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Background: Alzheimer disease (AD) is the major cause of dependency and disability in the elderly.
Numerous studies have sought to achieve its prevention and/or management examining a role for
modifiable risk factors, such as nutrition. This work aims to investigate the effects of food and/or nu-
trients in the management of AD at different stages.
Methods: Electronic databases were searched for clinical trials examining the effect of nutrient inter-
vention in individuals with AD, compared with placebo, published up to 2014. The outcomes investigated
were neuropsychological assessment scales, neuroimaging, and biomarkers. The Cochrane tool was
employed to assess risk of bias. Pairwise meta-analyses were performed in a random-effect model by
estimating the weighted mean differences with 95% confidence interval (CI) for each outcome measure.
The Network meta-analysis was undertaken on cognitive outcome.
Results: Selected studies used antioxidants, B-vitamins, inositol, medium-chain triglyceride, omega-3,
polymeric formulas, polypeptide, and vitamin D. AD outcome measurements were mainly restricted to
cognitive state and functional abilities. Estimate treatment effects from pairwise meta-analyses showed
large but nonsignificant effect in the supplementation with proline-rich polypeptide [weighted mean
difference 6.93 (95% CI e3.04, 16.89); P ¼ .17] and B-vitamins [weighted mean difference 0.52 (95% CI
e0.05, 1.09); P ¼ .07) on cognitive function measured by the Mini-Mental State Examination. The other
nutrients supplementation did not show any significant effect on any outcome measures.
Conclusions: Isolated nutrient supplementations show no convincing evidence of providing a significant
benefit on clinical manifestations or neuropathology of AD. During the initial stages of AD, nutrient
supplementation did not show any effect when delivered individually, probably because of their syn-
ergistic function on brain, at different domains.

� 2017 AMDA e The Society for Post-Acute and Long-Term Care Medicine.
Dementias are caused by different brain modifications that disrupt
multiple cortical functions, leading to intellectual and cognitive im-
pairments; dementia constitutes one of the major causes of disabil-
ities and dependence in aging.1,2 Alzheimer disease (AD), the most
common form of dementia, is characterized by progressive synaptic
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loss, dysfunction, and neuronal death, and vascular toxicity, triggered
by the deposition of pathologic inducers of lesions in the brain tissue,
amyloid b peptide (Ab), and hyperphosphorylated tau protein.2 The
neuropathogenesis of AD has been associated with mitochondrial
dysfunction, inflammation, abnormal accumulation of transition
metals, and oxidative stress. The brain is susceptible to oxidative
damage, which in turn increases Ab production and deposition, pro-
motes the phosphorylation of tau and the consequent neuropa-
thology, creating a vicious cycle that boosts the beginning and
progression of AD.3,4 Therapies attempting to counteract these lesions
have not achieved permanent successful results.5 Thus, investigating
strategies that may prevent or delay the progression of dementia is a
matter of the utmost importance.6

Extensive research has indicated that nutritional adjustments have
strong effects on health and might have a preventive effect in
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neurodegenerative diseases.7 Some dietary components or patterns
(folate, fish, antioxidants, coffee, Mediterranean diet, among others)
have been identified as protective factors against the development of
AD. In addition, some nutrition-related conditions (hyper-
homocysteine, hypertension, frailty, and type 2 diabetes mellitus)
increase the risk for AD, suggesting that effective dietary interventions
may reduce the growing incidence of this disease.8,9 The beneficial
effects of nutrients in AD may imply a safe, cost-effective, easy to
administer and socially acceptable approach.10

Herein, we hypothesize that clinical and neuropathologic mani-
festations of AD can be counteracted, at least partially, through the
ingestion of specific nutrients, foods and/or dietary patterns. Many
studies on the influence of nutrients in cognitive impairment have
been reported over the last few years, demonstrating the need for the
systemic discussion of these data.11 Although some systematic re-
views regarding specific nutrients related to AD exist in the literature,
none of these evaluated simultaneously the effects of the ingestion of
nutrients, foods, and dietary patterns. As such, this systematic review
and meta-analysis aims to gather, organize, critically assess, and
quantitatively measure the evidence examining the use of nutrients,
foods, and/or dietary patterns, in the management of AD at different
stages; we addressed whether nutrition interventions are capable of
slowing down the progress or decreasing some symptoms of AD, and
whether exists any therapeutic association between consumption of
specific nutrients, food, or dietary patterns with the pathologic
manifestations of AD in the elderly.

Methods

This study was performed in accordance with the Cochrane
Handbook for the Systematic Review of Interventions12 and the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).13 Studies were organized into groups according to the type
of nutrient.

Eligibility Criteria

Inclusion criteria for eligible studies are summarized in Table 1.

Sources and Search Strategy

Electronic databases (the Cochrane Controlled Trial Registered,
EMBASE, PubMed, Virtual Health Library and Web of Science) were
exhaustively searched for potentially relevant studies, up to December
2014. The search strategy was built by crossing key search terms with
the Boolean operator “AND” for each component of the review
question (clinical condition, type of intervention and type of study).
Key search terms are shown in Supplementary Table 1.
Table 1
Eligibility Criteria PICOS

Inclusion Criteria

Participants AD at any stage with or without chronic diseases; aged over 60 y
both sexes; any race/ethnicity or geographic location.

Interventions Any type of nutrient, food, special diet, or dietary pattern at all dos
ingested amounts without restriction on the duration of interven
with or without medication as cointervention.

Comparisons Placebo or control
Outcomes Primary: neuropsychological scales and structural, functional, or o

methods of neuroimaging. Secondary: biochemical biomarkers o
and oxidative stress and/or inflammatory biomarkers in CSF or
plasma.

Study design Blinded clinical trials completed and published from the beginning
the databases up to 2014
Data Extraction and Quality Assessment

The first author screened and evaluated primary studies by title
and abstract for inclusion. Studies that matched clinical condition,
intervention, and study design of interest were selected and docu-
mented. Duplicate studies were identified simultaneously in the
database searches. Afterward, a second author accessed the study
records to evaluate them for inclusion. Final decisions on study in-
clusion were reached in a consensus meeting. The first author
retrieved and perused the full texts of preliminary relevant reports
identified in the preceding step for compliance with eligibility criteria
and data extraction. Clinical trials were characterized according to the
recommendations of the Cochrane Collaboration.12 The quality of
studies was independently evaluated by two authors using the
Cochrane Risk of Bias Tool.12 The assessment was categorized by do-
mains (selection bias, performance bias, detection bias, attrition bias,
reporting bias, and other sources of bias) specifying the source of bias
and grading domains as “low,” “unclear,” or “high” risk. The final
assessment of bias for the inclusion of studies was determined by the
risk of the main domains for this study: selection bias, performance
bias, and attrition bias. Disagreements were resolved by a second
consensus meeting. Articles classified as high risk were excluded. The
overall assessment was presented in a risk of bias summary figure
using the RevMan software.14 The quality of evidence and strength of
recommendation was determined according to the Grading of Rec-
ommendations Assessment, Development and Evaluation (GRADE)
system, which is based on the risk of bias, inconsistency, indirectness,
imprecision and publication bias of included studies. To assess
imprecision, the optimal information size) calculated at http://www.
stat.ubc.ca/wrollin/stats/ssize/b2.html.15

Statistical Analysis

We run different pairwise meta-analyses of continuous variables
for each outcome and nutrient intervention using the method of the
inverse variance in a random effect model (DerSimonian and Laird
method) to calculate the estimative of treatment effect, the weighted
mean difference (WMD), and its 95% confidence interval (CI). All
outcomemeasures were estimated based on the change from baseline
to follow-up.16 The heterogeneity was appraised with the I2 statistic
(low <40%; moderate 30%e60%; substantial 50%e90%; and consider-
able heterogeneity 75%e100%) and the c2 test with significance (P
value) at the level of .10. Heterogeneity was explored and explained if
significant (I2 >30% and c2 P < .10). Statistical analyses were carried
out using the software Review Manager (RevMan) v 5.3.14 A Network
Meta-analysis (NMA) was performed for cognitive outcome measure
in a Bayesian framework using Markov Chain Monte Carlo method
with a random effect model (mean difference with 95% credible in-
terval) using ADDIS release 1.16.617 to analyze the consistency and
Exclusion Criteria

old; Healthy participants; mild cognitive decline or other types of non-
Alzheimer dementia; familial AD initiated before 50 y old or related to
other genetic diseases (eg, trisomy of chromosome 21).

es or
tion;

Other different than nutrient or food interventions

ther
f AD

Plasma nutrient levels, nutritional status, or food intake without any
direct association with disease status or progression.

of Nonhuman animal model studies, in vivo, or in vitro. Full-texts
published in languages other than English, Portuguese, or Spanish.
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inconsistency of relative effects and estimate the rank probability of
an intervention to be the best treatment, the second best, and so on.
The model generated 50,000-simulation iterations (4 chains) to pro-
vide an accurate estimate of the statistical model.18

Trials that assessed outcomes with different scales to the selected
ones were not included in the statistical analysis. Sensitivity analysis
was performed to evaluate the degree of reliability of results in situ-
ations of uncertain decisions or assumptions about the data.12 Un-
published data necessary to undertake meta-analysis was made
available by authors on request; however, some authors did not
respond to our request. Then, we used the strategies proposed by the
Cochrane Handbook12 described in details in the Supplementary
Material.

Results

Characterization of Included Studies

The systematic search identified 26,051 records in all databases at
first (Supplementary Table 2). The Figure 1 shows the PRISMA flow
diagram for the identification process and study selection. Ninety-one
clinical trials were thoroughly assessed by the eligibility criteria and
the Cochrane risk of bias tool. Following the perusal of full-texts, 42
clinical trials were excluded because of the following reasons: 7 un-
suitable study design, 22 participants did not meet clinical condition,
3 ongoing studies, 6 duplicate, and 4 not outcomes of the interest. Of
clinical trials that matched the eligibility criteria, 13 were classified as
high risk of bias by the Cochrane’s tool and excluded, with a total of 36
trials left for inclusion in the systematic review. Of included studies, 30
*Excluded clinical trials: 6 duplicated studies, 8 healthy populatio
dementia, 4 no outcomes of interest, 3 ongoing studies, 7 study de
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Fig. 1. PRISMA flow diagram; illust
were double-blind randomized controlled trial, 2 pilot studies, 1
crossover clinical trial, and 2 secondary analyses of double-blind
randomized controlled trial. Sample sizes ranged from 11 to 561
participants. The mean age of participants was 74.6 years (range
66.5e81.6 years). In most studies, the diagnosis of AD was based on
that of the National Institute of Neurological and Communicative
Disorders and Stroke-Alzheimer Disease and Related Disorders Asso-
ciation criteria, and the Diagnostic and Statistical Manual of Mental
Disorders third or fourth edition. Interventions compared an active
treatment with a placebo group; they were classified into 9 types of
nutrient interventions: 4 antioxidants, 1 carbohydrate, 1 lipid, 2
micronutrients, 8 polymeric formula, 2 polypeptide, 8 omega-3, 3 B-
vitamins, 1 vitamin D, and 5 vitamin E. From these, 19 studies used
medication as co-intervention, generally acetylcholinesterase in-
hibitors. The shortest duration was 4 weeks, and the longest
24months. To evaluate clinical and neuropathologic manifestations of
AD, there were identified 4 types of neuropsychological outcome
measures: behavioral disturbances, cognitive, functional, and global
performance; measured through different assessment scales.19 Given
that most studies used a common assessment scale for neuropsy-
chological outcomes, we used these scales as the primary outcome
measure, the Mini-Mental State Examination (MMSE)20 to assess
cognition, the Alzheimer Disease Cooperative Study Activities of Daily
Living21 to assess functional capacity, the Neuropsychiatric In-
ventory22 to assess behavioral disturbances, and the Clinical Dementia
Rating Scale Sum of boxes23 to assess global performance. Four studies
assessed brain imaging using different outcome measures methodi-
cally incomparable among them; therefore, it was not possible to
perform a statistical analysis. Among the secondary outcomes we
n, 14 mild cognitive impairment population or no Alzheimer 
sign

th key-words n = 26051

= 22104

Records excluded n = 244
208 study design not adequate: 
narrative reviews, systematic 
reviews, meta-analyses, animal 
models and in vitro
12 not outcome of interest
7 unclear interventions (they 
could not be accessed)
7 population studies 
2 book chapters
2 hypotheses
1 social intervention
1 diagnosis study
1 commentary
1 survey
1 patent
1 duplicate

onal records identified 
h other sources n = 2

ity n = 102

synthesis 

 analysis 

Clinical trials that cannot be 
accessed n = 11
Excluded  clinical trials1 n = 42
High risk of bias n = 13 

Studies excluded from analysis: 
4 missing data 
1 statistical issue
1 declined participation
3 same populations

ration of the stages of study.*



Table 2
Characteristics of Clinical Trials Eligible for Systematic Review

First Author, Year of
Publication (Country)

Study Design (Name of
Study)

Principal Health Problem Mean
Age in
Years

Sex Final
Sample
Size

Intervention Duration Co-interventions Main
O comes

Main Findings Risk of Bias

B-Vitamin Complex
Ford et al, 2010

(Australia)31
Randomized, double-

blind controlled
clinical trial (Health in
Men Study)

Cognitive impairment
and dementia

79 M ¼ 100% 241 400 mg B12, 2 mg folic
acid, and 25 mg B6, 1
capsule daily.

2 y Not reported A S-cog, MMSE, Digit
ancellation test, CDT
AMDEX, TICS, SF36
mental health, SF36
vitality, social
nctioning, role
motional.

This trial found no
difference in cognition
between vitamins and
placebo groups,
however there was a
lower decline in
specific cognitive
domains, verbal
memory and attention,
in the vitamins group.
The risks of cognitive
impairment and
dementia were not
significantly reduced
across 8 years of
follow-up.

Low

Connelly et al, 2008
(United Kingdom)32

Double-blind placebo-
controlled study

Probable AD, NINCDS-
ADRDA criteria

76.27 M/F ¼ 12/29 41 1 mg of folic acid or
placebo daily

6 mo Dpz n ¼ 35, Riv n ¼ 12,
Gal n ¼ 10.

M SE, IADL, Social
ehavior (SB), DSST,
ombined IADL/SB

A significant change was
found between groups
in combined scale of
IADL and SB, but not in
cognition, as measured
by the MMSE.

Low

Sun et al, 2007
(Taiwan)33

Randomized, double-
blind, placebo
controlled trial

Mild to moderate AD 75 M/F ¼ 45 / 44 63 Mecobalamin (0.5 mg) in
addition to folic acid
and pyridoxine
hydrochloride and
multivitamin
supplement.

26 wk AchE-I Dpz (all
participants), Riv
(multivitamin group
n ¼ 1)

A S-Cog, MMSE, CASI,
DL Index, IADL Scale

Although levels of
homocysteine were
reduced, patients with
mild to moderate AD
and normal serum
levels of vit B12 and
folic acid did not
exhibit significant
differences between
multivitamin
intervention and
placebo in cognition or
functional
performance at 26 wk.

Low

Aisen et al, 2008
(USA)34

Multicenter, randomized,
double-blind 2-group
parallel design
controlled clinical trial
(VITAL)

Probable AD, NINDS-
ADRDA criteria

76.3 F ¼ 229 (56.0%) 344 Folic acid 5mg/d, vitamin
B12 1mg/d and
vitamin B6 25 mg/d vs
placebo.

18 mo Stable use (for at least
3 mo) of AchE-Is and
Mem was allowed

A S-cog, MMSE, CDR
ob, ADCS-ADL, NPI

High-dose B-vitamins
intervention
decreased levels of
serum homocysteine
but an important
beneficial effect on any
outcome
measurement was not
reached.

Low

Vitamin D
Stein et al, 2011

(Australia)35
Double-blinded

Randomized
Controlled Trial

Mild to moderate AD 77.5 (Median) F/M ¼ 15/ 17 31 Low-dose vitamin D2
(1000 IU), 2 capsules, 3
times/d. High-dose
vitamin D2 (6000 IU).
Human insulin:
Humulin-R 100 IU per
mL. Three sprays per
nostril (total 60 IU
insulin) 4 times/d.
Compared with
placebo

low-dose during 8 wk,
followed by a high-
dose for 8 additional
wk

Dpz n¼ 16, Riv n¼ 1, Gal
n ¼ 8 and Gal plus
Mem n ¼ 1

A S-cog, WMS, GDS,
AD, DAD sub-scores
f activities of daily
ving

Vitamin D
supplementation did
not lead to benefits in
cognition or functional
performance, even
after adding a high-
dose to ongoing low-
dose supplementation.
No benefit from acute
nasal insulin or over
48 h in a subgroup.
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Proline-Rich Polypeptide

Leszek et al, 1999
(Poland)65

Double-blind placebo-
controlled one-year
trial

Mild, moderate and
severe probable AD,
DSM-III-R and
NINCDS-ADRDA
criteria

69.76 F/M ¼ 34/12 42 Colostrinin (proline-rich
polypeptide), one
100 mg tablet every
second d. 100 mg
Selenium tablets, vs
placebo tablets.

1 year Not reported MMSE The colostrinin group
underwent a
substantial positive
effect on cognitive
performance by the
MMSE. The arm
supplemented with
selenium displayed a
significant
stabilization in 90% of
patients, instead of an
improvement in
cognitive state,
compared with
placebo.

Unclear

Bilikiewicz and Gaus,
2004 (Poland)66

Placebo controlled,
double-blind
multicenter trial

Mild to moderate
probable AD, DSM-IV
and NINCDS-ADRDA

72.1 F 2/3 105 Colostrinin tablet 100 mg
of active substance
plus excipients
(mannitol, magnesium
stearate and sodium
chloride) on alternate
d interspersed with a
placebo tablet on the
even d.

15 wk followed by 15 wk
open label

Not reported ADAS-cog, CGIC, IADL,
MMSE, GDS, Geriatric
Depression Scale and
ADAS-non cog.

The cognitive status was
not significantly
affected by this
supplementation, as
measured by the
MMSE; however, it did
attain an important
benefit in the ADAS-
cog and in the IADL on
the FSA. The GIC
showed no changes in
any group. The overall
benefit analysis in the
full sample showed
40% patients stabilized
or improved on
Colostrinin at week 15
as opposed to only 21%
on placebo.

Low

Ab, b-amyloid peptide; AChE-Is, acetylcholinesterase inhibitors; ADAS-cog, Alzheimer Disease Assessment Scaleecognitive subscale; ADCS-ADL, Alzheimer Disease Cooperative Study-activities of daily living; ADCS-CGIC, Alzheimer
Disease Cooperative Study-clinician’s global impression of change; ADL, activities of daily living; ARA, arachidonic acid; BDS, Blessed Dementia Scale; BNT, Boston Naming Test; BMI, body mass index; BRSD, Behavior Rating Scale for
Dementia; CAMDEX, Cambridge Mental Disorders of the Elderly Examination; CAS, Caregiver Activity Survey; CASI, Cognitive Abilities Screening Instrument; CDR, clinical dementia rating; CDR-sob, clinical dementia rating-sum of
boxes; CDT, clock drawing test; CIBIC, Clinician’s Interview-Based Impression of Change Scale; CLOX, clox-drawing test; DAD, Disability Assessment in Dementia Questionnaire; DHA, docosahexaenoic acid; Dpz, donepezil; DRS,
dementia rating scale; DSM-III/IV, Diagnostic and Statistical Manual of Mental Disorders third or fourth edition; DSST, Digit Symbol Substitution Test; EEG, electroencephalogram; EPA, eicosapentaenoic acid; F, female; F2-IsoPs, F2-
isoprostanes; GSSG, oxidized glutathione; HDRS, Hamilton Depression Rating Scale; Hs-CRP, high sensitive C-reactive protein; IADL, instrumental activities of daily living; Gal, galantamine; GDS, Global Deterioration Scale; IL,
interleukin; LDST, Letter Digit Substitution Test; M,male; MADRS, Montgomery Asberg Depression Rating Scale; MCI, mild cognitive impairment; MCP-1, monocyte chemotactic protein-1; MDA, malondialdehyde; Mem,memantine;
MMSE, Mini-Mental State Examination; MRI, magnetic resonance imaging; NINCDS-ADRDA, Neurological and Communicative Disorders and Stroke-Alzheimer Disease and Related Disorders Association; NPI, Neuropsychiatric
Inventory; NTB, Neuropsychological Test Battery; P-Tau, phosphor-tau; Riv, rivastigmine; PUFA, polyunsaturated fatty acid; RBANS, repeatable battery for the assessment of neuropsychological status index; SF36, Short Form 36;
TICS, telephone interview of cognitive status; TNF-a, tumor necrosis factor; T-Tau, total tau; TTR, transthyretin; UMP, uridine monophosphate; WAIS, Wechsler Adult Intelligent Scale; WMS, Wechsler Memory Scale.
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found biomarkers related to AD [Ab-4224, total tau (T-tau) and phos-
phorylated tau (P-tau) levels in cerebrospinal fluid (CSF)25,26];
inflammation/oxidative stress biomarkers [cytokines,27 F2-iso-
prostanes (F2-IsoPs),28 high sensitive C-reactive protein CSF levels29,30

(Supplementary Table 3)]. Studies included in the systematic review
and their main findings are summarized in Table 2.
Fig. 2. Random-effects meta-analysis of the data on the effects
Risk of Bias Assessment of Included Studies

The general grading of risk of bias graph is presented in
Supplementary Figure 1 and Supplementary Figure 2. Studies graded
as high risk of bias in the domain selection bias were excluded. In
performance bias, 61.1% of included studies described the method of
of different nutrition interventions on cognitive outcomes.



Fig. 3. Random-effects meta-analysis of the data on the effects of different nutrition interventions on functional outcomes.
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blinding of both participants and personnel; nonblinded studies were
excluded. In reporting bias, 19.4% studies with missing results were
classified as high risk of bias and excluded from the analysis.
Intervention Effects

Studies with missing data40,45,46,55,57 or evaluating similar out-
comes in the same population and intervention48,52-54 were excluded
from analysis (Supplementary Table 4).
Pair-Wise Meta-Analysis

Effect of nutrition interventions on cognitive outcomes
The analysis of nutrient interventions for cognition in AD, using the

MMSE, showed that patients supplemented with B-group vitamins, in
co-intervention with acetylcholinesterase inhibitors and memantine,
an important tendency favoring intervention group was detected on
cognitive status at 6 months [WMD 0.52 (95% CI e0.05, 1.09) P ¼ .07]
(Figure 2C).32e34 Also, Colostrinin, a proline-rich polypeptide, showed
a nonsignificant large effect on cognition [WMD 6.93 (95% CI
e3.04,16.89) P ¼ .17), though with a significant heterogeneity
(P< .00001) that may be explained by the variability in trials’ duration
(Figure 2F).65,66 Antioxidants, including vitamin E, were divided into
single and composite antioxidants (for treatments using more than 1
antioxidant). The effect of single36-38,41,42,44,65 and composite antiox-
idants37,44,53 with a moderate (I2 ¼ 46%, P ¼ .08) and a considerable
heterogeneity (I2 ¼ 81%, P ¼ .005), respectively, showed no effect on
Fig. 4. Random-effects meta-analysis of the data on the effects o
cognition (Figure 2A, 2B). This heterogeneity may be attributed to the
variability in trials’ duration, dosage, and type of compound, regard-
less of their antioxidant function. Results did not change after a
sensitivity analysis using only vitamin E (P ¼ .73). Supplementation
with omega 3 fatty acid had a null response (Figure 2D).48,52e54

Polymeric formula revealed a nonsignificant trend toward treatment
intervention (Figure 2E).56,61 A ketogenic agent, a medium-chain tri-
glyceride (MCT) of glycerin and caprylic acid,56 inositol,47 and Vitamin
D35 were unable to show a significant effect on cognition evaluated by
the MMSE, CAMCOG (Cambridge Cognitive Examination) scale, and
the Alzheimer Disease Assessment ScaleeCognitive subscale, respec-
tively (Supplementary Figure 3).
Effect of Nutrition interventions on Functional Outcomes

In terms of functional, single antioxidants, with a moderate het-
erogeneity (I2 ¼ 52%, P ¼ .10) (Figure 3A)36,41,42,44 and polymeric for-
mula were not able to demonstrate any effect on this outcome (Figure
3B).56,62,64 One study using omega 3 displayed no treatment effect on
functional capacity52; nor vitamin D by using the Disability Assess-
ment for Dementia scale (Supplementary Figure 4).35
Effect of Nutrition interventions on Behavioral Outcomes

Supplementationwith single antioxidants did not show significant
change (Figure 4A).36,41 Studies using omega-3, with a moderate
heterogeneity (I2 ¼ 56%, P ¼ .13) probably attributed to substances of
f different nutrition interventions on behavioral outcomes.



Fig. 5. Random-effects meta-analysis of the data on the effects of different nutrition interventions on global outcomes.
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intervention, time point, and dosage, also failed to demonstrate an
effect (Figure 4B).50,52 One study assessing the effect of vitamin E and
selegiline in behavioral outcomemeasured with the Behavioral Rating
Scale of Dementia revealed a statistically significant effect
(P < .00001).44 One study using B-vitamins and 1 study with poly-
meric formula that analyzed this outcome were unsuccessful in
obtaining significant results (Supplementary Figure 5).34,64

Effects of Nutrition interventions on Global Outcomes

Two studies using omega-3 were insufficient to observe a signifi-
cant influence on global performance (Figure 5A).51,52 One study with
polymeric formula did not support significant results for this outcome
(Supplementary Figure 6).62

Effects of Nutrition interventions on Biomarkers

Two trials assessing CSF levels of Ab-42, T-tau, P-tau, and F2-iso-
prostanes did not found any difference between single antioxidant
and placebo.41,44 Another study did not find significant differences
between omega-3 and placebo in Ab1-42, T-tau, and P-tau, neither on
inflammatory biomarkers high sensitive C-reactive protein, IL-6, or
TNF-a.49

Network Meta-Analysis

The indirect comparison among nutrient interventions on the
cognitive outcome (by the MMSE), polypeptide (proline-rich) appears
to show a higher significant efficacy in improving mental status when
compared with remaining interventions (Table 3). Nutrients were
ranked for the probability of having the best treatment effect (Figure
6A, 6B). Proline-rich polypeptide showed the highest probability of
being the most effective treatment of improvement in cognitive status
(100%). However, this data is controversial because of the reduced
number of studies (Figure 6C) and different treatment duration.
Polymeric formula was ranked as the second probable best treatment
Table 3
Network Meta-Analysis of Cognitive Effect of Nutrient Interventions*

Consistency Model of Nutrient Interventions [MD (95% CrI)]
B-vitamins 0.03 (�3.42, 3.62) ‒0.81 (�4.28, 2.65) ‒0.14 (�
�0.03 (�3.62, 3.42) Composite antioxidants ‒0.85 (�3.93, 2.18) ‒0.19 (�
0.81 (�2.65, 4.28) 0.85 (�2.18, 3.93) Omega-3 0.66 (�
0.14 (�2.41, 2.81) 0.19 (�2.20, 2.60) ‒0.66 (�2.93, 1.64) Placebo

�0.12 (�3.62, 3.42) �0.09 (�3.41, 3.27) ‒0.92 (�4.25, 2.31) ‒0.26 (�
�6.48 (�10.54, �2.44) �6.49 (�10.23, �2.59) ‒7.31 (�11.09, �3.42) ‒6.65 (�
�0.16 (�3.22, 2.94) �0.10 (�2.65, 2.51) ‒0.93 (�3.76, 1.82) ‒0.29 (�
Inconsistency model of nutrient interventions

B-vitamins 0.02 (�3.56, 3.83) ‒1.16 (�5.67, 3.10) ‒0.16 (�2
�0.02 (�3.83, 3.56) Composite antioxidants ‒1.19 (�5.27, 2.56) ‒0.16 (�2
1.16 (�3.10, 5.67) 1.19 (�2.56, 5.27) Omega-3 0.57 (�1
0.16 (�2.56, 2.76) 0.16 (�2.36, 2.78) ‒0.57 (�3.09, 1.86) Placebo

�0.17 (�3.79, 3.32) ‒0.13 (�3.55, 3.32) ‒1.33 (�5.72, 2.63) ‒0.31 (�2
�6.28 (�11.17, �1.53) ‒6.24 (�10.64, �1.69) ‒7.45 (�12.86, �2.29) ‒6.78 (�1

MD, mean difference; CrI, credible interval.
*Organization is given alphabetically.
(25%) followed by B-vitamins (24%), and single antioxidant as (24%)
the third effective treatment intervention; omega-3 was ranked as the
probable worst treatment (42%). These results are relatively consistent
with pairwise meta-analysis; a prevalent treatment effect was
observed with proline-rich polypeptide. However, the effect of B-vi-
tamins, single antioxidants and omega-3 on cognitive outcomes were
inconclusive (Table 4). Results of the NMA exhibit the same hetero-
geneity found in pairwisemeta-analyses. Because of the inconsistency
in these findings, we cannot use this model to draw conclusions about
the relative effect of treatments.

Quality of the Evidence

The quality of evidence and strength of recommendation for the
use of nutrient interventions to support the management of AD was
classified as very low for trials using polymeric formula, proline-rich
polypeptide, single, and composite antioxidants; low for trials with
omega-3 and moderate for B-vitamins complex. Details are described
in Supplementary Table 5.

Discussion

This work synthesized data from published trials performed to
evaluate the effects of different nutrient interventions on neuropsy-
chological and neuropathologic outcomes in AD at different stages.
The insufficient evidence found was unable to prove clinical or sta-
tistical significance of the efficacy of isolated and/or mixed nutrients
supplementation on the related outcomes. In general, considering the
small number of studies, the small sample sizes and short duration of
these studies, notably the attempt for achieving significant impact on
clinical indicators was abortive. We must highlight that most AD
outcomes in the evidence included in this research were mainly
restricted to cognitive state and functional abilities; outcomes con-
cerning neuropsychiatric behavior, global clinical state, biomarkers
and neuroimaging were limited. The limited evidence suggests a
subtle trend associating nutrient and reduced risk of dementia,
2.81, 2.41) 0.12 (�3.42, 3.62) 6.48 (2.44, 10.54) 0.16 (�2.94, 3.22)
2.60, 2.20) 0.09 (�3.27, 3.41) 6.49 (2.59, 10.23) 0.10 (�2.51, 2.65)
1.64, 2.93) 0.92 (�2.31, 4.25) 7.31 (3.42, 11.09) 0.93 (�1.82, 3.76)

0.26 (�1.95, 2.61) 6.65 (3.55, 9.75) 0.29 (�1.37, 1.98)
2.61, 1.95) Polymeric formula 6.37 (2.52, 10.21) 0.02 (�2.90, 2.88)
9.75, �3.55) ‒6.37 (�10.21, �2.52) Polypeptide ‒6.35 (�9.56, �3.04)
1.98, 1.37) ‒0.02 (�2.88, 2.90) 6.35 (3.04, 9.56) Single antioxidant

.76, 2.56) 0.17 (�3.32, 3.79) 6.28 (1.53, 11.17) 0.30 (�3.10, 3.87)

.78, 2.36) 0.13 (�3.32, 3.55) 6.24 (1.69, 10.64) 0.29 (�2.51, 3.15)

.86, 3.09) 1.33 (�2.63, 5.72) 7.45 (2.29, 12.86) 1.45 (�2.37, 5.91)
0.31 (�1.97, 2.73) 6.78 (3.42, 10.04) 0.04 (�2.05, 2.04)

.73, 1.97) Polymeric formula 6.10 (1.51, 10.72) 0.13 (�3.12, 3.47)
0.04, �3.42) ‒6.10 (�10.72, �1.51) Polypeptide ‒5.95 (�9.71, �2.07)



Fig. 6. Rank probability of cognitive effect and network of nutrient interventions.
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especially for studies with proline-rich polypeptide and B-vitamin
complex.

The mechanism of action of proline-rich peptides has been
investigated particularly from nonhuman models and includes the
inhibition of nitric oxide production67 or protection against Ab-
induced neurodegeneration.68 Results found in our meta-analysis
showed somewhat positive effects on cognition65,66; however, this
result may be biased because of the small number of studies included
and different treatment duration producing a possible spurious effect.
A relatively positive treatment effect of B-vitamin on cognition was
observed, albeit it shows a faint lower decline in mental status
compared with control group, rather than the improvement of
symptoms.32e34 Compared with these findings, earlier reviews of
different types of studies looking at the efficacy of folate,69 vitamin
B6,70 vitamin B1,71 vitamin B1272 did not provide support for a positive
effect on cognition or risk of dementia in healthy elderly or demented



Table 4
Summary Effects Estimates on Cognition From Pairwise and Network Meta-Analysis

Nutrient Intervention Number of Studies/Arms Sample Size Pairwise (MD) Network (MD) Weight Rank (probability)

Polypeptide 2 136 6.93 (�3.04, 16.89) 6.65 (3.55, 9.75) 5.84% 1 (100%)
Polymeric formula 2 237 0.33 (�0.53, 1.19) 0.26 (�1.95, 2.61) 10.18% 2 (25%)
B-vitamins 3 521 0.52 (�0.05, 1.09) 0.14 (�2.41, 2.81) 22.37% 2 (24%)
Composite antioxidants 3 234 0.10 (�2.34, 2.54) 0.19 (�2.20, 2.60) 10.05% 2 (22%)
Single antioxidants 7 574 �0.00 (�0.85, 0.84) 0.29 (�1.37, 1.98) 24.65% 3 (24%)
Omega 3 4 627 �0.00 (�0.62, 0.62) �0.66 (�2.93, 1.64) 26.92% 7 (42%)

MD, mean difference.
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persons. The controversial findings of our meta-analysis evaluating
the efficacy of B-vitamin complex “as a whole” (that is, including the
different B vitamins in the same analysis) in contrast with the existent
similar works evaluating these vitamins independently, lead us to
consider that these vitamins have close interrelated roles and may
work together, in cooperation. B-vitamins are well known by their
mutual main role in the CNS and should not be evaluated distinctly in
the management or prevention of neurodegenerative conditions.73

These interventions are considered relatively stronger when
compared with other nutrients investigated in the present study (as
shown in our ranking of NMA). For instance, for their possible role
associated with oxidative stress in the pathogenesis and progress of
AD, antioxidants are expected to ameliorate oxidative status,
contributing to delay neurodegeneration. Studies included in our
analysis using single antioxidant nutrient36e38,41,42,44,65 presented a
large heterogeneity that might prevent the examination from bringing
about a result different from a null effect. The exploratory analysis
using only vitamin E also was futile, certainly attributed to the
inconsistent results of individual trials.36e38 Parallel to our findings,
other studies found no evidence of the efficacy of vitamin E in the
prevention or progression of AD.74 Despite the evidence indicating the
role of inositol,75 vitamin D,76 omega-3 fatty,77e80 and MCT81 in the
functions of the CNS, studies using these compounds35,47,52e54,56 in
patients with AD at different stages did not show any significant
enhancement in cognition or the other AD outcomes. Our results with
omega-3 are consistent with other reviews that did not find enough
evidence of this supplementation in the prevention of cognitive
impairment or dementia in nondemented older individuals.82e84

Treatments with multinutrient supplements intervention, denomi-
nated as “polymeric formula,” showed some fair benefits on cognition,
but not for other AD outcomes.56,61 Few reports examining the effects
of different multi-nutrient in AD showed a nonsignificant beneficial
effect in any outcome.85,86

Across studies, there was observed inconclusive treatment effect of
nutrients on clinical and neuropathological outcomes in patients
diagnosed with AD at different stages, which may be attributed to the
use of isolated nutrient supplementation overlooking the role of their
counterpart to exert an appropriate physiological function in every
metabolic pathway. The slight tendency favoring toward nutrients
intervention suggests that an approach joining nutrients altogether
may offer strengthened benefits. Single nutrient intervention is a
narrowed approach putting aside the concept of food and nutrients
synergy. Despite the importance of studies with isolated nutrients, to
understand their function in the physiopathology of diseases, treat-
ment strategies probably should be focused in the major embodiment
of this concept; nutrients are comprised in a unit, food. The interre-
lation between constituents in foods is a remarkable fundament
demonstrating that they act synergistically to influence the risk of
several chronic diseases; single nutrients cannot exert functions
independently, which is the basis for promoting consumption of food
variety and selecting nutrient-rich foods.87e90 Our findings suggest
that a nutrient-based perspective is limited and does not reach sig-
nificant effects. Studies related to Mediterranean diet,91,92 DASH
(Dietary Approaches to Stop Hypertension),93 or combinations of di-
etary patterns such as the MIND diet94 have proved these statements
since they have been associatedwith a better cognitive function, lower
rates of cognitive decline, and developing mild cognitive impairment
and AD.

It is noteworthy that most studies regarding nutrient interventions
in dementia were conducted in healthy elderly or with mild cognitive
impairment. The extent of our results is also limited owing to the
noninclusion of the gray literature, language restriction, and key
search terms limited to the group of nutrients; which may have led to
overlooked relevant records. The principal limitation in the analysis of
results was the variety of scales used to assess neuropsychological
outcomes and incomplete reporting of results, generating difficulties
in pooling the results of trials. Several studies assessing single nutri-
ents have small sample sizes that may introduce bias in the statistical
analysis; indeed, few studies match the type of compound, dosage and
time point measurement leading to heterogeneity in results. Some of
the trial duration may be too short for the intervention to bring about
noteworthy differences in cognitive domains and functions that
comprise acquiring knowledge and skills that might not be affected
following the nutritional supplementation on the shorter term.
Among other limitations, not enough data for adjustment of possible
important confounding variables was found, for example, education
level or dietary nutrients intake.

Conclusions

Our findings did not provide consistent evidence to establish
conclusive statements whether nutrients can slow down or decrease
neuropathologic and clinical manifestations of AD. Future studies with
single nutrients may focus on their role or behavior in the pathologic
process of this disease and possibly in other body systems affected by
the altered brain neurologic functions, as well as their interactionwith
other nutrients, or medications; rather than their isolated supple-
mentation as a treatment. In such cases, we encourage monitoring
also dietary nutrients ingestion and related factors.
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