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ABSTRACT
Epidemiological studies have presented inconsistent evidence of the correlation 

between a fish-oriented dietary intake (FDI) and the risk of cognitive decline. To 
address these controversies, we performed this systematic review of prospective 
studies published in December 2016 and earlier using PubMed, Embase, and Web of 
Science. Two independent researchers conducted the eligibility assessment and data 
extraction; all discrepancies were solved by discussion with a third researcher. The 
pooled relative risks (RRs) focused on the incidence of events were estimated with 
95% confidence intervals (CIs). Overall, nine studies containing 28,754 subjects 
were analyzed. When the highest and lowest categories of fish consumption were 
compared, the summary RR for dementia of Alzheimer type (DAT) was 0.80 (95%CI 
= 0.65–0.97); i.e., people with a higher intake of fish had a 20% (95%CI = 3–35%) 
decreased risk of DAT. Additionally, the dose-response synthesized data indicated that 
a 100-g/week increase in fish intake reduced the risk of DAT by an additional 12% 
(RR = 0.88, 95%CI = 0.79–0.99). Non-significant results were observed for the risk of 
dementia of all causes (DAC) and mild cognitive impairment (MCI). Limited evidence 
involving heterogeneity was found within subgroups or across studies. In conclusion, 
this review confirmed that a higher intake of fish could be correlated with a reduced 
risk of DAT. Further research, especially prospective studies that specifically quantify 
FDI, will help find a more accurate assessment of the different levels of dietary intake.

INTRODUCTION

As the population ages worldwide, it is expected 
that the prevalence of cognitive disorders, including 
dementia of Alzheimer type (DAT), mild cognitive 
impairment (MCI), and dementia of other causes, might 
increase in future decades [1-2]. Thus, it is of enormous 
significance to further clarify the potential risk factors 
(e.g., individual diet) [3]. Regarding the role of nutrition 

in the prevention of cognitive disorders, increased hope 
has focused on a fish-oriented dietary intake (FDI), since 
fish is an important source of omega-3 fatty acids (n-3 
FAs) [4-5]. In particular, recent studies found that n-3 FAs, 
including docosahexaenoic acid (DHA), were present in 
the membranes of brain tissue [6]. Eicosapentaenoic acid 
(EPA) also functions as a protective factor in the nervous 
system of human subjects [7]. Furthermore, other studies 
reported that a diet enriched with DHA could lessen the 
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neurodegenerative pathology and protect from cognitive 
decline in aged rats [8-9].

Recently, a substantial body of evidence has 
supported the hypothesis that the regular consumption 
of an FDI may decrease the risk of cardiovascular 
morbidity [10] and mortality [11-13], stroke [14], and 
other age-related disorders. However, the evidence from 
observational literature reveals an inconsistent association 
between FDI and the risk of cognitive decline. Some 
studies demonstrated that a higher FDI was associated 
with a lower risk of cognitive disorders [15-17], whereas 
others failed to prove such protective correlations [18-
19]. One possible reason for these conflicting results is 
the limited capacity of dietary recall surveys and food 
frequency questionnaires to quantify fatty acid levels.

Given the uncertain evidence regarding the roles of 
an FDI and the risk of cognitive decline, we performed 
this updated systematic review by searching and analyzing 
published studies. In addition, this meta-analysis was 
limited to prospective cohort studies because case-
controlled studies might contain bias, especially when it 
comes to recalling previous dietary habits after cognitive 
disorders have been diagnosed. Also, it was assumed that 

the heterogeneity among results might be much smaller 
when similar study designs are considered.

RESULTS

Results of the search

The initial retrieval yielded 1635 publications. 
Of these, 1251 articles were excluded for the following 
reasons: 219 included duplicate authors or titles; 1032 
contained unmatched content (e.g. animal studies, 
reviews, laboratory articles, or other irrelevant topics). 
Of the remaining 384 studies, 142 did not mention 
the characteristics of the FDI (including fish, n-3 FAs 
supplementation, or other fish-related products.), 96 did 
not report the endpoint of DAT, MCI, or DAC, 83 included 
patients in whom dementia had progressed or MCI 
occurred, 27 focused on assessing drug therapies, and 18 
compared segmental dementia scores as outcome indices 
instead of performing complete data measurements. 
Despite attempts to contact the authors via telephone or 

Figure 1: Flow diagram of the trial-selection process. DAT = dementia of Alzheimer type; DAC = dementia of all causes; MCI = 
mild cognitive impairment; FDI = fish-oriented dietary intake.
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Table 1: Methodological quality of the prospective cohort studies by using the Newcastle-Ottawa Scale#

#The Newcastle-Ottawa Scale criteria are listed in supplemental files. A study could be awarded a maximum of one 
star for each item except for the item “Comparability”. §A maximum of 2 stars could be awarded for this item. Studies that 
controlled for total energy intake received one star, whereas studies that controlled for other important confounders such as 
body mass index received an additional star. †A cohort study with a follow-up time > 10 y was assigned one star. ‡A cohort 
study with a follow-up rate > 75% was assigned one star.

Figure 2: Forest plots (fixed effect model) of meta-analysis on fish intake and risk of DAT. Squares indicate study-specific 
risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% CIs; diamond indicates the 
summary relative risk with its 95% CI. RR = relative risk; CI = confidence interval; DAT = dementia of Alzheimer type.
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e-mail, we did not receive replies to allow access to the 
data for the above 18 studies. In addition, nine studies 
recruited subjects in cross-sectional surveys. Finally, 
nine eligible studies [15-23] containing a total of 28,754 
subjects were included for further analysis (Figure 1).

Characteristics at baseline and quality assessment

The quality of the nine prospective cohort studies 
was assessed using the Newcastle-Ottawa Scale (NOS) 
[24] are the results are displayed in Table 1. The evaluated 

Table 2: Characteristics of the cohort studies included in the meta-analysis

Annotation: CHAP = Chicago Health and Aging Project; FHS = Framingham Heart Study; RDS = Rotterdam Study; 3CS= 
Three-City Study; ULSAM = Uppsala Longitudinal Study of Adult Men; MCSA = Mayo Clinic Study of Aging; CHCS = 
Cardiovascular Health Cognition Study; CSCHK = Community Study for Cognition in Hong Kong; NINCDS-ADRDA 
= National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer Disease and Related Disorders 
Association; DSM-IV = Diagnostic and Statistical Manual of Mental Disorders (4th Edition); DSM-III-R = Diagnostic and 
Statistical Manual of Mental Disorders (3th Edition, Revised); CSI-D = Community Screening Instrument for Dementia; CDR 
= Clinical Dementia Rating Scale; GMS = Geriatric Mental State schedule; MMSE = Mini-Mental State Examination; NE 
= neurological exam; ADL = Activities of Daily Living; GDS = Geriatric Depression Scale; PASE = Physical Activity Scale 
for the Elderly; BMI = body mass index; SFFQ = Semi-quantitative Food Frequency Questionnaire; FFQ = Food Frequency 
Questionnaire; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; n-3 FAs = total long-chain omega-3 fatty acids; 
APOE = Apolipoprotein E; DAT = dementia of Alzheimer type; DAC = dementia of all causes; MCI = mild cognitive 
impairment; NP = not provided. 
a The result was based on 0–8 years’ follow-up; b The result was based on 9-14 years’ follow-up.
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points ranged from 6-7, with overall quality judgments 
of “moderate to inferior”. The characteristics of the 
included studies are presented in Table 2. The age of 

all study subjects was ≥55 years. The incidence of DAT 
ranged from 0.69-16.1%, DAC was 1.08-16.9%, and 
MCI was 13.2-23.9%. The different patterns of FDI were 

Figure 3: Forest plots (fixed effect model) of meta-analysis on fish intake and risk of DAC. Squares indicate study-specific 
risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% CIs; diamond indicates the 
summary relative risk with its 95% CI. RR = relative risk; CI = confidence interval; DAC = dementia of all causes.

Figure 4: Forest plots (fixed effect model) of meta-analysis on fish intake and risk of MCI. Squares indicate study-specific 
risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% CIs; diamond indicates the 
summary relative risk with its 95% CI. RR = relative risk; CI = confidence interval; MCI = mild cognitive impairment.
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documented separately (such as the intake of fish, n-3 FAs, 
DHA, or EPA).

Quantitative data synthesis

Meta-analysis on fish intake and the risk of DAT

Seven studies [15-21] reported the incidence of 
DAT. The fixed effects meta-analysis revealed a significant 
difference between subjects in the highest to lowest 
categories of fish intake. The RR for DAT between the two 
groups was (RR, 0.80 [95% CI, 0.65-0.97]) (Figure 2). 
These results indicated that subjects with a higher intake 
of fish had a 20% (95% CI, 3-35%) decreased risk of DAT. 
The pooled effect estimates for fish intake were toward a 
lower risk of DAT.
Meta-analysis on fish intake and the risk of DAC

Six studies [16-21] evaluated the correlation 
between fish consumption and the risk of DAC. One 
study [16] revealed that fish intake reduced the risk of 
DAC, whereas the other five studies [17-21] failed to 
demonstrate such a relationship. Overall, the synthesized 
evidence for the risk of DAC with a fixed-effect displayed 
that there were no statistically significant differences 
in subjects in the highest and lowest categories of fish 
intake (RR, 0.86 [95% CI, 0.73-1.02]) (Figure 3). The 
results revealed that fish intake was not correlated with a 
decreased risk of DAC.

Meta-analysis on fish intake and the risk of MCI

Two studies [22-23] reported the association 
between fish intake and the risk of MCI. Compared with 
the lowest intake category, there was no statistically 
significant association in the pooled analysis for the 
highest category of fish intake and the risk of MCI (RR, 
1.03 [95% CI, 0.78-1.37]) (Figure 4).

Publication bias

Publication bias was assessed using funnel plots and 
RRs constructed from studies involving fish intake and 
the risk of cognitive decline. In the absence of publication 
bias, the points should be symmetrical around the vertical 
line involving the pooled RRs. The shape of the funnel 
plot appeared to be reasonably symmetrical, which 
suggested the absence of publication bias (Figure 5).

Meta-analysis on the intake of n-3 FAs and the 
risk of DAT, DAC, and MCI

Two studies [15, 19] evaluated the intake of n-3 FAs 
and the incidence of DAT. When comparing the highest 
and lowest intake categories, one study [15] reported 
that n-3 FAs could decrease the risk of DAT; however, 
the other [19] failed to demonstrate such a relationship. 
Overall, the meta-analysis using a random effects model 

Figure 5: Publication bias for the studies included in the meta-analysis. Funnel plot of meta-analysis on fish intake and risk of 
cognitive decline. RR = relative risk; S.E. = standard error. In the absence of publication bias, the points should be symmetrical about the 
vertical line at the pooled RRs. The reasonably symmetrical distribution suggests the absence of publication bias.
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revealed that there were no statistically significant 
differences between the two groups (RR, 0.85 [95% CI, 
0.54-1.33]). Furthermore, one study [15] reported the 

association between n-3 FA intake and the risk of DAC. 
Compared with the lowest category of n-3 FA intake, 
there was no statistically significant correlation between 

Figure 6: Forest plots (random effect model) of meta-analysis on omega-3 fatty acid intake and risk of events: A. DAT; 
B. DAC; C. MCI. Squares indicate study-specific risk estimates (size of the square reflects the study-specific statistical weight); horizontal 
lines indicate 95% CIs; diamond indicates the summary relative risk with its 95% CI. RR = relative risk; CI = confidence interval; DAT = 
dementia of Alzheimer type; DAC = dementia of all causes; MCI = mild cognitive impairment; n-3 FAs = total long-chain omega-3 fatty 
acids.

Figure 7: Forest plots (random effect model) of meta-analysis on DHA intake and risk of events: A. DAT; B. DAC. 
Squares indicate study-specific risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate 
95% CIs; diamond indicates the summary relative risk with its 95% CI. RR = relative risk; CI = confidence interval; DAT = dementia of 
Alzheimer type; DAC = dementia of all causes; DHA = docosahexaenoic acid.
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the highest category and risk of DAC (RR, 0.97 [95% 
CI, 0.77-1.22]). Additionally, one study [19] focused on 
the association between the intake of n-3 FAs and the 
risk of MCI. A higher intake of n-3 FAs was associated 
with a lower risk of MCI (RR, 0.53 [95% CI, 0.34-0.82]). 
However, the overall effects of pooled analyses involving 
the intake of n-3 FAs and the risk of cognitive decline did 
not display any significant difference between the two 
groups (RR, 0.81 [95% CI, 0.60-1.09]) (Figure 6).

Meta-analysis on DHA intake and the risk of DAT 
and DAC

Three studies [15, 19, 20] reported DHA intake and 
the risk of DAT. One study [15] revealed that DHA intake 
probably reduced the risk of DAT, whereas the others 
[19, 20] failed to identify such an association. Overall, 
the pooled effect estimates using a random-effects meta-
analysis showed that there was no statistically significant 
difference between subjects in the highest and lowest 
categories of DHA intake and the risk of DAT (RR, 0.75 
[95% CI, 0.49-1.17]). Moreover, three studies [16, 19, 
20] assessed the correlation between DHA intake and the 
risk of DAC. Compared with the lowest category of DHA 
intake, there was no statistically significant association 
between the highest category and the risk of DAC (RR, 
0.79 [95% CI, 0.50-1.24]). Overall, the RR between 
the two groups of DHA intake and the risk of cognitive 
declines was 0.80 (95% CI, 0.62-1.04). Therefore, there 
were no obvious effects in the pooled results between 

DHA intake and the risk of cognitive decline (Figure 7).

Meta-analysis on EPA intake and the risk of DAT 
and DAC

Two studies [15, 19] reported EPA intake and the 
risk of DAT. The fixed effect meta-analysis revealed that 
there was no significant difference between subjects in the 
highest and lowest categories of EPA intake. The RR in 
the incidence of DAT between the two groups was 0.96 
(95% CI, 0.76-1.22). These results demonstrate that the 
pooled effect for EPA intake was not connected to the 
risk of DAT. Furthermore, one study [19] analyzed EPA 
intake and the risk of DAC. The results showed no definite 
correlation between EPA intake and the risk of DAC (RR, 
0.97 [95% CI, 0.77-1.22]). Overall, no positive effects 
were observed in the pooled analysis of EPA intake and 
the risk of cognitive decline (RR, 0.96 [95% CI, 0.82-
1.14]) (Figure 8).

Subgroup analyses of the correlation between fish 
intake and the risk of DAT, DAC, and MCI

There were no significant changes in the subgroup 
analyses of the association between fish intake and the risk 
of cognitive decline (DAT, DAC, and MCI) (Figure 9-11). 
Three studies [15-17] reported fish intake, short-term 
follow-up, and the risk of DAT. The synthesized evidence 
for the risk of DAT seemed much lower in the studies that 

Figure 8: Forest plots (fixed effect model) of meta-analysis on EPA intake and risk of events: A. DAT; B. DAC. Squares 
indicate study-specific risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines indicate 95% CIs; 
diamond indicates the summary relative risk with its 95% CI. RR = relative risk; CI = confidence interval; DAT = dementia of Alzheimer 
type; DAC = dementia of all causes; EPA = eicosapentaenoic acid.
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followed up for less than 5 years (RR, 0.43 [95% CI, 0.26-
0.71]). However, no protective effects were observed in 
the pooled results of four studies [18-21] with a follow-up 
of ≥5 years (RR, 0.96 [95% CI, 0.73-1.25]) that assessed 
the overall effects (RR, 0.80 [95% CI, 0.63-1.01]) of fish 
intake and the risk of DAT (Figure 9). Furthermore, seven 
studies [15-21] reported the effects of geographic location 
and fish intake on the risk of DAT. There was a reduced 
risk of DAT in the pooled results of three studies [15, 
18, 20] conducted in the United States (RR, 0.56 [95% 
CI, 0.37-0.83]). However, there was no positive effect 
in the synthesized data from four studies [16-17, 19, 21] 
performed in Europe (RR, 0.81 [95% CI, 0.55-1.19]) 
(Figure 10). Although the pooled effects for the relative 
risks seemingly indicated statistical differences (RR, 0.71 
[95% CI, 0.52-0.96]), this was probably a statistically 
significant association due to the type II error caused by 
the relatively small number of reports and wide confidence 
intervals. Additionally, the RR magnitude of DAT in two 
studies [16, 18] with low quality (less than 7 stars in the 
NOS scores) involving fish intake trended toward a lower 
risk of DAT (RR, 0.59 [95% CI, 0.36-0.95]). However, 
there were no statistically significant correlations in the 
pooled analysis of five high quality studies (7 stars or 
more in the NOS scores) [15, 17, 19, 20-21] (RR, 0.88 
[95% CI, 0.67-1.15]) and overall effects (RR, 0.80 [95% 
CI, 0.63-1.01]) involving fish intake and the risk of DAT 
(Figure 11). Limited evidence of heterogeneity was found 
among studies or within subgroups.

Meta-analysis based on dose-response data

Dose-response meta-analyses were performed for 
fish intake and the risk of only DAT and DAC because 

we could not extract specific data for the other types of 
FDI. Studies that included only two categories of fish 
intake were excluded from further analysis because meta-
analysis based on dose-response calculates require at least 
three categories of exposure involving the distribution of 
cases and person-time. For the dose-response synthesized 
evidence, three studies found a decreased risk of DAT 
with a 100-g/week increase in fish intake [15-16, 18]. 
In contrast, two studies [17, 19] failed to show such an 
association. Consequently, the pooled effect estimates 
demonstrated that an increased fish intake of 100 g/
week was associated with an additional 12% reduced 
risk of DAT (RR, 0.88 [95% CI, 0.79-0.99]). In other 
words, the synthesized evidence found that increased fish 
intake significantly protected against the risk of DAT. 
Furthermore, one study [16] revealed that a 100-g/week 
increased fish intake reduced the risk of DAC, whereas 
three studies [17-19] failed to show a similar correlation. 
Thus, there was no statistically significant correlation 
in the pooled results (RR, 0.95 [95% CI, 0.89-1.03]). 
Therefore, increasing fish intake by 100 g/week had no 
obvious effect on the risk of DAC (Figure 12).

DISCUSSION

Summary of evidence

In this meta-analysis of nine studies, there was a 
significant association between fish intake and the risk 
of DAT when the highest and lowest categories of fish 
consumption were compared. Subjects with a higher 
intake of fish had a 20% (95% CI 3-35%) decreased risk 
of DAT, but there were no similar correlations with the 
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risk of DAC and MCI. Moreover, the reduced risk of 
DAT, DAC, and MCI was not significantly associated 
with the intake of n-3 FAs, DHA, and EPA. Additionally, 
the synthesized dose-response evidence indicated that 

an increase in fish intake of 100 g/week reduced the risk 
of DAT by an additional 12% (RR, 0.88 [95% CI, 0.79-
0.99]). Limited evidence of heterogeneity was found 
across studies or within subgroups. Overall, these analyses 

Figure 9: Subgroup analyses of mean follow-up duration for the correlation between fish consumption and risk of and 
risk of events: A. DAT; B. DAC; C. MCI. Squares indicate study-specific risk estimates (size of the square reflects the study-specific 
statistical weight); horizontal lines indicate 95% CIs; diamond indicates the summary relative risk with its 95% CI. RR = relative risk; CI = 
confidence interval; DAT = dementia of Alzheimer type; DAC = dementia of all causes; MCI = mild cognitive impairment.
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seemingly confirmed the inverse correlation between fish 
intake and the risk of DAT, whereby a higher consumption 
of fish could lower the risk of DAT. However, there was 
no statistical evidence for a link between n-3 FAs, DHA, 
or EPA and the risk of cognitive decline.

Due to limited methodological quality among 
the included studies, no definitive correlation could be 
verified between FDI and the risk of cognitive decline 
based on the present evidence. Thus, recommendations 
for specific decision-making should be interpreted with 
caution. Further strictly designed studies with specified 
quantification indices are needed to confirm these findings.

Comparison of the findings with previous studies

Several studies assessing fish intake and the risk 
of dementia have been reported, including case reports, 
case series, controlled studies, and randomized controlled 
trials. However, no meta-analyses have focused on the 
correlations between a fish-oriented diet (fish, n-3 FAs, 
DHA, or EPA) and cognitive decline (e.g., DAT, DAC, 
or MCI). Thus, this is the first review to evaluate the role 
of FDI in the risk of cognitive disorders by searching the 
published literature.

Some underlying biochemical hypotheses or other 
biological mechanisms could play an important role in 
disease progression or pathogenesis. For example, the 
high intake of n-3 FAs from fish or fish-related sources 
could reduce the risk of cardiovascular disease; therefore, 
it could potentially decrease the risk of DAT or other types 
of dementia via vascular mechanisms [25]. Furthermore, 

DAT could also be influenced by a fish-oriented diet via 
other mechanisms. Insulin resistance was connected to 
a higher consumption of fish-related fats, whereas high 
concentrations of insulin might be associated with a high 
risk of DAT [26-27]. In addition, a high consumption of 
fats probably accelerated the oxidation of carbohydrate 
energy [28]; this process could contribute to cardiovascular 
diseases and result in DAT or other types of dementia.

Moreover, several findings showed a role for fish-
related fat consumption in the pathogenesis of DAT. 
The deposition of amyloid-β (A-β) in animal brains 
could be induced by the consumption of a diet high in 
cholesterol [29], whereas the accumulation of neuronal 
A-β was increased in rabbits with hyperlipidemia [30]. 
Furthermore, reducing cholesterol concentrations using 
drugs [31] (e.g. 3 hydroxy-3methylglutaryl-coenzyme 
A (HMG-CoA) reductase inhibitors) led to a decreased 
risk of DAT. Additionally, apolipoprotein E (ApoE), a 
gene relevant to DAT, was closely associated with lipid 
metabolism [32], which could dual-directionally match the 
concentrations of cholesterol in lines with fish-related fats 
consumptions. In contrast, subjects with the ApoE-4 allele 
(indicating a higher risk of DAT) had high concentrations 
of cholesterol [33]. In contrast, subjects with the ApoE-2 
allele (which might lower the risk of DAT) had relatively 
low concentrations of cholesterol [34].

Although a series of prospective studies reported 
correlations between a fish-oriented diet and the risk of 
DAT, the potential mechanisms behind these correlations 
were unclear. By following up 980 elderly subjects for 
4 years, researchers demonstrated that the risk of DAT 
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was highest in subjects carrying the ApoE-4 allele in the 
highest quartile of total fat consumption [35]. Another 
study found that the high consumption of saturated 
and trans unsaturated FAs was related to an increased 

risk of DAT regardless of the ApoE genotype [36]. In 
addition, the intake of fish-oriented fats was correlated 
with a reduced risk of DAT [37]. Nevertheless, no type 
of fat consumption was correlated with DAT or other 

Figure 10: Subgroup analyses of geographic location for the correlation between fish consumption and risk of and 
risk of events: A. DAT; B. DAC; C. MCI. Squares indicate study-specific risk estimates (size of the square reflects the study-specific 
statistical weight); horizontal lines indicate 95% CIs; diamond indicates the summary relative risk with its 95% CI. RR = relative risk; CI = 
confidence interval; DAT = dementia of Alzheimer type; DAC = dementia of all causes; MCI = mild cognitive impairment.
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types of dementia in a study performed in over 5000 
subjects aged ≥55 years [38]. In summary, inconsistencies 
focusing on the consumption of a fish-oriented diet and 
the risk of cognitive decline were found, and specific 
recommendations could not be made based on the recent 
studies. However, a diet high in fish-related fats was 
correlated with a reduced risk of vascular disease, which 
might be of significance. Therefore, it might be sensible 
to take these potential benefits into account for the further 
management of cognitive decline.

Clinical implications

A fish-oriented diet could have additive benefits 
for subjects with DAT since there is a potential link 
between FDI and cognitive decline. However, several 
caveats in the evidence linking diet to cognitive declines 
were found in the current study. The first key point 
focuses on the improved demand for the quantification 
of nutrients. Most nutrients were measured using dietary 
questionnaires containing relative terms rather than any 
absolute measurements. In other words, more or less 
of a nutrient could be inferred to be linked with better 
or worse outcomes. However, the description of the 
actual quantities and intervals of nutrient consumption 
in relevant observational studies was insufficient to 
allow any specific inferences to be drawn. Moreover, 
the exposures were selected by the subjects (not the 
investigators), which might have contributed to a series 
of undetected confounders. The above confounding 
issues and potential bias might be largely resolved by 

specific trial design in RCTs, which are viewed as the 
ideal approach to study the effects of diet on disease risk. 
However, due to the long periods of preclinical DAT or 
other type of dementia, it is impossible for researchers 
to conduct trials based on primary prevention using diet. 
Furthermore, the development of DAT might be the results 
of a subjects’ life-long exposures or timing of positive 
events starting in later life. However, the latency duration 
in subjects with DAT (i.e., the amount by which dietary 
interventions postponed or prevented disease progression) 
could be several decades, which is unclear based on recent 
evidence. Since studies assessing the correlation between 
diet and DAT were performed in the subjects aged > 65 
years, a potential advanced phase involving the latency 
duration of DAT was seemingly observed in these aged 
groups. Consequently, evidence regarding the effects of 
dietary interventions on the course of different diseases is 
limited. Additionally, the different diets in included studies 
might affect the condition of the preclinical DAT, and the 
final exposure results also could be biased by preclinical 
cognitive-related conditions. Together, these factors likely 
led to incorrect interpretation or bias.

Another important consideration is the 
methodological formulation. Recently, most subjects 
have been diagnosed based on routine guidelines for 
dementia such as the diagnostic and statistical manual of 
mental disorders fourth edition (DSM-IV). However, the 
detections of similar data did not always indicate qualified 
results. We increasingly considered the present guidelines 
do not guarantee consistency with the actual integrity of 
subjects’ cognitive declines. Thus, the National Institutes 
of Mental Health has attempted to define some criteria for 
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the provisional diagnosis of cognitive decline. In addition, 
dozens of scales have been formulated to evaluate the 
accompanying disorders in subjects with cognitive decline 
for the purpose of better estimating the effects of or tracing 

the progression of disease conditions. For the specific 
assessment of subjects with cognitive decline, the patterns 
of cognitive decline should be further updated using 
similar rating scores and structured interview approaches, 

Figure 11: Subgroup analyses of study quality for the correlation between fish consumption and risk of and risk of 
events: A. DAT; B. DAC; C. MCI. Squares indicate study-specific risk estimates (size of the square reflects the study-specific statistical 
weight); horizontal lines indicate 95% CIs; diamond indicates the summary relative risk with its 95% CI. RR = relative risk; CI = confidence 
interval; DAT = dementia of Alzheimer type; DAC = dementia of all causes; MCI = mild cognitive impairment.
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especially due to the measurement of potential patients 
with severe cognitive damages using initial self-reported 
procedures. In clinical practice, symptoms could be under-
reported by patients or over-reported by caregivers, or 
biased reports could be caused by stress or other emotional 
factors regarding the subjects themselves. Therefore, 
clinical researchers should take some preventive measures 
to balance and evaluate the sources of information.

Limitations

This meta-analysis provides information regarding 
the association between FDI and the risk of cognitive 
decline. However, there are several limitations. First, 
the evidence in this meta-analysis was derived from 
previously published observational studies. However, it is 
possible that some eligible documents were missed in the 
initial searches, thereby creating potential bias. Second, 
although measures were taken to control for underlying 
confounders in most of the included studies, some 
remaining confounders might still exist. Third, no unifying 
standards were used to define the time of detection of the 
cognitive decline among the included studies. Finally, 
the relatively limited sample size of the included studies, 
and evidence for interpretation and decision-making are 
needed for further study.

CONCLUSIONS

In conclusion, the findings of this study confirmed 
an inverse correlation between fish intake and the risk of 
DAT. Therefore, a higher consumption of fish was strongly 
associated with a lower risk of DAT. However, there was 
no statistical link between n-3 FAs, DHA, or EPA intake 
and the risk of cognitive decline. More prospective studies 
that specifically quantify FDI will help the more accurate 
assessment of different intakes of a fish-oriented diet.

MATERIALS AND METHODS

The guidelines of the Meta-analysis of Observational 
Studies in Epidemiology Group (MOOSE) [39], the 
statement of Preferred Reporting Items for Systematic 
Reviews and Meta-analyses (PRISMA) [40], and the 
statement of Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) [41] were strictly 
followed and adhered to throughout this study.

Literature search

Cohort studies with a prospective design that 
investigated cognitive decline and included data on 
the exposure to FDI were included in this review. Two 

Figure 12: Meta-analysis based on dose-response data, i.e. effect on added fish of 100 g/week and risk of events: A. DAT; 
B. DAC. Squares indicate study-specific risk estimates (size of the square reflects the study-specific statistical weight); horizontal lines 
indicate 95% CIs; diamond indicates the summary relative risk with its 95% CI. RR = relative risk; CI = confidence interval; DAT = 
dementia of Alzheimer type; DAC = dementia of all causes.
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researchers performed systemic searches to identify 
potential studies published in December 2016 and 
earlier using PubMed, Embase, and Web of Science. The 
combined searches focused on MeSH terms and free-
text retrieval using the following search terms: “diet” or 
“dietary” or “fish” or “omega-3 fatty acids” and “cognitive 
impairment” or “cognitive decline” or “cognitive damage” 
or “Alzheimer’s disease” or “dementia.” Furthermore, 
the reference lists of all retrieved articles were manually 
checked for potentially relevant citations. The results of 
the final literature reviews were updated on December 
30th, 2016.

Criteria for inclusion

Publications qualified for inclusion in this meta-
analysis if they matched the following specific criteria: 
i) prospective cohort studies; ii) reported the potential 
exposure of FDI (including fish, n-3 FAs supplementation, 
or fish-related products.); iii) follow-up for more than 1 
year in a general population with a high risk of cognitive 
decline (e.g., populations aged ≥55 years); iv) the 
outcome measures included cognitive decline (including 
DAT, MCI, and DAC); and v) the estimated relative risks 
(RRs) of cognitive decline were compared between the 
highest and lowest categories of FDI, and 95% confidence 
intervals (CIs) or other indices that could be inferred 
were provided. Meanwhile, the exclusion criteria were as 
follows: a) previous records of mechanistic descriptive 
reports, review articles, and animal experiments; b) the 
lack of concrete data describing cognitive decline; c) 
studies published without full text.

Study identification

In addition to the searches conducted using 
electronic databases, the reference lists of identified 
documents were hand-searched for identify further 
potential studies. Furthermore, we attempted to contact 
potential manufacturers of anti-dementia drugs or other 
experts involved in cognitive decline research. Initially, 
a researcher scanned the titles and abstracts of the 
publications. Then, the potentially eligible studies were 
read in full by two independent researchers. Disagreements 
were resolved by consulting a third or fourth researcher or 
reaching a consensus. Overall, two researchers agreed on 
> 90% of the studies for inclusion and exclusion. Finally, 
a manual retrieval was performed for all the correlated 
and reviewed documents, catalogs, and bibliographies 
of regular articles, as well as the abstracts of meetings 
held by the National Institute on Aging and Alzheimer’s 
Association (NIA-AA), Risk Evaluation and Education 
for Alzheimer’s Disease (REVEAL), Alzheimer’s 
Disease Neuroimaging Initiative (ADNI), Anti-amyloid 
Treatment in Asymptomatic Alzheimer’s Disease (A-4 

Study), Alzheimer’s Association International Conference 
(AAIC), Alzheimer’s Disease International (ADI), or other 
dementia associations.

Quality assessment and data extraction

The quality of the eligible studies was assessed 
using the Newcastle-Ottawa Scale (NOS) for non-
randomized controlled trials. The specific criteria used for 
the estimates are shown in Supplemental Table 1. A “star 
system” was used to assess every included prospective 
cohort study using the following three broad domains 
[24]: i) the items for study selection; ii) the items for 
comparisons between groups; and iii) the items for 
outcome assessments. The total scores ranged from 1-9 
stars according to the literature quality, and studies with 
seven or more stars are viewed as high quality.

Two independent researchers used standardized 
literature collection forms for study recruitment and data 
extraction. The abstracted items consisted of the authors’ 
names, the year of literature publication, the study 
population, the patient characteristics (e.g., the sample 
size at baseline and follow-up, gender, age, medications 
and therapies, diagnoses, the methods used to measure 
cognitive declines, the exclusion criteria at baseline, 
the duration of follow-up, and withdrawals), endpoint 
estimates (disease definitions and approaches used for 
disease detection), the disease incidence rates, and the 
numbers of positive cases in each group. A third researcher 
was used to solve any discrepancies and achieve a 
consensus.

Statistical analysis and data synthesis

The meta-analysis of risk calculates of cognitive 
decline were performed to compare the highest and lowest 
exposures to FDI. Since fish consumption was the vital 
source of n-3 FAs but not the final form of n-3 FAs intake, 
the data regarding fish and other dietary intake of FDI (i.e., 
n-3 FAs, DHA, or EPA) were pooled respectively. Dose-
response meta-analyses of FDI and the risk of cognitive 
decline were also conducted using approaches reported 
previously [42-44]. These analyses provided the estimates 
of a pooled relative risk across studies with a common 
comparison unit to calculate possible linear dose-response 
associations. For citations that described fish consumption 
in “servings,” one serving was assumed to be 100 g fish 
[45-46]. The relative risk for fish intake with an increase 
of 100 g/week was then estimated for each potential study 
and the final data synthesis were handled together.

A fixed-effects model (FEM) was applied to 
calculate pooled relative risks (RRs) and 95% confidence 
intervals (CIs) if no evidence of heterogeneity was 
observed. Otherwise, a random-effects model (REM) was 
used for assessments. Chi-square tests and I-squared (I2) 
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statistics were adopted to explore potential heterogeneity 
among studies. Funnel plots were used to inspect possible 
publication bias. Subgroup analyses were conducted on 
FDI and the risk of cognitive decline based on the period 
of follow-up, geographic region, and study quality to 
assess the potential impact factors. All analyses were 
performed using Stata SE, version 14.1 (Stata Corp, 
College Station, TX, USA).
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