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ABSTRACT

Background « Despite growing interest in nutrition as a
behavioral intervention to improve cognitive health in
clinical populations, many providers find it challenging to
provide specific nutritional recommendations. We aimed
to review and synthesize current empirical research on
this topic and provide considerations for healthcare
providers working with adults who wish to optimize their
cognition via dietary improvements.

Methods « We performed a narrative review of research
published between January 2009 and May 2021 on 5
popular dietary interventions: the Mediterranean diet,
Dietary Approaches to Stop Hypertension (DASH), the
Mediterranean-DASH  Intervention  Diet  for
Neurodegenerative Delay (MIND), the ketogenic diet and
intermittent fasting.
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INTRODUCTION

Dietary interventions are an area of increasing interest
given the potential role of nutrition in improving physical'?
and mental health.>* We are particularly interested in

Results and Conclusions « Of the 5 dietary interventions,
the Mediterranean diet has been the most extensively
investigated, and there is evidence supporting its cognitive
benefits. However, operationalization of the Mediterranean
dietvariesacross studies, rendering the results inconclusive.
The DASH diet and the MIND diet have stronger
operationalization and showed evidence of cognitive
benefits. More longitudinal studies and/or randomized
clinical trials should be conducted on these 2 relatively
new interventions. Finally, there is limited research with
human participants regarding the ketogenic diet and
intermittent fasting, which are found to be cognitively
protective within stringent parameters. Definitions for
these 5 dietary patterns and practice tips and
recommendations are provided. (Altern Ther Health Med.
2023;29(7):12-17).

nutrition as a modifiable factor for improving cognitive
health, which is a common concern in individuals with
neurological and/or psychiatric illnesses. Despite the
consensus that nutrition has the potential to have a positive
impact on cognition, many providers find it challenging to
provide specific nutritional recommendations. This is due, in
part, to poor understanding of the mechanisms by which
nutritional interventions may prevent cognitive decline.
There are 2 prevailing hypotheses regarding the relationship
between diet and cognition: (1) Nutritional interventions
improve cognition through cardiovascular health because
cardiovascular diseases (eg, hypertension, hyperlipidemia
and diabetes) and midlife obesity are well-established risk
factors for vascular dementia and Alzheimer’s disease in
older adults’; (2) There are several factors that may have an
impact on daily cognitive functioning by way of mediators
such as mood, stress, energy level and fatigue. For example,
nutrition can have almost an immediate impact (ie, within
minutes) on changing blood glucose levels. Specific nutrients
can also lead to the synthesis of neurotransmitters, which can
potentially have an impact on cognitive performance.®
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These hypothesized mechanisms are difficult to confirm
as they are multifactorial or have an impact on multiple
targets, particularly in human participants. Research has
focused on 3 approaches that have inherent methodological
limitations: a single nutrient approach, observational studies
and interventional studies. Early research focusing on the
protective effects of single food items and nutrients, including
blueberry juice;” vitamins B9, B12 and E; polyunsaturated fatty
acids (eg, omega-3 and DHA) and non-nutrient
phytochemicals,® have had minimal effects. Unfortunately, the
body of literature on a single nutrient approach with human
participants is limited by synergistic effects with other dietary
ingredients that are difficult to evaluate and/or control. As a
result, more recent research has shifted away from evaluating
single nutrients to more general dietary patterns that better
reflect the complexity of diets and daily eating behavior.

Observational and interventional studies are
conducted to assess the effects of dietary patterns both as a
static protective factor and a potential intervention to delay
cognitive decline. This line of research is also complicated by
multiple procedural problems. For instance, observational
studies often face the inherent low reliability of self-reported
data and high variability of confounding factors such as
socioeconomic status and general lifestyle, rendering results
difficult to interpret. Interventional studies face the challenge
of consistently operationalizing and implementing dietary
interventions, which are unlikely to reflect a true diet. These
methodological challenges have limited the quality of
evidence supporting nutritional and dietary interventions,
and as a result, reduce providers’ confidence in providing
specific nutritional recommendations.

In our review, we aimed to summarize the relevant
literature on the cognitive impact of commonly used nutritional
interventions, as well as highlight the challenges we face in
prescribing nutritional interventions based on the literature to
date. This review focused on 5 dietary interventions that
providers are likely to encounter during their interactions with
patients: the Mediterranean diet, the Dietary Approaches to
Stop Hypertension (DASH) diet, theMediterranean-DASH
intervention for neurodegenerative delay (MIND) diet, the
ketogenic diet and intermittent fasting. We also aimed to
provide a list of practical recommendations for healthcare
providers working with adults who wish to optimize their
cognition via dietary improvements.

METHODS

The literature review was performed between July and
August 2019 and updated in July 2021 through HOLLIS and
PubMed. Search terms included keto diet, ketogenic diet,
ketosis, intermittent fasting, time-restricted feeding,
alternate-day fasting, Mediterranean diet, the MIND diet,
MeDi, DASH diet, cognition, cognitive decline,
neurodegenerative disease, neurodegeneration, and cognitive
function. An additional search was performed by reviewing
the reference lists of the articles collected. Articles were
included for review if they met the following criteria: (1) the

manuscript was published in peer-reviewed journals in or
after 2009, with the exception of articles on the ketogenic
diet, which were accepted from 2004 to the present due to the
smaller number of publications; (2) cognitive functioning
was measured by objective tests including brief cognitive
screens and/or domain-specific cognitive tests, or by
behavioral testing in animal models. Studies were excluded if
cognition was measured by self-report only. Different levels
of evidence were reviewed and presented, including
randomized controlled trials (RCTs) in which dietary
interventions were implemented in an experimental
paradigm, longitudinal evidence in which observational data
were collected at multiple time points and cross-sectional
evidence in which observational data were collected at a
single time point.

RESULTS
Mediterranean Diet

The cognitive effects of the Mediterranean diet have
been examined quite extensively (see Table 1 for the key
components of the Mediterranean diet). Cross-sectional
studies generally show favorable results for the Mediterranean
diet in older adults (>age 50 years) across different countries/
regions. For example, better adherence to the Mediterranean
diet was found to be predictive of better global cognition,'*"!
better domain-specific cognition’*”® and a lower rate of
dementia onset.'> However, 1 cross-sectional study that
included a broad range of age groups (age 20 to 70 years)
found that higher Mediterranean diet scores calculated via a
self-report lifestyle questionnaire were not associated with
better cognitive scores.!

Evidence from longitudinal studies and RCTs is still
favorable but less conclusive. In some longitudinal studies,
better adherence to the traditional Mediterranean diet was

Table 1. Mediterranean Diet Guidelines

General Guidelines Specific Guidelines
Moderate-to-high | Plant-based foods | Whole grains: daily
Consumption Minimally Vegetables: daily

processed foods
Total fat Fruits: daily
Cheese and yogurt: daily
Low-to-moderate | Red meat Fish and poultry: twice per
Consumption week
Fish Red meat: a few times per
month
Poultry Eggs: up to 7 per week
Cheese and yogurt | Total fat: 25% to 35% of calories
per day
Saturated fat: <7% to 8% of
calories per day
Limited Refined foods with | Wine: 1 to 2 glasses per day for
Consumption added sugar men; 1 glass per day for
women, if at all

Note: Adapted from Cunningham®
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found to predict slower global cognitive decline over
approximately 5 years.’>'* In another study,"” a Mediterranean
diet score was not predictive of the onset rate of MCI or
Alzheimer’s disease over 10-year follow-up. Samieri and
colleagues'® found that, although a higher Mediterranean diet
score was predictive of better cognitive status, it was not
predictive of a slower rate of cognitive decline. A large-scale
RCT conducted over 5 years found that the Mediterranean
diet intervention was associated with better outcomes on
global cognitionmeasuresbutnotonsingleneuropsychological
tests or rate of MCI onset.'**

In fact, the studies on the Mediterranean diet and brain
health are so abundant that several reviews exist that
summarize the current evidence. A systematic review of
RCTs* found a weak to nonsignificant association between
the Mediterranean diet and improved cognitive performance.
This weak link was partly attributed to inconsistent
operationalization of the Mediterranean diet and
methodological issues across studies reviewed, which
compromises the comparability and generalizability of the
RCT findings. Other reviews that included both observational
and RCTs*** reached more favorable conclusions, although
all reviews urged better standardization in future studies and
1 review™ pointed out a possible regional effect favoring
individuals who live in the Mediterranean regions.

Studies also attempted to discover the mechanism via
which the Mediterranean diet can be neuroprotective. A
2019 review®” found that the Mediterranean diet may
influence cognitive aging via several inflammatory pathways
in animal models. Although the same pathways are not fully
established in human subjects,” there is ample data linking
the Mediterranean diet to a decrease in inflammatory
markers.®®” The other related mechanism is cognitive
protection via reduced markers of cardiovascular risk
(eg, systolic blood pressure and cholesterol-to-high-density
lipoprotein cholesterol ratio), which has been investigated
extensively by the longitudinal Prevencién con Dieta
Mediterranea [PREDIMED] study.?**

In summary, evidence appears to support the cognitive
benefits of the Mediterranean diet. However, continued
studies with better methodological standardization (eg, well-
defined criteria for the diet) and better characterization of
confounding factors (eg, Mediterranean vs non-
Mediterranean diet) are called for to strengthen the evidence
and establish a causal relationship.

Dietary Approaches to Stop Hypertension (DASH)

DASH was developed in the context of a well-founded
link between high blood pressure and the risk for stroke,
dementia and neurocognitive dysfunction® (see Table 2 for
the key components of the DASH diet). Using data from
multiple longitudinal cohorts, higher DASH diet scores
predicted better global cognitive function.’** One study
found slower cognitive decline or reduced rate of dementia
onset,'”” but others did not replicate the finding.'"”*' An
interventional study®* found that a 4-month DASH diet

Table 2. Dietary Approaches to Stop Hypertension (DASH)
Diet Guidelines

General Guidelines Specific Guidelines
(2000-calorie diet)
High Produce Whole grains: 6 to 8 servings per
Consumption day
Low-fat dairy Vegetables: 4 to 5 servings per
day
Whole grains Fruits: 4 to 5 servings per day
Fish and poultry Low-fat or fat-free dairy: 2 to 3
servings per day
Nuts Poultry and fish: fewer than 6
one-ounce servings per day
Nuts and seeds: 4 to 5 servings
per week
Low Red meats Monounsaturated fats: 2 to 3
Consumption servings per day
Processed sugars and | Sodium: 1500 to 2300 mg per day
sodium
Total fat Sweets and added sugars: 5 or
fewer servings per week

Note: Adapted from the Mayo Clinic.®

intervention improved processing speed and sustained
attention in patients with existing hypertension and obesity
compared with normal diet controls. Additional cognitive
improvements were found when DASH was combined with
exercise and caloric restriction. Available evidence supports
the potentially positive impact of the DASH diet, although
these findings are preliminary. Mechanistically, cognitive
benefit is directly related to a reduced risk for hypertension
and resulting cardiovascular risks for cognitive impairment,
such as stroke and small vessel disease.

Mediterranean-DASH Intervention for Neurodegenerative
Delay

Similar to DASH, the Mediterranean-DASH Intervention
for Neurodegenerative Delay (MIND) diet is a relatively new
dietary intervention that was developed to emphasize the
presumed neuroprotective dietary components from the
Mediterranean and DASH diets® (see Table 3 for the key
components of the MIND diet). Morris and colleagues®
found that older adults with higher MIND diet scores
exhibited a slower rate of global cognitive decline and have a
reduced rate of developing Alzheimer’s disease. Furthermore,
they found that although individuals with higher MIND diet
scores presented with a more favorable risk profile for
cognitive health (eg, higher education, greater participation
in cognitive and physical activities and lower prevalence of
cardiovascular conditions), the relationship between the
MIND diet and cognitive function remained when these
factors were controlled.

Replication of these longitudinal findings was equivocal.
Hosking and colleagues® found that a higher MIND score
was predictive of reduced odds of the 12-year incidence of
MCI/dementia in older adults, but not Mediterranean diet
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Table 3. Mediterranean-DASH Intervention for

Neurodegenerative Delay Diet Guidelines (MIND)

Limited Consumption High Consumption

Butter and margarine: <1 Tbs
per day

Leafy greens: 26 servings per week

Cheese: <1 serving per week Other vegetables: >7 servings per week

Red meat: <4 servings per week | Berries: 22 servings per week

Fried food: <1 serving per week | Nuts: 25 servings per week

Pastries and sweets: <5 servings
per week

Beans: 4> servings per week

Whole grains: 23 servings per day

Fish: >1 times per week

Poultry: >2 times per week

Wine: max 1 glass per day

Olive oil: main source of dietary fat

Leafy greens: 26 servings per week

Note: Adapted from Morris, et al.*®

Table 4. Ketogenic Diet Guidelines

General Guidelines Specific Guidelines
High Consumption | Low Consumption | Fat: 55% to 60% of daily
calories
Meats and fish Fruit
Eggs Sugar Protein: 30% to 35% of
daily
Dairy Grains and starches | calories

Nuts and seeds Beans and legumes

Plant-based oils and | Root vegetables Carbohydrates: 5% to 0%
avocados of
Low-carb vegetables | Alcohol daily calories

Note: Adapted from Masood, et al.*®

scores. Another group using data from the Nurses’ Health
Study found that greater long-term adherence to the MIND
diet was not predictive of cognitive decline over 6 years in
older American women.* Cross-sectional evidence supported
lower subjective memory complaints related to better
adherence to MIND.* At this stage, evidence for MIND
appears inconclusive. Longitudinal RCTs are needed to
determine whether and how this diet improves cognitive
health. The mechanism of cognitive benefit for MIND is
believed to be the combined mechanisms of cognitive
protection from the Mediterranean and DASH diets described
above.

Ketogenetic Diet

The ketogenic diet and its variations, such as the modified
Atkins® diet, are essentially high-fat, low-carbohydrate diets
that are expected to induce ketosis, a process in which the
body is forced to use ketone bodies yielded from fatty acids
as the primary source of energy, as opposed to carbohydrates®
(see Table 4 for the key components of the ketogenetic diet).
The cognitive benefits of the ketogenic diet were initially

studied in patients with drug-resistant epilepsy, a population
in which patients often report subjective experience of
improved alertness and global cognition after starting the
ketogenic diet, although only improvement in alertness was
confirmed by objective tests.*

More recently, studies have attempted to explore the
neuroprotective effects of ketosis beyond epilepsy treatment.
In rodent models, ketosis has been linked with improvements
in cognitive function,®*® and several mechanisms were
proposed for this, including reduced brain amyloid beta (Af)
levels and protection from Af toxicity,*** altered
neurotransmission,” improved mitochondrial function,®
anti-inflammatory action* and separate effects of
carbohydrate restriction.*” In human participants, studies
were largely conducted in clinical populations with MCI or
dementia. In these populations, there appears to be
compelling evidence showing a link between ketosis and
better cognitive outcomes, but only in individuals who are
ApoE4-negative. However, it should be noted that these
studies achieved ketosis through oral administration of a
ketogenic compound (eg, medium-chain triglycerides)**
rather than the traditional low-carbohydrate, calorie-
restricted ketogenic diet. A few reviews regarding the
ketogenic diet and dementia have been published®***! that
agree upon the promising role of ketosis (not necessarily the
ketogenic diet) in modifying cognitive outcomes related to
dementia but also cautioning the risk for adverse events such
as malnutrition. Studies with other clinical or non-clinical
populations are rather limited. Cognitive benefits linked to
the ketogenic diet were found in a cohort of older adults with
HIV-associated neurocognitive disorder (HAND),* but not
in a cohort of healthy adults.”®

In summary, current evidence supports a link between
ketosis and better cognitive outcomes in certain clinical
populations (ie, patients with drug-resistant epilepsy, and
ApoE4-negative patients with MCI or early-stage dementia,
HAND) when ketosis is induced by the oral administration
of ketogenic compounds.

Intermittent Fasting

Similar to the ketogenic diet, the effect of intermittent
fasting on cognitive health has been more extensively studied
in rodent models (see Table 5 for the key components of
intermittent fasting). Often operationalized as alternate-day
fasting (ADF) or daily time-restricted feeding (TRF),
intermittent fasting has been associated with reduced
neurodegenerative disease in rats,”* increased neurogenesis
and expression of brain-derived neurotrophic factor in
healthy rats and a rat model of Huntington’s disease®>** and
reduced cognitive decline in a mouse model of Alzheimer’s
disease.” However, human studies were rather limited and
the operationalization of intermittent fasting varied greatly
across studies. Cognitive outcomes was directly assessed in
only 1 study,”® in which modified fasting (ie, fasting on
Monday and Thursday) for a total of 4 years was related to a
lower rate of disease conversion in adults with MCI. Other
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Table 5. Intermittent Fasting Guidelines

Alternate-Day Fasting

Modified Fasting

Time-Restricted Fasting

Schedule Alternating non-fasting days and fasting days | 5 non-fasting days and 2 fasting days 8 non-fasting hours and 16 fasting hours
Fasting No food or beverages with calories Small amounts of foods (eg, 500 calories) | No food or beverages with calories
Days/Hours

Allow calorie-free drinks (water, black coffee
and tea)

Allow calorie-free drinks (water, black
coffee and tea)

Non- Fasting
Days/Hours

No limit on food intake but Following
healthful eating guidelines recommended

No limit on food intake but following
healthful eating guidelines recommended

No limits on food intake but recommended
to follow healthful eating guidelines

Note: Adapted from Patterson, et al.®

evidence appears to support the cardiovascular benefits of
ADF in individuals with obesity,”*® which may reduce
vascular-related cognitive decline. The hypothesized
mechanism for the impact of intermittent fasting on cognition
can be extended to the neuroplastic effects of metabolic
switching via dietary changes or exercise that has been
thoroughly reviewed by Mattson and colleagues.®® In brief,
intermittent fasting triggers a biochemical cascade ending
with the activation of mesial temporal lobe neurons important
for cognition and which stimulate synaptogenesis and
neurogenesis in brain regions.®

CONCLUSION

Despite evidence that nutrition/diet has an impact on
cognition, there is an ongoing need for well-designed research
studies on specific nutritional interventions. The present
body of research consists of variable methodologies and
mixed findings. In this context, the Mediterranean diet
appears to be the dietary pattern with the most extensive
research support, although longitudinal and RCTs are not
unanimously positive. The MIND and DASH diets appear to
be promising options for continued research because they
were developed based on the positive evidence for the
Mediterranean diet components and are better
operationalized. However, given the relatively recent nature
of these 2 interventions, more studies are needed before
clinical implementation to improve cognition can be
recommended. The ketogenic diet and intermittent fasting,
despite their increasing popularity in the general population,
have only been researched in specific populations.
Operationalizations of these 2 diets are also quite loose in
practice and even in research.

We generated the following recommendations for
practitioners, especially practitioners working with clinical
populations that exhibit cognitive deficits who are interested
in providing more evidence-based guidance related to
nutrition and cognition; however, it is important to note that
a broad range of lifestyle factors (eg, sleep, social support,
exercise) are likely necessary to have the greatest impact on
cognition.

PRACTICE TIPS AND RECOMMENDATIONS FOR
PROVIDERS

o Refer patients with nutrition questions to a registered
dietitian (RD) for individualized, evidence-based
nutrition counseling. Nutrition counseling with an RD is
often covered by insurance (patients should check with
their insurance provider, as some insurance may require
a primary care physician [PCP] referral). Local hospitals,
college/university nutrition departments and private
medical practices often employ RDs and may accept
insurance. The Academy of Nutrition and Dietetics
website also provides an option to search for local
dietitians (https://www.eatright.org/find-an-expert).

¢ Encourage patients to shift their focus from a single
nutrient diet to more general healthful nutritional
patterns that better reflect the complexity of one’s diet
and eating behavior.

¢ Encourage patients to focus on the quality of food, as
opposed to the quantity of food they eat (eg, limit
highly processed foods and incorporate more whole
foods).

¢ Encourage sustainable eating behavior modifications,
or setting realistic goals (eg, implement 1 nutrition
change per week, such as consume a non-starchy
vegetable [carrots, green beans or cauliflower] with
dinner every night).

¢ Consult reliable sources for more practical guidelines,
such as the Academy of Nutrition and Dietetics
(https://www.eatright.org/), United States Department
of Agriculture Choose MyPlate (https://www.
choosemyplate.gov/) and a publication by the
American Congress of Rehabilitation Medicine called
“Food for Thought: Basic Nutrition Recommendations

for the Mature Brain.¢!
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