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Abstract 18 

Objective: To assess the association of fish consumption with the risk of dementia and its dose-19 

response relationship, and investigate variations in the association among low, middle and high-20 

income countries.  21 

Design: A new community-based cross-sectional study and a systematic literature review  22 

Settings: Urban and rural communities in China; population-based studies systematically 23 

searched from worldwide literature. 24 

Subjects: 6981 Chinese aged ≥ 60 years in six provinces took part in a household health survey 25 

of dementia prevalence and risk factors in China. In addition, 33964 participants from 11 26 

published and eligible studies were included in the systematic review and meta-analysis.   27 

Results: In the new study in China, 326 participants were diagnosed with dementia (4.7%); those 28 

that consumed any amount of fish in the past 2 years compared to those who consumed no fish 29 

had reduced risk of dementia (adjusted odds ratio 0.73, 95% CI 0.64-0.99), but the dose-response 30 

relationship was not statistically significant. The meta-analysis from available data from the 31 

literature and the new study showed a relative risk (RR) of dementia of 0.80 (95%CI 0.74-0.87) 32 

for people with fish consumption, and the impact was similar among countries with different 33 

levels of income. Pooled dose-response data revealed a RR of 0.84 (0.72-0.98), 0.78 (0.68-0.90) 34 

and 0.77 (0.61-0.98) in people with low, middle and high consumption of fish respectively. The 35 

matched figures for Alzheimer’s disease (AD) were 0.88 (0.74-1.04), 0.79 (0.65-0.96) and 0.67 36 

(0.58-0.78) respectively.   37 

Conclusions: Greater consumption of fish is associated with a lower risk of dementia.  Increasing 38 

fish consumption may help prevent dementia worldwide regardless of income levels. 39 

 40 
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Introduction 46 

Dementia is a major global public health challenge. There are 46.8 million people living with 47 

dementia in the world, a number that is predicted to rise to 131.5 million by 2050
(1)

. There is no 48 

known cure for dementia, and thus more efforts have been made to investigate its risk or 49 

protective factors for prevention. Previous studies showed that eating fish was related to reduced 50 

risks of cardiovascular diseases (e.g. coronary heart disease
(2)

, stroke
(3)

),  respiratory disease
(4)

 51 

and depression
(5)

. There are also some studies suggesting that fish consumption could improve 52 

cognitive function across the life course
(6)

, mainly in young people
(7)

. 53 

Since fish fatty acids are important constituents for proper brain functioning and neurocognitive 54 

development
(8)

, there has been an increase in research investigating whether fish consumption 55 

could reduce the risk of dementia
(9)

.  However, the findings from those studies are not 56 

consistent
(10, 11)

. Some studies suggested that fish consumption was associated with a reduced 57 

risk of dementia
(12, 13)

, while others did not show such an association
(14, 15)

. Previous studies on 58 

fish consumption and dementia are predominately from high income countries, where the 59 

characteristics of population would make difficulties in dealing with confounding effects 60 

including high levels of cardiovascular diseases and risk factors on the association between fish 61 

consumption and dementia risk and the findings could not be generalised to other countries.  62 

There is lack of data
(16)

 from low- and middle-income countries (LMIC), where people have high 63 

risk of dementia but low level of fish consumption
(1)

. Although there were meta-analyses 64 

published previously
(16-18)

 to investigate the association of fish consumption with risk of 65 

dementia,  inferences from those meta-analysis studies were hindered by several potential 66 

limitations, for instance, missing relevant key publications
(9)

. In this paper, we examined data 67 

from a large-scale household health survey in China and carried out an updated systematic 68 

worldwide literature review and meta-analysis to investigate the association of fish consumption 69 

with risk of dementia and its dose-response relationship, and to examine any differences in the 70 

association between high income countries and LMICs. 71 

 72 

 73 

 74 
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Methods 75 

A multi-province health survey study of older people in China 76 

We analysed data from the multi-province health survey study of dementia in China. The 77 

methods of the studied populations and interview outcomes have been fully reported before
(19, 20)

. 78 

In brief, during 2007-2010, we carried out a large-scale health survey study of older people in the 79 

provinces of Guangdong, Heilongjiang, Shanghai and Shanxi, Anhui and Hubei in China to 80 

investigate prevalence, risk factors and care of dementia and other chronic conditions
(20, 21)

.  81 

The Four-Province Study: In 2008-2009 we selected one rural and one urban community from 82 

each of the four provinces (Guangdong, Heilongjiang, Shanghai, Shanxi) as the study fields. We 83 

tried to recruit no fewer than 500 participants in each community and employed a cluster 84 

randomised sampling method to choose residential communities (the district in urban areas and 85 

the village in rural) from each of the four provinces. The target population consisted of residents 86 

aged ≥60 years living in the area for at least 5 years. Based on the residency list of the 87 

committees of the village and the district, we recruited a total of 4314 participants with an 88 

overall response rate of 93.8%. The local survey team interviewed the participants at home. The 89 

main interview included a general health and risk factors record, the Geriatric Mental State 90 

(GMS) questionnaire
(22)

 and other components of the 10/66 algorithm dementia research 91 

package
(23)

. We carried out a two-phase interview to save our research resources. In phase one, 92 

we completed the general health and risk factors record, the GMS, the Community Screening 93 

Instrument for Dementia (CSI-D) cognitive test and Consortium to Establish a Registry for 94 

Alzheimer’s Disease (CERAD). Using three of the four constituent components of the 10/66 95 

algorithm (i.e. data of GMS-AGECAT, the CSI-D cognitive test and CERAD interview), we 96 

calculated a probability of possible dementia for each participant. In phase two, we selected the 97 

top 15% of the population who had the highest probability of having “dementia” as “probable 98 

cases” and a random sample of 5% of the rest as “probable non-cases” for subsequent interviews 99 

in each province. The interview team completed the CSI-D informant interview for the selected 100 

participants.  101 

The Anhui study:  Using the same interview approach as those in the 4-province study, we 102 

completed interviews of 1757 older people from the 3rd wave survey of the Anhui cohort
(20)

, the 103 
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initial number of which was 3336 participants at baseline aged ≥60 years who were randomly 104 

recruited in 2001 and 2003 respectively.   105 

The Hubei study:  In 2010-2011 we extended the project to include the Hubei province
(20)

. We 106 

used the same protocol and interview materials as the Four-province study but interviewed all 107 

participants at one stage phase using the full 10/66 methods. We recruited 1,001 participants 108 

aged ≥ 60 years and achieved a response rate of 91.8%.  109 

Risk factors: In the general health and risk factors questionnaire interview, we recorded details 110 

relating to socio-demography, lifestyle, social networks and support, histories of chronic diseases 111 

and risk factors
(24)

. We measured height, weight, waist circumference and blood pressure for all 112 

participants. In the interview, we asked each participant for details of dietary intakes, including 113 

rice, wheat flour, meat, fish, egg, fresh vegetable, fruit, chilli pepper, garlic, ginger and different 114 

types of vegetable oils. All participants were required to provide the answer to the frequency of 115 

fish consumption in the past two years: (1) Never eat, (2) ≤Once a week, (3) >Once a week and 116 

< Daily, (4) Once a day, and (5) ≥ Twice a day. 117 

Diagnosis of dementia: The GMS data were analysed by a computer program-assisted diagnosis, 118 

the Automated Geriatric Examination for Computer Assisted Taxonomy (AGECAT), to assess 119 

the principal mental disorders in the study participants
(22)

. We employed the 10/66 dementia 120 

algorithm to diagnose dementia, which included the data from the GMS-AGECAT diagnostic 121 

output, the CSI-D, COGSCORE, the CSI-D informant interview (RELSCORE), and the CERAD 122 

ten-word list learning task with delayed recall
(23, 25)

. We used a cut-off point of probability 123 

(≥0.25) derived from the full 10/66 algorithm to diagnose dementia, which has been validated in 124 

China
(26)

. Three hundred and twenty-six participants were diagnosed to have dementia. 125 

Data Analysis 126 

We employed a binary logistic regression model to calculate Odd Ratios (ORs) and their 95% 127 

Confidence Intervals (CIs) of dementia in participants with different levels of fish consumption 128 

in comparison to those with no fish consumption over the past 2 years. In the model, we adjusted 129 

for age, sex, province, urban-rural areas, education level, smoking status and stroke. The data 130 

analysis was conducted using SPSS (version 20). 131 

 132 
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Systematic literature review  133 

Four authors (A.B., R.C, I.D., and W.Z.) independently searched and re-searched literature from 134 

databases of Medline, PubMed, CINAHL, Psych-info and Psychology and Behavioural Sciences 135 

Collection. The strategy for the database search was developed using the Population, Exposure 136 

and Outcome framework (PEO)
(27)

. The search terms were [“dementia” OR “Alzheimer’s 137 

disease”] AND [“fish”]. The literature was searched from the earliest dates of each of the 138 

databases to 30
th

 November 2016.  The search for relevant articles included all studies with no 139 

language restriction. We read the title and abstract of the searched studies. The studies selected 140 

were appropriate for this review if they investigated an association between fish consumption 141 

and dementia (or Alzheimer’s disease (AD)) in the population. Alongside the electronic database 142 

search explored, a manual reference search was also conducted to find additional articles missed 143 

by the online search. If two articles were published from the same cohort data but in different 144 

follow-up durations
(28, 29)

, we would use the longest follow-up study paper for review.
(29)

  Figure 145 

1 shows the study selection process. We identified 11 original studies eligible for review. 146 

Following the PRISMA
(27)

 guidelines, we (A.B., I.D., W.Z., and G.Q.) conducted a systematic 147 

review. Each of the articles was reviewed by two reviewers and assessed independently using a 148 

predesigned data extraction form to extract the necessary information from the chosen studies. 149 

Differences in reviewing literature and extracting data between the two reviewers would be 150 

resolved through face-to-face discussion, and if the differences remained the 3
rd

 reviewer would 151 

have the discussion with them to make the agreement. The quality assessment of the articles was 152 

achieved by employing the Newcastle-Ottawa Scale
(30)

 and the AXIS tool
(31)

.  153 

 154 

Meta-analysis 155 

Data (Odds ratios (ORs), Rate ratios or Hazard ratios (HRs) and their 95% CIs) were pooled 156 

from published studies and the new study. All these measures and their 95% CIs were pooled 157 

together as a relative risk (RR) with the assumption of achieving a common unit of comparison. 158 

We analysed the data grouped by studied population in each of the study which we selected to 159 

investigate all types of dementia in relation to fish consumption. The studied population was 160 

defined as each individual sample in the study according to its place (country, regions, etc), time 161 

(years) and person (ethnicity, etc) where applicable. A random effect model was employed if the 162 
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heterogeneity of the within and between studies variation were significant; otherwise a fixed 163 

effect model was used.  Publication bias was evaluated using the Egger’s regression
(32)

. First, we 164 

tried to assess an overall RR of dementia in participants who consumed fish in comparison with 165 

those who did not. If the article only gave the RRs in different levels of fish consumption, we 166 

took the figure from the highest fish consumption group for analysis. If the article only gave the 167 

figures from the continuous data analysis of fish consumption or from only high vs low levels of 168 

fish consumption, we took them in the meta-analysis. Second, we stratified the identified studies 169 

for meta-analysis according to the number of the groups of fish consumption measured at 170 

differing levels.  This would help to examine differences in the RR among studies with different 171 

levels of fish consumption data analysis. Third, we investigated a dose-response association 172 

between fish consumption and risk of dementia according to low, middle and high consumption 173 

versus no/rare consumption. Where an article only gave the figure from the continuous data 174 

analysis of fish consumption or from only two groups of fish consumption (high vs low level) we 175 

took it in the middle level of fish consumption for the meta-analysis. If the article only provided 176 

the data of RR and 95%CIs from the middle and high levels of fish consumption versus no/rare 177 

consumption, we took them in the middle and high group levels for pooling the data. We 178 

examined any differences in the impact of fish consumption on the risk of dementia among 179 

LMICs and high-income countries. We also investigated any influence of the study design 180 

(cases-control studies, cross-sectional studies, and cohort studies) and duration of the cohort 181 

follow up on the association. We repeated above analyses for AD, where the data were available. 182 

All analyses were performed in STATA (version 14.2 software StataCorp).  183 

 184 

Results 185 

The six provinces study of China 186 

Of 7072 participants, 6981 (98.7%) provided information on fish consumption. Their average 187 

age was 62.6±12.2 years, and 54.0% were women. In total, 1528 participants (21.9%) did not eat 188 

fish over the past 2 years, 2631 (37.7%) consumed fish once a week, 1938 (27.8%) ≥twice a 189 

week and 884 (12.7%) ≥ once a day. We examined the demographic characteristics of 190 

participants in each of these four groups (data not shown).  Table 1 shows numbers, percentages 191 

and ORs of dementia in participants with different levels of fish consumption. The risk of 192 
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dementia decreased with increased consumption of fish, although participants who consumed 193 

fish ≥once a day had the highest prevalence of dementia.  After adjusting for age, sex, stroke and 194 

other confounding factors, we found that participants with different levels of fish consumption 195 

had a reduced risk of dementia (the details of ORs seen in Table 1), but there seemed no 196 

significant “dose response” relationship. Participants with any level of fish consumption had a 197 

27% significant reduction in the risk of dementia (adjusted OR 0.73, 95% 0.64-0.99) in 198 

comparison with those who did not consume fish over the past two years.   199 

 200 

Systematic literature review 201 

In the 11 identified articles, we found that all were from high income countries, except for one 202 

study led by the UK 
(33)

 which included 7 studied populations from LMICs. They were published 203 

between 2002 and 2011. One of the studies was cross-sectional
(33)

, 3 were case-control
(34-36)

 and 204 

7 were cohort
(9, 12, 13, 29, 37-39)

. These articles included 17 studied populations (one study
(33)

 205 

covered 7 populations). Their sample size varied from 57 to 14956, with a total of 33964 206 

participants, and the minimum age in these studies’ populations varied from 55 to 76 years. A 207 

food frequency questionnaire (FFQ) was used in four of the studies 
(12, 13, 37, 38)

, a semi 208 

quantitative food frequency questionnaire (SFFQ) was used in another three
(9, 36, 39)

. A meal-209 

based check list alongside SFFQ was used in one 
(29)

, and the remaining one used a face-to-face 210 

standard method of assessment to evaluate the participant’s fish intake
(33)

. Four of the studied 211 

populations reported a statistically significant association of fish consumption with reduced risk 212 

of dementia, although two of them
(34, 35)

 did not present the effect sizes. Data from 11 studied 213 

populations reported an association but a non-statistically significant reduction, while two 214 

exhibited no association (or increased risk) 
(29, 33)

. Online Tables 1 and 2 document the details of 215 

the studies’ characteristics and outcomes.  We examined the quality of each of these studies and 216 

found that the quality of these articles was in general good (online Table 3). 217 

 218 

Meta-analysis  219 

After excluding two studies that did not present the effect sizes,
(34, 35)

 we took data from 15 220 

studied populations reported within 9 published studies, and the data from the 6-provinces study 221 
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of China for the meta-analysis. Figure 2 shows a forest plot of the findings of the association 222 

between fish consumption and dementia risk. In total, 3139 dementia cases in 40,668 participants 223 

were analysed. Data from these studied populations suggested little variability in the associated 224 

effects between studies with only one study showing an increased risk (albeit not statistically 225 

significant) of dementia with higher fish consumption. The fixed effect model analysis showed 226 

that there was a 20% reduction in the risk of dementia in participants who consumed fish (or 227 

consumed fish at a higher level) compared to those who did not eat fish (or who consumed fish at 228 

a lower level). There was little evidence of publication bias; the Egger method of bias estimate 229 

showed a p-value of 0.597 (online Figure 1).   230 

 Data from different study designs or from different level measures of fish consumption 231 

showed no significant differences in RR for dementia risk in relation to fish consumption (Table 232 

2). The association of fish consumption with dementia risk was similar between high income 233 

countries (RR 0.83, 0.71- 0.97) and LMICs (RR 0.79, 0.72 -0.88) (Table 2). 234 

Of 16 studied populations from nine articles [including the new study in China] for the 235 

meta-analysis, two
(33)

 
(37)

 showed a significant trend for a dose-response relationship. The pooled 236 

data showed a reduced RR of 0.84 (0.72, 0.98) in dementia in participants with a low level of 237 

fish consumption, of 0.78 (0.68, 0.90) in a middle level of fish consumption, and of 0.77 (0.61, 238 

0.98) in a high level of fish consumption (Table 3). 239 

AD data analysis  In all 7 studied populations which examined the risk of AD 240 

specifically in relation to fish consumption
(9, 12, 13, 29, 37-39)

, the pooled data (in total 1105 cases of 241 

AD) showed a significant impact of fish consumption on reduced risk of AD (RR 0.73, 95% CI 242 

0.65-0.82) (the forest plot shown in Figure 3). All studies were undertaken in high income 243 

countries, and of cohort design. The patterns for the impact of fish consumption on reduced risk 244 

of AD (Online Table 4) were similar to those in all dementia, and it may have a stronger dose-245 

response relationship in comparison with those in dementia (see Table 3). 246 

 247 

Discussion 248 

Our study examined the data from a large-scale health survey of dementia prevalence and risk 249 

factors in China and completed a systematic literature review and meta-analysis to assess the 250 
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association of fish consumption with dementia and AD risks in countries of different levels of 251 

income. We have found that increased consumption of fish was significantly associated with a 252 

reduced risk of dementia, and there was a stronger dose-response relationship between fish 253 

consumption and a reduced risk of AD.  254 

The observed inverse association between the risk of dementia and fish consumption is 255 

biologically plausible. Fish is the major dietary source of omega-3 polyunsaturated fatty acids 256 

(PUFAs), which comprise of docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), 257 

being collectively called the fish fatty acids
(40, 41)

. Previous studies have suggested the 258 

preventative effect of fish consumption and its constituent (omega-3 fatty acid) on cardiovascular 259 

disease, through inflammation reduction, blood pressure reduction and endothelial function 260 

enhancement
(3)

. Fish consumption has been shown to have a preventative effect on reducing the 261 

risks of coronary heart disease (RR 0.62, 95% CI 0.46-0.82)
(2)

  and  stroke (RR 0.94, 95% CI 262 

0.89–0.99)
(3)

. These are co-morbidities associated with dementia 
(42)

. Therefore, reducing these 263 

diseases may be one of the pathways for the preventative impact of fish consumption on 264 

dementia.   265 

 266 

Strengths and Limitations of the study 267 

The main strength of this paper is the inclusion of both original data from a large-scale health 268 

survey from China and data from all other relevant studies worldwide based on a systematic 269 

search and review. Older Chinese citizens have higher levels of socioeconomic deprivation, but 270 

low levels of cardiovascular risk factors (e.g. obesity) and depression
(24)

. These special 271 

population characteristics of older Chinese residents helped to assess the association of fish 272 

consumption with the risk of dementia. Our systematic literature review and meta-analysis have 273 

focused on determining the association between fish consumption and risk of dementia 274 

worldwide.  The previous meta-analysis papers
(16-18)

 investigated the associations of both fish 275 

and omega-3 PUFA with combined mild and severe cognitive impairment (e.g. Mild Cognitive 276 

Impairment (MCI), Parkinson disease (PD), all-type dementia and Alzheimer’s disease), not 277 

specifying exposure or outcomes, and failed to include some relevant studies 
(9)

. In comparison 278 

with those previous reviews and meta-analyses
(16-18)

, our systematic review and meta-analysis 279 

have elaborated specifically on the impact that the consumption of fish has on dementia and AD 280 
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development.  Our findings were based on the literature search without any limited selection and 281 

identified all eligible studies further including a new study from China (LMIC), which 282 

compensated for the scarce data from the LMIC countries. Adding in the new community-based 283 

cross-sectional study from China made our meta-analysis findings more robust and generalisable.  284 

Our study has several potential limitations.  Firstly, the 6-province health survey data was cross-285 

sectional, and its causal-relationship between fish consumption and dementia risk could not be 286 

assessed. However, the findings of the study were similar to those in the cohort studies
(9, 12, 13, 29, 

287 

37-39)
.  Secondly, similar to the majority of previous studies, in the 6-province survey we did not 288 

have information on different types (lean, fatty-fish, fried fish and seafood) and amount of fish 289 

consumed, which may hinder our inferences on specific types of fish and dementia. But overall, 290 

total fish consumption was significantly and inversely associated with dementia risk. We need 291 

further studies on specific types of fish consumption in relation to reduced dementia risk to 292 

warrant making more informative recommendations to the public. Thirdly, the identified studies 293 

used different levels of fish consumption for data analysis, making it difficult to assess the 294 

presence of a dose-response relationship between fish consumption and dementia risk. Using the 295 

RR data from the highest level group of fish consumption in some studies may be over-296 

estimating the overall effect of fish consumption on dementia risk. However, when stratifying 297 

the articles for meta-analysis according to the number of the groups of their fish consumption 298 

level, we did not find that there was a trend of reduced risk of dementia or AD with increased 299 

number of the fish consumption level groups (Table 2, and online Table 4). If we included all 300 

RRs from different levels of fish consumption to pool the data (online Figure 2), the finding of 301 

the overall impact was not substantially changed (OR (95% CI): 0.80 (0.75-0.87).   302 

 303 

In this systematic literature review we have noted that these 11 identified articles plus the 6-304 

province study had various study designs, different locations, and various types of food 305 

frequency questionnaires to measure their fish intake. As the studies included in this meta-306 

analysis were observational, the outcome of the current study was examined using the review 307 

guidelines of Bradford Hill
(43)

 to provide evidence of a direct and causal relationship between 308 

fish consumption and risk of dementia and/or AD.   309 

 310 
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How strong are the associations? 311 

The majority of the identified studies showed a moderate to high association of fish consumption 312 

with reduced risk of dementia
(9, 12, 13, 29, 33, 36-39)

 after adjusting for possible confounders. Only one 313 

showed a weak or no association between fish consumption and the risk of dementia
(29)

. Our 314 

pooled data analysis showed a 20% to 30% increase in the risk of dementia and AD in people 315 

who did not eat fish in comparison with those who did. The magnitude of the association 316 

between fish consumption and the risk of dementia is similar to the impacts of environmental 317 

tobacco smoke (ETS) on the incidence of coronary heart disease (25% increased risk
(44)

, and on 318 

lung cancer (27% increased risk
(45)

), and both have been taken as having a causal relationship 319 

with ETS exposure. 320 

 321 

How consistent are the reported studies?  322 

Of the 17 studied populations in this paper, 15 reported a reduction in the risk of dementia after a 323 

moderate to high intake of fish and adjusting for possible confounders
(9, 12, 13, 34, 35, 37-39)

. Two of 324 

the studies also showed a significant inverse association of fish consumption with the risk of 325 

mild to severe dementia and AD development, when the plasma phospholipid and the serum 326 

level of the AD participants were assessed for their DHA and EPA level
(34, 35)

. A significant 327 

reduction was also observed in the 6-province study from China. A consistent inverse association 328 

between fish consumption and dementia risk was observed in all seven countries that took part in 329 

the 10/66 dementia research group study, except India 
(33)

. Our meta-analysis for these reviewed 330 

studies showed a high level of homogeneity, suggesting their consistent data.  331 

Moreover, there are similar findings of the impact of fish consumption on cognitive 332 

function in children.  Cohen et al
(46)

 analysed the data of a randomized control trial (RCT) and 333 

demonstrated a 0.13-points increase in the Intelligence Quotient (IQ) of children when mothers 334 

received a DHA supplement of 100mg/day. A review by Eilander et al
(7)

 established enhanced 335 

cognitive development in infants and children after maternal supplementation with omega-3 336 

long-chain polyunsaturated fatty acids (LCPUFA) during pregnancy and lactation though they 337 

had inadequate evidence for an association with children over 2 years old.  Ryan et al
(47)

 also 338 

indicated in their review that neurocognitive development during childhood is enhanced when 339 



13 
 

pregnant and lactating mothers are supplemented with DHA. These would support our findings 340 

of the impact of fish consumption on reduced risk of dementia. 341 

  342 

How specific are the proposed fish consumptions and the response to outcome? 343 

Of these identified articles , a few studies
(12, 37, 38)

 investigated the fish intake based on fatty, lean, 344 

fried fish and seafood. The varying consumption of these types of fish might have affected the 345 

outcome of these studies. Huang et al
(38)

 revealed a 28% reduction in the risk of developing 346 

dementia after the intake of fatty fish, while the consumption of lean fried fish produced no 347 

significant beneficial effect. The two major fish constituents (DHA and EPA omega-3 fatty 348 

acids) were associated with a reduced risk of developing dementia and cognitive decline
(17, 48)

. 349 

The dose-response impact of fish consumption on specific dementia, i.e. AD seemed to be 350 

stronger.  351 

 352 

Is there a temporal relationship between exposure and response? 353 

The observed association between fish consumption and dementia was prominent in all the 354 

prospective cohort studies
(9, 12, 13, 29, 37-39)

, demonstrating a temporal association which signified 355 

that an exposure preceded the outcome. In the United State, Huang et al
(38)

 followed up 2233 356 

participants for 5.4 years and identified 378 new cases of dementia; the RR in participants with 357 

fish consumption was 0.79 (0.53-1.20). The Rotterdam study followed up 5395 participants for 358 

9.6 years and observed 465 dementia cases developed, showing a RR of 0.95 (0.76-1.19) of 359 

dementia in relation to fish consumption
(29)

. The pooled data of RR between short and long-term 360 

follow up studies were similar (Table 2, seen in Results section). 361 

 362 

Is there an exposure-response relationship? 363 

An exposure-response relationship has been identified between different levels of fish 364 

consumption and risks of dementia and AD in our meta-analysis. The majority of identified 365 

studies 
(9, 12, 13, 29, 33, 36-39)

 showed this, with non-statistical significance.  Morris et al
(13)

 366 

demonstrated a non-significant dose-response relationship of AD with fish consumption; RR 0.6 367 
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(0.3-1.3) in participants who consumed fish 1-3 times per month, 0.4 (0.2-0.9) in those who 368 

consumed fish once a week and 0.4 (0.2-0.9) in ≥ twice per week (trend p=0.07). However, other 369 

cohort studies
(12, 37, 39)

 showed that in the highest level of fish consumption the reduced risk of 370 

dementia was not significant. This may be due to the small number of patients in these groups.  371 

Nevertheless, the pooled data in our paper (Table 3) across all the different levels of fish intake 372 

from the included studies have shown a significant reduction in the risk of dementia (Online 373 

Figure 2) and AD. 374 

 375 

Is the association biologically plausible? 376 

The biological mechanism exhibited by fish consumption in relation to the prevention of 377 

dementia may be as a result of the presence of omega-3 fatty acid as part of their constituents. 378 

The omega-3 fatty acid is a major component of neuronal membranes, with cardio-protective, 379 

anti-inflammatory, antioxidant and anti-atherogenic properties
(40, 49, 50)

. They have the capability 380 

to display a beneficial effect on the risk of developing dementia and AD, particularly vascular 381 

dementia
(15, 28, 37)

. Fish is a beneficial source of essential amino acids, micronutrients and 382 

vitamins, thus increasing the protective effect they exhibit on the risk of developing all cause 383 

dementia and cognitive impairment
(51)

. Fatty fish are known to be richer sources of DHA and 384 

EPA, which are naturally found in trout, tuna, salmon, sardines, herring
(52)

, and mackerel, but 385 

minimal sources are found in lean fishes, such as cod, haddock, and halibut.  An increase in the 386 

intake of fatty fish may also be positively associated with a decrease in the level of the 387 

consumption of saturated fat, thus reducing the risk of stroke
(3)

.  This might be as a result of the 388 

anti-inflammatory, antithrombotic, antioxidant and anti-amyloid properties of its omega-3 fatty 389 

acids component
(41, 49, 50)

.  390 

 391 

Is the evidence coherent with knowledge of the natural history of disease? 392 

Dietary fatty acid has displayed a significant effect on the risk of developing cardiovascular 393 

disease,
(41, 53, 54)

 depression
(55)

 and children’s cognitive impairment
(7, 56)

. This association 394 

involves the higher consumption of saturated fat and cholesterol and lower consumption of 395 

polyunsaturated fatty acid (omega-3 fatty acid). Omega-3 fatty acid intake has been associated 396 
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with reduced risk of cognitive impairment and dementia through several possible mechanisms. 397 

They display a cardio-protective property that makes them protective over several cardiovascular 398 

risk factors such as stroke, atherosclerosis, and inflammation through influence on brain 399 

development and proper membrane function
(28, 57)

. They have exhibited their cognitive-400 

enhancing effect during infancy, childhood, old age and among adults with neurocognitive 401 

impairments in some clinical trials
(57, 58)

. This beneficial effect was supported by the outcome of 402 

the Chicago Health and Aging six year prospective cohort study (CHAP) that involved fish 403 

intake and cognitive impairment
(10)

, and in the result revealed in the Zutphen Elderly five year 404 

prospective cohort study of fish consumption, omega-3 fatty acid and cognitive decline
(11)

. The 405 

China Health and Nutrition Survey also maintained that adequate intake of fish does lower 406 

cognitive decline 
(59)

.  407 

Is there experimental evidence? 408 

Numerous animal studies have demonstrated the positive role that omega-3 fatty acids (a fish 409 

constituent) play on brain development. They increase neurotransmission
(60)

, enhance memory 410 

capabilities
(61)

, enhance the excitability regulation of the neuronal membrane
(62)

,  decrease the 411 

neurons ischemic damage
(63)

 and increase the cerebral flow of blood
(64)

. Experimental studies of 412 

rats that had a reduced level of DHA in their diet exhibited an impaired cognitive function, while 413 

those animals that had a prolonged administration of DHA demonstrated an enhanced gain in 414 

memory
(65)

. These studies confirmed that the exposure of animal models to the intake of DHA 415 

positively influenced their neurological status.  416 

 417 

Does the evidence accord by analogy with that from other fields?    418 

Previous studies showed a significant beneficial effect of intake of omega-3 fatty acid as a 419 

supplement on dementia and cognitive impairment
(10, 11)

. Findings from a randomized control 420 

trial (RCT) that involved supplementing the treatment group with arachidonic acid (ARA) and 421 

DHA, part of omega-3 fatty acids components, did exhibit a significant beneficial effect on the 422 

cognitive function in the treatment MCI group, while the placebo group showed no significant 423 

beneficial effect
(66)

. A similar beneficial effect was observed among an MCI group in a RCT of 424 

46 participants of (23 mild or moderate AD and 23 MCI) that were randomized to receive either 425 
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an omega-3 PUFA acids treatment or an olive-oil (placebo)
(67)

. In a one-year RCT that 426 

investigated the effects of fish oil supplementation on cognitive function in older adults, Lee et 427 

al
(68)

 found a significant beneficial effect within a short-term and after a 12 months period on 428 

participants working memory, immediate verbal memory and in the delayed recall ability among 429 

the treatment group that were supplemented with fish oil. The results of the current study are 430 

thus consistent with the findings of these studies, thereby acknowledging the positive influence 431 

that fish and its constituents have on cognitive function. 432 

 433 

Implication of the study findings 434 

Our study demonstrates a significant beneficial effect of eating fish on reducing dementia. The 435 

epidemic of dementia has become a public health problem worldwide.  As the world population, 436 

has been ageing, the number of people with dementia will continue to rise. The vast majority of 437 

the increment is expected to be in LMICs, which currently hold 58% of people living with 438 

dementia, with further increment by the year 2050
(1)

. In China, there is a growing number of 439 

people living with dementia due to the population of older people with mixed characteristics (e.g. 440 

low level of education but rapidly increased income)
(69)

.  Our study demonstrated a significant 441 

association of higher fish consumption with reduced risk of dementia, which further indicates the 442 

potential importance of consuming fish in preventing from dementia worldwide. At present, the 443 

global per capita fish consumption level is estimated to be an average of 20 kg per year
(70)

, and is 444 

lower in LMICs (18.8 kg) than those in high-income countries (26.8kg). Our study demonstrated 445 

consistent findings of the impact of fish consumption on the risk of dementia between LMICs 446 

and high-income countries. People should thus increase their level of fish consumption, 447 

especially in areas where the consumption is quite low such as LMICs, to reduce the burden of 448 

dementia. Also, people living in high income countries, including the UK should be informed of 449 

the beneficial impact of fish consumption to increase its intake further. 450 

 451 

 452 

 453 



17 
 

 454 

 455 

 456 

References 457 

1. Prince M, Wimo A, Guerchet M et al. (2015) The Global Impact of Dementia: An analysis of 458 

prevalence, incidence, cost and trends. https://www.alz.co.uk/research/world-report-2015 459 

(accessed 15 August 2016). 460 

2. He K, Song Y, Daviglus ML et al. (2004) Accumulated evidence on fish consumption and 461 

coronary heart disease mortality: a meta-analysis of cohort studies. Circulation 109(22), 2705-462 

2711. 463 

3. Larsson SC & Orsini N (2011) Fish consumption and the risk of stroke: a dose-response meta-464 

analysis. Stroke 42(12), 3621-3623. 465 

4. Yang H, Xun P, He K (2013) Fish and fish oil intake in relation to risk of asthma: a systematic 466 

review and meta-analysis. PloS one 8(11), e80048. 467 

5. Li F, Liu X, Zhang D (2016) Fish consumption and risk of depression: a meta-analysis. J 468 

Epidemiol Community Health 70(3), 299-304. 469 

6. Prince M, Albanese E, Guerchet M et al. (2014) Nutrition and Dementia: a review of available 470 

research. https://www.alz.co.uk/sites/default/files/pdfs/nutrition-and-dementia.pdf (accessed 20 471 

August 2016). 472 

https://www.alz.co.uk/research/world-report-2015
https://www.alz.co.uk/sites/default/files/pdfs/nutrition-and-dementia.pdf


18 
 

7. Eilander A, Hundscheid D, Osendarp S et al. (2007) Effects of n-3 long chain polyunsaturated 473 

fatty acid supplementation on visual and cognitive development throughout childhood: a review 474 

of human studies. Prostaglandins, Leukotrienes and Essential Fatty Acids 76(4), 189-203. 475 

8. Salem Jr N, Litman B, Kim H et al. (2001) Mechanisms of action of docosahexaenoic acid in 476 

the nervous system. Lipids 36(9), 945-959. 477 

9. Lopez L, Kritz-Silverstein D, Barrett-Connor E (2011) High dietary and plasma levels of the 478 

omega-3 fatty acid docosahexaenoic acid are associated with decreased dementia risk: the 479 

Rancho Bernardo study. J Nutr Health Aging 15(1), 25-31. 480 

10. Morris MC, Evans DA, Tangney CC et al. (2005) Fish consumption and cognitive decline 481 

with age in a large community study. Arch Neurol 62(12), 1849-1853. 482 

11. van Gelder BM, Tijhuis M, Kalmijn S et al. (2007) Fish consumption, n-3 fatty acids, and 483 

subsequent 5-y cognitive decline in elderly men: the Zutphen Elderly Study. Am J Clin Nutr 484 

85(4), 1142-1147. 485 

12. Barberger-Gateau P, Letenneur L, Deschamps V et al. (2002) Fish, meat, and risk of 486 

dementia: cohort study. BMJ 325(7370), 932-933. 487 

13. Morris MC, Evans DA, Bienias JL et al. (2003) Consumption of fish and n-3 fatty acids and 488 

risk of incident Alzheimer disease. Arch Neurol 60(7), 940-946. 489 

14. van de Rest O, Spiro A,3rd, Krall-Kaye E et al. (2009) Intakes of (n-3) fatty acids and fatty 490 

fish are not associated with cognitive performance and 6-year cognitive change in men 491 

participating in the Veterans Affairs Normative Aging Study. J Nutr 139(12), 2329-2336. 492 



19 
 

15. Engelhart MJ, Geerlings MI, Ruitenberg A et al. (2002) Diet and risk of dementia: Does fat 493 

matter? The Rotterdam Study. Neurology 59(12), 1915-1921. 494 

16. Zhang Y, Chen J, Qiu J et al. (2016) Intakes of fish and polyunsaturated fatty acids and mild-495 

to-severe cognitive impairment risks: a dose-response meta-analysis of 21 cohort studies. Am J 496 

Clin Nutr 103(2), 330-340. 497 

17. Wu S, Ding Y, Wu F et al. (2015) Omega-3 fatty acids intake and risks of dementia and 498 

Alzheimer's disease: A meta-analysis. Neuroscience & Biobehavioral Reviews 48, 1-9. 499 

18. Cao L, Tan L, Wang H et al. (2015) Dietary Patterns and Risk of Dementia: a Systematic 500 

Review and Meta-Analysis of Cohort Studies. Mol Neurobiol 53(9), 6144-6154. 501 

19. Chen R (2012) Association of environmental tobacco smoke with dementia and Alzheimer’s 502 

disease among never smokers. Alzheimer's & Dementia 8(6), 590-595. 503 

20. Chen R, Hu Z, Chen RL et al. (2013) Determinants for undetected dementia and late-life 504 

depression. Br J Psychiatry 203(3), 203-208. 505 

21. Chen R, Zhang D, Chen Y et al. (2012) Passive smoking and risk of cognitive impairment in 506 

women who never smoke. Arch Intern Med 172(3), 271-273. 507 

22. Copeland J, Prince M, Wilson K et al. (2002) The geriatric mental state examination in the 508 

21st century. Int J Geriatr Psychiatry 17(8), 729-732. 509 

23. Prince M, Acosta D, Chiu H et al. (2003) Dementia diagnosis in developing countries: a 510 

cross-cultural validation study. The Lancet 361(9361), 909-917. 511 



20 
 

24. Chen R, Wei L, Hu Z et al. (2005) Depression in older people in rural China. Arch Intern 512 

Med 165(17), 2019-2025. 513 

25. Prince MJ, De Rodriguez JL, Noriega L et al. (2008) The 10/66 Dementia Research Group's 514 

fully operationalised DSM-IV dementia computerized diagnostic algorithm, compared with the 515 

10/66 dementia algorithm and a clinician diagnosis: a population validation study. BMC Public 516 

Health 8(1), 219. 517 

26. Rodriguez JJL, Ferri CP, Acosta D et al. (2008) Prevalence of dementia in Latin America, 518 

India, and China: a population-based cross-sectional survey. The Lancet 372(9637), 464-474. 519 

27. Moher D, Liberati A, Tetzlaff J et al. (2009) Preferred reporting items for systematic reviews 520 

and meta-analyses: the PRISMA statement. Ann Intern Med 151(4), 264-269. 521 

28. Kalmijn S, Launer LJ, Ott A et al. (1997) Dietary fat intake and the risk of incident dementia 522 

in the Rotterdam Study. Ann Neurol 42(5), 776-782. 523 

29. Devore EE, Grodstein F, van Rooij F,J.A. et al. (2009) Dietary intake of fish and omega-3 524 

fatty acids in relation to long-term dementia risk. Am J Clin Nutr 90(1), 170-176. 525 

30. Wells G, Shea B, O'Connell D et al. (2014) The Newcastle-Ottawa Scale (NOS) for 526 

assessing the quality of non-randomized studies in meta-analysis. 527 

http://www.ohri.ca/programs/clinical_epidemiology/nos_manual.pdf (accessed 17 August 2016). 528 

31. Downes MJ, Brennan ML, Williams HC et al. (2016) Development of a critical appraisal 529 

tool to assess the quality of cross-sectional studies (AXIS). BMJ Open 6(12), e011458-2016-530 

011458. 531 

http://www.ohri.ca/programs/clinical_epidemiology/nos_manual.pdf


21 
 

32. Egger M, Davey Smith G, Schneider M et al. (1997) Bias in meta-analysis detected by a 532 

simple, graphical test. BMJ 315(7109), 629-634. 533 

33. Albanese E, Dangour AD, Uauy R et al. (2009) Dietary fish and meat intake and dementia in 534 

Latin America, China, and India: a 10/66 Dementia Research Group population-based study. Am 535 

J Clin Nutr 90(2), 392-400. 536 

34. Conquer JA, Tierney MC, Zecevic J et al. (2000) Fatty acid analysis of blood plasma of 537 

patients with Alzheimer's disease, other types of dementia, and cognitive impairment. Lipids 538 

35(12), 1305-1312. 539 

35. Tully A, Roche H, Doyle R et al. (2003) Low serum cholesteryl ester-docosahexaenoic acid 540 

levels in Alzheimer's disease: a case–control study. Br J Nutr 89(04), 483-489. 541 

36. Kim M, Nam JH, Oh DH et al. (2010) Erythrocyte α-linolenic acid is associated with the risk 542 

for mild dementia in Korean elderly. Nutr Res 30(11), 756-761. 543 

37. Barberger-Gateau P, Raffaitin C, Letenneur L et al. (2007) Dietary patterns and risk of 544 

dementia: the Three-City cohort study. Neurology 69(20), 1921-1930. 545 

38. Huang TL, Zandi PP, Tucker KL et al. (2005) Benefits of fatty fish on dementia risk are 546 

stronger for those without APOE e4. Neurology 65(9), 1409-1414. 547 

39. Schaefer EJ, Bongard V, Beiser AS et al. (2006) Plasma phosphatidylcholine 548 

docosahexaenoic acid content and risk of dementia and Alzheimer disease: the Framingham 549 

Heart Study. Arch Neurol 63(11), 1545-1550. 550 



22 
 

40. Uauy R & Dangour AD (2006) Nutrition in brain development and aging: role of essential 551 

fatty acids. Nutr Rev 64(5 Pt 2), S24-33; discussion S72-91. 552 

41. Connor WE & Connor SL (2007) The importance of fish and docosahexaenoic acid in 553 

Alzheimer disease. Am J Clin Nutr 85(4), 929-930. 554 

42. Newman AB, Fitzpatrick AL, Lopez O et al. (2005) Dementia and Alzheimer's disease 555 

incidence in relationship to cardiovascular disease in the Cardiovascular Health Study cohort. J 556 

Am Geriatr Soc 53(7), 1101-1107. 557 

43. HILL AB (1965) The Environment and Disease: Association Or Causation? Proc R Soc Med 558 

58, 295-300. 559 

44. He J, Vupputuri S, Allen K et al. (1999) Passive smoking and the risk of coronary heart 560 

disease—a meta-analysis of epidemiologic studies. N Engl J Med 340(12), 920-926. 561 

45. Taylor R, Najafi F, Dobson A (2007) Meta-analysis of studies of passive smoking and lung 562 

cancer: effects of study type and continent. Int J Epidemiol 36(5), 1048-1059. 563 

46. Cohen JT, Bellinger DC, Connor WE et al. (2005) A quantitative analysis of prenatal intake 564 

of n-3 polyunsaturated fatty acids and cognitive development. Am J Prev Med 29(4), 366-366. 565 

e12. 566 

47. Ryan AS, Astwood JD, Gautier S et al. (2010) Effects of long-chain polyunsaturated fatty 567 

acid supplementation on neurodevelopment in childhood: a review of human studies. 568 

Prostaglandins, Leukotrienes and Essential Fatty Acids (PLEFA) 82(4), 305-314. 569 



23 
 

48. Dangour AD, Allen E, Elbourne D et al. (2009) Fish consumption and cognitive function 570 

among older people in the UK: baseline data from the OPAL study. J Nutr Health Aging 13(3), 571 

198-202. 572 

49. Innis SM (2007) Dietary (n-3) fatty acids and brain development. J Nutr 137(4), 855-859. 573 

50. Calder PC (2006) N-3 Polyunsaturated Fatty Acids, Inflammation, and Inflammatory 574 

Diseases. Am J Clin Nutr 83(6 Suppl), 1505S-1519S. 575 

51. Chandra RK (2001) RETRACTED: Effect of vitamin and trace-element supplementation on 576 

cognitive function in elderly subjects. Nutrition 17(9), 709-712. 577 

52. Mohanty BP, Ganguly S, Mahanty A et al. (2016) DHA and EPA Content and Fatty Acid 578 

Profile of 39 Food Fishes from India. BioMed Research International 2016. 579 

53. Connor WE (2000) Importance of n-3 fatty acids in health and disease. Am J Clin Nutr 71(1 580 

Suppl), 171S-5S. 581 

54. Nestel PJ (2000) Fish oil and cardiovascular disease: lipids and arterial function. Am J Clin 582 

Nutr 71(1 Suppl), 228S-31S. 583 

55. Grosso G, Micek A, Marventano S et al. (2016) Dietary n-3 PUFA, fish consumption and 584 

depression: A systematic review and meta-analysis of observational studies. J Affect Disord 205, 585 

269-281. 586 

56. Gould JF, Smithers LG, Makrides M (2013) The effect of maternal omega-3 (n-3) LCPUFA 587 

supplementation during pregnancy on early childhood cognitive and visual development: a 588 



24 
 

systematic review and meta-analysis of randomized controlled trials. Am J Clin Nutr 97(3), 531-589 

544. 590 

57. Huang TL (2010) Omega-3 fatty acids, cognitive decline, and Alzheimer's disease: a critical 591 

review and evaluation of the literature. J Alzheimers Dis 21(3), 673-690. 592 

58. Luchtman DW & Song C (2013) Cognitive enhancement by omega-3 fatty acids from child-593 

hood to old age: findings from animal and clinical studies. Neuropharmacology 64, 550-565. 594 

59. Qin B, Plassman BL, Edwards LJ et al. (2014) Fish intake is associated with slower cognitive 595 

decline in Chinese older adults. J Nutr 144(10), 1579-1585. 596 

60. Horrocks LA & Farooqui AA (2004) Docosahexaenoic acid in the diet: its importance in 597 

maintenance and restoration of neural membrane function. Prostaglandins, Leukotrienes and 598 

Essential Fatty Acids 70(4), 361-372. 599 

61. Hashimoto M, Tanabe Y, Fujii Y et al. (2005) Chronic administration of docosahexaenoic 600 

acid ameliorates the impairment of spatial cognition learning ability in amyloid beta-infused rats. 601 

J Nutr 135(3), 549-555. 602 

62. Xiao Y & Li X (1999) Polyunsaturated fatty acids modify mouse hippocampal neuronal 603 

excitability during excitotoxic or convulsant stimulation. Brain Res 846(1), 112-121. 604 

63. Okada M, Amamoto T, Tomonaga M et al. (1996) The chronic administration of 605 

docosahexaenoic acid reduces the spatial cognitive deficit following transient forebrain ischemia 606 

in rats. Neuroscience 71(1), 17-25. 607 



25 
 

64. Tsukada H, Kakiuchi T, Fukumoto D et al. (2000) Docosahexaenoic acid (DHA) improves 608 

the age-related impairment of the coupling mechanism between neuronal activation and 609 

functional cerebral blood flow response: a PET study in conscious monkeys. Brain Res 862(1), 610 

180-186. 611 

65. Gamoh S, Hashimoto M, Sugioka K et al. (1999) Chronic administration of docosahexaenoic 612 

acid improves reference memory-related learning ability in young rats. Neuroscience 93(1), 237-613 

241. 614 

66. Kotani S, Sakaguchi E, Warashina S et al. (2006) Dietary supplementation of arachidonic 615 

and docosahexaenoic acids improves cognitive dysfunction. Neurosci Res 56(2), 159-164. 616 

67. Chiu C, Su K, Cheng T et al. (2008) The effects of omega-3 fatty acids monotherapy in 617 

Alzheimer's disease and mild cognitive impairment: a preliminary randomized double-blind 618 

placebo-controlled study. Prog Neuro-Psychopharmacol Biol Psychiatry 32(6), 1538-1544. 619 

68. Lee LK, Shahar S, Chin A et al. (2013) Docosahexaenoic acid-concentrated fish oil 620 

supplementation in subjects with mild cognitive impairment (MCI): a 12-month randomised, 621 

double-blind, placebo-controlled trial. Psychopharmacology (Berl ) 225(3), 605-612. 622 

69. Chen R, Ma Y, Wilson K et al. (2012) A multicentre community‐ based study of dementia 623 

cases and subcases in older people in China—the GMS‐ AGECAT prevalence and socio‐624 

economic correlates. Int J Geriatr Psychiatry 27(7), 692-702. 625 



26 
 

70. Food and Agricultural organisation of the United Nations (FAO) 2016. (2016) The State of 626 

World Fisheries and Aquaculture: Contributing to Food Security and Nutrition for All: In Brief. 627 

http://www.fao.org/3/a-i5798e.pdf (accessed 10 September 2016). 628 

71. Larrieu S, Letenneur L, Helmer C et al. (2004) Nutritional factors and risk of incident 629 

dementia in the PAQUID longitudinal cohort. J Nutr Health Aging 8(3), 150-154. 630 

72. Grant WB (2003) Diet and risk of dementia: does fat matter? The Rotterdam Study. 631 

Neurology 60(12), 2020-2021. 632 

  633 

 634 

 635 

http://www.fao.org/3/a-i5798e.pdf


27 
 

Table 1: Numbers, percentages and odds ratios (95% confidence intervals) of people with dementia in different levels of fish 

consumption: the six-province study in China 

Frequency of fish  Dementia  Multivariate-adjusted 

consumed over  No  Yes   analysis 

the past 2 years n (%)  n (%) P*  OR
†
 95%CI P 

Fish             

No 1438 94.1  90 5.9 <0.001  Ref.    

Once a week 2516 95.6  115 4.4   0.79 0.49 1.29 0.355 

More than twice a 

week 

1875 96.7  63 3.3   
0.59 0.38 0.90 0.014 

>=once a day 826 93.4  58 6.6   0.76 0.55 1.04 0.089 

Total 6655 95.3  326 4.7       

*Chi-square test P value. 
†
Adjusted for age, sex, province, urban-rural areas, education level, smoking status and stroke.   
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Table 2: The pooled analysis results for dementia risk in people with fish consumption versus those with no or lower levels of 

fish consumption, by country of study and by study data analysis  

Variable for subgroup data analysis Nos of 

studies 

 Nos of studied 

populations 

    Nos of 

Participants 

 Nos of dementia       RR (95% CI) 

By study design          

Cross-sectional studies
(33)

*  2  8 21,937  1671  0.79 (0.72-0.88) 

Prospective cohort studies (follow up ≤ 5 

years) 
(9, 37)

 

2  2 8,327  323 

 

     0.67 (0.38-1.18)  

  

Prospective cohort studies (follow up >5 years) 

(12, 29, 38, 39)
 

4  4 9,532  1,112 

 

 0.85 (0.72-1.00) 

By level of fish consumption §         

Continuous 
(9, 12, 29, 33, 36-39)

 *        9            15        39,853            3,139     0.80 (0.74-0.87) 

Only 2 levels
(39)         1              1              488                 99     0.61(0.28-1.33) 

Only 3 levels
(9, 12, 29, 36)

        4              4            7,110               710     0.86 (0.71-1.03) 

4 levels
(37, 38)

 *        3              3        17,299               985     0.77 (0.61-0.98) 

By country of study in terms of income         

High income countries  
(9, 12, 29, 36-39)

   7  7 17,916  1,468  0.83(0.71- 0.97) 

Low and middle income 
(33)

 and the six-

province study of China                            

2  8 21,937  1,671  0.79 (0.72 -0.88) 
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Abbreviations: CI: Confidence Interval; RR: Relative Risk. 

*including the new community-based cross-sectional study of the six-province health survey in China   

§ fish consumption level: “Continuous” means that the authors analysed data of fish consumption for the results presentation; “Only 2 levels” means that the 

authors analysed the data of fish consumption in two levels, based on the questionnaire record or grouping them into two; “Only 3 levels” means that the authors 

analysed the data of fish consumption in three levels; and “4 levels” means that the authors analysed the data of fish consumption in 4 levels.  
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Table 3: Dose-response relationship between fish consumption and risk of dementia and AD 
†
 

Consumption 

of Fish  

                                   Dementia                                       AD 

Nos of 

Studies * 

Nos of 

Participants 

Nos of 

dementia 

  RR (95% CI)  Nos of 

Studies  

   Nos of 

Participants 

Nos of 

AD 

    RR (95% CI) 

 

Low level  

 

6
(29, 36-39)

 
§
 

 

23,239 

 

1582 

 

 

0.84 (0.72-0.98) 

 

  

6
(13, 29, 

37-39, 71)
 

 

18,432 

 

1,075 

 

0.88 (0.74-1.04) 

Middle level  7
(9, 12, 29, 

36-38)
 
§
 

24,409 1695 

 

0.78 (0.68-0.90) 

 

 5
(9, 13, 29, 

37, 38)
 

16,770 899 0.79 (0.65-0.96) 

High level  3
(37, 38)

 
§
 17,299 985 

 

0.77 (0.61-0.98) 

 

 3
(13, 37, 

38)
 

11,133 504 0.67 (0.58-0.78) 

Abbreviations: CI: Confidence Interval; RR: Relative Risk. 

† 
each of these low, middle and high levels of fish consumption versus no or lowest consumption of fish.

 

*The same number of studied populations
 

§
including the new community-based cross-sectional study of the six-province health survey in China
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Figure 1. Diagrammatic expression of the literature search technique   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                  

 

  

*Reasons for exclusions: Appropriate outcome not reported, Randomized control trial; Assessed another exposure 
other than fish, Assessed another outcome other than dementia or AD, Articles on importance of fish to dementia and 
brain development, News briefs, Articles on elderly nutrition, Literature review/meta-analysis, Presentation                                       

PubMed (688), Medline (344), 

CINAHL (197), Psych-info (164), 

Psychology and Behavioral 

Sciences Collection (21). 

Combined search results n=1414 

Articles screened on basis of titles 

and abstracts n=1068 

 

Duplicate excluded n=346 

Titles and abstract excluded from the 

search results due to inclusion criteria 

not met   n=1053* 

Potentially relevant abstracts with 

full articles assessed n= 14 

The included studies for 

systematic Literature review 

synthesis n= 11 

Total screened articles n=15 

Articles identified through reference 

search n=1. 

 

Excluded four articles(15, 28, 71, 72), after 

final scrutiny, as their studied 

population were published in more 

than two papers.  

 

 

Meta-analysis n=9 studies plus 

the New China data 

 

Excluded two studies(34, 35) which did 

not provide necessary data of RR or 

its 95%CIs 
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Figure 2.  Forest plot showing the association of fish consumption and dementia risk 

* One of the 9 studies used for the meta-analysis (Morris et al
(13)

) provided the RR result for Alzheimer's 

Disease only, and therefore it was not included in the above analysis. 

 

Overall  (I-squared = 0.0%, p = 0.455)

Study

ID

Barberger-G 2007

Albanese 2009 Mexico

Barberger-G 2002

Devore 2009

Kim 2010

Albanese 2009 China

Schaefer 2006

Albanese 2009 Peru

Albanese 2009 India

Albanese 2009 Venez
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