Figure 1).
After reviewing the full-text articles, 23 papers met the eligibility
criteria for inclusion. Twelve papers related to cognition [20,
29-39], 9 to anxiety, mood, and depression [40-48], and 2 to
cognition, anxiety, mood, and depression [49,50].

Several terms were used in the literature that could be
interpreted as meaning or including whole grains. We accepted
“nonrefined grains” and “high-fiber grains,” in which the fiber/
grain ratio was defined as >7 g/100 g. Terms such as “high-fiber
bread” were not included; this could imply a whole-grain food,
but it could also refer to added ingredients such as added bran or
purified fiber. We also accepted food descriptions that implied a
whole-grain food, such as “groats.” When the term “coarse ce-
reals” was used, a term commonly used in dietary intake research
from China, we excluded publications in which major con-
founding existed within food groups such as legumes. Definitions
of coarse cereals vary and may refer to whole grains but often
include lentils and other legumes and may exclude rice and
wheat [51], limiting our interpretation of “coarse cereals” as
“whole grains.” Three intervention studies included brown rice
that had been processed to improve palatability [ultrahigh hy-
drostatic pressurized brown rice (UHHPBR), dewaxed brown
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rice, and pregerminated brown rice]. Results from these studies
were included on the basis that there was no evidence that any of
the bran, germ, or endosperm were removed during processing
and would, therefore, meet a whole-grain food definition [52].

Impact of whole grains on cognition

Overall, the majority of studies suggest a positive association
of whole-grain consumption on measures of cognitive decline,
mood, and anxiety; however, interpretation in the context of the
study design is important.

Randomized trials
Cognition

Two studies examined the relationship between processed
brown rice interventions compared with white rice on cognitive
outcomes in relation to dementia [30,50]. Both studies found
some, but not all, measures were improved with brown rice in-
terventions. Neither study found a change to the Hasegawa De-
mentia Scale (HDS), although one found an improvement in HDS
score in a low cognitive function subgroup associated with
improved cognition [30] (Table 2, Supplemental Table 6),
whereas a 2-y intervention found that daily intake of pre-
processed brown rice improved changes in Frontal Assessment
Battery score and Cognitive Assessment for Dementia processing
time [50]. The RoB for these studies was rated as poor.

Mood, anxiety, and depression

All 3 RCTs that examined mood, depression, fatigue, and
apathy found improvements in these outcomes with either pro-
cessed brown rice or whole-grain wheat interventions [40,41,
50] (Table 2). Notably, one study focused on mood in relation to
premenstrual syndrome [40] and found that a whole-grain
wheat-based intervention compared with no intervention resul-
ted in improved measures of mood. The RoB for these 3 studies
was rated as neutral [40,41] or poor [50].

Prospective cohort studies
Cognition

Of the 6 prospective cohort studies that examined whole-grain
intake and cognitive decline, 3 found no associations [32-34]
whereas 3 found a reduced risk of cognitive decline [20,31,35]
(Table 3). In 1 study, the association between whole grains and
improvement in cognitive score was no longer significant after
full model adjustment for total EI, age at follow-up, sex, physical
activity, race, diabetes, hypertension, BMI (in kg/mz) at
follow-up, word reading score, education, and depressive symp-
toms [31]. The RoB for these 6 studies was rated as good [33,35],
neutral [31,32,34] or poor [20].

Mood, anxiety, and depression

Three prospective cohort studies examined whole-grain
intake and measures of depression and mental health [42-44]
and found inverse associations between whole-grain intake,
depression, and psychological distress (Table 3). The RoB for all
3 studies was rated as neutral.

Cross-sectional studies
Cognition

Two studies [37,49] found no association between
whole-grain intake and measures of cognition (cognitive abilities,
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comparison between mild cognitive impairment compared with
control). Four studies found a positive association between
whole-grain intake and measures of cognitive performance
(either based on questionnaires or total brain and gray matter
volume, a marker of cognitive health) [29,36,38,39] (Table 4).
The RoB for these 4 studies was rated as neutral [29,38,39] or
poor [36,37,49].

Mood, anxiety, and depression

Two studies [45,49] found no significant associations be-
tween whole-grain intake and risk of depression and anxiety.
However, a possible association of a major depressive episode
with whole-grain intake was observed in the Lanuza et al. [45]
study (odds ratio: 0.60; 95% confidence interval: 0.27, 1.30).
One study found and association between whole-grain intake
and lower anxiety in women but not in men [46] (Table 4). The
RoB for these studies was rated as poor.

Case-control studies
Cognition

No case-control studies examining the association between
whole-grain intake and cognition were identified.

Mood, anxiety, and depression

Two case-control studies examined the relationship between
whole-grain intake and mood or depression, with one study
finding that whole-grain intake was greater in the control sub-
jects compared with the cases who had a wide range of mood-
related disorders, including depression [47] (Table 5). In a
second study examining diet and depression, there was a higher
intake of groats (cooked intact grains such as oat porridge or
cooked buckwheat) in female controls compared with patients
with depression. A difference in groat intake was identified
between male patients and controls, but this difference was not
statistically significant. No association was observed between
rye bread intake in controls compared to patients with depres-
sion [53]. The RoB for these studies was rated as neutral [47] or
poor [53].

Strength of evidence rating

Using the GRADE tool, the strength of evidence from the trials
included in this review was rated from “insufficient” to “low”
(Supplemental Table 5). This is largely due to “poor” RoB as-
sessments for some of the studies, use of surrogate outcomes for
the study question (effect on dementia risk) and end outcome
(dementia), and few studies demonstrating a dose-response
effect.

Whole-grain reporting quality

Overall, the rating of reporting of whole-grain intake across
studies was poor, with no scores above 2 out of 5 (Supplemental
Table 6). Few observational studies (3/19) reported intake as
“grams whole grain” or made a distinction between grams of
whole grains and grams of whole-grain food or whole-grain
product. Additionally, only 2 of the 4 intervention studies
included clearly stated the daily whole-grain intake during the
intervention. The types of grains were usually not differentiated,
except in intervention studies in which specific grain types were
given (3 with processed brown rice, 1 with whole-grain wheat),
and no population-based studies differentiated between different
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TABLE 3
Study design details, population characteristics, and key findings from cross-sectional studies describing the associations between whole-grain intake and cognition, mood, anxiety, and depression
outcomes
Author, year Country N Mean age % Male Racial or Health Dietary whole-grain Outcome assessment method Outcome Key findings’
[range], y ethnic status assessment method analyzed
background (foods)
Cognition
Abbaszadeh, Iran 181 20.8 [18-25] 0 NR 100% FFQ (whole-grain Cognitive Abilities Cognitive abilities Cognitive
20217 [49] healthy foods) Questionnaire; The and depression, abilities: 0;
Depression Anxiety Stress anxiety, and depression,
Scale (DASS) stress® anxiety, and
stress: 0
Anastasiou, Greece 1864 73 [NR] 40.6 NR Generally Greek FFQ Comprehensive Dementia, Nonrefined cereal
2017 [29] healthy* (nonrefined neuropsychological cognitive status, intake between
cereals) assessment: MMSE; Greek and cognitive those diagnosed
Verbal Learning Test (GVLT); performance6 with dementia and
Medical College of Georgia those without
Complex Figure Test (MCG); dementia: 0;
Greek version of the Boston cognitive status: 0;
Diagnostic Aphasia cognitive
Examination short form; performance: ++
Benton’s Judgment of Line
Orientation; Clock Drawing
Test; Trail Making Test
(TMT)—part A and B;
Graphical Sequence Test; and
gross estimate of intellectual
level. Diagnosis of dementia
and its subtypes was based on
DSM-IV-TR criteria®
Croll, Netherlands 4213 65.7 [NR] 43.2 NR Generally FFQ (whole-grain MRI Total brain Total brain
2018 [36] healthy” products) volume, gray volume: ++; gray
matter volume, matter volume:
white matter ++; white matter
volume, and volume: 0;
hippocampus hippocampus
volume® volume: 0
Dong, China 894 62.8 [55-76] 32.8 100% 100% FFQ (whole-grain Montreal Cognitive Cognitive function MoCA Score: 0
2016 [37] Chinese’ healthy foods) Assessment (MoCA) (MoCA Score)'® Those with mild
cognitive
impairment
compared to
controls: 0!
Huang, Taiwan 1115 73.8 [NR] 47.1 NR 100% SFFQ and 24-h dietary MMSE Cognitive function Cognitive
2021 [38] healthy recall (whole-grain based on degree of function: robust:
foods) frailty severity ++; prefrailty: 0;
(robust, prefrailty, frailty: ++
and frailty)
Xu, 2020 [39] China 1262 72.3 [NR] 44.5 NR 100% FFQ (coarse cereals) MMSE Mild cognitive MCI
healthy impairment (MCI) Crude: 0; model 1:
——'% model
9. _13

(continued on next page)
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Mood, anxiety, and depression

Lanuza, 2021 Chile 2031 65.9 [NR] 48.2 NR Generally FFQ (whole-grain Composite International Major depressive MDE: 0
[45] healthy'*  bread, whole-grain Diagnostic Interview—Short episode (MDE)'®
cereal, or any food Form (CIDI-SF)

product that contains
whole-grain flour)

Sadeghi, 2019 Iran 3172 36.5 [NR] 44.1 NR 100% DS-FFQ [wheat seed, Iranian validated version of Women: Women:

[46] healthy diet bread (cooked by the Hospital Anxiety and 1) Depression 1) Depression: 0
whole flour), and dark  Depression Scale (HADS) 2) Anxiety 2) Anxiety: ——'8
breads including Men: Men:

Iranian breads of 1) Depression 1) Depression: 0
Sangak and Barbari] 16 2) Anxiety17 2) Anxiety: 0

Abbreviations: DS-FFQ, dish-based FFQ; DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders, Text Revision, Fourth Edition; IADL: Instrumental Activities of Daily Living Scale;
MNA-SF: Mini Nutritional Assessment Scale-Short Form; N, number of individuals enrolled; NR, not reported; WC, waist circumference; WHR, waist-to-hip ratio.

! Key findings’ symbols: ++ significant positive associations (P < 0.05); + marginally significant positive associations (0.05 < P < 0.1); 0 no associations; — marginally significant inverse
associations (0.05 < P < 0.1); —— significant inverse associations (P < 0.05).

2 This article reported both cognition and mood, anxiety, and depression outcomes.

8 Adjusted for age, BMI, WHR, and EI.

4 On average, the study population was overweight (BMI: 29 kg/m?) and had a large waist circumference (WC: 100 cm).

5 Diagnosis of vascular dementia: clinical history of stroke, clear temporal relation between stroke and the onset of dementia and the Hachinski Ischemia Scale score. Lewy body and fron-
totemporal dementias were also diagnosed using specified criteria. Dementia staging was performed through a semistructured interview, using the Clinical Dementia Rating Scale, which globally
assesses 6 domains of cognitive and functional performance.

6 Adjusted for age, sex, education, number of clinical comorbidities, and EI

7 Part of the study population had hypertension (22%), hypercholesterolemia (52%), and diabetes (9%).

8 Adjusted for age, sex, intracranial volume, education, EI, smoking, physical activity, and BMI.

° Han: 94%; Hui: 2.3%; Mengolia: 0.1%; Manchu: 1.5%; Other: 1.7%.

10 Adjusted for age, sex, nationality, BMI, and education level.

1 No differences in whole-grain intake between those diagnosed with MCI and controls.

12 Adjusted for age and sex.

13 Adjusted for age, sex, education, marital status, smoking, alcohol drinking, EI, diabetes mellitus, hypertension, physical activity, and MNA-SF and IADL scores.

4 Part of the study population had hypertension (72.3%), diabetes (29.6%), hypercholesterolemia (41.3%), and CVD (23.9%).

15 Adjusted for age, sex, region, residency area, education, tobacco status, alcohol intake, physical activity, hours of sleep, BMI, cognitive impairment, hypertension, hypercholesterolemia,
diabetes, CVDs (acute MI, stroke, or peripheral artery disease), and the healthy eating score and each individual food item (as appropriate, for calculations of % of change in total effect).

16 Intake of whole grains was further classified into quartiles of intake for analysis.

17 Adjusted for age and EI (model 1); marital status, education, family size, smoking status, physical activity, home ownership, diabetes, dietary supplement use, and antipsychotic medications
(model 2); intake of food groups including fruits, vegetables, red meat, fish, legumes and nuts, whole grains or refined grains, tea, and coffee (model 3); BMI (model 4); B-vitamins including
thiamine, riboflavin, niacin, pantothenic acid, pyridoxine, folate, and cobalamin. All adjustments were additive across models.

18 A moderate consumption of whole grains (Q3) was inversely associated with anxiety in women, across all adjusted models.
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Records identified through database searching
(n =5,635)

Records after duplicates were removed
(n = 4,499)

Additional records identified
after duplicates were removed
(n =494)"

Full-text articles excluded with
reasons (n = 88):

Abstracts

screened
(n = 4,993)

Additional Information: 15°
Unhealthy population: §

Additional records identified
through other sources

Post-prandial intake: 3
Wrong study design: 3
Non-English article: 1

(n =152)2

(n =

Full-text articles assessed for eligibility
1)

Wrong exposure: 374
Wrong outcome: 2

Dietary pattern: 2
Duplicates: 12

Abstracts: 6
Review: 2

Studies included in the qualitative synthesis

(n=23)

Cognition Cognition, Anxiety, Anxiety, Mood and
(n=12) Mood and Depression
Depression (n=9)

(n =29
RCTs =1 RCTs =2
Cohort = 6 RCTs =1 Cohort =3

Cross-sectional = 6§ Cross-sectional = 1 Cross-sectional =2

Case-control = 2

FIGURE 1. PRISMA flow chart of study screening and selection process. 'Screening of the following secondary outcomes: anxiety, mood, and
depression. 2Additional articles of interest were identified through reference checking of potentially eligible papers and reviews, clinical trials
databases, and hand searching. 315 of the 88 articles were considered “additional information” to use as supporting information for writing the
article. *“The exclusion reason “wrong exposure” includes papers that had no whole-grain exposure or no clear whole-grain exposure (for example,
wheat or rice with no reference to whole grain) as well as certain dietary pattern papers that included whole-grain intake but did not isolate whole
grain for separate analyses of the outcome. *Two unique papers included both cognition and anxiety, mood, and depression outcomes. RCT,

randomized controlled trial.

ways of preparing or processing cereals. None of the studies
reviewed had applied a biomarker of whole-grain intake.

Amount of whole-grain intake in relation to positive
cognitive outcomes

Seven of the 20 studies reported a measure of whole-grain
intake either in grams or servings per day. In these studies, it
was unclear if these referred to whole-grain foods or whole grain
as an ingredient. In the intervention studies, an improvement on
cognitive scores was observed with 100 g/d of UHHPBR for 24
mo [50], whereas 3 meals/d of dewaxed brown rice for 3 mo
resulted in improved dementia scores in a low cognitive function
subgroup (reduced dementia symptoms) [30]. Three meals/d of
rice could be estimated to be between 100 to 200 g rice on a dry
weight basis. In a shorter study on mood, a mean intake of 238
g/d pregerminated brown rice for 2 wk resulted in a reduction in
scores of depression, anger-hostility, and fatigue [41], although
it is unclear if this was on a dry or cooked basis. Due to the
variation in processing methods for the intervention studies with
brown rice, it is not possible to conclude if the processing had
any effect on outcomes.

Of the observational studies reporting no effect on cognitive
outcomes, Abbaszadeh et al. [49] reported a mean whole-grain
intake of 21.7 g/d for the lowest tertile of Nordic diet adher-
ence score and 47.6 g/d for the highest tertile, whereas Samieri
et al. [33] reported the lowest quintile of 12.8 g/d compared
with the highest quintile with 33.6 g/d (using 16 g/serving to
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convert from “servings/d”). For the observational studies
reporting associations between whole-grain intake and cognitive
outcomes, Sadeghi et al. [46] reported the mean of the lowest
quartile of intake as 0 g/d and the highest quartile as 54 g/d for
both men and women. Fortune et al. [31] reported the
whole-grain intake for the lowest quintile for cognitive score at
383 g/2000 kcal and the highest quintile at 655 g/2000 kcal.
Samieri et al. [20] reported whole-grain intake for the lowest
and highest quintiles of a Mediterranean diet score to be 12.8 g/d
and 35.2 g/d (converted from servings/d as above). Gangwisch
et al. [42] reported the lowest quintile of whole-grain intake at
7.1 g/d and highest at 65 g/d. Wengreen et al. [35] and
Gibson-Smith et al. [43] did not report whole-grain intake for
different quartiles but did report a median population intake of
18.2 g/d (interquartile range: 9.1-35.2) and 125.5 (85.3-178.5),
respectively. Both the Fortune et al. [31] and Gibson-Smith et al.
[43] studies reported whole-grain intakes that are far in excess of
mean whole-grain intakes reported globally [13]. Mean differ-
ence between lowest and highest quantile of whole-grain intake,
excluding the studies with apparent overestimation of intake,
was 23 g for studies finding no association (n = 2), and 40 g for
studies finding an association with cognitive outcomes (n = 4),
with an insufficient number of studies for a meaningful statistical
comparison. Of the studies with outcomes on mood, anxiety, and
depression, only 2 had feasible estimates of whole-grain intake
[42,43], with a mean difference of 56 g/d between lowest and
highest quantiles. Only one of the included observational studies
differentiated between different types of grain, processing



TABLE 4
Study design details, population characteristics, and key findings from prospective cohort studies describing the associations between whole-grain intake and cognition, mood, anxiety, and
depression outcomes

199

Author, year Cohort Country N Mean age % Male  Racial or ethnic Health Follow-up  Dietary whole-grain Outcome Outcome analyzed  Key findings'
[range], y background (%) status duration assessment method assessment
(foods) method
Cognition
Fortune, The Bogalusa United 516 49.7 37.4 Non-Hispanic Generally 15y FFQ (whole-grain Wechsler Adult Cognitive function ~ Crude
2019 [31] Heart Study States [NR] White: 72.1; healthy? cereal, cooked oats, Intelligence Scale; association,’
Non-Hispanic dark bread, kasha, Wechsler Memory cognitive
Black: 27.9 couscous, and Scale IV; Wide function: ++
bulgur) Range Achievement Full
Test IV; Trail adjustment®,
Making Test parts A cognitive
and B function: 0
Qin, China Health and China 1650 63.4 49.7 NR Generally 5y 24-h dietary recalls Modified Telephone Global Cognitive Global cognitive
2015 [32] Nutrition Survey [NR] healthyS by trained Interview for Score’ score
(CHNS) interviewers (fiber- Cognitive Status All participants:
rich grains: corn (immediate and 0; age at entry
grain, yellow corn delayed recall of a <65: 0; age at
flour, corn grits, and 10-word list; entry >65: 0
barley grain, counting backward
buckwheat)® from 20; serial 7
subtraction and
orientation)
Samieri, NHS United 16,058  74.3 0 NR Generally 6y FFQ (whole-grain Cognitive Battery: Global score Global score: 0
2013 [20] States [NR] healthy® foods) 1) the Telephone Verbal memory Verbal memory
Interview for score”!? score: 0
Cognitive Status
(TICS); immediate
and/or delayed
recalls of 2) the East
Boston Memory Test
(EBMT); 3) the TICS
10-word list; 4)
category fluency;
and 5) digit span-
backward.
Samieri, Women’s Health United 6174 66.0 0 Non-Hispanic Generally 5y FFQ (dark bread, Cognitive battery: Global cognition Global
2013 [33] Study (WHS) States [NR] White: 96.0; healthy'! brown rice, immediate and Verbal memory'? cognition: ++
other: ~4.0 oatmeal/bran, delayed recalls of 1) Verbal memory:
wheat germ, the telephone 0
crackers/wheat interview of
thins, and other cognitive status and
grains) 2) the East Boston
Memory Test
Shakersain, Swedish National Sweden 2223 70.6 39.2 NR Generally 6y Swedish FFQ MMSE MMSE scores’* MMSE scores: 0
2018 [34] Study on Aging [NR] healthy'® (whole-grain breads
and Care in or cereals)
Kungsholmen
(SNAC-K)

(continued on next page)
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TABLE 4 (continued )

Author, year Cohort Country N Mean age % Male  Racial or ethnic Health Follow-up  Dietary whole-grain Outcome Outcome analyzed  Key findings'
[range], y background (%)  status duration assessment method assessment
(foods) method
Wengreen, Cache County United 3580 74.1 43.0 Non-Hispanic 100% 11y FFQ (dark bread or Modified MMSE 3MS scores'” 3MS scores: ++
2013 [35] Memory Study States [NR] White: 90.0; healthy pita, whole-grain (3MS)
(CCMS) other: ~10.0 cold breakfast and
cooked cereal,
oatmeal, popcorn,
bulgur, kasha, and
couscous)
Mood, anxiety, and depression
Gangwisch, Women’s Health United 69,954  65.7 0 Non-Hispanic Generally 3y FFQ (whole-grain Burnam 8-item scale  Incident Incident
2015 [42] Initiative (WHI) States [NR] White: 86.6; healthy'® foods) for depressive depression depression
Non-Hispanic disorders'” Model 1: ——'8
Black: 6.2; Asian Model 2: ——*°
or Pacific
Islander: 3.0;
Hispanic: 2.7;
American
Indian or
Alaskan Native:
1.3
Gibson-Smith, Netherlands Study =~ Netherlands 1634 52.0 321 NR 100% 9y Dutch FFQ Inventory of Severity of IDS scores: ——
2020 [43] of [18-65] healthy (nonrefined grains) Depressive Sympto depression BAI scores: ——
Depression and matology— (IDS) and Those with
Anxiety (NESDA) Self Report (IDS- anxiety current
SR); Beck Anxiety (BAI) scores”’ depression and
Inventory (BAI) anxiety
disorders
compared to
controls: ——!
Kleppang, Trgndelag Health Norway 2230 NR 42.3 NR NR 11y FFQ (whole-grain Conor Mental Psychological Psychological
2021 [44] Study (HUNT) [23-31] bread) Health Index distress distress:*?

(CONOR-MHI)

Crude model:

Adjusted model:
__23

Abbreviations: N, number of individuals enrolled; NR, not reported; TICS, Telephone Interview for Cognitive Status.

! Key findings’ symbols: ++ significant positive associations (P < 0.05); + marginally significant positive associations (0.05 < P < 0.1); 0 no associations; — marginally significant inverse
associations (0.05 < P < 0.1); —— significant inverse associations (P < 0.05).

2 Part of the study population had hypertension (75%) and diabetes (15%).

3 Adjusted for total caloric intake.

4 Adjusted for total caloric intake, sex, age at follow-up, race, physical activity, diabetes, hypertension, BMI at follow-up, word score, education, and depressive symptoms.

5 Part of the study population had hypertension (~40%).

6 The whole-grain foods in this study were defined as “fiber-rich grain” with a fiber to carbohydrate ratio >7.4 g:100 g.

7 Adjusted for age, sex, region (south/north), urbanization index, education (graduated from primary/less), annual household income per capita (>5,000 yuan/less), total EI, time, physical
activity (tertile), current smoking (yes/no), BMI (linear and squared terms) and hypertension, and time interactions with each covariate.

8 Part of the study population had a history of MI (~6%), hypertension (~55%), hypercholesterolemia (~65%), diabetes (~10%), and depression (~9%).

9 The authors in this study compared cognitive outcomes associated with whole-grain consumers (of any intake of whole grains) to nonconsumers.

10 Adjusted for age, education, long-term physical activity and EI, BMI, smoking, history of depression, multivitamin use, and histories of diabetes, hypertension, hypercholesterolemia, and ML
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11 part of the study population had a history of hypertension (40%), hypercholesterolemia (53%), depression (6%), and diabetes (4%).

12 Adjusted for treatment arm, age at initial cognitive testing, Caucasian race, high education, high income, EI, physical activity, BMI, smoking, diabetes, hypertension, hypercholesterolemia,

hormone use, depression, and alcohol intake.

13 Ppart of the study population had vascular disorders (~85%), diabetes (~31%), cancer (~5%), and depression (~5%).

14 Adjusted for total calorie intake, age, sex, education, civil status, physical activity, smoking, BMI, vitamin/mineral supplement intake, vascular disorders, diabetes, cancer, APOE €4, and

dietary components other than main exposure(s) in each model.

15 Adjusted for age, sex, education, BMI, frequency of moderate physical activity, multivitamin and mineral supplement use, history of drinking and smoking, and history of diabetes, heart

attack, and stroke.

16 part of the study population had hypertension (~30%), diabetes (~5%), MI (~2%), stroke (~1%), cancer (~12%), and CVD (~18%).

17 The Burnam scale includes 2 items from the Diagnostic Interview Schedule and 6 items from the Center for Epidemiologic Studies-Depression Scale.

18 Adjusted for nutrient density.

20 Adjusted for age, sex, education (y), partner status physical activity, and smoking status and corrected for all other food groups. Findings were significant after correction for multiple testing.

19 Adjusted for nutrient density, race-ethnicity, education, income, BMI, diabetes, hypertension, hormone replacement therapy, stroke, MI, Alzheimer’s disease, CVD, cancer, physical activity,
2! Higher nonrefined grain consumption was significantly related to a lower odds of having a current clinically diagnosed depression or anxiety disorder compared to controls.

stressful life events, social support, smoking, alcohol, and energy-adjusted intakes of saturated, monounsaturated, polyunsaturated, and trans FAs.

22 Kleppang and authors set the reference as “daily consumption of whole-grain bread,” rather than “less than daily consumption.” Thus, the interpretation would be those who consumed whole-

grain bread “less than daily” had a greater odds of psychological distress compared with those who consumed whole-grain bread daily.
23 Adjusted for age, sex, psychological distress in adolescence and highest education as young adults from the main effects model.
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method, or food type [48], finding that women with depression
had lower intake of groats compared with matched controls, but
there was no difference in relation to rye bread intake in the
same study.

Discussion

Summary of evidence

We aimed to conduct a systematic review and meta-analysis
of the available literature on whole grains and cognition to
identify if there is direct evidential support for an impact of
whole grains on cognitive outcomes. We expanded our review to
include mood, anxiety, and depression outcomes. Overall, of the
studies meeting inclusion criteria for cognition (RCTs and
observational studies), the effect of whole-grain intakes on
cognitive outcomes was mixed and varied by study design. With
the observational studies on cognition, the lack of a positive
association in some studies [20,32,34,37,49] with cognition
outcomes may reflect that these studies reported whole-grain
intake as a secondary analysis of dietary pattern studies and
thus estimates of whole-grain intake may have been less precise.
In the majority of observational studies, a low whole-grain
reporting score was applied to reported whole-grain exposures,
reflected in the low rate of reporting of the amount of
whole-grain intake across quantiles of cognitive scores. Of note,
however, none of the studies reviewed found an adverse impact
of whole grains on cognition, although there is a risk that null
associations have not been reported. With respect to mood,
anxiety, and depression, most studies, regardless of study design,
indicated favorable changes associated with a higher level of
consumption of whole grains.

The review included a wide range of populations, study de-
signs, types of grains/grain products, and cognitive measures.
There was consistent evidence that the use of brown rice pro-
cessed to improve palatability and cooking time compared to a
white rice control led to improvements in cognitive outcomes,
although it was noted that there was some heterogeneity in the
change of outcomes. For example, 2 studies [30,50] used the
HDS to measure cognitive outcomes after brown rice in-
terventions. However, only one study found a subgroup differ-
ence [30], whereas the other did not, but it did find
improvements with other measures of cognition (Frontal
Assessment Battery and Cognitive Assessment for Dementia)
[50]. For observational studies examining cognition, there was
substantial diversity in the cognition measurement tools, with
very little consistency in measured outcomes between studies.
Three used telephone-based tests for cognition [20,32,33], and
another 5 used variants of the MMSE [29,34,35,38,39]. With the
low number of studies overall, it is not possible to draw con-
clusions about any relationship between cognitive outcome tests
used and outcomes, although out of 5 studies using the MMSE, 4
found a relationship with cognitive outcomes. Although there
were a relatively large number of studies that found a positive
association between whole-grain intake and better cognitive
outcomes, the high degree of heterogeneity of outcome measures
across studies makes it difficult to draw any firm conclusions on
the effect of whole grains on cognition from the present evi-
dence. As such, until further research is available, the evidence
linking higher whole-grain intake to improvements in cognition
is inconsistent.
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TABLE 5
Study design details, population characteristics, and key findings from case-control studies describing the associations between whole-grain intake and cognition, mood, anxiety, and depression
outcomes
Author, Country Cases Controls Mean age % Male  Racial or ethnic =~ Health status  Dietary whole-grain Outcome assessment method Outcome Key findings’
year [rangel, y background (%)  for controls assessment method analyzed
(foods)
Mood, anxiety, and depression
Davison, Canada 97 1823 NR 46.7 NR Generally FFQ and 3-d food Members of the Mood Mood Whole-grain intake
2012 [47] [19-70] healthy record (whole grains) Disorders Association of disorders was greater in
British Columbia (MDABC) controls vs. cases: ++
were administered the
Structured Clinical Interview
for DSM-IV Axis I Disorders,
Global Assessment of
Functioning Scale (GAF), the
Hamilton Depression Scale
(Ham-D), and the Young
Mania Rating Scale (YMRS)
by a trained clinical
interviewer
Stefanska, Poland 75 75 43.2 26.7 NR 100% FFQ (groats and rye Identification of a 5-y, Depression  Groats intake was
2014 [48] [18-64] healthy bread) recurrent depressive disorder greater in female

by a psychiatry specialist
according to ICD-10

controls vs. cases: ++
Groats intake between
male cases and
controls: 0

Rye bread intake
between male and
female cases and
controls: 0

Abbreviations: DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; NR, not reported.
! Key findings’ symbols: ++ significant associations (P < 0.05); + marginally significant associations (0.05 < P < 0.1); 0 no associations.
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Similarly, for mood and anxiety-related outcomes, a diverse
range of tools was used to capture such outcomes, that is, mood,
anxiety, and depression. All but one study found that higher
intake of whole grains was associated with better scores for
mood and anxiety, with the remaining study finding a nonsig-
nificant protective association of whole grains with major
depressive episodes [45]. Our review is the first to identify
research on whole grains and improved these outcomes with
limited bias (mostly neutral), and further RCTs examining the
mood-related benefits of whole grains are warranted.

Based on the literature meeting selection criteria, there are
some indications that higher whole-grain intake could be related
to better cognitive function, but concerns arise as to how whole
grains have been defined in these studies. The weight of the
evidence suggests that higher whole-grain intake is linked to
better mood and less anxiety. However, most of the available
evidence is from observational studies, and in addition, people
who typically eat more whole grains are also more likely to have
other healthy lifestyle behaviors, further confounding any direct
conclusions [54]. Moreover, most studies on cognition had a
high RoB and limited information on the how they had reported
whole-grain intake.

Potential mechanisms

The brain utilizes glucose as its sole energy source and has a
high relative energy requirement, which in turn suggests that it
may be susceptible to overall dysregulation of glucose meta-
bolism and insulin sensitivity. Further, the brain is primarily
composed of lipids, which are needed for myelin sheaths and
neural conductivity, suggesting that regulation in lipid meta-
bolism is important for neuronal maintenance. To keep the brain
supplied with glucose, lipids, and other building blocks for
normal function, a high degree of blood perfusion is necessary,
and dysfunction in brain vasculature may play a role in cognitive
decline and disease [55]. Underpinning the importance of
glucose homeostasis in the brain, people with mild cognitive
impairment present with altered glucose metabolism [56]. To
date, there are no mechanistic studies that have considered the
effect of high intakes of whole grains on cognition. However, the
consistent associations between higher whole-grain intake and
reduced risk of CVD and T2D [57,58] suggest that through im-
provements in glucose and lipid metabolism, along with hyper-
tension risk [59], there is reduced interference or inhibition of
brain maintenance functions. Studies have linked diabetes to the
formation of amyloid plaques [60], one of the established risk
factors for Alzheimer’s disease, and whether the wider disease
prevention effects of whole grains could also reduce the rate of
amyloid plaque formation warrants investigation.

Whole grains are also an important source of dietary fiber,
and several micronutrients associated with reduced risk of de-
mentia including B-vitamins and vitamin E derivatives (tocoph-
erols and tocotrienols) [61-64]. Dietary fiber from whole grains
is structurally diverse. In very general terms, grains such as
wheat, rice, and corn have proportionally more insoluble fiber,
whereas oats and barley have relatively high amounts of soluble
fiber (mainly p-glucan). Although soluble fibers from grains can
reduce postprandial glycemia and lipidemia, there is a growing
interest in the potential of whole grains to modulate the gut
microbiota. Evidence for an impact of whole grains on fecal
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microbiota populations is mixed, with most studies finding no or
limited changes to fecal microbiota relative to refined grains,
possibly explained by a high degree of heterogeneity in study
design and intervention foods [65,66], a reoccurring theme in
whole-grain intervention studies. There is some evidence for
changes to fecal metabolome composition [67], which could
implicate a gut-brain axis-based mechanism. For example, ro-
dent studies have suggested that oat p-glucan can improve
recognition memory in mice through mechanisms that include
altering inflammation signaling [68]. Although a mechanism
related to changing gut microbiota may be unlikely, it is possible
that the interaction between fermentable or nondigestible com-
ponents of whole grains and gut microbiota could influence
signaling between the gut and brain [69].

One underresearched mechanistic effect of whole grains is
their role in reducing circulating homocysteine. Elevated ho-
mocysteine is a biomarker of several diseases, including de-
mentia [70], and indicates when the 1-carbon metabolic cycle is
perturbed. The 1-carbon metabolic cycle relies on several
micronutrient intermediates and cofactors including folate,
riboflavin, vitamins B6 and B12, choline, methyl donor glycine,
betaine, and several amino acids. This pathway supplies methyl
groups for biological functions, including DNA methylation, and
interfaces with phospholipid synthesis and the endogenous
antioxidant system via glutathione. Some studies have also
linked differences in 1-carbon metabolism to depression
[71-73]. Whole grains are important dietary contributors of
vitamin B6 and folate. Notably, cereal foods are the major source
of dietary glycine betaine [74], and studies have found that
whole-grain interventions increase circulating betaine [75],
whereas a wheat aleurone layer intervention reduced plasma
homocysteine and increased betaine in healthy subjects [76] and
other betaine-conjugated compounds [77]. Studies that have
used vitamin B and folate supplementation in people with mild
cognitive impairment and hyperhomocysteinemia found that a
2-y intervention reduced brain atrophy [78], similar to the
higher volume of gray matter and overall brain volume in people
who ate the most whole grains in the study of Croll et al. [36].
Although there is a substantial body of research linking hyper-
homocysteinemia and 1-carbon metabolism to cognition-related
disorders, further work is needed to establish whether whole
grains could mitigate and correct dysregulation of this pathway.

Whole grains contain a wide variety of nonnutrient phyto-
chemicals including flavonoids, phenolic acids, phenolic lipids,
carotenoids, and phytosterols that may also directly or indirectly
influence cognitive outcomes. Brown rice contains higher con-
centrations of the neurotransmitter y-amino butyric acid [41],
and together with ferulic acid, these compounds have been
suggested to be responsible for the improvement of spatial
learning in a p-amyloid protein-induced model of Alzheimer’s
disease [79]. Long-term feeding of rice bran extract, enriched
with y-oryzanol and vitamin E derivatives, improved brain
mitochondrial function in aged NMRI mice [80]. Based on
studies investigating similar compounds from other plant-based
foods [81-84], these diverse phytochemicals may play a role in
reducing cognitive decline. Further study on whole--
grain-specific compounds and their transport across the blood-
—brain-barrier is required.

Of the cognitive conditions investigated in this review, it was
notable that most studies investigating mood, anxiety, and
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whole-grain intake found that people who ate the most whole
grains had reduced scores for mood disorders, including
depression and anxiety. The mechanistic basis of mood disorders
is complex as there can be considerable psychological con-
founding of biochemical mechanisms, and especially in the case
of intervention studies in which the intervention is known,
people may feel better if they know that they are eating a
healthier diet [85]. For observational studies, there is the addi-
tional confounding of whole-grain intake being associated with
other healthy lifestyle behaviors [54], although in dietary
pattern studies, not all “healthy” food groups were associated
with decreased risk of mood-related disorders. Inflammation and
insulin resistance are among the biochemical mechanisms
known to trigger or mediate stress, impaired mood, anxiety, and
depression states [86]. Whole grains can impact on postprandial
glucose metabolism [87-89], which can positively affect insulin
sensitivity over the long-term and may be a mechanism in which
glucose-related mood changes may be better regulated. Re-
lationships between whole-grain intake and markers of inflam-
mation are less clear, with only 39% of RCTs on whole grains
leading to a reduction in standard biomarkers of inflammation
(CRP, IL-6, and TNF) [90], although it was noted that overweight
or obese populations were more likely to have significant de-
creases in inflammatory markers. Further, insulin resistance and
inflammation are linked; insulin resistance can lead to poorly
controlled signaling of the inflammation response, resulting in
inflammatory cytokines crossing the circulation into the brain
[91]. This unregulated inflammatory response may also be
linked to the development of Alzheimer’s disease [92].

The finding that whole-grain intake was associated with
greater gray matter volume [36] is interesting in the context of
the requirement of particular areas of the brain to process
thoughts that lead to altered mood, anxiety, and depression, such
as the prefrontal cortex and amygdala [86]. Whether preserva-
tion of gray matter in particular brain structures can impact the
development of cognition-related disorders warrants further
investigation.

There is insufficient evidence to state any particular “dose” of
whole grains is likely to lead to a protective effect, an important
consideration for designing RCTs. The 3 brown rice-based
studies used daily servings of 100 to 250 g, although it is un-
clear if all were reported on a dry or cooked weight basis. Of the
observational studies that reported the amount of whole-grain
intake, the reported population intakes were generally in line
with what would be expected for the respective populations,
irrespective of impact on cognitive outcomes, except for the
studies of Fortune et al. [31] and Gibson-Smith et al. [43]. The
low number of studies reporting whole-grain intake across
quantiles and poor overall quality of whole-grain intake report-
ing lead to poor confidence in the quantitative estimates of
whole-grain intake in the included studies, although the pro-
portional differences (low compared with high whole-grain
intake) should remain valid.

Limitations of the findings

The literature on whole grains and cognitive outcomes was
sparse, leading to very few studies that could be directly com-
parable in terms of population, whole-grain exposure, and
cognition measures used. This was especially the case with
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observational studies for cognition-related outcomes, in which
12 studies were split across 7 countries, 4 studies only recruited
females, and the mean age of participants in the cross-sectional
studies ranged from ages 21 to 73. Most of the observational
studies only reported associations with whole-grain intake as a
secondary observation or as part of investigations on total diet or
dietary patterns and cognition or mood-related outcomes. In
addition, although most of the observational studies found an
association between greater whole-grain intake and improved
cognitive or mood and depression outcomes, the observational
nature of these studies indicates that no conclusion on causality
can be drawn.

We expanded our search to include dietary pattern studies in
which the whole-grain exposure was analyzed separately from the
total diet. However, dietary pattern studies that explicitly define
“whole grains” in the abstract are likely biased toward papers that
report generally positive findings for whole-grain intake. Thus,
our abstract screening procedures could have led to the exclusion
of studies with “null” results following whole-grain intake. The
problem of nonreporting of null results biasing literature reviews
is known across scientific research [93].

None of the studies scored higher than 2 out of 5 for the whole-
grain reporting assessment scale developed for this study, sug-
gesting that there are considerable gaps in how whole-grain
intake has been assessed and reported compared with what is
recommended [26]. Most studies did not report how they defined
whole grains, or whether they reported whole grains as “g whole
grain/d” or other units, or if dry or wet weight for whole-grain
foods was used. No studies differentiated between different
types of cereal grains or different ways of processing grains
(although studies on processed brown rice did describe the pro-
cessing methods). Although gradually being more commonly
applied in intervention and population-based studies [94], bio-
markers of whole-grain intake were not included in any of the
studies. Although this may not be surprising for dietary pattern
studies in which whole grain was only one component of the diet
under study, this highlights the difficulty comparing studies,
especially across different cohorts and countries. This is particu-
larly limiting for determining what “dose” might be required for a
protective effect and if any particular cereal or processing method
might be related to a positive or negative impact on cognition.

As noted in the results, we did not perform a meta-analysis on
the interventional studies included in this review due to the high
degree of heterogeneity in study design, duration, types of grains
and processing, and cognition/mood outcome measures. There
are concerns about using meta-analysis methodology, originally
devised for similar clinical study designs, especially when there
is considerable heterogeneity in outcome tests used and how
exposure has been measured [95] as well as the resulting focus
on a single metric that, if based on observational data, cannot
conclusively imply causality [96]. With the wide variance in
study designs and populations, and with most studies focused on
dietary patterns and reporting relationships between
cognition-related outcomes and whole-grain intake as a sec-
ondary analysis, meta-analysis was not appropriate for the RCTs
and observational studies included. This variation in study
design also suggests that it is not possible, at this point in time, to
propose a suitable study duration for future studies.

Considering these limitations, and the poor overall assess-
ments of both GRADE evidence and whole-grain intake, there is a
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need to improve how whole grains are assessed and reported in
nutrition epidemiological research and for greater agreement on
appropriate tools to assess cognition and mood, given that both
the tools and how they are applied may have a major bearing on
results.

Future considerations for whole grains and
cognition research

The studies that have investigated whole grains and cognition
come from a variety of food cultures. In the included studies,
there was no explicit disentangling of the types of whole-grain
foods or clarity around whether whole-grain ingredient intake
or whole-grain food intake was estimated or reported. Although
all grain foods require some form of processing before con-
sumption, there has been limited examination of divergent ef-
fects of different types of grain processing (for example,
fermentation for bread, boiling for rice or porridge, extrusion for
breakfast cereal and pasta). Grain flour particle size impacts the
glycemic response from whole-grain wheat in those with T2D
[97] whereas disruption of oat grains nullifies postprandial
glucose and insulin attenuation in oats [98]. Similarly, although
whole grains are usually grouped together in observational trials,
there is a sufficient compositional difference between different
types of grain that could potentially lead to different outcomes if
studied individually [99].

From the available limited research, several studies found an
association between whole-grain intake and reduced risk or rate
of cognitive decline. This is intriguing from the perspective of
strategies to reduce the burden of cognitive disease, though there
are many methodological issues around how whole-grain intake
is estimated in the reviewed literature, and not all studies found
an association between whole-grain intake and cognitive out-
comes. As this evidence base is largely observational, no causal
relationship is established, and mechanisms for how whole
grains may prevent or delay cognitive decline need to be further
elucidated.

Although not a direct cognition-related outcome, there is an
intriguing body of evidence suggesting that whole grains are
associated with better mood and anxiety scores, an aspect of
health that has, like cognition, not been widely researched in
connection with whole grains. This area warrants greater
research attention on incorporation of whole grains into the diet
given the increasing awareness of the importance of mental
health to overall health. The findings of this review, although not
conclusive for a role for whole grains in preventing cognitive
decline, do support recommendations to increase whole-grain
intake. Given the fact that cereal-based foods are a dietary sta-
ple across many cultures worldwide [100], incorporating
whole-grain foods is a simple step for improving overall diet
quality, and one that can have a major impact on overall health
and potentially cognitive and mental health.

Overall, the current evidence for whole grains reducing risk of
cognitive decline is inconclusive, against a background of
considerable heterogeneity of study populations, cognitive
measures, and how whole grains were defined and recorded.
Almost all studies that examined whole-grain intake and mood
and anxiety-related outcomes found that greater intake of whole
grains was associated with reduced scores for mood and anxiety
disorders. The current sparse literature on whole grains and
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cognition and mood are suggestive of an overall inconclusive
effect of whole grains for cognition and a positive effect on mood
and anxiety. This should be interpreted with caution, however,
due to the generally poor-neutral RoB and low quality of evi-
dence assessments. There are a wide range of potential mecha-
nisms that support the possibility of whole grains being
protective against cognitive decline and mood disorders,
although few studies have specifically addressed this question.
Given the toll of both cognitive decline and mental health, and a
growing population of elderly adults at risk of cognitive decline,
further research, particularly well-designed RCTs, into whether
whole grains can improve measures of cognitive function, mood,
and anxiety are needed.
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