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Diet has been hypothesized to be associated with neurodegenerative disorders. The aim was to conduct an umbrella review to summarize and
evaluate the current evidence of prospective associations between any dietary factors and the incidence of neurodegenerative disorders. We
conducted a systematic search in PubMed, Embase, and Cochrane database up to November 2019 to identify systematic reviews with meta-analyses
of prospective studies investigating the association between dietary factors (dietary patterns, foods and beverages, nutrients, and phytochemicals)
and neurodegenerative disorders (cognitive decline, cognitive impairment, Alzheimer disease, all-cause dementia, and Parkinson disease). Summary
risk ratios (SRRs) and 95% Cls were recalculated using a random effects model. We evaluated the risk of bias of identified meta-analyses and
the quality of evidence for all associations. In total, 20 meta-analyses including 98 SRRs were identified. All original meta-analyses were rated as
being at high risk of bias. Methodological concerns related mainly to the inappropriate synthesis, assessment, and discussion of the risk of bias of
primary studies. For the recalculated meta-analyses, quality of evidence was moderate for inverse associations between higher adherence to the
Mediterranean diet (SRR: 0.63; 95% Cl: 0.48, 0.82; n = 4 primary studies) and higher fish intake (SRR: 0.72; 95% Cl: 0.59, 0.89; n = 6) and Alzheimer
disease, as well as for tea consumption and all-cause dementia (SRR: 0.74; 95% Cl: 0.63, 0.88; n = 2) and Parkinson disease (SRR per 2 cups/d: 0.69; 95%
Cl:0.54,0.87; n = 5). This umbrella review provides a comprehensive overview of the available evidence on dietary factors and neurodegenerative
disorders. The results indicate that the Mediterranean diet, fish, and tea could be inversely associated with neurodegenerative disorders. However,
the quality of evidence was generally low, suggesting that further studies are likely to change the overall estimates. Thus, more well-conducted
research, also investigating other dietary factors in association with neurodegenerative disorders, is warranted. Adv Nutr 2020;11:1161-1173.
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Introduction

Neurodegenerative diseases, including Alzheimer disease,
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Ministry of Health and the Ministry of Innovation, Science and Research of the State of North public health concerns worldwide due to aging populations.
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This umbrella review provides an overview of the currently available evidence on dietary
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y (4). Thus, the prevention or delay of disease occurrence at
an early stage is of high public health relevance.

Besides nonmodifiable risk factors such as advanced age
and genetic predisposition, it has been suggested that modi-
fiable risk factors could also play an important role in the pre-
vention due to the long latency period of neurodegenerative
diseases (5, 6). Research has been conducted to investigate
environmental risk factors such as smoking, pesticides, and
other toxins (7, 8). Moreover, some dietary factors have also
been hypothesized to have some preventive potential. In fact,
there are many reviews and meta-analyses investigating the
association between dietary factors and neurodegenerative
diseases. For instance, a number of studies have investigated
the association between coffee or caffeine consumption and
Parkinson disease (9-11). Furthermore, the Mediterranean
diet has been shown to be inversely associated with the
risk of cognitive disorders (12-14). Recently, a comprehen-
sive review summarized the results of observational and
intervention studies on the associations between dietary
factors and cognitive impairment, and concluded that dietary
patterns like the Mediterranean diet and its components
could have a protective potential (15). These findings could
be of importance for the prevention of neurodegenerative
disorders. However, the strength of the associations, the
quality of evidence, and the influence of potential bias
of these systematic reviews and meta-analyses need to be
clarified. Umbrella reviews provide a broad overview of
the existing evidence by focusing on published systematic
reviews and meta-analyses on a specific topic, and are helpful
tools to evaluate the certainty of evidence (strength and
precision of the estimates, and influence of potential bias
regarding these associations) and the risk of bias in the
process of the systematic review and the meta-analysis of the
published reports (16). Umbrella reviews have summarized
studies on environmental risk factors and dementia (17) and
Parkinson disease (8), but these reviews did not include all
dietary factors and focused on all study designs. Moreover,
the methodological quality and the quality of evidence need
to be assessed.

Thus, the aim of the present umbrella review was sys-
tematically to summarize and evaluate the current evidence
of prospective associations between any dietary factors
including dietary patterns, food groups, foods and beverages,
macronutrients, micronutrients, and phytochemicals, and
the incidence of neurodegenerative disorders including
cognitive decline, cognitive impairment, Alzheimer disease,
all-cause dementia, and Parkinson disease.

Methods

The present umbrella review was conducted and reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist (18), and
proposed methodology of conducting and reporting um-
brella reviews (16). The umbrella review was registered a pri-
ori in PROSPERO—the International Prospective Register
of Systematic Reviews (ID: CRD42018105892; available at:
http://www.crd.york.ac.uk/PROSPERO/).
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Search strategy

The systematic literature search was conducted by using
predefined search terms in PubMed, Embase, and Cochrane.
The search term consisted of terms of exposure such as
“diet,” “dietary,” and outcome including “neurodegenera-
tive,” “dementia,” “Parkinson,” or “cognitive,” as well as
terms referring to the study design: “systematic review”
or “meta-analysis.” The full search strategy is shown in
Supplemental Table 1. The terms were searched in title
and abstract, and Mesh terms in PubMed and the Cochrane
database as well as Emtree in Embase. The literature search
was updated on November 6, 2019. Two researchers (JB and
AWL) independently screened titles and abstracts according
to predefined inclusion and exclusion criteria to identify
potentially eligible studies. Full texts were retrieved and
independently assessed for eligibility by 2 researchers. Any
disagreements between the 2 reviewers were resolved by
consensus. Reference lists of identified studies were screened
for further relevant meta-analyses.

Eligibility criteria

We included meta-analyses if the following inclusion criteria
were met: 1) studies investigated the association of dietary
factors (dietary patterns, food groups, foods, macronutri-
ents, micronutrients, phytochemicals) and the following
neurodegenerative disorders: cognitive decline, cognitive
impairment, MCI, Alzheimer disease, all-cause dementia, or
Parkinson disease; 2) systematic reviews included a meta-
analysis of >2 prospective cohort studies or randomized
controlled trials investigating incident cases; 3) general
populations (including children, adolescents, adults, and
elderly people) without prevalent cognitive disorders; 4) an
overall risk ratio was calculated; and 5) articles were written
in English or German and published in peer-reviewed
scientific journals.

Studies were excluded based on the following exclusion
criteria: 1) no quantitative synthesis of the single study results
was performed; 2) meta-analysis was based on case-control
or cross-sectional studies only; 3) meta-analyses focused on
pregnant or breastfeeding women and populations at risk
(individuals with type 2 diabetes mellitus, cardiovascular
diseases, or cancer); 4) no risk ratio was calculated (correla-
tion coeflicients, regression coefficients were excluded); or 5)
duplicate publication on the same exposure and outcome. In
the latter case, we included the most recent meta-analysis, the
meta-analysis investigating dose-response relation, or the
meta-analysis including the highest number of prospective
studies. No restrictions based on publication date were
applied.

Data extraction

Two review authors (JB and AWL) extracted the following
data from each included meta-analysis using a standardized
form: first author’s last name, year of publication, type of
exposure(s) and comparisons, type of outcome(s), number
of prospective cohort studies or randomized controlled trials
included in the meta-analysis, and the number of cases
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and total sample size of the meta-analysis. One researcher
extracted the data and a second researcher checked the data
for accuracy. Any discrepancies were solved by consensus.

Additionally, 3 researchers (AWL, AS, and AL) extracted
data from all primary studies included in every meta-
analysis. Another author (JB) checked the data for accuracy.
The following data were extracted from each primary study:
first author’s last name, year of publication, name of the
study, country, sex and age of participants, duration of follow-
up, type of exposure, exposure categories, type of outcome,
person years, total number of participants and cases, number
of participants and cases per category, multivariable adjusted
RR, and corresponding 95% Cls. In case of missing data in
primary studies, the data were extracted from the original
meta-analysis. If a meta-analysis included both prospective
and cross-sectional/retrospective studies, we only included
primary studies with incident cases and excluded primary
studies with prevalent cases at baseline. Furthermore, we
excluded primary studies from the meta-analysis if only
risk estimates for combined end points were available, for
example, cognitive decline and dementia.

Risk of bias assessment and evaluation of the quality of
evidence
The methodological quality was assessed using the risk of
bias in systematic reviews (ROBIS) tool (19). The ROBIS
tool consists of 4 domains: 1) study eligibility criteria; 2)
identification and selection of studies; 3) data collection
and study appraisal; and 4) synthesis and findings. For each
domain, signaling questions help to judge the risk of bias
in the systematic reviews. For the overall evaluation, the
following issues were considered: 1) the interpretation of
findings addressed all the concerns identified in domains 1
to 4; 2) the relevance of identified studies was adequately
considered to the review’s research question; and 3) the
reviewers avoided emphasizing the results on the basis of
their statistical significance. A detailed description of the tool
and judgment of potential risk of bias for each domain is
given in Supplemental Table 2. Two researchers (JB and SS)
independently assessed the risk of bias of each meta-analysis.
Any discrepancies were identified and resolved by discussion.
The quality of evidence was evaluated using NutriGrade
(20). This tool comprises the following items: I) risk of
bias, study quality of the primary studies; 2) precision of
the estimate; 3) heterogeneity; 4) directness; 5) publication
bias; 6) funding bias; 7) effect size; and 8) dose-response
association. Information on risk-of-bias assessment and
funding bias was extracted from the original meta-analyses,
whereas the other items refer to the recalculated meta-
analyses. The score could range between 0 and 10, and there
were 4 categories to judge the meta-evidence: I) a score of >8
points was assigned to high quality of evidence and indicates
that there was high confidence in the effect estimate and that
further studies probably would not change the confidence
in the effect estimate; 2) a score of 6 to <8 points was
assigned to moderate quality of evidence indicating that there
was moderate confidence in the effect estimate and further

research might change the effect estimate; 3) a score of 4
to <6 was assigned to low quality of evidence indicating
low confidence in the effect estimate and a likelihood that
further studies would change the effect estimate; and 4) a
score of <4 was assigned to very low quality of evidence,
indicating that there was very limited and uncertain meta-
evidence (20). The rating was conducted independently
by 2 authors (AS and AL) and any discrepancies were
resolved by discussion. The quality of evidence was evaluated
separately if a pairwise and dose-response meta-analysis was
available.

Statistical analysis

We reanalyzed all meta-analyses to ensure that: I) only
prospective studies (including prospective cohort studies,
nested case-control studies, case-cohort studies, or ran-
domized controlled trials) were pooled using the same
methods; 2) summary risk ratios (SRRs) were calculated
separately for different outcomes; and 3) all relevant measures
(e.g., heterogeneity measures) were consistently presented.
If duplicate publications of the same study population were
included in the original meta-analysis, we used the most
recent primary study including the largest sample size.
A meta-analysis was reanalyzed if >2 prospective studies
on the same exposure and outcome were available. We
estimated SRRs and corresponding 95% ClIs by using a
random effects model (21). For primary studies that reported
RRs separately for men and women, or for different exposure
groups (e.g., single foods instead of a food group), RRs were
combined using a fixed effect model before entering the risk
estimate into the overall meta-analysis. If RRs for different
cohort studies were available in 1 primary study, we treated
these as single studies. For pairwise meta-analyses (high
compared with low meta-analysis), we excluded primary
studies reporting continuous RRs. Furthermore, linear dose-
response meta-analyses were reanalyzed using the method
of Greenland and Longnecker (22). The following data
were required for >3 exposure categories: a quantity of
the exposure (e.g., grams per day), the effect estimate with
the corresponding 95% CI, and the number of cases and
person-years. If the number of cases in the categories or
person-years was not reported, but information on the total
number of cases and total person-years or the numbers of
total participants plus follow-up period was available, the
number of cases or person-years was calculated for specified
categories as described previously (23). If a range of dietary
intake was presented, the midpoint value was assigned as
exposure level for the respective category. In addition, a
nonlinear dose-response meta-analysis was performed by
using restricted cubic spline regression models as described
by Orsini et al. (24). A likelihood ratio test was used to test
for nonlinearity. Statistical heterogeneity between studies was
evaluated using 7> and prediction intervals (PIs) (25). We
estimated Pls if >5 studies were available in a meta-analysis.
The PI indicates which range of true effects can be expected
from future research (25). Moreover, we calculated I? as a
measure of inconsistency (26). We assessed publication and
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FIGURE 1

small study effects visually by using the funnel plot, and
statistically by using the Egger test for meta-analysis with >5
primary studies (27). All statistical analyses were performed
using Stata (version 14; Stata-Corp).

Results

In total, we identified 7926 publications. The flow chart
illustrating the study selection process is shown in Figure 1.
After retrieving 320 full-text articles, 43 studies were eligible
for inclusion and we excluded 277 articles according to
our exclusion criteria. Furthermore, we identified >1 meta-
analysis for the same topic for most exposures. In most
cases, they included similar articles, but mostly different
types of study design (prospective cohort, case-control, and
cross-sectional studies). We included the most recent meta-
analyses comprising the most prospective cohort studies.
Thus, we excluded 23 articles due to duplicate publication
of the same meta-analysis. In total, we finally included 20
meta-analyses (11, 14, 28-45) investigating in total 98 SRRs
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Flow chart illustrating the literature search process in the umbrella review.

on dietary factors and cognitive decline (n = 5) (32, 34,
37, 42, 43), cognitive impairment/MCI (n = 3) (14, 34, 42),
Alzheimer disease (n = 10) (14, 28-30, 35-38, 44, 45), all-
cause dementia (n = 11) (14, 28, 29, 32, 35, 37-39, 42, 44,
45), and Parkinson disease (n = 6) (11, 31, 33, 39-41).

The characteristics and recalculated results of the original
meta-analyses are presented in Supplemental Table 3. The
meta-analyses included 2-8 primary studies. All meta-
analyses were published between 2012 and 2018. All meta-
analyses included primary studies based on adult popula-
tions.

We identified meta-analyses on the following dietary fac-
tors: Alternate Healthy Eating Index (AHEI) (39), Mediter-
ranean diet score (MDS) (14), fruit and vegetables (32), fish
(28, 44, 45), total dairy and specific dairy products (31, 33,
43), coffee (11, 35, 42), tea and specific types of tea (11, 37),
total energy (41), total carbohydrates (41), total protein (41),
total fat and specific types of fat (including SFAs, cholesterol,
MUFAs, PUFAs, n-3 PUFAs, n-6 PUFAs, arachidonic acid,
linoleic acid, «-linolenic acid (ALA), EPA, DHA (38, 41, 44,



Primary Participants, Cases, Quality of
Exposure Outcome  studies, n n n Comparison SRR (95% CI) Reference  evidence
MDS MCI 5 24274 2351 high vs. low - 0.83 (0.74,0.93) 14 low
MDS MCI 5 11101 1113 per 1 point L 0.94 (0.91,0.98) 14 low
Fruit CD 2 10500 1904 high vs. low - 0.82 (0.70,0.97) 32 low
Tea CD 4 7842 1932 high vs. low - 0.70 (0.57,0.88) 37 low
Green tea CD 3 2151 626 high vs. low — 0.53 (0.29,0.99) 37 low
Vegetables CD 2 10500 1904 high vs. low — 0.85 (0.51,1.39) 32 very low
Milk CD 2 5410 742 high vs. low —— 0.87 (0.48,1.60) 43 very low
Black/oolong tea CD 2 1928 551 high vs. low —%— 0.96 (0.44,2.09) 37 very low
Coffee Cl 3 7545 1094 high vs. low —r— 0.88 (0.58,1.32) 42 very low
Coffee Cl 3 7545 1094 per 1 cup/day - 0.95 (0.81, 1.11) 42 very low
Coffee CD 2 1928 551 high vs. low - 1.09 (0.81,1.45) 42 very low
Coffee CD 2 1928 551 per 1 cup/day - 1.05 (0.86, 1.28) 42 very low
Caffeine CD 2 7326 1087 high vs. low — 0.79 (0.44,1.42) 34 very low
Caffeine Cl 2 3803 450 high vs. low — 0.81 (0.39,1.67) 34 very low
T T T
2 5 1 23

FIGURE 2 Associations between dietary factors and cognitive decline (CD), cognitive impairment (Cl), or mild cognitive impairment
(MCI). Summary risk ratios (SRRs) with corresponding 95% Cls have been estimated using random effects models, and quality of evidence
for each association has been evaluated using NutriGrade. MDS, Mediterranean diet score.

45), vitamin B-6 (29, 40), vitamin B-12 (29, 30, 40), vitamin
C (29, 36), vitamin E (29, 36), folate (29, 40), B-carotene (36),
flavonoids (29), and caffeine (11, 34).

Methodological quality of the included meta-analyses

The results of the methodological quality assessment of the
included meta-analyses are presented in Supplemental Table
3. Overall, all studies were rated as being at high risk of
bias. In detail, less than half of the studies (n = 9) (11, 14,
28, 30, 35, 38, 39, 41, 42) were rated as low risk in the first
domain assessing the appropriateness of the study eligibility
criteria. Evaluating the second domain on identification and
selection of studies revealed that only 3 meta-analyses (14,
38, 42) were rated as low risk of bias. This was mainly due
to the insufficient search strategies that could have missed
potentially relevant studies. Seven meta-analyses (14, 30, 37,
39, 42, 43, 45) were rated as being at low risk in the third
domain (data collection and study appraisal). The Newcastle-
Ottawa Scale was used for quality assessment of primary
studies in 11 meta-analyses (14, 28, 32, 34, 35, 37-39, 42, 44,
45), 2 meta-analyses (30, 43) applied other tools, and 7 meta-
analyses (11, 29, 31, 33, 36, 40, 41) had not evaluated the
risk of bias. Furthermore, all studies were regarded as high

risk of bias in the “synthesis and findings” domain, which
was mainly due to the pooling of study results derived from
different study designs, different exposures or outcomes, and
the lack of sensitivity analyses or addressing the risk of bias
in the synthesis.

Associations and quality of evidence between dietary
factors and incidence of cognitive decline or MCI
Figure 2 shows the SRRs and the respective quality of
evidence for the associations between dietary factors and
incidence of cognitive decline or MCI. None of the as-
sociations was graded with high or moderate quality of
evidence. An inverse association was found between the
adherence to the MDS and incidence of MCI for both, high
compared with low and dose-response meta-analysis and
graded as low quality of evidence. There was no indication
for nonlinearity for the association between MDS and MCI
(P for nonlinearity = 0.28; Supplemental Figure 1).

Moreover, an inverse association was found for intake
of fruit, green tea, and total tea and incidence of cognitive
decline from evidence graded as low quality.

Associations between intake of vegetables, milk, and
black/oolong tea and cognitive decline, and between coffee

Diet and neurodegenerative disorders 1165



Primary Participants, Cases, Quality of
Exposure studies, n n n Comparison SRR (95% CI) Reference evidence
MDS 4 4845 498 high vs. low —- 0.63 (0.48,0.82) 14 moderate
Fish 6 18843 1075 high vs. low - 0.72 (0.59, 0.89) 28 moderate
MDS 4 4845 498 per 1 point L 0.93 (0.88,0.97) 14 low
Fish 4 16528 969 per one serving/week - 0.88 (0.80,0.97) 45 low
Tea 3 5677 249 high vs. low b 1.18 (0.84, 1.66) 37 low
Coffee 4 308441 5370 per 1 cup/day . 1.02 (0.96, 1.08) 35 low
Total fat 4 9064 486 high vs. low T 1.24 (0.90,1.71) 38 low
SFA 4 9064 486 high vs. low —— 1.46 (1.08, 1.99) 38 low
n-3 PUFA 2 6210 596 high vs. low —_— 0.74 (0.33,1.67) 44 low
DHA 3 6698 >596 high vs. low e 0.67 (0.34,1.32) 44 low
DHA 2 6210 496 per 0.1 g/day € 0.35 (0.04, 3.34) 45 low
Total fat 4 9064 486 per 10 g/day o 1.05 (0.97,1.12) 38 very low
SFA 3 8084 244 per 4 g/day - 1.08 (0.93, 1.26) 38 very low
MUFA 3 3678 449 high vs. low p—  1.05(0.42,2.64) 38 very low
PUFA 2 2863 318 high vs. low —r— 0.87 (0.59, 1.30) 38 very low
PUFA 2 7278 222 per 8 g/day —— 1.09 (0.71,1.68) 45 very low
EPA 2 5883 >465 high vs. low —r 0.89 (0.57,1.38) 44 very low
EPA 2 6210 496 per 0.05 g/day -+ 0.97 (0.83,1.14) 45 very low
Vitamin B6 4 6219 623 high vs. low —-r 0.86 (0.64, 1.16) 29 very low
Folate 4 6219 623 high vs. low —_— 0.78 (0.44,1.38) 29 very low
Vitamin B12 4 6219 623 high vs. low - 0.95 (0.72,1.25) 29 very low
Vitamin B12 3 5254 431 per 1 ug/day 1.00 (0.98, 1.02) 30 very low
Vitamin C 5 10228 1030 high vs. low e 0.91 (0.76, 1.09) 36 very low
Vitamin E 5 10228 1030 high vs. low —r 0.83 (0.58,1.18) 36 very low
B-carotene 5 10228 1030 high vs. low - 1.01 (0.84,1.22) 36 very low

I [ [
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FIGURE 3 Associations between dietary factors and Alzheimer disease. Summary risk ratios (SRRs) with corresponding 95% Cls have
been recalculated using random effects models, and quality of evidence for each association has been evaluated using NutriGrade. MDS,

Mediterranean diet score; SAFA.

and caffeine intake and both cognitive decline and cognitive
impairment were evaluated as very low quality of evidence,
and SRRs were imprecisely estimated.

Potential publication bias was identified for the associa-
tion between MDS and MCI as presented in the funnel plot
(Supplemental Figure 2) indicating that >2 studies with a
null result or a small positive association are missing. This is
also supported by the Egger test (P = 0.04).

Associations and quality of evidence between dietary
factors and incidence of Alzheimer disease

The SRRs and the respective quality of evidence for
the associations between dietary factors and incidence of
Alzheimer disease are presented in Figure 3. None of the
associations was graded with high quality of evidence. We
found an inverse association between the MDS and incidence
of Alzheimer disease in high compared with low meta-
analysis (SRR: 0.63; 95% CI: 0.48, 0.82; > = 0.00; I* =
0.0%; 4 primary studies) graded with moderate quality of
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evidence. However, the dose-response meta-analysis was
graded with low quality of evidence. We found no indication
for nonlinearity (P for nonlinearity = 0.48; Supplemental
Figure 3). Moreover, compared with no or low consumption,
a higher consumption of fish was associated with decreased
incidence of Alzheimer disease (SRR: 0.72; 95% CI: 0.59, 0.89;
72 = 0.02; > = 42.5%; PI = 0.43-1.22; 6 primary studies)
with moderate quality of evidence. The corresponding dose-
response meta-analysis also indicated an inverse association
between fish consumption and Alzheimer disease, but was
only graded with low quality of evidence. Moreover, we found
a positive association between SFA intake and incidence
of Alzheimer disease in high compared with low meta-
analysis, with low quality of evidence. However, the SRR in
the dose-response analysis for an increment of 4 g/d was also
imprecisely estimated (very low quality of evidence).
Associations between the intake of total fat, n-3 PUFAs,
DHA, and folate and Alzheimer disease were imprecisely
estimated and evaluated as low or very low quality of



Primary Participants, Cases, Quality of
Exposure studies, n n n Comparison SRR (95% Cl) Reference evidence
Tea 2 14135 1276 high vs. low - 0.74 (0.63,0.88) 37 moderate
MDS 3 8722 609 high vs. low - 1.07 (0.81,1.42) 14 low
MDS 3 8722 609 per 1 point g 1.01 (0.97,1.06) 14 low
Fish 5 18028 1393  high vs. low = 0.86 (0.75,0.99) 28 low
Fish 3 15713 1124 per one serving/week L 0.95 (0.90,1.00) 45 low
Green tea 2 14135 1212 high vs. low e 0.56 (0.23,1.35) 37 low
Black/oolong tea 2 14135 1212 high vs. low —s— 1.11(0.37,3.31) 37 low
Coffee 4 16473 2173  per 1 cup/day " 1.01 (0.96, 1.05) 35 low
Total fat 2 7269 175 high vs. low —r=—— 1.36 (0.43 4.24) 38 low
SFA 2 7269 175 high vs. low —=— 2.05(1.06,3.98) 38 low
Coffee 3 10468 1485  high vs. low - 1.10 (0.83,1.46) 42 very low
PUFA 2 7278 222 per 8 g/day —— 1.01 (0.64,1.59) 45 very low
DHA 2 6210 596 high vs. low —a— 0.89 (0.57,1.38) 44 very low
Vitamin C 5 10228 1130 high vs. low - 0.98 (0.82,1.17) 29 very low
Vitamin E 5 10228 1130 high vs. low - 0.84 (0.60,1.17) 29 very low
Flavonoids 2 6762 531 high vs. low —r 0.82 (0.42,1.58) 29 very low
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FIGURE 4 Associations between dietary factors and all-cause dementia. Summary risk ratios (SRRs) with corresponding 95% Cls have
been recalculated using random effects models, and quality of evidence for each association has been evaluated using NutriGrade. MDS,

Mediterranean diet score; SAFA.

evidence. Additionally, no association was found between the
intake of coffee, tea, total fat (per 10 g/d), MUFAs, PUFAs,
EPA, vitamin C, vitamin E, vitamin B-6, vitamin B-12, and 8-
carotene and Alzheimer disease, with low or very low quality
of evidence.

A small study effect could be present for the association
between fish consumption and Alzheimer disease according
to the funnel plot (Supplemental Figure 4) indicating that
3 studies with a null result or a small positive associ-
ation are missing, but not according to the Egger test
(P = 0.46).

Associations and quality of evidence between dietary
factors and incidence of all-cause dementia

Figure 4 shows the SRRs with the corresponding 95% Cls
and the respective quality of evidence for the associations
between dietary factors and incidence of all-cause dementia.
None of the associations was graded with high quality of
evidence. The association between higher compared with
lower tea consumption and decreased incidence of dementia
(SRR: 0.74; 95% CI: 0.63, 0.88; 7> = 0.00; I* = 0.0%;

2 primary studies) was graded with moderate quality of
evidence.

Moreover, we found inverse associations between the in-
take of fish and green tea and dementia, with low or very low
quality of evidence, and SRRs were imprecisely estimated.
There was no indication of nonlinearity for the association
of fish intake and dementia (P for nonlinearity = 0.83;
Supplemental Figure 5). We found a positive association
between intake of total fat and of SFAs and incidence of
dementia, with low quality of evidence, and SRRs were
imprecisely estimated.

No association was found for adherence to the MDS,
intake of coffee, black/oolong tea, PUFAs, DHA, vitamin E,
vitamin C, or flavonoids, with low or very low quality of
evidence.

We found a slight asymmetry in the funnel plot for
the association between vitamin E intake and dementia
(Supplemental Figure 6), indicating that >1 study with a
positive association could be missing. However, the analysis
comprised only 5 primary studies and potential publication
bias was not indicated by the Egger test (P = 0.64).
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Primary Participants, Cases, Quality of
Exposure studies, n n n Comparison SRR (95% Cl) Reference  evidence
Tea 5 343345 1322 high vs. low —— 0.65 (0.51, 0.83) 11 moderate
Tea 5 343345 1322 per 2 cup/day - 0.69 (0.54, 0.87) 11 moderate
Milk 5 272238 1637 high vs. low - 1.57(1.30, 1.88) 31 low
Milk 4 190223 811 per 200 g/day - 1.20 (1.10, 1.32) 33 low
Cheese 3 182719 683 per 10 g/day L] 1.11 (1.04, 1.19) 33 low
Coffee 8 785300 2452 high vs. low —— 0.61 (0.44, 0.85) 11 low
Coffee 8 785300 2452 per 2 cups/day ] 0.87 (0.80, 0.95) 1 low
MUFA 5 207386 742 high vs. low = 0.88 (0.69, 1.12) 41 low
MUFA 4 141608 499 per 10 g/day == 0.77 (0.57, 1.04) 41 low
PUFA 5 207386 742 high vs. low =i 0.81 (0.64, 1.02) 41 low
n-3 PUFA 4 141608 499 per 1 g/day —— 0.58 (0.44, 0.77) 41 low
Caffeine 5 340630 927 high vs. low —a— 0.61 (0.44, 0.85) 1 low
Caffeine 5 340630 927 per 200 mg/day —— 0.71 (0.54, 0.91) 1 low
AHEI 2 34285 5443 high vs. low b ] 0.87 (0.49, 1.55) 39 very low
Dairy 4 264734 1509 high vs. low - 1.28 (1.06, 1.55) 31 very low
Yogurt 2 178195 598 high vs. low 1.06 (0.74, 1.51) 33 very low
Butter 2 49467 251 high vs. low 0.76 (0.51, 1.13) 33 very low
Energy 3 136319 448 high vs. low 1.09 (0.82, 1.46) 41 very low
Energy 3 161301 447 per 1000 kcal/day 0.97 (0.75, 1.24) 41 very low
Carbohydrates 3 198955 516 high vs. low 1.16 (0.87, 1.54) 41 very low
Carbohydrates 2 135894 359 per 100 g/day 0.96 (0.67, 1.39) 41 very low
Total fat 6 338250 1130 high vs. low =i 0.85 (0.68, 1.05) 41 very low
Total fat 5 272472 887 per 20 g/day = 0.87 (0.72, 1.06) 41 very low
Protein 4 329819 904 high vs. low —ti— 1.14 (0.85, 1.52) 41 very low
SFA 5 207386 742 high vs. low - 0.85 (0.63, 1.16) 41 very low
SFA 4 141608 499 per 10 g/day - 0.92 (0.74, 1.16) 41 very low
PUFA 4 141608 499 per 5 g/day - 0.82 (0.72, 0.92) 41 very low
Arachidonic acid 2 135894 359 high vs. low —— 0.65 (0.47, 0.91) 41 very low
EPA 2 135894 359 high vs. low 0.91 (0.66, 1.26) 41 very low
EPA 3 141183 410 per 0.1 g/day 1.01 (0.87, 1.18) 41 very low
DHA 2 135894 359 high vs. low 0.84 (0.60, 1.18) 41 very low
DHA 3 141183 410 per 0.1 g/day 0.98 (0.88, 1.09) 41 very low
Linoleic acid 4 144325 585 high vs. low 0.80 (0.61, 1.04) 41 very low
Linoleic acid 4 141608 499 per 5 g/day - 0.83 (0.73, 0.93) 41 very low
Linolenic acid 4 144325 585 high vs. low 0.80 (0.56, 1.15) 41 very low
Linolenic acid 4 141608 499 per 0.5 g/day == 0.82 (0.69, 0.97) 41 very low
n-3 PUFA 4 199380 605 high vs. low 0.83 (0.59, 1.16) 41 very low
n-6 PUFA 2 63486 246 high vs. low 0.75 (0.51, 1.12) 41 very low
Cholesterol 2 135894 359 high vs. low 0.95 (0.67, 1.34) 41 very low
Cholesterol 2 135894 359 per 100 mg/day 0.95 (0.84, 1.08) 41 very low
Vitamin B6 3 141346 487 high vs. low 0.85 (0.53, 1.36) 40 very low
Folate 3 141346 487 high vs. low 1.10 (0.81, 1.50) 40 very low
Vitamin B12 3 141346 487 high vs. low 1.02 (0.79, 1.32) 40 very low

| | |
4 1 2

FIGURE 5 Associations between dietary factors and Parkinson disease. Summary risk ratios (SRRs) with corresponding 95% Cls have been

recalculated using random effects models, and quality of evidence for
Alternate Healthy Eating Index; SAFA.

Associations and quality of evidence between dietary
factors and incidence of Parkinson disease
The SRRs and the corresponding 95% ClIs for the associ-
ations between dietary factors and incidence of Parkinson
disease with the respective quality of evidence are presented
in Figure 5.

None of the associations was graded with high quality
of evidence. We found an inverse association between tea
consumption and incidence of Parkinson disease (in high
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each association has been evaluated using NutriGrade. AHEI,

compared with low, and in dose-response meta-analyses),
graded with moderate quality of evidence. Higher consump-
tion of tea was associated with a lower incidence of Parkinson
disease, with moderate quality of evidence (SRR: 0.65; 95%
CIL: 0.51, 0.83; 2 = 0.00; PI = 0.44-0.97; > = 0.0%; 5
primary studies) compared with no or low consumption.
Moreover, an increment of 2 cups/d was associated with a
decreased incidence of Parkinson disease of 31% (SRR: 0.69;
95% CI: 0.54, 0.87; 7% = 0.00; I* = 0.0%; PI = 0.47-1.00; 5



primary studies) with moderate quality of evidence. There
was no indication for nonlinearity (P for nonlinearity = 0.64;
Supplemental Figure 7).

The majority of associations were graded as low (n = 11)
and very low (n = 30) quality of evidence. Inverse associa-
tions were found between caffeine and coffee consumption,
n-3 PUFAs (per 1 g/d), and total PUFA intake and Parkinson
disease, with low quality of evidence. An increased incidence
of Parkinson disease was found for higher intakes of cheese
and milk, with low quality of evidence, and for intake of
dairy products, with very low quality of evidence.

We found inverse associations between intakes of butter,
MUFAs, ALA, arachidonic acid, linoleic acid, and n-6
PUFAs and incidence of Parkinson disease, with low or
very low quality of evidence, and the SRRs were imprecisely
estimated. We found no association for the adherence to the
AHEI, intake of yogurt, energy intake, most macronutrients
[intake of carbohydrates, protein, total fat, SFAs, n—-3 PUFAs
(high compared with low), DHA, EPA, cholesterol] and
vitamin B-6, vitamin B-12, and folate, with low or very low
quality of evidence.

Potential publication bias indicated by an asymmetry in
the funnel plots, was found for the associations between milk,
coffee, caffeine, and PUFAs and Parkinson disease (Supple-
mental Figures 8-11). According to the Egger test, small
study effects were found for caffeine (P = 0.06) and PUFAs
(P =0.07), but not for milk (P = 0.17) and coffee (P = 0.34).

Discussion

In the present umbrella review, we provided a comprehensive
overview of the currently available meta-analyses investi-
gating dietary factors and the neurodegenerative disorders
Parkinson disease, all-cause dementia, Alzheimer disease,
and cognitive impairment or decline. To our knowledge,
we are the first to evaluate the methodological quality of
the meta-analyses and quality of evidence for all these
associations.

We identified 20 systematic reviews and meta-analyses
comprising in total 98 SRRs. None of these associations were
rated as high quality of evidence. The quality of evidence
was moderate for the inverse associations between the
Mediterranean diet and fish intake and Alzheimer disease,
as well as for tea consumption and all-cause dementia
and Parkinson disease. All other associations were graded
with low or very low quality of evidence, and thus further
research could likely change the overall summary estimates.
Moreover, all published meta-analyses were assessed as being
at high risk of bias.

Comparison with other studies and possible
explanations

The findings of the present umbrella review are in agree-
ment with general dietary guidelines recommending a
Mediterranean-like diet including a diet high in fruit and
vegetables, legumes, nuts, cereals, fish, and olive oil and low
or moderate intake of red meat and dairy products (46, 47).

Several chronic diseases, including type 2 diabetes and car-
diovascular diseases, as well as risk factors for these diseases
have been linked to an increased risk of cognitive decline and
dementia (6, 48). Additionally, a meta-analysis combining 7
cohort studies found an increased risk of Parkinson disease
in individuals with diabetes (49). It has been hypothesized
that the pathogenesis of neurodegenerative diseases shares
some mechanistic pathways with other chronic diseases
such as type 2 diabetes and cardiovascular diseases (50,
51). Although the pathophysiology is not yet fully clari-
fied, common risk factors could include chronic low-grade
inflammation, oxidative stress, glycemia/insulinemia, and
dyslipidemia. Thus, guidelines for the primary prevention
of type 2 diabetes or cardiovascular disease could also be
beneficial for the prevention of cognitive disorders. The
WHO (6) proposed a Mediterranean-like diet to reduce the
risk of cognitive decline and dementia based on intervention
studies and graded with moderate quality of evidence.
However, these intervention studies investigated the effect
of the Mediterranean diet on cognitive performance, rather
than the hard end points investigated in the present um-
brella review. In the present umbrella review, we excluded
systematic reviews and meta-analyses that reported no risk
ratio. A meta-analysis focusing on intervention studies found
a weak correlation between adherence to the Mediterranean
diet and global cognitive performance (52). However, ad-
herence to the Mediterranean diet has been shown to be
associated with decreased concentrations of inflammatory
markers and lower oxidative stress (53). A Mediterranean
diet supplemented with 1 L olive oil/wk has been shown to
improve cognitive function in older adults compared with
the control group advised to reduce dietary fat intake (54,
55). This could be attributable to the higher consumption of
fruit, vegetables, vegetable oils, and fish, and thus the higher
content of MUFAs, PUFAs, vitamins, and polyphenols in
the Mediterranean diet compared with a diet low in overall
dietary fat. In the present umbrella review, the evidence
for associations between intake of fruit, vegetables, MUFAs,
PUFAs, vitamins, and polyphenols and neurodegenerative
disorders was limited. This could be due to the small number
of studies included in these meta-analyses. Nevertheless,
SFAs were positively associated with Alzheimer disease and
dementia. A diet high in SFAs and low in unsaturated fatty
acids is associated with higher blood concentrations of LDL
cholesterol. Hypercholesterolemia has been shown to be a
risk factor for amyloid accumulation in the human brain (56).
High serum concentrations of total cholesterol have been
hypothesized to increase the risk of Alzheimer disease, but
this relation is still debatable (57).

Moreover, intake of coffee was inversely associated with
Parkinson disease, whereas tea was associated with a lower
incidence of cognitive decline, dementia, and Parkinson
disease. Regular intake of tea has been hypothesized to
reduce biomarkers of oxidation and inflammation due to
the antioxidative properties of polyphenols, especially of
catechins. Moreover, phenolic compounds are discussed to
prevent amyloid deposition and therefore, might reduce the
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risk of Alzheimer disease (58). Green tea showed a stronger
association in the present umbrella review compared with
black tea; this might be explained by the higher concentration
of catechins in green tea, which might improve cognitive
function (59, 60) and protect against neurodegenerative dis-
eases (61). Furthermore, green tea extract supplementation
has also been shown to reduce elevated blood pressure and
LDL cholesterol concentrations (62) and thus might lower
the risk of cardiovascular diseases. Because cardiovascular
risk factors are associated with increased risk of Alzheimer
disease, tea consumption could also be beneficial for cog-
nitive health. Other compounds in tea comprise caffeine
and L-theanine, which have been discussed to possess
neuroprotective effects and improve cognitive performance
(59). This could also explain the inverse association between
tea and coffee consumption and Parkinson disease presented
in the present umbrella review.

Surprisingly, milk and dairy consumption was positively
associated with Parkinson disease; however, the association
was graded as low or very low quality of evidence and further
research is likely to change these results. Thus, there is a need
for further research in this area to investigate the direction of
this association and potential mechanism.

Finally, lifestyle per se could explain the observed asso-
ciations. Participants adhering to a more health-promoting
diet (e.g., Mediterranean diet) could also be more active,
less often smokers, and more likely to maintain a normal
body weight than individuals consuming a Western-like
diet, which is characterized by high intakes of meat and
processed meat, refined grains, and high-fat and energy-
dense foods. However, the primary studies included in the
meta-analyses conducted multivariable-adjusted regression
models and adjusted for a range of potential confounders.

Limitations of the included meta-analyses and future
research directions

In the present umbrella review, we were able to identify re-
search gaps and the need for well-conducted meta-analyses.
We found no meta-analysis investigating, for example, the
association of neurodegenerative disorders with intake of
meat, whole grain/cereals, nuts, or minerals. Because these
dietary factors have been shown to be associated with the
risk of other chronic diseases, there could be a potential effect
on neurodegenerative disorders as well. The included meta-
analyses were mostly based on a small number of primary
studies. As a consequence, the quality of evidence was low
or very low for the majority of the associations. Most meta-
analyses included only 2—-4 primary studies, and some meta-
analyses including >5 studies indicated small study effects
or potential publication bias. It is possible that primary
studies published after the original meta-analyses were
undertaken might not be included. In this context, we found
that several search strategies were potentially insufficient
to retrieve all eligible studies; however, most systematic
reviews also scanned reference lists of included articles to
potentially identify further relevant studies. Furthermore, 7
meta-analyses did not evaluate the risk of bias of the included
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studies, which also resulted in a downgrading of the quality
of evidence.

Methodological quality assessment of the identified meta-
analyses showed that all were rated as being at high risk
of bias. Foremost in the methodological weaknesses was
the statistical synthesis of findings, such as the inclusion
of different study designs, pooling different outcomes or
exposures, or including the same study population in 1 meta-
analysis. Thus, future studies should take the similarity of the
primary study results into account and carry out the meta-
analysis with caution. If relevant data are available, authors
should conduct linear and nonlinear dose-response meta-
analyses. Another major limitation of the meta-analyses is
the lack of or insufficient assessment of the risk of bias of the
included studies. Some authors used the Newcastle-Ottawa
Scale to evaluate the quality of the primary studies, but did
not interpret the results based on the quality or relevance
of the identified studies. Moreover, the Newcastle-Ottawa
Scale is regarded as insufficiently assessing the quality of
observational studies, such as assessing selection bias (63).
Thus, future studies should focus more on the risk of bias
assessment using valid tools, such as the Cochrane risk of bias
in nonrandomized studies of interventions (ROBINS-I) tool
(64), or risk of bias in nonrandomized studies of exposures
(ROBINS-E) tool (65), and interpret the relevance of the
studies more carefully in the context of the research question.

Only 9 of the meta-analyses conducted a linear dose-
response meta-analysis (11, 14, 30, 33, 35, 38, 41, 42, 45),
and 7 conducted a nonlinear dose-response meta-analysis
(11, 14, 33, 35, 41, 42, 45). Thus, future meta-analyses
should investigate the association between dietary factors
and neurodegenerative disorders not only in high compared
with low meta-analyses, but also in linear and nonlinear
dose-response meta-analyses.

It is highly recommended that authors register a protocol
(e.g., PROSPERO) and adhere to standardized methods or
guidelines such as the PRISMA (18) or the Meta-Analysis
of Observational Studies in Epidemiology (MOOSE) (66)
guidelines to ensure high methodological quality and a
complete report of the conduct of the systematic review and
meta-analysis.

Strengths and limitations

The main strength of the present umbrella review is the
comprehensive overview of the published meta-analyses on
the association of any dietary factors and the incidence
of neurodegenerative disorders. Moreover, we recalculated
all meta-analyses including only prospective studies and
using random effects meta-analysis. Two investigators in-
dependently conducted several steps of the review process
to minimize bias in the umbrella review. We evaluated the
methodological quality of all included meta-analyses as well
as the quality of evidence for all identified associations.
Because the evaluation of the quality of evidence was mainly
based on recalculated meta-analyses, we were able to min-
imize the risk of bias of original meta-analyses with regard
to the inappropriate synthesis of the findings. Moreover, we



were able to identify research gaps and provided potential
future research directions.

Our umbrella review has also some limitations. First, we
identified meta-analyses based on observational studies only.
We found no meta-analysis that included >1 intervention
study and provided an SRR. However, it is rare that
intervention studies investigate hard end points. Second,
confounding is of major concern in observational studies.
Although we used data from multivariable-adjusted models
from the primary studies, residual confounding cannot be
ruled out due to the observational design of the studies.
Third, most observational studies assessed the diet at baseline
only; changes in dietary behavior and misclassification due
to the self-reported dietary intake could have affected the
results. Nevertheless, we expect that misclassification was
nondifferential due to the prospective design of the studies.
Fourth, although we included the most recent published
meta-analysis or the study based on the highest number of
prospective studies, recent primary studies published after
the systematic reviews and meta-analyses were conducted
might be missing, for example, results from the large
Ohsaki cohort 2006 study on fish consumption and incident
dementia (67), or from an Australian longitudinal cohort
study on the Mediterranean diet and Mediterranean-DASH
diet Intervention for Neurological Delay (MIND) diet and
cognitive impairment (68).

Finally, although we analyzed different outcomes and
exposures separately as far as possible, there was substantial
heterogeneity in some meta-analyses. We conducted or
recalculated no sensitivity analyses to investigate sources of
heterogeneity. Moreover, because some studies performed
no sensitivity analyses, we might have missed other relevant
factors (e.g., carrier of the apoEe4 allele) that could have
influenced the associations.

Conclusion

The present umbrella review provided a comprehensive
overview of the currently available meta-analyses inves-
tigating dietary factors and neurodegenerative disorders.
We found inverse associations between the Mediterranean
diet and fish intake and Alzheimer disease, as well as for
tea consumption and all-cause dementia and Parkinson
disease, with moderate quality of evidence. We additionally
identified several systematic reviews and meta-analyses for
the intake of fruit and vegetables, dairy products, coftee,
macronutrients and vitamins, but the quality of evidence
was rated as low or very low for most associations, mainly
due to the low number of primary studies included in the
meta-analyses. Thus, further studies are likely to change
the overall estimates. Methodological concerns regarding
original meta-analyses relate mainly to the inappropriate
synthesis, and assessment and discussion of the risk of bias
of primary studies. Therefore, more well-conducted research,
investigating other dietary factors also, into the association
with neurodegenerative disorders is warranted.
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