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ABSTRACT

Introduction Alzheimer’s disease (AD) is the most
common neurodegenerative disease and is characterised
by cognitive impairment. Non-pharmacological treatments
such as diet therapy have been widely investigated in
studies on AD. Given the synergistic effects of nutrients
present in foods, considering overall dietary composition
rather than focusing on a single nutrient may be more
useful for evaluating the relationship between diet and AD
cognition. The present study aimed to assess the efficacy
of different dietary interventions (eg, ketogenic and
Mediterranean diets) on cognitive function in patients with
AD in a systematic review and pairwise and network meta-
analyses of randomised controlled trials or clinical trials.
Methods and analysis Two reviewers will independently
conduct searches of PubMed, Cochrane Central Register
of Controlled Trials, Embase, CINAHL, PsycINFO and China
National Knowledge Infrastructure databases. Data will

be extracted from selected studies and risk of bias will be
assessed using the revised Cochrane risk-of-bias tool, and
evidence quality will be assessed according to the Grading
of Recommendations, Assessment, Development and
Evaluation framework. The primary outcome of interest is
cognitive function in patients with AD; secondary outcomes
include biochemical biomarkers of AD and oxidative stress
and/or inflammatory biomarkers in cerebrospinal fluid or
plasma. For each outcome, random-effects pairwise and
network meta-analyses will be carried out to determine
the pooled relative effect of each intervention relative to
every other intervention.

Ethics and dissemination As this study is based solely
on published literature, no ethics approval is required. The
research will be published in a peer-reviewed journal.

BACKGROUND

Alzheimer’s disease (AD) is the most
common neurodegenerative disease and is
characterised by cognitive impairment. The
risk of AD increases with factors such as age
and treatment with ineffective drugs. Over
the past few decades, non- pharmacological
treatment strategies such as diet therapy
have been investigated in studies on AD.'?

2 Huizhen Cao,? Hong Li'?

Strengths and limitations of this study

» The protocol will attempt to answer the important
question of which dietary interventions have the
most benefit for the cognitive function of patients
with Alzheimer’s disease.

» The study will be conducted in strict accordance with
the recommendations of the Cochrane Handbook for
Systematic Reviews of Interventions.

» We expect that the pooled effect will be influenced
by the high statistical heterogeneity and quality of
analysed trials.

Specific dietary nutrients such as vitamins B6
and B12, omega-3 polyunsaturated fatty acids
(PUFAs), vitamin D, folate, and antioxidant
vitamins A, C and E have been linked to a
reduced risk of dementia in observational
studies,” * although it has not been possible
to draw definitive conclusions regarding the
effects of specific types of nutritional supple-
mentation on cognitive function. Addition-
ally, regular intake of fish, vegetables, fruits
and nuts is associated with a reduced risk of
cognitive impairment in AD,”® and the Medi-
terranean diet (MeDi), Dietary Approaches
to Stop Hypertension (DASH) and hybrid
Mediterranean-DASH ~ Intervention  for
Neurodegenerative Delay (MIND) have
shown cognitive benefits for patients with AD
that are attributable to their inclusion of fruit
and fish, vegetables, unsaturated fats and
whole-grain products.”"!

Given the synergistic effects of nutrients
present in foods, considering overall dietary
composition rather than single nutrients may
be a more reasonable approach to evaluating
the relationship between diet and AD cogni-
tion.! However, although some systematic
reviews and pairwise meta-analyses have been
published regarding the effects of the MeDi,
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ketogenic diet (KD) and DASH on AD, it is unclear which
type of diet is the most effective for improving cognitive
function in patients with AD as there have been no system-
atic reviews or network meta-analyses to date comparing
different dietary interventions in the management of AD.

To address this issue, we will investigate the effects of
different dietary interventions on cognitive function
in patients with AD by performing a systematic review
and conducting pairwise and network meta-analyses of
published randomised controlled trials (RCTs) and clin-
ical trials.

METHODS AND DESIGN

We devised a protocol based on Preferred Reporting
Items for Systematic Reviews and Meta-Analyses'* guide-
lines that was registered in the International Prospective
Register of Systematic Reviews (CRD42020177298) and
followed the Network Meta-Analysis Protocol Guidelines
(Cochrane Handbook for Systematic Reviews of Interventions)."”

Inclusion and exclusion criteria
Studies that meet the following criteria will be included
in the analysis.

Participants

We will include any research that used their country’s
standard AD diagnostic criteria and neuropsychological
tests to diagnose AD. Taking China as an example, we will
use the National Institute of Neurological and Commu-
nicative Disorders and Stroke-Alzheimer Disease and
Related Disorders Association criteria, and/or National
Institute on Aging (NIA) and the Alzheimer’s Associa-
tion criteria, and/or the International Working Group,
Second Edition and/or the Diagnostic and Statistical
Manual of Mental Disorders, Third or Fourth Edition,
respectively).'* We will use the Mini-Mental State Exam-
ination (MMSE)/Montreal Cognitive Assessment/Clin-
ical Dementia Rating Scale for additional screening. We
will consider patients with AD aged >60 years old, without
restrictions regarding sex, race/ethnicity, geography,
dwelling or chronic diseases.

Dietary interventions
We will include all dosages or types of dietary interven-
tion with no restrictions on the duration of the interven-
tion or whether they were combined with drugs. However,
selected studies will include at least one of the following
interventional diets and one control group (indirect
evidence) (eg, MeDi and the NIA-recommended diet) or
atleast two interventional diets (direct evidence). Eligible
dietary interventions are as follows:

» MeDi. This natural diet consumed by inhabitants of
the Mediterranean coast is reported to prevent AD
and cognitive decline.”” ™ The diet consists of a high
intake of vegetables, fruit, legumes, olive oil, fish,
grains and nuts, and moderate consumption of red
wine. Because of these components, the MeDi is rich

in phenolic compounds, omega-3 PUFAs and vita-
mins that promote cerebrovascular health and reduce
oxidative stress and chronic inflammation."

» DASH. This diet includes a high intake of fruit and
vegetables, low-fat dairy, and whole grains. Long-term
(6 years) adherence to DASH was shown to enhance
overall cognition and verbal memory in older adults,
and high DASH compliance was associated with
consistently high cognitive functioning in patients
with AD.21 *

» KD. This diet is very high in fat and low in carbohy-
drates. There is considerable interest in the potential
value of ketone-inducing therapies for the treatment
of AD (neuroketotherapeutics (NKT))?%; they are
thought to alleviate physical AD symptoms through
bioenergy recovery, direct and indirect regulations
of antioxidant and inflammatory pathways, or both.
Preliminary evidence suggests that NKT is a necessary
remission therapy for AD.

» MIND. This diet emphasises the intake of berries and
dark green leafy vegetables, which are natural sources
of vitamin K, folic acid, lutein, lycopene, beta-cyclin,
and alpha-carotene and beta-carotene.”

» Nordic diet. This diet, which is consumed in Scandi-
navian countries and is similar to the MeDi, includes
large amounts of fruits and vegetables and is rich in
fish omega-3 PUFAs, phenolic compounds and whole-
grain products. An observational study concluded
that adherence to the Nordic diet was associated with
better cognitive performance.'

» Calorie restriction (CR). Also known as dietary restric-
tion, CR refers to a dietary regimen low in calories
without undernutrition, which may influence age-
related changes in the brain and ultimately enhance
health and extend life span. It was reported that the
incidence of AD was lower among individuals who
habitually consumed fewer calories.® ***®

» Modified Mediterranean-KD, Multicultural Healthy
Diet, Mediterranean-style KD, American Heart Asso-
ciation Diet, low fat-diet, energy-restricted diets, isoca-
loric diets, diabetes prevention-type diets, standard
dietary recommendations or ad libitum diets will
be considered (see the Search strategy section for
details).

Outcome measures

The primary outcome of interest is cognitive function.
Cognition will be assessed using the MMSE, and/or
Alzheimer’s Disease Assessment Scale cognitive subscale,
and/or Montreal Cognitive Assessment, and/or Clock
Drawing Test, and/or Test Your Memory, and/or Loewen-
stein Occupational Therapy Cognitive Assessment, and/
or Neurobehavioral Cognitive Status Examination. The
specific cognition domains assessed according to DSM,
Fifth Edition, criteria include complex attention, execu-
tive function, learning and memory, language, perceptual
motor and social cognition. Common assessment scales
include the Stroop test,and/or Categorical Verbal Fluency
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test, and/or Clinical Memory Scale, and/or Wechsler
Memory Scale, and/or Boston Diagnostic Aphasia Exam-
ination, and/or Rey Complex Figure Test. Secondary
outcome measures are biochemical biomarkers and
oxidative stress and/or inflammatory biomarkers in the
cerebrospinal fluid or plasma of patients with AD. Effect
sizes of continuous and dichotomous variables will be
determined as the standard mean difference (SMD) and
OR, respectively.

Types of study

Study design will include RCTs and clinical trials.

The following types of RCTs and clinical trials will be
excluded.

» Enrolled healthy participants or patients with mild
cognitive decline or other types of non-Alzheimer
dementia; includes cases of familial AD emerging
before the age of 50 years or AD related to other
genetic diseases (eg, trisomy of chromosome 21);
there were other interventions that could affect cogni-
tive function; or patients had other cognitive comor-
bidities or mental illnesses.

» Other interventions such as exercise interventions
and cognitive therapy were used. For multimodal
studies (eg, the Finnish Geriatric Intervention Study
to Prevent Cognitive Impairment and Disability), we
will include the dietary component (if available).

» Intervention studies based on dietary supplements
(eg, vitamins B or E, and omega-3 PUFAs) or multi-
component supplements (eg, Souvenaid).

» Studies with exercise/medication cointervention that
was not applied to all intervention/control groups.

» Examined plasma nutrient levels, nutritional status or
food intake without associating these directly to AD
status or progression.

» Descriptive studies, reviews and case studies; non-
human animal model studies (in vivo or in vitro); and
studies with full texts published in languages other
than English or Chinese.

Search strategy
Two reviewers (XHX and HZC) will independently
perform the search, and any differences will be resolved
by discussion or by a third reviewer (LLC). We will
conduct searches in PubMed, Embase, Cochrane Library,
CINAHL, PsycINFO, Google Scholar and China National
Knowledge Infrastructure databases up to November
2020. Only English/Chinese studies will be included, with
no restrictions on publication status or publication year.
We will use the following terms to search for articles
(eg, in the PubMed database).

1. Alzheimer disease (Medical Subject Heading (MeSH)
terms).

2. Dementia, Senile OR Senile Dementia OR Dementia,
Alzheimer Type OR Alzheimer Type Dementia OR
Alzheimer-Type Dementia (ATD) OR Alzheimer
Type Dementia (ATD) OR Dementia, Alzheimer-
Type (ATD) OR Alzheimer Type Senile Dementia OR

Primary Senile Degenerative Dementia OR Dementia,
Primary Senile Degenerative OR Alzheimer Sclerosis
OR Sclerosis, Alzheimer OR Alzheimer Syndrome
OR Alzheimer Dementia OR Dementia, Alzheimer
OR Senile Dementia, Alzheimer Type OR Acute
Confusional Senile Dementia OR Senile Dementia,
Acute Confusional OR Dementia, Presenile OR
Presenile Dementia OR Alzheimer Disease, Late-
Onset OR Alzheimer’s Disease, Focal Onset OR
Familial Alzheimer Disease (FAD) OR Alzheimer
Disease, Familial (FAD) OR Alzheimer Disease, Early
Onset OR Presenile Alzheimer Dementia.

3. #1 or #2.

4. Diet (MeSH terms) OR Diet, Western (MeSH terms)
OR Diet, Palaeolithic (MeSH terms) OR Diet, High-
Fat (MeSH terms) OR Diet, Carbohydrate-Restricted
(MeSH terms) OR Diet, Ketogenic (MeSH terms) OR
Diet, Mediterranean (MeSH terms) OR Diet, Protein-
Restricted (MeSH terms) OR Diet, Fat-Restricted
(MeSH terms) OR Diet, Macrobiotic (MeSH terms)
OR Diet, Vegetarian (MeSH terms) OR Diet, Sodium-
Restricted (MeSH terms) OR Diet, Reducing (MeSH
terms) OR Diet, Cariogenic (MeSH terms) OR Diet,
Atherogenic (MeSH terms) OR Diet Therapy (MeSH
terms) OR Diet Surveys (MeSH terms) OR Diet Fads
(MeSH terms) OR Diet, Diabetic (MeSH terms)
OR Diet, High-Protein Low-Carbohydrate (MeSH
terms) OR Diet, High-Protein (MeSH terms) OR
Diet, Carbohydrate Loading (MeSH terms) OR Diet,
Vegan (MeSH terms) OR Diet, Food, and Nutrition
(MeSH terms) OR Artificially Sweetened Beverages
(MeSH terms) OR Food, Formulated (MeSH terms)
OR Feeding Behaviour (MeSH terms) OR Caloric
Restriction (MeSH terms) OR Dietary Approaches
To Stop Hypertension (MeSH terms) OR protein,
Drosophila (MeSH terms) OR Diet, Gluten-Free
(MeSH terms).

5. Mediterranean diet OR MD diet OR MeDi diet OR
DASH OR dietary approaches to stop Hypertension
OR the Mediterranean DASH diet Intervention for
Neurological Delay (MIND) diet OR MIND diet OR
Ketogenic diet OR medium chain triglyceride diet
OR MCT diet OR modified Atkins diet OR MAD
diet OR Atkins OR Calorie Restriction (CR) OR low
carbohydrate OR high carbohydrate OR low fat OR
high fat OR low protein OR high protein OR veg-
etarian OR vegan OR low glycaemic index OR low
glycaemic load OR Palaeolithic OR low-calorie OR
Atkins OR low sodium OR Modified Mediterranean-
ketogenic diet (MMK) OR Multicultural Healthy
Diet (MHD) diet OR Mediterranean-style ketogenic
diet (MMKD) OR The American Heart Association
Diet (AHAD) OR low fat diet OR energy-restricted
diets OR isocaloric diet OR diabetes prevention-type
diets OR standard dietary recommendations OR ad
libitum diets.

6. #4 or #5.
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7. Cognition (MeSH terms) OR Cognition Disorders
(MeSH terms) OR Mental Status and Dementia Tests
(MeSH terms).

8. Cognitions OR Cognitive Function OR Cognitive
Functions OR Function, Cognitive OR Functions,
Cognitive.

9. #7 or #8.

10. random* or clinical*, not animals.
11. (#3 and #6 and #9 and #10).

We will also verify the reference list of retrieved articles,
systematic reviews and meta-analyses for relevant studies,
and search other resources (eg, Google Scholar, Clinical-
Trials.gov and Open Grey). For studies not reported in
Chinese or English, we will contact the author to deter-
mine whether an English version is available.

Study selection process

Two reviewers (XHX and HZC) will independently
select the studies based on the inclusion criteria. Before
study selection, all of the retrieved study citations will be
imported into Covidence and duplicates will be removed.
Before formal screening of titles and abstracts, we will
conduct an intratester agreement (kappa) test between
the two reviewers, who will select 50 citations using a
random number table until they reach an agreement of
80%. The reviewers will then read the titles and abstracts
of retrieved studies, remove those that do not qualify and
further screen potentially qualifying studies based on the
pre-established inclusion and exclusion criteria. If the
information in the study is insufficient, we will contact the
author for more information. Any disagreement between
the two reviewers will be adjudicated by a third investi-
gator (LLC). The study selection process and reasons for
study exclusion will be outlined in a flowchart.

Data extraction

Data will be independently extracted by two reviewers

(XHX and HZC) when they have reached a consensus,

with the input of a third investigator (LLC) in the event

of a disagreement. If the study data are essential but
unclear, we will contact the author for further details. The
following data will be extracted from each study.

1. Study information (name of the first author, publica-
tion year, country of origin, title and study design).

2. Patient characteristics (sample size, average age, num-
ber of women/men, race/ethnicity, AD diagnostic cri-
teria, AD severity, mean baseline cognitive function,
medication and apolipoprotein (APOE4 status).

3. Intervention and control (dietary protocols, duration
of treatment, number of treatment arms, specification
of the control group (if available), dropouts and fund-
ing source).

4. Methodological information (description of randomi-
sation, sequence concealment, blinding, incomplete
outcome data, and selective reporting and other po-
tential sources of bias).

5. Outcomes (primary and secondary outcomes and mea-
surement dates).

Risk of bias assessment

The two reviewers (XHX and HZC) will independently

assess the risk of bias in the included studies using the

Cochrane Collaboration’s tool.*” Any disagreement will

be resolved through discussion by the two reviewers or

decided by a third investigator (LLC). The domains for
risk of bias are as follows:

1. Selection bias (randomised sequence generation and
allocation concealment).

. Performance bias (blinding of participants and per-
sonnel).

. Detection bias (blinding of outcome assessment).

. Attrition bias (incomplete outcome data).

. Reporting bias (selective reporting).

. Other biases (including baseline imbalance, claim of
data fraudulence, differential diagnostic activity and
contamination).

For each domain, we will categorise the risk of bias as

low, unclear or high according to the Cochrane Handbook

for Systematic Reviews of Interventions.

No

Sy OU b 00

Data synthesis

Description of available data

We will derive each pairwise comparison from descrip-
tive statistics of available data and selected variables for
study characteristics, patient characteristics, interventions
and outcomes measures (eg, age, sex, study length and
outcome-relevant baseline risk factors). We will evaluate
interventions to identify specific nodes that will be used
in the network meta-analysis. If the network is connected,
a random-effects network meta-analysis will be carried
out.”™ A network diagram will be used for outcomes
to present direct comparisons between different dietary
interventions and corresponding control groups.” We
will also analyse the contribution matrix to identify direct
comparisons that have a more significant influence on
the network’s relative effects.”

Pairwise and network meta-analyses

We will initially compare all interventions with available
direct evidence in separate pairwise meta-analyses. We
will use the SMD as the effect measure for continuous
outcome variables. Heterogeneity across studies will be
assessed with the Q test and the I’ statistic, with substan-
tial heterogeneity defined as I*>50%. The effects will
be pooled with a random-effects model, accounting for
potential between-study heterogeneity. Study-specific
effect sizes, along with 95% ClIs, will be displayed in forest
plots.

We will then pool all studies using a network meta-
analysis model within a Bayesian framework. As an exten-
sion of standard pairwise meta-analysis models, network
meta-analysis allows for simultaneous comparison of
multiple interventions while preserving the internal
randomisation of individual trials. Using a random-
effects network meta-analysis for the outcome, we will
estimate all possible pairwise relative effects and perform
clinically meaningful ranking of the different dietary
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interventions.”® For each outcome, we will use the distri-
bution of ranking probabilities and surface under the
cumulative ranking curve to estimate the relative rank
of the different diets.”® We will also estimate relative effi-
cacy and safety rankings of the treatments, which will
be presented as rank plots. For multiarm trials, we will
account for the correlation of effect sizes. Summary mean
differences will be presented in a league table.

Alldatawill be analysed using STATA V.13 and WinBUGS
V.1.4.3.%" Results will be reported as SMD, along with 95%
ClIs based on 100000 Monte Carlo simulations and vague
priors. Model convergence will be assessed by examining
trace and history plots and by calculating the Gelman-
Rubin statistic. Forest plots and other data will be anal-
ysed using appropriate packages in STATA V.13.

If network meta-analysis is not feasible, pairwise meta-
analysis will be conducted for interventions with direct
evidence only, and the results will be presented in the
form of forest plots. If there is too little research or
the heterogeneity is too great across studies (especially
when apparent clinical or methodological heteroge-
neity precludes a meta-analysis), a system description will
instead be provided.

Assumption of transitivity

We will evaluate the transitivity assumption by comparing
the distribution of clinical and methodological variables
that are considered as potential effect modifiers (eg,
changes in AD severity, medication, APOE4 status, mean
baseline cognitive function and age) across dietary inter-
ventions.”

Assessment of inconsistency

Statistical inconsistency—that is, disagreement between
different sources of evidence—can be evaluated using
local and global approaches.*” We will first use the design-
by-treatment interaction model and I” statistic to identify
global inconsistencies from all possible sources in the
network.*! #Ifan inconsistency is detected, we will explore
local inconsistencies using the loop-specific approach,*
as well as the node-splitting approach,** which identifies
comparisons in which direct estimates disagree with indi-
rect evidence from the entire network.

Subgroup and sensitivity analyses

We will explore the possible sources of significant hetero-
geneity or inconsistency by subgroup and metaregression
analyses. The former is planned for genes (eg, APOE4),
age, AD severity, region, education level, comorbidities
and drug use. We will quantify effects by metaregression
analysis by adding covariates to the network meta-analysis
models if appropriate.

We will perform sensitivity analyses to assess the robust-
ness of results on primary outcomes according to sample
size (excluding small studies with sample size of <50)
and study quality (excluding studies with high risk in =1
domain or with unclear risk in 23 domains as determined
using the Cochrane Collaboration’s tool for assessing

risk of bias).*> We will remove each study from the meta-
analysis one at a time and recalculate the summary
effect. A study will be considered influential if its removal
changes the magnitude of the pooled effect by >10%.*

Small-study effects and publication bias

We will use a comparison-adjusted funnel plot to assess
the presence of smallstudy effects.” If the meta-analysis
comprises =8 studies, we will use a funnel plot to evaluate
publication bias, and its asymmetry will be evaluated with
Egger’s test.

Quality of evidence

Taking into account the specific requirements of nutri-
tion research, NutriGrade tools have been specifically
developed to assess the association between or effects
of different nutritional factors and outcomes in meta-
analyses. The NutriGrade scoring system evaluates
the following items: (1) risk of bias, study quality, and
study limitations; (2) precision; (3) heterogeneity; (4)
directness; (5) publication bias; (6) funding bias; (7)
study design; (8) effect size; and (9) dose-response. In
a previous meta-analysis of RCTs, the NutriGrade score
varied between 2.9 (very low) and 8.8 (high).47 The
Grading of Recommendations, Assessment, Development
and Evaluation approach will be used to assess the quality
of clinical trials.

Patient and public involvement
There will be no patients involved in this study.

DISCUSSION

Nutrition is an essential and modifiable risk factor that
has an important role in strategies to prevent or delay
the onset of dementia. Given the increasing prevalence
and incidence of AD and the potential impact of diet on
cognitive function in patients with AD, the present system-
atic review with network meta-analysis is highly relevant
from clinical and practical perspectives. The results are
expected to guide evidence-based decision-making in AD
prevention strategies and support reliable recommenda-
tions for AD management.

ETHICS AND DISSEMINATION

Ethical approval will not be required because this study is
based solely on published literature that meets accepted
ethical standards, and there will be no concerns about
privacy. With the aim of disseminating the evidence
obtained, the results will be published in a peer-reviewed
international journal to improve clinical practices with
scientific evidence.
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