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1 Introduction 

This background document belongs to the advisory report Dutch dietary guidelines: 

dietary protein sources and dietary patterns 2025 (DDG2025).1 It describes the 

methodology for the search, selection and evaluation of the literature regarding the 

effects and associations of fish consumption with health outcomes. It also describes 

the scientific evidence on this topic and the conclusions that have been drawn by the 

Health Council’s committee on Nutrition. These conclusions form the basis for the 

derivation of the 2025 dietary guideline on fish. 

 

The committee on Nutrition has set up a working group to prepare this background 

document. The committee takes final responsibility for the content of the background 

document. A list of the committee members can be found in the advisory report.1 A list 

of the working group members can be found in Annex A of this background document. 

1.1 Definition of fish 

Fish is an important source of the very-long-chain polyunsaturated fatty acids 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), and essential nutrients 

such as vitamin D, iodine and selenium. The fattier types of fish contain more of the 

omega-3 (n-3) fatty acids EPA and DHA. Oily fish species – in this report referred to as 

fatty fish – include herring, salmon and mackerel. Non-oily fish species – in this report 

referred to as lean fish – include pollock, cod, plaice, and the Pangas catfish.  

 

Various factors have been suggested as possibly influencing the (un)healthiness of 

fish. Among these are the fat content of fish (especially the n-3 fatty acid content), the 

amount and ratio of macro- and micronutrient in fish, the presence of harmful 

substances (e.g. methylmercury, dioxins and poly- and perfluoroalkyl substances 

(PFAS)) in fish and how the fish is prepared (e.g. whether or not it is salted, breaded or 

fried). The committee aimed in its evaluation to distinguish between lean fish and fatty 

fish, where possible. It also aimed to describe in its evaluation which definition of fish 

has been used and to reflect on potential differences in association or effect between 

types of fish or preparation methods. Harmful substances in fish are not addressed in 

the current document, but are discussed in detail in the background document 

Chemical food safety.2  

1.2 Intake of fish in the Netherlands 

According to the most recent Dutch National Food Consumption Survey (DNFCS) from 

2019-2021, about 48% of the Dutch adult population (18-79 years old) consumed fish 

once a week or more, of which 30% consumed fish once a week (which is according to 

the 2015 dietary guideline3) and 18% consumed fish at least twice a week. The 
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percentage of adults eating fish once a week did not substantially differ between men 

and women.4 On the days that fish is consumed, the average fish intake is 110 g/d 

(median: 95 g/d).5  

 

On average and based on the total Dutch adult population (including non-fish 

consumers), 16 grams of fish, shellfish (crustaceans, molluscs) and fish products 

(including fish in crumbs) are consumed daily, of which 11 grams is fish (Table 1). 

About 38% of the consumed fish is fatty fish. On average, men eat the same amount of 

fish as women. Higher educated adults eat on average about the same amount of fish, 

shellfish and fish products as medium- and lower-educated adults: 18, 17 and 14 

grams per day, respectively.4-6  

 

Table 1 Observed intake of fish, fish products and shellfish in grams per day in Dutch adults aged 18-79 

years according to the Dutch National Food Consumption Survey 2019-2021a 

 All measurement days Consumption days 

 Mean P5 P50 P95 Mean P5 P50 P95 

Fish, shellfish, fish products 16.4 0.0 0.0 99.0 110.1 14.3 94.5 280.0 

Fish 10.9 0.0 0.0 75.0 100.0 16.9 90.0 225.0 

Shellfish  1.5 0.0 0.0 0.0 60.0 5.5 50.3 135.0 

Fish products  4.1 0.0 0.0 27.0 141.5 45.0 135.0 290.0 

a The fish categories reflect the classification used by the DNFCS 2019-2021 (Statline).5 

  



 

   

 

Page 5 of 99 

2 Methodology 

Below, the methodology used for the evaluation of the evidence is presented. In 

addition, a description is given of the selection of literature on the topic of fish in 

relation to health outcomes. 

2.1 Health outcomes 

The committee focused on the health outcomes described below.  

 

Chronic diseases:  

Similar to the approach used for the Dutch dietary guidelines 2015 (DDG2015),7 the 

committee focused on the most common chronic diseases (that are potentially nutrition 

related) in the Netherlands.8,9 These include: coronary heart disease (CHD), stroke, 

heart failure, type 2 diabetes, cancer subtypes (colorectal cancer and breast cancer), 

obesity (in some evaluations combined with overweight), depression, chronic 

obstructive pulmonary disease (COPD) and dementia. Furthermore, evidence for total 

cardiovascular disease (CVD) and total cancer was included, but only in case the 

committee expected (based on the quick scans, described below) that such evidence 

would provide additional insights (on top of the evidence focused on the afore and 

below listed outcomes) that could be of added value for drawing up or changing a 

dietary guideline. The committee preferred to use evidence for CVD subtypes and 

cancer subtypes because these may have different aetiologic pathways related to 

different dietary exposures. Total CVD and total cancer comprise different subtypes 

and therefore provide less specific insights in the aetiology underlying the relationships 

between dietary factors and chronic diseases.  

 

The committee focused on studies that addressed primary prevention of chronic 

diseases. This means that the relationship between a dietary factor and development 

of a chronic disease was investigated in people who did not have the disease at the 

start of the study. Moreover, in general, the committee preferred to base its evaluation 

on studies that addressed non-fatal events or the combined outcome of fatal and non-

fatal events (thus: not solely focussed on fatal events) because the availability and 

quality of care may play a larger role in the outcome of fatal, compared to non-fatal 

events. Exceptions to this were made in case there were aetiological reasons to 

specifically address fatal events. This is, for example, the case for fish and fatal 

cardiovascular outcomes.  
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Causal risk factors and other short-term outcomes:  

These include the following: blood pressure (systolic and diastolic), low-density 

lipoprotein (LDL) cholesterol, body weight, glycated haemoglobin (HbA1c) and 

estimated glomerular filtration rate (eGFR).  

 

Causal risk factors are thought to capture the causal pathway that leads to the disease 

outcome and can be seen as replacement endpoints for the disease of interest.10 

Because of this, the committee considers that an effect on a causal risk factor will also 

lead to an effect on chronic disease risk. An example is LDL cholesterol as causal risk 

factor for CHD and stroke. The advantage of using causal risk factors (and other short-

term outcomes) in experimental studies is that they usually need considerably fewer 

participants and shorter study durations (usually several weeks to months) than studies 

investigating morbidity or mortality outcomes. For instance, dietary effects on LDL 

cholesterol can be identified in just a few weeks, compared to several years for CHD. 

Similar to the approach used in 2015, blood pressure, LDL cholesterol and body weight 

were selected as causal risk factors. As explained in the DDG2015 background 

document on methodology,7 these factors have been shown to have a causal 

relationship with at least one of the following chronic diseases: CHD, stroke, heart 

failure and type 2 diabetes. More recent evidence confirms the causality, presented 

below.  

 

Blood pressure: A meta-analysis of 48 randomised controlled trials (RCTs) confirmed 

that multiple blood pressure lowering treatments, including more versus less intensive 

treatments, reduce the risk of cardiovascular events, including CHD and stroke.  

This was found in people with and without CVD.11 Moreover, Mendelian randomisation 

studies support that blood pressure is causally associated with the risk of CHD and 

stroke.12,13 

 

LDL cholesterol: Recent reports confirmed that numerous and different types of 

studies, including prospective cohort studies, RCTs and Mendelian randomisation 

studies, have convincingly shown that higher LDL cholesterol causes cardiovascular 

events, such as CHD.14 The evidence from RCTs is based on various interventions 

performed among both primary and secondary prevention trials: A meta-analysis of 49 

RCTs showed that the use of statin and various non-statin therapies, including diet, 

that reduce LDL cholesterol, reduce the risk of cardiovascular events.15 In line with the 

committee, the European Food Safety Authority (EFSA) also acknowledges that 

reducing blood LDL cholesterol (by dietary modification and drugs) would generally 

reduce the risk of development of CHD.16  

 

Body weight: Recent reports confirmed the importance of weight loss via various 

interventions for the prevention of type 2 diabetes, based on RCTs.17,18 Moreover, the 
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causal role of both general and central adiposity, indicated by body mass index and 

waist-to-hip ratio respectively, in the development of type 2 diabetes and other chronic 

diseases has been confirmed in Mendelian randomisation studies.19 Besides body 

weight, the committee also searched for literature with waist circumference as 

outcome, because this may also reflect the causal pathway from adiposity to type 2 

diabetes. However, very few relevant studies with this endpoint were found, and that 

evidence did not contribute to the guidelines. 

 

HbA1c and eGFR: These factors were not yet included in 2015, and were added for the 

2025 advisory report because these are important diagnostic indicators of chronic 

diseases (elevated HbA1c for type 2 diabetes and long-term decline in eGFR for 

chronic kidney disease).20-22 However, in practice, insufficient research focussed on 

these factors was found to include in the committee’s evaluations. 

 

Other outcomes:  

These include the following: all-cause mortality, quality of life, perceived health and 

fertility.  

The committee additionally searched for evidence focused on quality of life, perceived 

health and fertility, which could be considered as supportive evidence for the 

guidelines. However, in practice, insufficient evidence on these outcomes, which 

fulfilled the inclusion criteria of the committee, was found.  

Evidence focused on the all-cause mortality outcome was additionally evaluated, but 

only in case the committee expected (based on the quick scans, described below) that 

such evidence would provide additional insights that could be of added value for 

drawing up or changing a dietary guideline. The reason for this is similar to that 

described above, for the total CVD and total cancer outcomes.   

2.2 Type of studies 

The committee evaluated the state of science for each dietary factor – health outcome 

combination, based on meta-analyses (MAs) and pooled analyses. In MAs, reported 

results of multiple individual studies are combined and analysed. In pooled analyses, 

individual participant data of multiple studies are combined and analysed. The 

committee selected MAs and pooled analyses of the following type of studies: 

• Randomised controlled trials (RCTs) into effects of dietary factors on the incidence 

of morbidity/mortality due to a disease; 

• RCTs into effects of dietary factors on causal risk factors; 

• Prospective cohort studies into associations of dietary factors with morbidity or 

mortality due to disease.  
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Substitution analyses 

In some of the background documents, substitution analyses were also included as a 

part of the evaluation. In RCTs, substitution was based on comparisons of the effects 

of consumption of two diets, each with another dietary protein source (keeping the rest 

of the diet as similar as possible). In observational cohort studies, substitution was 

hypothetically investigated by statistical modelling based on (baseline) dietary intake 

data. Because substitution did not actually take place in observational cohort studies, 

the committee interpreted the evidence as associations for dietary protein source 1 

versus dietary protein source 2 with disease outcomes.   

 

Mendelian randomisation studies 

The committee additionally considered evidence from Mendelian randomisation 

studies, to serve as potential supportive evidence for certain guidelines. In Mendelian 

randomisation studies, genetic variants are used to investigate causal associations 

between dietary intake and risk of chronic diseases.23 Only for the topic of dairy 

products, relevant Mendelian randomisation studies were found, as further explained in 

the background document on dairy products and chronic diseases.24 

2.3 Quick scans 

For efficiency reasons, the committee decided to make use of recent reports of other 

organisations where possible. To this end, quick scans were performed at the start of 

the advisory trajectory (2023). These quick scans were aimed at summarising the state 

of science in an efficient way and to identify aspects on which the dietary guidelines 

may need to be updated.  

 

To identify differences and similarities compared to the DDG2015, the guidelines for 

each specific dietary factor (e.g. fruits and vegetables, fats and oils or dairy products) 

were compared to the recent advices on these dietary factors of the Nordic Nutrition 

Recommendations 2023 (NNR2023),25 and the Dietary Guidelines for Americans 2020-

2025 (DGA2020).26 Moreover, the conclusions and findings regarding the relationships 

of dietary factors with health outcomes reported in the DDG2015 were compared to 

conclusions and findings reported in the background documents of the NNR2023 and 

of the DGA2020. In addition, and based on the above referred documents, the 

committee identified topics for which there may now be sufficient evidence to draw 

conclusions on, where this was not yet possible in 2015. Specifically for the topic of 

fish, the committee also consulted the report of the Norwegian Scientific Committee for 

Food and Environment (VKM) from 2022, which includes a risk-benefit assessment of 

fish in the Norwegian diet.27  
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Based on the quick scans, the committee decided to focus its evaluation of fish in 

particular on the following:  

• The amount of fish recommended in the DDG2015 is much lower compared to that 

in the NNR2023 and DGA2020: approximately 1 portion (~100 gram), 2-3 portions 

(~300-450 gram) and 2 portions (225-280 gram, depending on energy requirement) 

per week, respectively. Moreover, the committee noted that, compared to 2015, 

there seem to be some more cohort studies on the association between fish 

consumption and risk of fatal CHD, which is the leading outcome for the DDG2015 

guideline on fish. Considering the large difference in the recommended amount of 

fish between the DDG2015, NNR2023 and DGA2020, and the increased number of 

studies on this topic, the committee aimed to reevaluate the quantification of the 

guideline, amongst others by evaluating the current state of science on the 

association between fish consumption and risk of fatal CHD. 

• The committee noted that, compared to the state of science in 2015, there are now 

more studies evaluating effects or associations of fatty fish and lean fish separately. 

Therefore, the committee decided to evaluate whether there are effects and 

associations of these subtypes with health outcomes.  

• The committee aimed to specify if its guideline covers shellfish or not (N.B.: this 

was not explicitly stated in the DDG2015 advisory report, whereas it is stated in the 

NNR2023 and DDG2020 that the fish guideline applies to both fish and shellfish), 

and thus intended to evaluate health effects of shellfish. However, based on the 

quick scans, there seemed to be very little studies on this topic. Nevertheless, the 

committee decided to evaluate, to the extent possible, the association with shellfish 

separately, or, if not possible, to specify whether the fish exposure did or did not 

include shellfish. 

• The committee noted that for the following health outcomes, there is new and 

relevant literature that may be leading or supportive for the dietary guideline on fish: 

total CHD, stroke, heart failure, type 2 diabetes, obesity, dementia, Alzheimer’s 

disease, cognitive decline, colorectal cancer LDL cholesterol and blood pressure. 

New and potentially relevant literature was also found for fatal CVD, fatal CHD and 

myocardial infarction (MI), health outcomes that the committee only evaluated by 

exception (see section 2.1). Because there are indications that fish consumption is 

associated with both CHD and stroke, and because fish is thought to be especially 

beneficial with regard to fatal events,28 the committee considered it relevant to 

evaluate the outcome of fatal CVD, fatal CHD and (fatal) MI as well. Furthermore, 

for the topic of fish, the committee added atrial fibrillation to its list of chronic 

disease health outcomes to be evaluated, since there were indications in the 

literature that fish consumption may be unfavourably associated with risk of atrial 

fibrillation.27  
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2.4 Consulted literature 

For the evaluation of fish consumption and its effects or associations with the selected 

health outcomes, the committee used the following sources of literature:  

• The committee used MAs or scientific reports addressed in the NNR2023 advisory 

report25 or the NNR2023 background paper on fish (scoping review),29 including 

amongst others the results of:  

• two SRs on fish consumption and neurocognitive development (2020), both 

commissioned by the DGA2020 committee;30,31  

• a SR on fish consumption and CVD (2020), commissioned by the DGA2020 

committee;32   

• a literature search for SRs and MAs on the relationship of fish with causal risk 

factors for CHD (e.g. LDL cholesterol and blood pressure), obesity and some 

cancers, which includes publications published up to September 2021. The 

most recent and comprehensive SRs/MAs (n=21) were described in the 

NNR2023 background paper.   

• The committee used the risk-benefit assessment of fish consumption, published by 

the Norwegian Scientific Committee for Food and Environment (VKM),27 which 

includes a systematic literature review of SRs/MAs and individual studies on the 

relationship between fish consumption and clinical outcomes (not causal risk 

factors and not cancer), including publications published up to October 2021. 

(Results from this report were also described, but less detailed, in the NNR2023 

background paper on fish.) 

• For cancer outcomes, the committee additionally used scientific reports from the 

World Cancer Research Fund (WCRF), which reported on systematic literature 

reviews and MAs performed as part of the Cancer Update Programme (CUP). 

Relevant for fish consumption is the (most recent) WCRF-CUP report on meat, fish 

and dairy products from 2018.33 (Results from this report were also described, but 

less detailed, in the NNR2023 background paper on fish.) 

• The committee additionally used pooled analyses of cohorts that contributed to the 

European Prospective Investigation into Cancer and Nutrition (EPIC). The 

committee used such pooled analyses on associations of fish consumption with 

health outcomes in case these were not included in the above referred MAs. EPIC 

publications were searched by the committee via a systematic literature search 

(search last updated on 8 July 2024). This resulted in four publications relevant for 

this background document on fish.34-38  

• For a selection of dietary factors, the committee additionally performed systematic 

literature searches in PubMed and Scopus to search for more recent literature 

(than the NNR). This was only done if the committee expected such a search 

would yield additional information that could potentially impact the conclusions 

drawn by the committee. This was applicable to the following situations:  
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• for dietary factors on which, after publication of the recent reports (referred to 

above), there are scientific advances that could impact the dietary guidelines;  

• for dietary factors on which there is relatively much scientific discussion and/or 

no consensus on the health effects/associations in the field.  

For the topic of fish, the committee decided that a systematic literature search for 

recent MAs on health effects of fish was necessary. This was due to the interest in 

this topic in the field, especially in the subtypes (fatty fish, lean fish, shellfish). See 

Annex B for more details on the search.  

From all MAs and pooled analyses retrieved via aforementioned sources, the most 

recent and complete MAs and pooled analyses that fit within the inclusion criteria of the 

committee (i.e. based on selected study designs and health outcomes) and which 

together gave the most comprehensive overview of the studies available on each 

dietary factor – health outcome combination were selected for the committee’s 

evaluation. 

2.5 Evaluation of evidence 

For each dietary factor-health outcome combination, an evaluation of the state of 

science was performed, further explained below. 

2.5.1 Drawing conclusions based on a decision tree 

The findings from prospective cohort studies and RCTs were separately evaluated by 

the committee. Per dietary factor – health outcome combination, a table summarising 

the main characteristics and results of the major MA(s) and/or pooled analyse(s) that 

contributed to the evaluation was presented. Below the summary table, the committee 

gave the conclusion, for which there are six fixed options:  

• There is an association/effect with a strong level of evidence; 

• There is an association/effect with a limited level of evidence;  

• An association/effect is unlikely;  

• The evidence is inconclusive;  

• The evidence is contradictory; 

• There is too little research. 

 

The conclusions on (the certainty of) the evidence regarding the effect or association 

between fish consumption and health outcomes were based on the number of studies, 

number of participants and number of cases that contributed to the evaluation. Also, 

the committee took the quality of the studies, in particular the risk of bias, and the 

heterogeneity in findings between studies, into account. The committee used the 

decision tree (presented in Annex C) as a guidance tool to support consistency in 

drawing conclusions. This decision tree was also applied by previous committees of het 

Health Council,39-41 and includes elements that are also present in other evaluation 
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methods for determining the quality and certainty of scientific evidence, such as 

GRADE (for example: heterogeneity and risk of bias).42 The formulation of conclusions 

was different for RCTs than for cohort studies: RCTs allowed statements about effects 

(causality) to be made, whereas cohort studies only allowed statements about 

associations to be made.  

 

The conclusion was followed by a text in which the conclusion was explained and in 

which the committee presented the publications assessed in connection with the 

conclusion. This text was accompanied by a table that showed relevant details related 

to the included studies. 

2.5.2 Extensiveness of evaluation  

Per dietary factor – health outcome combination, the committee decided on the level of 

detail of its evaluation. Extensive evaluations were performed for dietary factor – health 

outcome combinations of which conclusions could potentially be leading for drawing up 

a new guideline or changing an existing guideline. Remaining dietary factor – health 

outcome combinations, of which conclusions unlikely changed compared to 2015 or 

could only be supportive to a guideline, were evaluated less extensively. The 

differences between conclusions that are leading and those that are supportive for 

drawing up a guideline are described in Chapter 2 of the advisory report.1 

In extensive evaluations, the committee drew formal conclusions based on the decision 

tree, and presented the evaluation according to the format described in section 2.5.1. 

In less extensive evaluations, the committee did not draw such formal conclusions. 

Instead, the state of science was briefly (with less details) summarised in text with an 

accompanying table. Such a less extensive evaluation was in particular done to check 

whether potential effects or associations with remaining subtypes of exposures and 

remaining health outcomes were indeed in a supportive direction, or at least not in an 

opposite direction as compared to the conclusions on the exposure subtypes and 

outcomes that were extensively evaluated.  

 

The committee performed, in principle, only (extensive and less extensive) evaluations 

of dietary factor – health outcome relationships when at least 5 individual studies of a 

specific study type were included in the selected MAs and/or pooled analyses.  

This was done because at least 5 studies are needed to qualify the evidence as strong, 

and because only conclusions with a strong level of evidence are considered for 

drawing up the dietary guideline (see Chapter 2 of the advisory report).1 The committee 

could decide to make exceptions in this approach, based on expert judgement of the 

evidential value, public interest and extent of scientific discussion. 

For the topic of fish consumption, the committee noted, based on the quick scans and 

selected recent literature, that the evidence could potentially be (new and) leading for 
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drawing up a fish guideline for the following topics, which were therefore extensively 

evaluated: 

• Based on observational cohort studies:  

• Consumption of total fish and risks of fatal CVD, total CHD, fatal CHD, stroke, 

dementia, Alzheimer’s disease and cognitive decline  

• Consumption of fatty fish and risk of total CHD 

• Consumption of lean fish and risk of total CHD 

Furthermore, due the public interest in the health effects of subtypes of fish, the 

following topics were additionally extensively evaluated: 

• Consumption of fatty fish and risk of fatal CHD 

• Consumption of lean fish and risk of fatal CHD 

Moreover, due to potential harmful associations (which would be contradictory to 

findings for other health outcomes), the following topic was additionally extensively 

evaluated: 

• Consumption of total fish and risk of atrial fibrillation 

Remaining topics were less extensively evaluated.  

2.6 Deriving a dietary guideline on fish 

Effects and associations of fish with chronic disease risk are described in Chapter 3 of 

this background document. The committee used the totality of conclusions with strong 

evidence described in this document, together with conclusions based on substitution 

between dietary protein sources,43 and environmental and chemical food safety 

aspects,2,44 for drawing up the guideline on fish. The (methodology used for the) 

translation of the totality of evidence into dietary guidelines is described in the advisory 

report.1  

In the DDG2015, the state of science on health effects of (supplementation with) 

certain specific, isolated nutrients for which the specific food group is important (e.g. 

EPA and DHA for fish) was additionally taken into account when deriving certain 

guidelines. The current committee did not additionally include such evidence because it 

judged that there was sufficient research on the food groups itself, and that adding 

evidence focused on nutrients would not be of sufficient additional value for deriving 

the guidelines on food groups. Furthermore, health effects of specific, isolated nutrients 

may not necessarily reflect health effects of the whole food group (e.g. due to 

differences in doses and context of the food matrix).  
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3 Evaluation of the evidence 

This chapter describes the scientific evidence on the associations or effects of fish 

consumption and subtypes thereof with risks of chronic diseases and causal risk 

factors. Evaluations are grouped according to health outcome.  

3.1 Fatal cardiovascular disease  

No conclusions on CVD were drawn in the DDG2015, because this was not included 

as a health outcome at the time. It is believed that total fish consumption is associated 

with both CHD and stroke, and probably more strongly with fatal than non-fatal events. 

Therefore, the committee considered it relevant to evaluate the outcome of fatal CVD, 

since this includes both CHD and stroke.  

 

For the evaluation of the association between total fish consumption and risk of fatal 

CVD, the committee selected two MAs: the MA by VKM (the Norwegian Scientific 

Committee for Food and Environment; in Norwegian: Vitenskapskomiteen for mat og 

miljø) from 202027 and the MA by Jiang et al. (2021).45 The MAs included 21 and 20 

prospective cohort studies, respectively. There was no full overlap in studies between 

those MAs (the overlap was 15; the MAs comprised in total 26 cohort studies). 

Therefore, the committee included both MAs in its evaluation. Both MAs included 

multiple studies published after 2015. The evidence is summarised below, followed by 

the committee’s conclusion and explanation. 

 

Summary of evidence for the association between total fish consumption (with or without shellfish) and risk 

of fatal cardiovascular disease  

Aspect Explanation 

Available studies 1 meta-analysis of 21 cohorts27,a  

1 meta-analysis of 20 cohorts45,a  

Heterogeneity Yes (in magnitude and directionb)27 

Yes (in magnitude and directionc)45 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.92 (0.86, 0.98)27 

RR (95%CI) for highest versus lowest intake category: 0.91 (0.85, 0.98)45,e  

Consumption level 

examinedd 

Lowest intake in lowest intake category and highest intake in highest intake category: 

0 to ~230 g/d27,45  

Study population Europe27,45, North America27,45, Australia27,45, Asia27,45, multi-country27,45 

Abbreviations: CI: confidence interval; RR: relative risk. 
a Together, the MAs included 26 cohorts in total (15 cohorts were included in both). 
b Heterogeneity in direction was due to one study. 
c Heterogeneity in direction was likely due to one or two studies. 
d Rough estimate by the committee based on consumption data of each individual study.  
e There was evidence of non-linearity: the risk of fatal CVD reduced most strongly up to a consumption level of ~40 g/d, 

and remained fairly stable thereafter. 
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Conclusion: A higher consumption of total fish is associated with a lower risk of 

fatal cardiovascular disease, whereby a maximum risk reduction of 12% is 

achieved at a consumption level of approximately 40 to 60 grams per day 

Evidence level: Strong 

Additional remark: Within the range of 0 to 60 grams per day, the risk reduces 

most strongly at lower intakes. The more the intake approaches 40 to 60 grams 

per day, the less the risk decreases further 

 

Explanation 

The MA by VKM27 comprises 21 prospective cohort studies of general populations. The 

cohorts were from Europe (n=6), the USA (n=6), Asia (n=7), Australia (n=1) and one 

multi-country cohort (Table 2). Studies in patient populations were not included by 

VKM. In total, over 1.5 million male and female participants and more than 45,000 

events of fatal CVD were involved. The fish exposure in the included studies concerned 

total or unspecified fish (n=10) or fish including shellfish (n=11), with or without fish 

products. The consumption level of fish across the cohorts ranged between 

approximately 0 to 230 g/d. In European countries, the range of fish consumption was 

smaller: approximately 0 to 120 g/d.  

An 8% lower risk of fatal CVD was observed for the highest versus lowest intake 

category of total fish (RR (95%CI): 0.92 (0.86, 0.98)). Significant heterogeneity 

between studies was observed (P-heterogeneity <0.001), both in direction and 

magnitude. The heterogeneity is most likely explained by the study by Van den Brandt 

et al. (2019),46 which showed a statistically significant higher risk of fatal CVD and 

contributed 6% to the pooled estimate. Heterogeneity was no longer significant 

(P=0.55) when this study was removed from the analysis. The authors did not reflect 

on potential reasons for the different findings by Van den Brandt et al. compared to the 

other studies. No dose-response or categorical analyses were performed by VKM.  

VKM did not assess the risk of bias of the individual studies or investigate whether 

there were indications of publication bias, nor did it report on potential funding sources 

of the studies. VKM is a government agency, whose scientific committee is appointed 

by the Norwegian Ministry of Health and Care Services.  

  

The MA by Jiang et al.45 comprises 20 cohorts from Europe (n=4), the USA (n=8), 

Australia (n=1) or Asia (n=6) and one multi-country cohort. In total 1,267,951 

participants were included and 51,628 deaths due to CVD were reported. The 

consumption level of fish across the cohorts ranged between approximately 0 to 230 

g/d. In European studies, the range of fish consumption was smaller: approximately 0 

to 120 g/d.  

The high-low analysis showed that a higher consumption of fish was associated with a 

9% lower risk of CVD mortality (RR (95%CI): 0.91 (0.85, 0.98)). Substantial 

heterogeneity between studies was observed (I2=70%). There was evidence of 
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heterogeneity in both direction (due to two studies: Kobayashi et al. (2020)47 and Van 

den Brandt (2019)46) and magnitude of the association. Exclusion of the study by 

Kobayashi et al. or Van den Brandt et al. did not substantially impact the overall result, 

nor did one of the other studies. The I2 for these sensitivity analyses was not reported. 

Given the results of VKM (see above), it is very likely that the level of heterogeneity 

would substantially reduce after exclusion of the study by Van den Brandt et al. 

Furthermore, the study by Kobayashi et al. was not included in the MA by VKM, 

because this study would focus on (variety in) dietary patterns rather than fish 

specifically. The committee therefore attached less value to this study. Subgroup 

analyses suggest that there was likely no difference in association between subgroups 

of geographic region (Asia versus Europe+America versus Australia), gender, history 

of CVD, follow-up duration or drop-out rate. There was evidence of a non-linear dose-

response association: from the non-linear dose-response curve (based on n=12), the 

committee understood that the risk of fatal CVD reduces up to an intake of 

approximately 40 to 60 g/d (RR=0.88), and remained fairly stable thereafter (up to 100 

g/d). No categorical analyses were performed by Jiang et al.  

According to Jiang et al. and based on the Newcastle-Ottawa Scale, the quality scores 

of the individual studies ranged from 6 to 9 on a scale of 0 to 9 (the higher the score, 

the better the quality). Furthermore, according to the authors, no publication bias was 

found based on the Egger’s test and funnel plot. The authors reported no conflicts of 

interest and to have received no external funding. 

 

Based on the above and taking into account the decision tree, the committee 

concluded that there is strong evidence for a protective association between total fish 

consumption and risk of fatal CVD. This is because there are sufficient studies (≥5) and 

cases (≥500) included in the evaluation, the result is statistically significant, the findings 

remained largely robust in sensitivity analyses, and there were no major considerations 

that may downgrade the certainty of the evidence. Also, although the committee noted 

substantial heterogeneity in direction of the association, probably due to one or two 

studies, exclusion of these studies did not materially affect the overall result.  

The committee noted that there was evidence of a non-linear relationship: the risk 

already started to decrease from a very small amount of fish intake and reduced further 

up to an intake of 40 to 60 g/d (corresponding to approximately 2.5 to 3 servings/week), 

after which no further risk reduction was observed. The committee therefore concluded 

that a higher consumption of total fish is associated with a lower risk of fatal CVD, 

whereby a maximum risk reduction of 12% is achieved at a consumption level of 

approximately 40 to 60 g/d. 
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Table 2 Main characteristics and results of the meta-analyses of prospective cohort studies on the 

association between total fish consumption and risk of fatal coronary heart disease 

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n PCS  n 

participants;  

n cases 

Strength of the 

association: RR 

(95%CI) 

I2 Study population 

(n) 

Study 

quality 

(n) 

VKM 202227 

MA  

Fish and 

shellfish (10), 

fish, not further 

specified (11): 

0 to 230 g/da 

High vs. 

low 

21 >1,533,298b;  

>45,038c 

0.92 (0.86, 0.98) NR;  

Phet 

<0.001 

Europe (6),  

USA (6), Asia (7), 

Australia (1), 

multi-country (1) 

NR 

Jiang 202145 

MA 

Fish (20):  

0 to 230 g/da 

High vs. 

low 

20 1,267,951;  

51,628 

0.91 (0.85, 0.98) 70% Europe (4),  

USA (8), Asia (6), 

Australia (1), 

multi-country (1) 

Scored:  

6 (3),  

7 (6),  

8 (5),  

9 (6) 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity 

(presented if there is no I2 reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific 

Committee for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Lowest and highest fish consumption reported across the cohorts included in the MA. 
b Based on n=20, because the number of participants was not reported in one study. 
c Based on n=19, because the number of cases was not reported in two studies. 
d The quality of the studies was judged by the authors of the MA using the Newcastle-Ottawa score, ranging from 0 to 9. 

The higher the score, the better the quality. 

3.2 Total coronary heart disease 

In the DDG2015, no conclusion was drawn on associations with total CHD, but there 

was for fatal CHD and non-fatal CHD separately. For both fatal and non-fatal CHD was 

concluded that there is strong evidence for protective associations with total fish 

consumption, but the risk of fatal CHD already reduces at a consumption level of 1 

time/week, whereas the risk of non-fatal CHD can be influenced only by a consumption 

level that would be abnormally high for the Netherlands (5 times/week).28 There were 

insufficient cohort studies at the time to draw conclusions on fatty fish and lean fish 

separately. 

3.2.1 Total fish 

The committee selected one recent MA of prospective cohort studies on the 

association between total fish consumption and total CHD risk: VKM (2022).27  

The committee is not aware of a pooled analysis of EPIC cohorts on this topic.  

The evidence is summarised below, followed by the committee’s conclusion and 

explanation. 
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Summary of evidence for the association between total fish consumption (with or without shellfish) and risk 

of morbidity and/or mortality due to coronary heart disease  

Aspect Explanation 

Available studies 1 meta-analysis of 9 cohorts27 

Heterogeneity Moderate27 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.89 (0.81, 0.98)27 

Consumption level 

examined 

Range of intakes in the lowest intake category and of (median) intakes in the 

highest intake category: 0-23 to 15-180 g/d27,a 

Study population Europe, North America, Asia27 

Abbreviations: CI: confidence interval; RR: relative risk. 
a Rough estimate by the committee based on consumption data of each individual study. One study reported the median 

fish intake in the highest intake category to be 180 g/d, without specification of the maximum intake in that category. 

 

Conclusion: A higher consumption of total fish is associated with a lower risk of 

coronary heart disease  

Evidence level: Strong 

 

Explanation 

The MA by VKM27 comprises 9 prospective cohort studies of general populations, and 

involves 761,716 male and female participants from Europe (n=5), the USA (n=3) and 

Asia (n=1) and over 9,000 events of fatal and non-fatal CHD (Table 3). Studies in 

patient populations were not included by VKM. In some studies, fish consumption 

included shellfish and/or fish products. The consumption level of fish across the cohorts 

ranged from approximately 0 to 23 g/d in the lowest intake categories and from 15 to 

(median) 180 g/d in the highest intake categories. In European countries, the range of 

fish consumption was smaller: approximately 0 to 24 g/d and 17 to (mean) 93 g/d, 

respectively.  

A protective association between total fish consumption and total CHD risk was 

observed in the high-low analysis (RR (95% CI): 0.89 (0.81, 0.98)). There was 

significant heterogeneity between studies (I2=NR; P-heterogeneity=0.002), mainly in 

magnitude of the association, not in direction. Neutral and beneficial associations were 

observed, no adverse associations. The heterogeneity was not further explored by 

VKM. Based on the characteristics and results of the individual studies, the committee 

saw no clear indications for heterogeneity due to geographic location or consumption 

level of fish. In the DDG2015, it was suggested that the relationship between fish 

consumption and fatal and non-fatal CHD was not linear. This was, unfortunately, not 

assessed in the MA by VKM. There was also no categorical analysis performed.  

Risk of bias was not assessed by VKM. Therefore, the committee used the MA by 

Zhang et al. (2020),48 who assessed the quality of the individual studies by using the 

Newcastle-Ottawa Scale. Six cohorts were rated as high-quality, two cohorts as 

medium-quality and for one cohort information on the study quality was not available. 

VKM did not assess the risk of bias of the individual studies or investigate whether 

there were indications of publication bias, nor did it report on potential funding sources 
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of the studies. VKM is a government agency, whose scientific committee is appointed 

by the Norwegian Ministry of Health and Care Services.  

 

Based on the above, and taking into account the decision tree, the committee 

concluded that higher total fish consumption is associated with a lower risk of total 

CHD. The committee judged the evidence for this association as strong, because the 

numbers of studies and cases included in the evaluation are sufficient for a conclusion 

with a strong level of evidence, the findings remained largely robust in sensitivity 

analyses, and there were no major considerations that may downgrade the certainty of 

the evidence. Because of the unexplained between-subgroup heterogeneity in 

magnitude of the association, the absence of a test for non-linearity, a non-linear dose-

response analysis or a categorical analysis, and considering the wide range of 

amounts of fish consumed in the individual studies, the committee considered that it is 

not possible to quantify the association.  

 

Table 3 Main characteristics and results of the meta-analyses of prospective cohort studies on the 

association between total fish consumption and risk of morbidity and/or mortality due to coronary heart 

disease 

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n PCS  n participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 Study 

population 

(n) 

Risk of 

bias 

VKM 202227 

MA  

Fish incl. shellfish 

(3), fisha (6):  

0 to ~180 g/db 

High vs. 

low 

 

9 761,716; >8,997c 0.89 (0.81, 0.98) NR;  

Phet=0.002 

Europe (5), 

North America 

(3), Asia (1) 

NR 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity 

(presented if there is no I2 reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific 

Committee for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 

a Not reported whether shellfish was included or not. 

b Lowest intake in lowest intake category and median highest intake in highest intake category. Rough estimate by the 

committee based on consumption data of each individual study. 

c Based on n=7, because the number of cases was not reported in two studies. 

3.2.2 Fatty fish 

The committee selected one recent MAs of prospective cohort studies on the 

association between fatty fish consumption and total CHD risk: VKM (2022).27  

The committee was also aware of the pooled analysis of EPIC cohorts by Key et al. 

(2019).35 This study is also included in the MA by VKM. The committee has presented 

the results of this European study also separately, because, unlike VKM, Key et al. 

performed quintile analyses, which will enable the committee to gain better insight into 

the shape of the relationship (if any) and possibly in the optimal consumption level of 

fatty fish. The evidence is summarised below, followed by the committee’s conclusion 

and explanation. 
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Summary of evidence for the association between fatty fish consumption and risk of morbidity and/or 

mortality due to coronary heart disease  

Aspect Explanation 

Available studies 1 meta-analysis of 11 cohorts27,a 

1 pooled analysis of 9 EPIC cohorts35 

Heterogeneity Moderate27  

NA35 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.93 (0.83, 1.04)27  

HR (95%CI) for highest versus lowest intake category: 0.92 (0.86, 0.99)35 

Consumption level 

examined 

Median intake in lowest intake category and range of median intake in highest 

intake category: 0 to ~8-29 g/d27,b  

Median intakes in lowest and highest quintile: 0 to ~29 g/d35,c,d 

Study population Europe27,35, North America27  

Abbreviations: CI: confidence interval; EPIC: European Prospective Investigation into Cancer and Nutrition; HR: hazard 

ratio; NA: not applicable; Q: quintile; RR: relative risk. 
a Including the pooled analysis of 9 EPIC cohorts by Key et al. (2019).35 

b Rough estimate by the committee based on consumption data of each individual study.  
b The maximum consumption level in the study was not reported.  
d Quintiles were based on observed intakes of fatty fish. Median observed intakes in Q1 and Q5 were 0 and 29 g/d. 

Mean calibrated intakes (i.e. observed intakes calibrated with centre- and sex-specific 24-hour recall data from an 8% 

random sample of the cohort) in Q1 and Q5 were 8 and 21 g/d. 

 

Conclusion: Consumption of fatty fish is associated with a lower risk of 

morbidity and/or mortality due to coronary heart disease 

Evidence level: Strong 

 

Explanation 

The MA by VKM27 comprises 12 studies representing 11 prospective cohort studies of 

general populations, of which 9 cohorts were from the pooled analysis of EPIC cohorts 

by Key et al. The committee noted that the EPIC-NL cohort was included twice in 

VKM’s MA: as primary study (by Hengeveld et al. (2018)49) and as part of the pooled 

analysis of EPIC cohorts by Key et al. The included cohorts were from Europe and the 

USA (Table 4). Studies in patient populations were not included by VKM. In total, over 

550,000 male and female participants, and nearly 12,800 events of fatal and non-fatal 

CHD were involved. Studies addressing dark fish were included in the analyses of fatty 

fish. Studies addressing light fish and white fish were considered lean fish.  

The consumption level of fatty fish across the cohorts was 0 g/d in the lowest intake 

categories and ranged from 7 to 29 g/d (median) in the highest intake categories.  

The MA did not show an association between fatty fish consumption and risk of total 

CHD, but the risk estimate pointed in a protective direction (HR (95%CI): 0.93 (0.83, 

1.04)). There was no significant heterogeneity between the studies. The associations 

observed were either neutral or protective. The non-significant (protective) association 

is most likely a result of the study by Hengeveld et al. that was included twice in the 

analysis and showed a neutral association (HR (95%CI): 1.08 (0.90, 1.30)). The weight 

of this study to the pooled result is not reported, but the proportion of cases contributing 

to the total number of cases is about 17%. Hypothetically excluding this study from the 
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analysis likely results in the pooled estimate pointing more strongly (and probably 

statistically significantly) in a protective direction. No further sensitivity analyses, 

subgroup analyses or dose-response analyses were performed by VKM.  

The quality of the individual cohorts depends, amongst others, on the confounders 

adjusted for. Most cohorts adjusted for at least the following factors: age, sex (if 

applicable), energy intake, BMI, smoking, alcohol intake (except one), physical activity 

(except one) and education level (except one). All but one study adjusted for lipid-

lowering drugs, LDL cholesterol or hyperlipidaemia. In only one study was adjusted for 

lean fish intake. None adjusted for red or processed meat intake. Risk of bias was not 

assessed by VKM. Therefore, the committee used the MA by Giosuè et al. (2022),50 

who assessed the quality of the individual studies by using the Newcastle-Ottawa 

Scale. All cohorts were rated as high-quality. VKM did not investigate whether there 

were indications of publication bias, nor did it report on potential funding sources of the 

studies. VKM is a government agency, whose scientific committee is appointed by the 

Norwegian Ministry of Health and Care Services.   

 

The pooled analysis by Key et al.35 comprises cohorts from 9 European countries and 

involves 409,885 male and female participants without a history of stroke or MI at 

baseline. Nearly 7,200 events of non-fatal MI and fatal ischemic heart disease (IHD) 

were reported during an average of 12.6 years of follow-up (Table 4). Analyses were 

performed using observed intakes (based on food frequency questionnaires) and 

calibrated intakes (observed intakes calibrated with centre- and sex-specific 24-hour 

recall data from an 8% random sample of the cohort). The committee attached more 

value to the calibrated intake because it assumes that it gives a more accurate 

estimate of actual intake than the observed intake. The median (P25, P75) observed 

consumption level of fatty fish at baseline was equal in men and women: 8 (2, 16) g/d.  

Dose-response analyses suggest that each 15 gram per day higher (calibrated) 

consumption of fatty fish is borderline statistically significantly associated with a 4% 

lower risk of CHD (Table 4). The size of the association was smaller when based on 

observed intakes and not statistically significant. Analyses by quintiles of observed 

intake (those analyses were not performed based on calibrated intake) show a 

borderline statistically significant increasing linear trend across quintiles. The HRs were 

below 1 but not statistically significant for Q2, Q3 and Q4 versus Q1, but the HR 

became statistically significant for Q5 versus Q1 (HR (95%CI): 0.92 (0.86, 0.99)).  

The committee noted, however, that the differences in HRs between the quintiles are 

very small (0.92-0.96). Associations were adjusted for multiple potential confounders 

such as age, smoking, physical activity, alcohol consumption, BMI, prior hyper-

lipidaemia and intakes of energy, fruits, vegetables and fibre (details given in footnote 

of Table 4). Additional adjustment for calibrated intakes of animal foods including red 

and processed meat and lean fish, did not materially affect the results. No statistically 

significant differences in associations were observed in subgroups of sex, age, BMI, 
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smoking status, European region, and history of diabetes, hypertension and 

hyperlipidaemia.  

 

Based on the above and taking into account the decision tree, the committee 

concluded that higher fatty fish consumption is associated with a lower risk of total 

CHD. The number of studies and cases included in the evaluation is sufficient for a 

conclusion with strong evidence, the findings remained largely robust in sensitivity 

analyses, and there were no major considerations that may downgrade the certainty of 

the evidence. The association observed in the MA by VKM was not statistically 

significant, but this is likely a result of the European cohort that was included twice and 

showed a neutral association. Omitting this study from the analysis probably results in 

a statistically significant beneficial association. Therefore, the committee judged the 

totality of evidence for this association is strong.  

The committee considered the data insufficient to quantify the association. The most 

important reasons for this are that (1) the analyses by Key et al. do not provide strong 

evidence for linearity; (2) the HRs for the different quintiles in the analyses by Key et al. 

are very similar to each other and small, which also applies to the 95%CIs, making it 

difficult to properly determine at which intake level the relationship becomes favourable 

and; 3) VKM only presents a high-low analysis, and did not report whether or not the 

association is linear or not.   
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Table 4 Main characteristics and results of the meta-analysis and pooled analysis of prospective cohort 

studies on the association between fatty fish consumption and risk of morbidity and/or mortality due to 

coronary heart disease 

Author, year, 

study design 

Exposure: 

consumption 

level 

examined 

Type of 

analysis  

n 

PCS  

n participants;  

n cases 

Strength of the 

association: RR 

(95%CI) 

I2 Study 

population (n) 

Risk 

of 

bias 

VKM 202227 

MA incl. EPIC 

Fatty fish:  

0 to ~29 g/da 

High vs. low 

 

11b,c 552,379; 12,781 0.93 (0.83, 1.04) NR;  

Phet=0.07 

Europe (11), 

North America 

(1) 

NR 

Key 201935 

Pooled EPIC 

analysis 

Fatty fishd:  

8 (0-29) g/de 

 

Per +15 g/d 

of calibrated 

intake 

9 409,885; 7,198f 0.96 (0.92, 1.00)g,h 

P-linear trend=0.063 

NA Europe (all) NR 

Key 201935 

Pooled EPIC 

analysis 

Fatty fishd:  

8 (0-29) g/de 

 

Per +15 g/d 

of observed 

intake 

9 409,885; 7,198e 0.98 (0.96, 1.01)g 

P-linear trend=0.15 

NA Europe (all) NR 

Key 201935 

Pooled EPIC 

analysis 

Fatty fishd:  

8 (0-29) g/de 

 

Per quintilei 

of observed 

intake 

9 409,885; 7,198e Q2 vs. Q1i:  

0.96 (0.88, 1.03) 

Q3 vs. Q1i:  

0.94 (0.88, 1.02) 

Q4 vs. Q1i:  

0.95 (0.88, 1.03)  

Q5 vs. Q1i: 

0.92 (0.86, 0.99) 

P-linear trend=0.054 

NA Europe (all) NR 

Abbreviations: CI: confidence interval; EPIC: European Prospective Investigation into Cancer and Nutrition; MA: meta-

analysis; n: number; NA: not applicable; NR: not reported; Phet: P for heterogeneity (presented if there is no I2 reported); 

PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and Environment (in 

Norwegian: Vitenskapskomiteen for mat og miljø). 
a Lowest intake in lowest intake category and mean highest intake in highest intake category. Rough estimate by the 

committee based on consumption data of each individual study. 
b This MA includes the pooled analysis of EPIC cohorts from 9 countries by Key et al. (2019).35 
c The Dutch cohort included in the publication by Key et al. is also included as separate cohort in the MA by VKM and 

was therefore counted as 1. 
d In EPIC, fatty fish included salmon, tuna, trout, herring, kippers and mackerel, and other fatty fish (fat ≥4g/100g).37 
e Median (10th and 90th percentile) of observed intake at baseline across all men or women included in the analysis. 
f Total CHD was defined by Key et al. as the composite of first non-fatal myocardial infarction (ICD10 code I20) or death 

resulting from ischaemic heart disease (ICD10 codes I20-I25). 
g HRs are stratified by EPIC centre and sex and adjusted for age, smoking status and number of cigarettes per day, 

history of diabetes, previous hypertension, prior hyperlipidaemia, physical activity, employment status, level of 

education completed, BMI, current alcohol consumption, and observed/calibrated intakes of energy, fruit and 

vegetables combined, sugars (% energy) and fibre from cereals.  
h Additional adjustment of the HRs for calibrated intakes of red and processed meat (combined), poultry, white fish, milk, 

yogurt, cheese and eggs resulted in a non-significant association: HR (95%CI): 0.96 (0.92, 1.01). 
i Mean 24-h recall intakes within each fifth of intake of fatty fish were 8, 10, 12, 14 and 21 g/d, respectively. Median 

observed intakes within each fifth of intake of fatty fish were 0, 3, 8, 14 and 29 g/d, respectively.  
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3.2.3 Lean fish 

The committee selected one recent MA of prospective cohort studies on the 

association between lean fish consumption and total CHD risk: VKM (2022).27  

The committee was also aware of the pooled analysis of EPIC cohorts by Key et al. 

(2019).35 This study is also included in the MA by VKM. The committee has presented 

the results of this European study also separately, because, unlike VKM, Key et al. 

performed quintile analyses, which will enable the committee to gain better insight into 

the shape of the relationship (if any) and possibly in the optimal consumption level of 

lean fish. The evidence is summarised below, followed by the committee’s conclusion 

and explanation. 

 

Summary of evidence for the association between lean fish consumption and risk of morbidity and/or 

mortality due to coronary heart disease  

Aspect Explanation 

Available studies 1 meta-analysis of 11 cohorts 27,a  

1 pooled analysis of 9 EPIC cohorts35 

Heterogeneity No27  

NA35 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.99 (0.93, 1.05)27  

HR (95%CI) for highest versus lowest intake category: 1.02 (0.94, 1.11)35 

Consumption level 

examined 

Median intake in lowest intake category and range of median intake in highest 

intake category: 0 to ~29-44 g/d27,b  

Median intakes in lowest and highest quintile: 0 to ~44 g/d35,c,d 

Study population Europe27,35, North America27 

Abbreviations: CI: confidence interval; EPIC: European Prospective Investigation into Cancer and Nutrition; HR: hazard 

ratio; NA: not applicable; Q: quintile; RR: relative risk. 
a Including the pooled analysis of 9 EPIC cohorts by Key et al. (2019).35 

b Rough estimate by the committee based on consumption data of each individual study.  
c The maximum consumption level in the study was not reported.  
d Quintiles were based on observed intakes of lean fish. Median observed intakes in Q1 were Q5 are 0 and 44 g/d. 

Mean calibrated intakes (i.e. observed intakes calibrated with centre- and sex-specific 24-hour recall data from an 8% 

random sample of the cohort) in Q1 and Q5 were 11 and 31 g/d. 

 

Conclusion: An association between lean fish consumption and risk of morbidity 

and/or mortality due to coronary heart disease is unlikely  

Evidence level: Strong 

 

Explanation 

The MA by VKM27 comprises 12 studies representing 11 prospective cohort studies of 

general populations, of which 9 cohorts were from the pooled analysis of EPIC cohorts 

by Key et al. The committee noted that the EPIC-NL cohort was included twice in 

VKM’s MA: as primary study (by Hengeveld et al. (2018)49) and as part of the pooled 

analysis of EPIC cohorts by Key et al. The cohorts included in the MA were from 
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Europe or the USA (Table 5). Studies in patient populations were not included by VKM. 

The studies included in this analysis for lean fish are the same as those included in the 

analysis for fatty fish (previous section). In total, over 550,000 male and female 

participants and nearly 12,800 events of fatal and non-fatal CHD were involved. 

Studies addressing light fish and white fish were included in the analyses of lean fish. 

Studies addressing dark fish were considered fatty fish. The consumption level of lean 

fish across the cohorts was 0 g/d in the lowest intake categories and ranged from 29 to 

44 g/d (median) in the highest intake categories.   

The MA did not show an association between lean fish consumption and risk of total 

CHD, and the risk estimate was close to 1 (HR (95%CI): 0.99 (0.93, 1.05)). There was 

no significant heterogeneity between the studies. All associations observed in the 

individual studies were neutral.  

The quality of the individual cohorts depends, amongst others, on the confounders 

adjusted for. Most cohorts adjusted for at least the following factors: age, sex (if 

applicable), energy intake, BMI, smoking, alcohol intake (except one), physical activity 

(except one) and education level (except one). All but one study adjusted for lipid-

lowering drugs, LDL cholesterol or hyperlipidaemia. In only one study was adjusted for 

fatty fish intake. Neither study adjusted for red or processed meat intake. Risk of bias 

was not assessed by VKM. Therefore, the committee used the MA by Giosuè et al. 

(2022),50 who assessed the quality of the individual studies by using the Newcastle-

Ottawa Scale. All cohorts were rated as high-quality. VKM did not investigate whether 

there were indications of publication bias, nor did it report on potential funding sources 

of the studies. VKM is a government agency, whose scientific committee is appointed 

by the Norwegian Ministry of Health and Care Services.   

 

The pooled analysis by Key et al.35 comprises cohorts from 9 European countries and 

involves 409,885 male and female participants without a history of stroke or MI at 

baseline. Nearly 7,200 events of non-fatal MI and fatal ischemic heart disease (IHD) 

were reported during an average of 12.6 years of follow-up. Analyses were performed 

using observed intakes and calibrated intakes (Table 5). The median (P25, P75) 

observed consumption level of lean fish at baseline was comparable in men and 

women: 12 (3, 23) and 11 (2, 23) g/d, respectively.  

Both the dose-response analyses (based on calibrated as well as observed intakes) 

and the high-low analysis did not show an association between lean fish consumption 

and risk of CHD. Also, no linear trend across quintiles was observed (P=0.93).  

Associations were adjusted for multiple potential confounders such as age, smoking, 

physical activity, alcohol consumption, BMI, prior hyperlipidaemia and intakes of 

energy, fruits, vegetables and fibre (details given in footnote of Table 5). Additional 

adjustment for calibrated intakes of animal foods including red and processed meat 

and fatty fish, did not materially affect the results. Key et al. reported that the 

association between lean fish consumption and CHD risk was statistically different in 
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people with and without a history of diabetes, hypertension or hyperlipidaemia (P for 

heterogeneity=0.027). In participants without a history of diabetes, hypertension or 

hyperlipidaemia, a borderline statistically significantly higher risk was observed (HR 

(95%CI) per +15 g/d: 1.06 (0.99, 1.14), P-trend=0.072), whereas no association was 

observed in participants with a history of diabetes, hypertension or hyperlipidaemia 

(0.97 (0.92, 1.02), P-trend=0.20). These analyses were also adjusted for animal foods 

such as red and processed meat and fatty fish. The committee could not find a clear 

explanation for this subgroup finding, and assumed it is most likely random variation. 

 

Based on the above, and taking into account the decision tree, the committee 

concluded that it is unlikely that lean fish consumption is associated with the risk of 

CHD. This is because there are more than 5 cohorts and more than 500 participants 

(which allows a conclusion with strong evidence), there is no substantial heterogeneity 

in direction or magnitude of the association, there is no statistically significant 

association observed and the RR is very close to 1.0, the findings remained largely 

robust in subgroup analyses and sensitivity analyses and there are no other major 

considerations that would downgrade the certainty of the evidence.   
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Table 5 Main characteristics and results of the meta-analyses of prospective cohort studies on the 

association between lean fish consumption and risk of morbidity and/or mortality due to coronary heart 

disease 

Author, year, 

study design 

Exposure: 

consumption 

level examined 

Type of 

analysis  

n PCS  n 

participants;  

n cases 

Strength of the 

association: RR 

(95%CI) 

I2 Study 

population (n) 

Risk 

of 

bias 

VKM 202227 

MA incl. EPIC 

Lean fish:  

0 to ~44 g/da 

High vs. low 

 

12b,c 552,379; 

12,781 

0.99 (0.93, 1.05) NR;  

Phet=0.52 

Europe (11), 

North America 

(1) 

NR 

Key 201935 

Pooled EPIC 

analysis 

White fishd:  

11 (0-44) g/de 

Per +15 g/d of 

calibrated 

intake 

9 409,885; 

7,198f 

1.00 (0.97, 1.04)g,h 

P-linear trend=0.92 

NA Europe (all) NR 

Key 201935 

Pooled EPIC 

analysis 

White fishd:  

11 (0-44) g/de 

Per +15 g/d of 

observed 

intake 

9 409,885; 

7,198f 

1.00 (0.98, 1.02)g 

P-linear trend=0.82 

NA Europe (all) NR 

Key 201935 

Pooled EPIC 

analysis 

White fishd:  

11 (0-44) g/de 

 

Per quintilei of 

observed 

intake 

9 409,885; 

7,198f 

Q2 vs. Q1i:  

0.98 (0.90, 1.07) 

Q3 vs. Q1i:  

1.00 (0.92, 1.08) 

Q4 vs. Q1i:  

0.96 (0.89, 1.04)  

Q5 vs. Q1i: 

1.02 (0.94, 1.11) 

P-linear trend=0.93 

NA Europe (all) NR 

Abbreviations: CI: confidence interval; EPIC: European Prospective Investigation into Cancer and Nutrition; MA: meta-

analysis; n: number; NA: not applicable; NR: not reported; Phet: P for heterogeneity (presented if there is no I2 reported); 

PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and Environment (in 

Norwegian: Vitenskapskomiteen for mat og miljø). 
a Lowest intake in lowest intake category and mean highest intake in highest intake category. Rough estimate by the 

committee based on consumption data of each individual study. 
b This MA includes the pooled analysis of EPIC cohorts from 9 countries by Key et al. (2019).35  
c The Dutch cohort included in the publication by Key et al. is also included as separate cohort in the MA by VKM and 

was therefore counted as 1. 
d In EPIC, lean fish included Cod, haddock, plaice, and other lean or white fish (fat <4g/100g).37 
e Median (10th and 90th percentile) of observed intake at baseline across all men or women included in the analysis. 
f Total CHD was defined by Key et al. as the composite of first non-fatal myocardial infarction (ICD10 code I20) or death 

resulting from ischaemic heart disease (ICD10 codes I20-I25). 
g HRs are stratified by EPIC centre and sex and adjusted for age, smoking status and number of cigarettes per day, 

history of diabetes, previous hypertension, prior hyperlipidaemia, physical activity, employment status, level of 

education completed, BMI, current alcohol consumption, and observed/calibrated intakes of energy, fruit and 

vegetables combined, sugars (% energy) and fibre from cereals.  
h Additional adjustment of the HRs for calibrated intakes of red and processed meat (combined), poultry, fatty fish, milk, 

yogurt, cheese and eggs did not substantially change the association: HR: 1.01 (95%CI: 0.97, 1.04). 
i Mean 24-h recall intakes within each fifth of intake of lean fish were 1, 7, 13, 17 and 31 g/d, respectively. Median 

observed intakes within each fifth of intake of lean fish were 0, 4, 11, 20 and 44 g/d, respectively.  
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3.3 Fatal coronary heart disease 

3.3.1 Total fish  

In the DDG2015, it is concluded that there is strong evidence that consumption of one 

portion of fish a week compared to less than once a month is associated with a 15% 

lower risk of fatal CHD. This was based on the MA of 17 cohorts by Zheng et al. 

(2012).51 The general picture based on the NNR2023 is that the current state of 

science is in line with the conclusion that fish consumption is beneficially associated 

with fatal CHD risk. The quantification of the NNR2023 guideline on fish is, however, 

much higher than the DDG2015 quantification. The committee is furthermore aware of 

two more recent MAs of prospective cohort studies on the association between fish 

consumption and fatal CHD risk: VKM (2022)27 and Zhang et al. (2020).48 Since fatal 

CHD was and may still be the leading outcome for the DDG guideline on fish, the 

committee considered it important to perform an extensive evaluation to assess if the 

current state of science supports the 2015 findings.  

 

There is quite some overlap in studies between the MAs by VKM27 and Zhang et al.:48 

30 cohorts are included in both MAs, 3 cohorts are only included by VKM and 7 cohorts 

are only included by Zhang et al. Since the selection criteria, the type of analyses and 

the amount of information on the individual studies differ between the MAs, the 

committee considered both MAs relevant for its evaluation.  

The committee was also aware of the pooled analysis of EPIC cohorts by Engeset et 

al. (2015),52 whose results were also included in the MAs by VKM and Zhang et al. 

Also, this MA was described in the DDG2015 background document on fish.28 

However, the DDG2015 committee noted several limitations to this study, which is why 

it did not use this publication in reaching its conclusion. Limitations reported include: (1) 

it is unclear what the result was of the calibration techniques to correct for centre-

specific bias and regression dilution; (2) confidence intervals were very broad because 

of the chosen P-value of 0.01; (3) fish intakes over the quintiles are identical for men 

and women, which is unlikely and; (4) because of the chosen reference category 

(quintile 3), it is difficult to assess what happens in the lower range of fish intake, while 

that is precisely where the greatest health benefits can be expected (based on other 

literature). Following the 2015 decision, the committee disregarded the analysis by 

Engeset et al. to the extent possible (since it is part of the MAs on this topic).  

The committee also noted some limitations to the analyses performed by Zhang et al. 

(discussed in detail further below), especially regarding the figure representing the non-

linear dose-response relationship. This limited the certainty of the findings from this 

figure. In particular, it complicated evaluating the quantification of the DDG2015 

conclusion. The committee therefore additionally included the MA by Zheng et al. 

(2012),51 on which the quantification of the DDG2015 conclusion was based, in its 

current evaluation. These 3 MAs together give the most complete picture. The 

evidence is summarised below, followed by the committee’s conclusion.  
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Summary of evidence for the association between total fish consumption (with or without shellfish) and risk 

of mortality due to coronary heart disease  

Aspect Explanation 

Available studies 1 meta-analysis of 33 cohorts27,a  

1 meta-analysis of 37 cohorts48,a 

1 meta-analysis of 17 cohorts51,a,b 

Heterogeneity No27,51  

Yes (in magnitude)48 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.91 (0.82, 1.01)27  

RR (95%CI) for highest versus lowest intake category: 0.85 (0.77, 0.94)48 

RR (95%CI) for 1 serving/week versus <1 serving/month: 0.84 (0.75, 0.95)51 

Consumption level 

examined 

Range of intakes in the lowest intake category and of (median) intakes in the 

highest intake category: 0-23 to 9-230 g/d27,c 

Range of intakes in the lowest intake category and of (median) intakes in the 

highest intake category: 0-23 to 14-230 g/d48,c 

Range of intakes in the lowest intake category and of (median) intakes in the 

highest intake category: 0-8 to 11-230 g/d51,c 

Study population Europe27,48,51, North America27,48,51, Asia27,48,51, Australia48 

Abbreviations: CI: confidence interval; RR: relative risk. 
a Together, the MAs included 40 individual cohorts.  
b All cohorts in the MA by Zheng et al.51 were also included in the MA by Zhang et al.48 
c Rough estimate by the committee based on consumption data of each individual study.  

 

Conclusion: Total fish consumption of once per week (15 grams per day) 

compared to less than once a month is associated with a 15% lower risk of fatal 

coronary heart disease. The risk appears to decrease further at higher intakes of 

total fish: a maximum risk reduction of 25% may be achieved at a consumption 

level of 40 to 50 grams per day  

Evidence level: Strong 

 

Explanation 

The MA by VKM27 comprises 34 prospective cohort studies of general populations, of 

which 10 cohorts were from the pooled analysis of EPIC cohorts by Engeset et al 

(Europe). The other cohorts were from Europe (n=10), the USA (n=5) or Asia (n=8). 

Studies in patient populations were not included. In addition to the 10 cohorts from 

Engeset et al., at least 3 other more recent cohorts were included as compared to the 

MA by Zheng et al. that was used for the DDG2015. In total, over 1,4 million male and 

female participants and 10,813 events of fatal CHD were involved in the MA (Table 6). 

In some studies, fish consumption included shellfish and/or fish products (n=7). The 

consumption level of fish across the cohorts ranged from 0 to 23 g/d in the lowest 

intake categories and from 9 to 229 g/d in the highest intake categories. In European 

countries, the range of fish consumption was smaller: approximately 0 to 4 g/d and 14 

to 112 g/d, respectively. The committee noted that the MA included 7 studies (5 from 

Asia, 1 from Europe and 1 from the USA) in which reported consumption was more 

than 100 g/d (~1 serving/d).  
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Total fish consumption was not statistically significantly associated with fatal CHD risk 

in the high-low analysis, but there was a tendency towards a protective association (RR 

(95%CI): 0.91 (0.82, 1.01)). There was no significant heterogeneity between studies 

(P-heterogeneity=0.16). VKM reports that the studies that stratified by sex or reported 

to have tested for effect modification by sex, had observed a non-significant test of 

interaction or no effect modification by sex. The committee noted that VKM included 

one cohort twice in its MA on fatal CHD. The contribution of this cohort to the pooled 

results is very small (2%) and, therefore, the committee considered that this will not 

substantially impact the overall finding. No dose-response or categorical analyses were 

performed by VKM. 

VKM did not assess the risk of bias of the individual studies or investigate whether 

there were indications of publication bias, nor did it report on potential funding sources 

of the studies. VKM is a government agency, whose scientific committee is appointed 

by the Norwegian Ministry of Health and Care Services.   

 

The MA by Zhang et al.48 comprises 37 prospective cohort studies of general adult 

populations, of which 18 cohorts were from Europe (including the pooled analysis of 

EPIC cohorts by Engeset et al.), 11 from the USA, 7 from Asia and 1 from Australia. 

One cohort included people with diabetes. In addition to the 10 cohorts from Engeset et 

al., at least 5 more cohorts were included as compared to the MA by Zheng et al. that 

was used for the DDG2015. In total, over 1 million male and female participants and 

9,711 events of fatal CHD were involved in the MA (Table 6). It was not reported if the 

fish in the cohorts comprised shellfish or not. The consumption level of fish across the 

cohorts ranged between approximately 0 to 23 g/d in the lowest intake categories and 

14 to 229 g/d in the highest intake categories. In European studies, the range of fish 

consumption was smaller: approximately 0 to 11 g/d and 14 to 112 g/d, respectively.  

In their high-low analysis, Zhang et al. observed a protective association between total 

fish consumption and risk of fatal CHD (RR (95%CI): 0.85 (0.77, 0.94)). Substantial 

heterogeneity between studies was observed (I2=51%), only in magnitude of the 

association, not in direction. Meta-regression was performed to explore sources of 

heterogeneity. None of the following factors were found to significantly affect the 

heterogeneity: publication year, sex, follow-up period, method of evaluation fish 

consumption, adjustment (or not) for BMI, adjustment (or not) for alcohol, or continent. 

Dose-response analyses showed that a 20 g/d higher fish consumption is associated 

with a 4% lower risk of fatal CHD. However, based on the non-linear dose-response 

curve, the committee saw an indication of a non-linear trend: the risk of fatal CHD 

decreased up to a fish intake of approximately 50 g/d, corresponding to a RR of 

approximately 0.75, after which the line flattens. The committee had, however, difficulty 

interpreting the figure illustrating the non-linear dose-response association. The 

regression line (point estimate) suggests an RR of 0.85 at an intake of 0 g/d, whereas, 

for obvious reasons, an RR of 1 would be expected. Given this observation, the 
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committee is uncertain on the assumptions that the authors made to construct the 

regression model. The committee considered therefore that it could not conclude with 

certainty that the risk reduction associated with an intake of 50 g/d is indeed 25%. No 

categorical analyses were performed.  

The committee furthermore noted that Zhang et al. included four cohorts twice in their 

MA. These four double cohorts contributed approximately 13% to the pooled result. 

However, based on visual examination of the forest plot, the committee considered that 

this will not substantially impact the overall finding. 

By using the Newcastle-Ottawa Scale, Zhang et al. judged that the quality of 15 studies 

is high and that of 22 studies medium. The quality of the studies did not materially 

affect the findings (RR (95%CI) for high versus low fish intake based on high-quality 

studies: 0.83 (0.72, 0.96)). The authors noted that the Egger’s test suggested that there 

might be publication bias (P<0.001; missing studies at the bottom right of the funnel 

plot), but that after using the trim and fill method, no trimming was performed. Potential 

funding sources of the individual studies were not reported. Zhang et al. declared no 

conflicts of interest and reported to have received no external funding for their MA.  

 

The MA by Zheng et al.51 comprises 17 cohorts, originating from Europe (n=8), the 

USA (n=6) and Asia (n=2). In total, 315,812 participants and 4,472 events of fatal CHD 

were involved (Table 6). The pooled EPIC analysis by Engeset et al. was not included. 

It was not reported if the fish in the included cohorts comprised shellfish or not. The 

consumption level of fish across the cohorts ranged between approximately 0 to 8 g/d 

in the lowest intake categories and 11 to 229 g/d in the highest intake categories. The 

follow-up duration across studies ranged from 6 to 30 years.  

Consuming one serving of fish per week compared to <1 or 1-3 servings/month was 

associated with a 16% lower risk of fatal CHD. Limited heterogeneity between studies 

was observed. A 21% lower risk was observed for fish consumption of 2-4 

servings/week and a (non-significant) 17% lower risk for fish consumption of >5 

servings/week, as compared with <1 or 1-3 servings/month. In these analyses, 

between-subgroup heterogeneity was substantial and limited, respectively. The 

heterogeneity observed was in magnitude of the association, not in direction. These 

categorical analyses were based on 16, 13 and 5 studies, respectively. According to 

Zheng et al., one serving/week equals approximately 15 g/d. In the dose-response 

analysis, a 15 g/d higher intake of fish was associated with a 6% lower risk of fatal 

CHD. However, based on the restricted cubic splines analysis, evidence of a non-linear 

association (J-shape) was observed: the risk of fatal CHD decreased up to a fish intake 

of approximately 40 g/d, corresponding to a RR of approximately 0.75, after which the 

line flattens. Subgroup analyses according to geographic region showed stronger 

associations among the American cohorts than the European cohorts for fish 

consumption of 1 serving/week and 2-4 servings/week versus <3 servings/month 

(Table 6). Furthermore, for fish consumption of 2-4 servings/week, slight differences 
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were observed in subgroups according to follow-up period, dietary assessment 

method, gender and energy adjustment (yes or no), but meta-regression indicated that 

none of these factors largely contributed to the heterogeneity. Zheng et al. suggested 

that the substantial level of heterogeneity in the category of 2-4 servings/week might be 

due to the wide range of fish consumption in this category, but they did not explore this 

further. Sensitivity analyses indicated that the pooled estimate did not substantially 

change after excluding any one study from the analysis. Zheng et al. noted, based on 

the Egger’s test and inspection of the forest plot, that there was no evidence of 

publication bias for fish consumption of 1 serving/week. For 2-4 servings/week, 

evidence for publication bias was observed, but after using the trim and fill method, the 

pooled risk estimate was basically unchanged. Potential funding sources of the 

individual studies were not reported. The MA was funded by a government agency. 

Zhang et al. declared no conflict of interest.  

 

Based on the above and taking into account the decision tree, the committee 

concluded that there is strong evidence for a protective association between total fish 

consumption and risk of fatal CHD. This is in line with the DDG2015 conclusion.  

For the quantification of the conclusion, the committee used the MAs by Zheng et al. 

and Zhang et al. (because VKM et al. only performed a high-low analysis).  

The committee noted that the shape of the non-linear dose-response associations 

shown in the MAs by Zhang et al. and Zheng et al. are quite similar. The finding from 

the MA by Zheng et al. that consuming 1 portion of fish per week (~15 g/d) is 

associated with a 15% lower risk of fatal CHD, is confirmed in the more recent MA by 

Zhang et al. Thus, the committee concluded that the DDG2015 conclusion can be 

maintained. In addition to that, the committee saw indications for a further decrease in 

risk at higher intakes of fish: this amounts to a maximum risk reduction of 

approximately 25% at a consumption level of circa 40 g/d based on the MA by Zheng 

et al. and at a consumption level of circa 50 g/d based on the (possibly less reliable) 

MA by Zhang et al. Therefore, the committee additionally concluded that a maximum 

risk reduction of 25% may be achieved at a consumption level of approximately 40 to 

50 gram per day.  
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Table 6 Characteristics and results of the meta-analyses of prospective cohort studies on the association 

between total fish consumption and risk of mortality due to coronary heart disease 

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n 

PCS  

n participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 Study 

population (n) 

Study 

quality (n) 

VKM 202227 

MA incl. EPIC 

Fish incl. shellfish 

(7), fisha (26):  

0 to ~229 g/db 

High vs. low 

 

33 1,416,310; 

10,813 

0.91 (0.82, 1.01) NR; 

Phet=0.16 

Europe (20), 

USA (5), Asia (8) 

NR 

Zhang 202048 

MA incl. EPIC 

Fishc (37):  

0 to ~229 g/db 

High vs. low 37 1,041,120; 

>9,711d 

0.85 (0.77, 0.94)e 51% Europe (21), 

USA (8), Asia 

(7), Australia (1) 

High (15), 

medium (22) 

Zhang 202048 

MA incl. EPIC 

Fishc (33):  

0 to ~229 g/db 

Per +20 g/d 33 1,026,161;  

>9,334d  

0.96 (0.95, 0.98) NA Europe (20), 

USA (6), Asia (7) 

High (14), 

medium (19) 

Zheng 201251 

MA 

Fish (17):  

0 to ~229 g/db 

Per category 

of intake 

 315,812;  

4,472 

1/wk vs. <3/mof,g:  

0.84 (0.75, 0.95) 

20%  Europe (8), USA 

(7), Asia (2) 

NR 

Zheng 201251 

MA 

Fish (17):  

0 to ~229 g/db 

Per category 

of intake 

 315,812;  

4,472 

2-4/w vs. <3/mof,h:  

0.79 (0.67, 0.92) 

57% Europe (8) USA 

(7), Asia (2) 

NR 

Zheng 201251 

MA 

Fish (17):  

0 to ~229 g/db 

Per category 

of intake 

 315,812;  

4,472 

>5/wk vs. <3/mof:  

0.83 (0.68, 1.01) 

0% Europe (8) USA 

(7), Asia (2) 

NR 

Zheng 201251 

MA 

Fish (17):  

0 to ~229 g/db 

Per +15 g/d  315,812;  

4,472 

0.94 (0.90, 0.98) 63% Europe (8), USA 

(7), Asia (2) 

NR 

Abbreviations: CI: confidence interval; EPIC: European Prospective Investigation into Cancer and Nutrition; mo: month; 

n: number; MA: meta-analysis; NA: not applicable; NR: not reported; Phet: P for heterogeneity (presented if no I2 is 

reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø); wk: week.  
a Likely fish not including shellfish. 
b Lowest intake in lowest intake category and highest intake in highest intake category. Rough estimate by the 

committee based on consumption data of each individual study. 
c Not reported whether shellfish was included or not. 
d The number of cases was not reported in two studies. 
e RRs (95%CI) according to region: Europe (n=21): 0.98 (0.87, 1.09), I2=29%; North America (n=8): 0.65 (0.49, 0.86), 

I2=54%); Asia (n=7): 0.81 (0.64, 1.02), I2=51%; Australia (n=1): 0.89 (0.69, 1.16), I2=NA. 
f The number of studies per category differed: n=16 for 1 serving/wk, n=13 for 2-4 servings/wk and n=5 for >5 

servings/wk. 
g RRs (95%CI) according to region: Europe (n=8): 0.95 (0.82, 1.11), I2=20%; USA (n=7): 0.81 (0.70, 0.93), I2=0%. 
h RRs (95%CI) according to region: Europe (n=5): 0.78 (0.54, 1.12), I2=71%; USA (n=6): 0.80 (0.70, 0.93), I2=0%. 

3.3.2 Fatty fish 

No conclusion on fatty fish consumption with risk of fatal CHD was drawn in the 

DDG2015.  

 

The committee now identified two recent MAs of prospective cohort studies on the 

associations between fatty fish consumption and risk of fatal CHD: VKM (2022)27 and 

Giosuè et al. (2022).50 The MA by VKM includes 13 cohorts, of which 10 from the 

pooled analysis of EPIC cohorts by Engeset et al. (2015).52 As described in section 

3.3.1, the committee disregarded the MA by Engeset et al. due to several 

methodological limitations, leaving 3 cohorts relevant for evaluation. The MA by Giosuè 

et al. included 4 cohorts, of which the 3 cohorts in the MA by VKM. Therefore, the 

committee’s evaluation was based on the MA by Giosuè et al. The evidence is 

summarised below, followed by the committee’s conclusion and explanation. 
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Summary of evidence for the association between consumption of fatty fish and risk of fatal coronary heart 

disease  

Aspect Explanation 

Available studies 1 meta-analysis of 4 cohorts50 

Heterogeneity No50  

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.83 (0.70, 0.98)50 

Consumption level examined Intakes in the lowest and in the highest intake category: 0-6 to ~25 g/d50,a  

Study population Europe50  

Abbreviations: CI: confidence interval; RR: relative risk.  
a As reported in the MA. 

 

Conclusion: Fatty fish consumption is associated with a lower risk of fatal 

coronary heart disease  

Evidence level: Limited 

 

Explanation 

The MA by Giosuè et al.50 included one overlapping cohort: the Zutphen study cohort. 

This cohort was used by both Oomen et al. (2000)53 and Streppel et al. (2008)54 but the 

number of participants, the length of follow-up and the number of cases are larger in 

the study by Streppel et al. This makes that the MA comprises 4 different European 

cohorts, including a total of 58,462 participants. During 17 to 40 years of follow-up, 

1,286 deaths due to CHD were reported. Fatty fish was defined in the MA as any fish 

with a total fat content of at least 4 g/100 g, such as salmon, tuna and sardines.  

In the MA, a statistically significant 17% lower risk of fatal CHD was observed when 

comparing the highest with the lowest intake category of fatty fish (RR (95%CI): 0.83 

(0.70, 0.98); Table 7). Corresponding intake levels of fatty fish in these categories were 

approximately 0-6 g/d and 25 g/d. No heterogeneity between the studies was observed 

(I2=0%). As mentioned, one cohort was counted twice in this MA. Based on visual 

inspection of the forest plot and considering the relative weight of the smallest (in terms 

of participants and cases) of the two Zutphen studies (Oomen-NL) to the pooled 

estimate (7.8%), the committee considered that this did not substantially affect the 

overall result.  

Giosuè et al. used the Newcastle-Ottawa Scale to judge the quality of the studies on a 

scale ranging from 0 to 9. A score of 8 or above was considered high quality. Giosuè et 

al. rated 2 cohorts as high-quality and 2 cohorts as lower-quality. The committee noted 

that the study by Oomen et al. adjusted for a limited set of confounders (age, BMI, 

cigarette smoking, and intakes of energy, vegetables, fruit, alcohol, meat, butter and 

margarine), and not for physical activity and education level or socioeconomic status, 

for example. Therefore, there is lesser certainty regarding the findings of Oomen et al. 

No leave-one-out analyses was performed to check the influence of this study on the 

overall finding. The authors of the MA furthermore judged, based on visual inspection 

of the funnel plots and the Egger’s linear regression test, that there was a low risk of 

publication bias. The MA did not report on potential funding sources of the individual 
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studies. The work for the MA was supported by a research grant from the Barilla 

Centre for Food and Nutrition Foundation (BCFN, Italy) within the framework of a 

project aimed at an evidence-based reformulation of the Food Pyramid for CVD 

prevention. It was reported that the funder had no role in any part of the study (from 

study design and data collection to writing of the manuscript and submission of the 

article for publication). The authors reported no conflicts of interest.  

 

Based on the above and taking into account the decision tree, the committee 

concluded that a higher consumption of fatty fish is associated with a lower risk of fatal 

CHD. Although several criteria meet the requirements for the qualification of strong 

evidence (i.e. ≥500 cases, no evidence of heterogeneity in magnitude or direction of 

the association, a statistically significant association, and no major considerations), this 

conclusion is based on only 4 cohort studies, and therefore, the committee considered 

the evidence to be limited; for strong evidence at least five studies are required. 

The committee considered that the findings for the association of consumption of fatty 

fish with risk of fatal CHD are generally in line with the findings for the association of 

fatty fish with risk of total CHD (for which a conclusion with strong evidence could be 

drawn because of a higher number of available cohorts; see section 3.2.2). 

 
Table 7 Main characteristics and results of the meta-analysis of prospective cohort studies on the 

association between fatty fish consumption and risk of fatal coronary heart disease 

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n PCS  n participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 Study 

population (n) 

Study 

quality (n) 

Giosuè 202250 

MA  

Fatty fish:  

0-6 to ~25 g/da 

High vs. low 4 58,462; 1,286 0.83 (0.70, 0.98) 0% Europe (4) High (2), 

lower (2) 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; PCS: prospective cohort study; RR: relative risk. 
a Intake in lowest and highest intake category, as reported by Giosuè et al. (2022). 

3.3.3 Lean fish 

No conclusion on lean fish consumption with risk of fatal CHD was drawn in the 

DDG2015.  

 

The committee now identified two recent MAs of prospective cohort studies on the 

associations between lean fish consumption and risk of fatal CHD: VKM (2022)27 and 

Giosuè et al. (2022).50 The MA by VKM included 13 cohorts, of which 10 from the 

pooled analysis of EPIC cohorts by Engeset et al. 2015.52 As described in section 

3.3.1, the committee disregarded the MA by Engeset et al. due to several 

methodological limitations, leaving 3 cohorts relevant for evaluation. The MA by Giosuè 

et al. included 7 cohorts, of which the 3 cohorts in the MA by VKM. Therefore, the 

committee’s evaluation was based on the MA by Giosuè et al. The evidence is 

summarised below, followed by the committee’s conclusion and explanation. 
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Summary of evidence for the association between consumption of lean fish (including shellfish) and the 

risk of fatal coronary heart disease  

Aspect Explanation 

Available studies 1 meta-analysis of 7 cohorts50 

Heterogeneity No50  

Risk estimate RR (95%CI) for highest versus lowest intake category: 1.04 (0.89, 1.22)50 

Consumption level examined Intakes in the lowest and in the highest intake category: 0-6 to ~29 g/d50,a  

Study population Europe50, Asia50  

Abbreviations: CI: confidence interval; RR: relative risk.  
a Intake in lowest and highest intake category, as reported in the MA. 

 

Conclusion: The evidence for an association between lean fish consumption 

(including shellfish) and risk of fatal coronary heart disease is inconclusive 

Evidence level: Not applicable 

 

Explanation 

The MA by Giosuè et al.50 included one overlapping cohort: the Zutphen study cohort. 

This cohort was used by both Oomen et al. (2000)53 and Streppel et al. (2008)54 but the 

number of participants, the length of follow-up and the number of cases are larger in 

the study by Streppel et al. This makes that the MA comprises 7 different cohorts, of 

which 4 from Europe and 3 from Asia, including a total of 211,002 participants. During 

8.4 to 40 years of follow-up, 1,836 deaths due to CHD were reported. Lean fish was 

defined in the MA as all kinds of fish with a total fat content of less than 4 g/100 g, such 

as cod, shellfish and seabream. Three of the 7 studies considered only shellfish, and 

these were all performed in Asia. No sensitivity or subgroup analyses were performed 

among the studies without shellfish. 

No association was observed with risk of fatal CHD for the highest versus lowest intake 

category of lean fish including shellfish (RR (95%CI): 1.04 (0.89, 1.22); Table 8). 

Corresponding intake levels of lean fish in these categories were approximately 0-6 g/d 

and 29 g/d. There was limited heterogeneity observed between the studies (I2=14%). 

Given the limited extent of heterogeneity, the committee considered it unlikely that the 

pooled result for lean fish is substantially driven by the 3 cohorts that examined only 

shellfish. Moreover, these studies together contributed 22% to the pooled result, and 

the associations in each of these 3 studies tended to point in a protective direction (see 

footnote Table 8). If these studies would be omitted from the analysis, the pooled 

estimate is likely to point more into an unfavourable direction, but likely not statistically 

significantly. As mentioned, one cohort was counted twice in this MA. Based on visual 

inspection of the forest plot and considering the relative weight of the smallest (in terms 

of participants and cases) of the two Zutphen studies (Oomen-NL) to the pooled 

estimate (10.8%), the committee considered that this will not substantially change the 

overall finding.  



 

   

 

Page 37 of 99 

Giosuè et al. used the Newcastle-Ottawa Scale to judge the quality of the studies on a 

scale ranging from 0 to 9. A score of 8 or above was considered of high quality. Giosuè 

et al. rated 4 cohorts as high-quality (score: 8) and 3 cohorts as lower-quality (score: 

7). The committee noted that the study by Oomen et al. adjusted for a limited set of 

confounders (age, BMI, cigarette smoking, and intakes of energy, vegetables, fruit, 

alcohol, meat, butter and margarine), and not for physical activity and education level 

or socioeconomic status, for example. Therefore, there is lesser certainty regarding the 

findings of Oomen et al. No leave-one-out analyses was performed to check the 

influence of this study on the overall finding. The authors of the MA furthermore judged, 

based on visual inspection of the funnel plots and the Egger’s linear regression test, 

that there was a low risk of publication bias. The MA did not report on potential funding 

sources of the individual studies. The work for the MA was supported by a research 

grant from the Barilla Centre for Food and Nutrition Foundation (BCFN, Italy) within the 

framework of a project aimed at an evidence-based reformulation of the Food Pyramid 

for CVD prevention. It was reported that the funder had no role in any part of the study 

(from study design and data collection to writing of the manuscript and submission of 

the article for publication). The authors reported no conflicts of interest.  

 

Based on the above and taking into account the decision tree, the committee 

concluded that the evidence for an association between consumption of lean fish 

(including shellfish) and risk of fatal CHD is inconclusive. Although the number of 

studies and cases, the absence of a statistically significant association and the lack of 

evidence for heterogeneity in direction of the association would be grounds for the 

conclusion of unlikely (strong evidence), the committee noted that the 95% confidence 

interval is quite broad (ranging from an 11% reduction to a 22% increase in fatal CHD 

risk), which precludes concluding that an association is unlikely. Therefore, the 

evidence is considered inconclusive. Additional reasons that support a conclusion of 

inconclusive are limitations to some of the studies regarding confounder adjustment 

and the duplicate inclusion of one cohort in the MA. 
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Table 8 Main characteristics and results of the meta-analysis of prospective cohort studies on the 

association between consumption of lean fish (including shellfish) and risk of fatal coronary heart disease 

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n PCS  n participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 Study 

population 

(n) 

Study 

quality (n) 

Giosuè 202250 

MA  

Lean fish (4), 

shellfish only 

(3):  

0-6 to ~29 g/da 

High vs. 

low 

7 211,002; 1,836 1.04 (0.89, 1.22)b 14% Europe (4), 

Asia (3) 

High (4), 

lower (3) 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; PCS: prospective cohort study; RR: relative risk. 
a Intake in lowest and highest intake category, as reported in the MA. 
b In three cohorts, the exposure concerned shellfish. The contribution of these three cohorts to the overall result is 22%. 

Reported RRs (95%CI) and relative contribution of these three studies to the pooled RR for lean fish: 0.85 (0.61, 1.18), 

weight 18.1%; 0.58 (0.17, 1.98), weight 1.7% and; 0.40 (0.14, 1.14), weight 2.3%. 

3.4 Myocardial infarction 

In the DDG2015, no conclusions were drawn on associations between (any type of) 

fish consumption with risk of MI based on cohort studies. At the time, MI was not 

considered as separate outcome; studies investigating fatal MI and non-fatal MI were 

evaluated as part of the evaluation of fatal CHD and non-fatal CHD, respectively.  

 

The committee now identified two recent MAs of prospective cohort studies on the 

association between total fish consumption and total incident (fatal and non-fatal) 

myocardial infarction: VKM (2022)27 and Jayedi et al. (2019).55 In the analysis of 

incident MI, VKM did not include studies that were limited to fatal MI only or non-fatal 

MI only, whereas Jayedi et al. did. All studies included in Jayedi et al. were included in 

VKM’s MA. However, VKM only performed high-low analyses whereas Jayedi et al. 

also performed (non-linear) dose-response, subgroup and sensitivity analyses. 

Therefore, both MAs were included in the committee’s evaluation.  

VKM and Jayedi et al. also evaluated the association between total fish consumption 

and risk of fatal MI. Only Jayedi et al. evaluated the association with non-fatal MI. 

 

The MA by VKM27 includes a total of 7 cohorts in its analyses on total MI. Cohorts were 

from Europe (n=4), the USA (n=2) and Asia (n=1), and there was 1 multi-country 

cohort. Consumption levels of fish in the lowest and highest intake categories were 

approximately 0-25 g/d and 15-180 g/d, respectively. In the high-low analysis, no 

association between total fish consumption and risk of total MI was observed, but the 

risk estimate pointed in a protective direction (RR (95%CI): 0.93 (0.84, 1.04); Table 9). 

There was no evidence of statistically significant heterogeneity between studies 

(I2=NR; P-heterogeneity=0.32).  

With regard to fatal MI, VKM included a total of 5 cohorts, originating from Europe 

(n=2), the USA (n=2) and Asia (n=1). Consumption levels of fish in the lowest and 

highest intake categories were approximately 0-25 g/d and 15-230 g/d, respectively. In 

the high-low analysis, a statistically significant protective association between total fish 
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consumption and risk of fatal MI was observed (RR (95%CI): 0.63 (0.46, 0.85); Table 

9). There was significant heterogeneity between studies in magnitude of the 

association, not in direction. Associations observed were either protective (n=3) or 

neutral (n=2). The source(s) of heterogeneity was not explored by VKM. Based on the 

characteristics of the individual studies, the committee assumed that the heterogeneity 

was likely not explained by geographic region. 

 

The MA by Jayedi et al.55 includes a total of 11 cohorts, originating from Europe (n=3), 

the USA (n=5) and Asia (n=3). Consumption levels of fish in the lowest and highest 

intake categories were approximately 0-25 g/d and 15-230 g/d, respectively. Among 

the Western countries, the upper level of fish consumption was lower (~125 g/d). The 

specific outcomes examined in the individual studies were total MI (fatal and non-fatal; 

n=5), fatal MI (n=3), non-fatal MI (n=2), and one study examined fatal MI and non-fatal 

MI separately (for the MA combined into one effect size). Both the high-low analysis 

and dose-response analysis showed that higher fish consumption is associated with a 

lower risk of total MI (Table 9). A 4% lower risk per 15 g/d higher fish intake was 

observed, with no evidence of non-linearity. There was substantial heterogeneity 

between studies. Geographic region and adjustment or not for energy intake might 

contribute to this. The association between total fish consumption and total MI was less 

pronounced (but in the same direction) in the American and European cohorts than in 

the Asian cohorts (P-heterogeneity=0.007), and less pronounced in the cohorts not 

adjusting for energy intake (P=0.02). Sensitivity analyses indicated that the pooled 

estimate did not materially change after excluding any one study from the analysis. 

Based on the Egger’s test and Begg’s test, there was high evidence of publication bias, 

which may have resulted in greater risk estimates observed, according to Jayedi et al.   

With regard to fatal MI and non-fatal MI, the MA showed that a 15 g/d higher intake of 

fish was borderline statistically significantly associated with a 10% lower risk of fatal MI 

(n=6), whereas no association between fish consumption and non-fatal MI was 

observed (n=5; Table 9). The association with non-fatal MI tended to be U-shaped (P-

non-linearity=0.003), whereas the association with fatal MI tended to be linearly 

(P=0.44). It should be noted that all cohorts included in the analysis of non-fatal MI 

were from American or European countries. No high-low analyses were performed for 

fatal MI and non-fatal MI separately.  

Overall, these MAs suggest protective or neutral associations between total fish 

consumption and risk of total MI, so the totality of evidence is considered inconclusive. 

The associations seem to be stronger for fatal MI than for non-fatal MI.  
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Table 9 Main characteristics and results of the meta-analyses of cohort studies on the associations of total 

fish consumption with risks of total, fatal and non-fatal myocardial infarction 

Author, year, 

study design 

Health 

outcome 

Exposure: 

consumption 

level examined 

Type of 

analysis 

n PCS;  

n cases  

Strength of the 

association:  

RR (95%CI) 

I2 

VKM 202227 

MA  

Total MIa  Total fish;  

0-180 g/db 

High vs. 

low 

7; 

>3,331c 

0.93 (0.84, 1.04) NR; 

Phet=0.32 

VKM 202227 

MA 

Fatal MI Total fish;  

0-230 g/d 

High vs. 

low 

5;  

916 

0.63 (0.46, 0.85) NR; 

Phet=0.01 

Jayedi 201955 

MA 

Total MId Total fish;  

0-230 g/db 

High vs. 

low 

11; 8,468 0.73 (0.59, 0.87) 72% 

Jayedi 201955 

MA 

Total MId Total fish;  

0-230 g/db 

Per +15 

g/d 

11; 8,468 0.96 (0.94, 0.99) 

P-non-linearity=0.64 

65% 

Jayedi 201955 

MA 

Fatal MI Total fish;  

0-230 g/db 

Per +15 

g/d 

6;  

1,496 

0.90 (0.80, 1.00) 

P-non-linearity=0.44 

83% 

Jayedi 201955 

MA 

Non-fatal 

MI 

Total fish;  

0-120 g/db 

Per +15 

g/d 

5;  

2,686 

0.99 (0.96, 1.01) 

P-non-linearity=0.003 

0% 

Abbreviations: CI: confidence interval; MA: meta-analysis; MI: myocardial infarction; NR: not reported; Phet: P for 

heterogeneity (presented if no I2 is reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian 

Scientific Committee for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 

a Only studies investigating incident (fatal + non-fatal) MI were included, so no studies that were limited to only fatal MI 

or only non-fatal MI. 

b Lowest intake in lowest intake category and highest intake in highest intake category, as reported in the MA. 

c Number of cases not reported for 1 cohort. 

d The outcomes in the individual studies included either total MI (non-fatal + fatal), fatal MI or non-fatal MI. 

3.5 Heart failure 

In the DDG2015, it was concluded that the evidence for an association between fish 

consumption and risk of heart failure is ambiguous (inconclusive), based on 3 MAs of 5 

cohorts each and 1 large individual cohort. Two MAs showed a favourable association, 

whereas the other MA and the individual study showed a neutral association. 

 

The committee is now aware of two more recent MAs on this topic: Bechthold et al. 

(2018)56 and VKM (2022).27 The committee noted, however, that the MA by VKM did 

not include any more recent studies as compared to those that were used in the 

DDG2015. Bechthold et al. did include only one more recent study: Del Gobbo et al. 

(2015).57 Del Gobbo et al. did not find an association between fish consumption and 

risk of heart failure (RR (95%CI): 0.98 (0.82, 1.18)) among older adults participating in 

the Cardiovascular Health Study (USA). The committee, therefore, considered that the 

current state of science regarding this relationship is not essentially different from the 

evidence that informed the DDG2015 conclusion, and that the evidence for this 

relationship thus remains inconclusive.  
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3.6 Stroke 

3.6.1 Total fish 

In the DDG2015, it was concluded that fish consumption of at least once a week 

compared to less than once a month is associated with a 10% lower risk of stroke.  

The evidence for this association was judged to be strong. The DDG2015 committee 

also noted that the association between fish consumption and stroke did not appear to 

be linear, as was the case with fatal CHD. Eating fish once a week was suggested to 

be beneficial, while eating more fish did not make the association stronger. This finding 

was mainly based on the MA of 16 cohorts by Xun et al. (2012),58 which showed 

relative risks (95%CI) of 0.86 (0.80, 0.93), 0.91 (0.85, 0.98) and 0.87 (0.79, 0.96) for 

fish consumption of 1 portion/week, 2-4 portions/week and ≥5 portions/week as 

compared to <1 portion/month, respectively. The DDG2015 committee also reported 

that it was still unclear whether there is a significant difference in the associations of 

fish with ischaemic and haemorrhagic stroke. The general picture based on the 

NNR2023 is that the current state of science is in line with the conclusion that higher 

fish consumption is associated with lower stroke risk. However, the report of VKM 

(2022)27 – this is the main source on which the NNR2023 guideline for fish is based – 

suggests that there are no indications of non-linearity, which is in contrast to the 

findings of the DDG2015 committee. The NNR does not discuss potential differences 

between ischaemic and haemorrhagic stroke. The committee performed an extensive 

evaluation to address these uncertainties. 

The committee selected three MAs of prospective cohort studies on the association 

between total fish consumption and total stroke risk (ischaemic and haemorrhagic): 

VKM (2022),27 Bechthold et al. (2019)56 and Zhao et al. (2019).59 All MAs included 

multiple studies published after 2015. The MAs differed in the specific outcome 

addressed (incident (fatal + non-fatal) stroke, fatal stroke or both), the analyses 

performed (e.g. subgroup, sensitivity and non-linear dose-response analyses) and the 

cohorts included. The committee decided to include all three MAs as they complement 

each other. The MAs comprises 35 individual cohorts in total. The evidence is 

summarised below, followed by the committee’s conclusion and explanation. 

Summary of evidence for the association between total fish consumption (with or without shellfish) and risk 

of morbidity and/or mortality due to total stroke (ischaemic and haemorrhagic) 

Aspect Explanation 

Available studies 1 meta-analysis of 16 cohorts27,a 

1 meta-analysis of 20 cohorts56,a 

1 meta-analysis of 33 cohorts59,b 

Heterogeneity No27 

Yes (in magnitude)56,59 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.91 (0.82, 1.01)27 

RR (95%CI) per 100 g/d higher intake: 0.86 (0.75, 0.99)56 

RR (95%CI) per 100 g/d higher intake: 0.88 (0.80, 0.97)59 
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Aspect Explanation 

Consumption level 

examined 

Lowest intake in lowest intake category and lower boundary of highest intake 

category: 0 to ~110 g/d27,c 

Minimum and maximum intake: 0 to 130 g/d56 

Lowest intake in lowest intake category and lower boundary of highest intake 

category: 0 to ~200 g/d59,d 

Study population Europe27,56,59, USA27,56,59, Asia59, Australia59, multi-country27 

Abbreviations: CI: confidence interval; RR: relative risk.  
a Only studies on stroke incidence (fatal and non-fatal events) were included, not studies on stroke mortality. 
b Includes studies on both stroke incidence (fatal and non-fatal events) and stroke mortality. 
c Estimated by the committee based on consumption data of each individual study as reported in the MA. One study 

reported the highest intake category to be ≥110 g/d, without specification of the maximum fish intake in that category. 
d Estimated by the committee based on consumption data of each individual study as reported in the MA. One study 

reported the highest intake category to be ≥200 g/d, but without specification of the maximum fish intake in that 

category. 

 

Conclusion: Fish consumption of 100 grams per day compared to no fish 

consumption is associated with an approximately 10% lower risk of total stroke  

Evidence level: Strong 

Additional remark: The association is considered to be linear, at least within the 

consumption range of 0 to 100 grams of fish per day 

 

Explanation 

The MA by VKM27 comprises 16 cohorts of general populations from Europe (n=10) 

and the USA (n=5) and one multi-country cohort (Table 10). Studies in patient 

populations were not included. In total, over 787,000 male and female participants and 

more than 14,500 events of stroke were involved. The duration of follow-up among the 

included studies ranged from 4 to 30 years. The consumption level of fish across the 

cohorts was 0 g/d in the lowest intake categories and ranged between >14 and >111 

g/d in the highest intake categories. In some studies, fish included shellfish. 

In the high-low analysis, total fish consumption was statistically significantly associated 

with an 8% lower risk of stroke. No statistically significant between-study heterogeneity 

was observed. The associations observed were either neutral or protective.  

With regard to subtypes of stroke, the MA by VKM did not show statistically significant 

associations of fish consumption with risks of either ischaemic stroke (Table 11) or 

haemorrhagic stroke (Table 12). For fatal stroke events, however, fish consumption 

was statistically significantly associated with a lower risk of fatal haemorrhagic stroke, 

but not with fatal ischaemic stroke. Furthermore, fish consumption was slightly more 

strongly associated with fatal stroke than incident stroke (for both total, ischaemic and 

haemorrhagic stroke). It should, however, be noted that the analyses for incident stroke 

were not based on the same cohorts as the analyses for fatal stroke. Specifically, the 

committee noted that nearly all cohorts on fatal stroke were performed in Asia, whereas 

most cohorts on stroke incidence were from European or American origin. No further 

sensitivity, subgroup or dose-response analyses were performed by VKM.  

VKM did not assess the risk of bias of the individual studies or investigate whether 
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there were indications of publication bias, nor did it report on potential funding sources 

of the studies. VKM is a government agency, whose scientific committee is appointed 

by the Norwegian Ministry of Health and Care Services.   

 

The MA by Bechthold et al.56 comprises 20 cohorts of general populations from Europe 

(n=12) and the USA (n=8; Table 10). In total, over 445,000 male and female 

participants were involved, and 14,360 events of stroke were reported during 4 to 30 

years of follow-up. According to Bechthold et al., the consumption level of fish across 

the cohorts ranged from 0 to 130 g/d. It was not reported the fish exposure included 

shellfish or not. 

In the high-low analysis, total fish consumption was not statistically significantly 

associated with the risk of stroke, but the HR pointed in a protective direction (HR 

(95%CI): 0.95 (0.89, 1.01)). There was moderate between-study heterogeneity, mainly 

in magnitude of the association, not in direction. The associations observed were either 

neutral or protective. The linear dose-response analysis based on 15 cohort studies 

shows that each 100 g/d higher intake of fish is associated with a 14% lower risk of 

stroke. Again, moderate between-study heterogeneity was observed in magnitude of 

the association. Subgroup analyses (in both the high-low analysis and the dose-

response analysis) did not indicate any statistically significant differences in association 

between subgroups of sex, follow-up duration, geographic location, number of cases or 

dietary assessment. There was no clear indication of a non-linear dose-response 

association (P-non-linearity=0.37). Based on the non-linear dose-response curve, the 

committee noted that the 95% confidence intervals become wider, and exceed the 

threshold of RR=1.0 from an intake level of fish of approximately 80-100 g/d. The 

committee expected that this is related to the limited number of studies reporting fish 

intakes above 80-100 g/d. It therefore considered the findings from this MA to be most 

reliable for fish intakes up to ~80-100 g/d.  

Bechthold et al. judged eight studies as having a low risk of bias. Sensitivity analyses 

among these studies with a low risk of bias showed similar findings as compared to the 

main analysis: a 100 g/d higher intake of fish is associated with a 17% lower stroke 

risk, and little heterogeneity between studies was observed. Using the NutriGrade 

scoring system, Bechthold et al. rated the quality of the meta-evidence (i.e. the 

confidence in the estimate) as moderate. Some evidence of small study effects was 

observed in the high-low analysis (P=0.07), but not in the dose-response analysis. 

Bechthold et al. declared no conflicts of interest. They did not report on the funding 

sources of the individual studies or their own MA.  

 

The MA by Zhao et al.59 comprises 33 cohorts of mostly general populations (one study 

was performed in a cohort of diabetes patients). Cohorts were from Europe (n=13), the 

USA (n=10), Asia (n=9) and Australia (n=1). The outcome of interest was stroke 

incidence in 20 studies and stroke mortality in the other 13 studies. In total, over 1.1 
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million male and female participants were involved, and 32,708 events of stroke were 

reported during 4 to 30 years of follow-up. The consumption level of fish across the 

cohorts was 0 g/d in the lowest intake categories, and ranged between ≥9 and ≥200 

g/d in the highest intake categories. In some studies, fish included shellfish.  

In the high-low analysis, higher total fish consumption was statistically significantly 

associated with a 10% lower risk of stroke incidence (Table 10). Moderate between-

study heterogeneity was observed (I2=39%), mainly in magnitude of the association. 

Subgroup analyses suggest that the heterogeneity may be caused by (a combination 

of) the following factors: type of fish, sex and subtype of stroke. Stroke risk was most 

strongly associated with lean fish consumption, to a smaller extent with fatty fish 

consumption, but appears not to be associated with shellfish consumption. The 

committee considered the differences between lean fish and fatty fish, however, 

marginal. Furthermore, a lower stroke risk was observed among women, whereas no 

association was observed among men. Last, higher fish consumption was associated 

with a lower risk of haemorrhagic stroke (Table 12), but not with ischaemic stroke 

(Table 11). Furthermore, contrary to VKM, Zhao et al. showed that the association with 

fish consumption was less pronounced among the 13 studies investigating fatal stroke: 

the point estimate was comparable with stroke incidence, but the association was not 

statistically significant. Also here, the majority of studies on fatal stroke were performed 

in Asia (9 of 13). Subgroup analyses according to geographic region (Asia versus 

Europe versus USA) showed marginal differences in association, and moderate 

heterogeneity persisted within each subgroup. The dose-response analysis shows that 

a 700 g/week higher intake of fish (corresponding to approximately one portion of fish a 

day) is associated with a 12% lower risk of stroke incidence (Table 10). There was no 

evidence of a non-linear dose-response association (P-non-linearity=0.45). Sensitivity 

analyses indicated that the pooled estimate did not substantially vary after excluding 

any one study.  

Using the NutriGrade scoring system, Zhao et al. assessed the risk of bias of the 

individual studies and judged the quality of the evidence from their MA. For the risk of 

bias (best score: 2), they assigned scores ranging between 1.5 and 2 to the included 

studies. A total score of 7.7 out of 10 was assigned to the meta-evidence, which 

indicates that the quality of the meta-evidence is moderate. Based on the Egger’s test 

and Begg’s funnel plot, there were no indications of publication bias. Any funding 

sources were not reported on an individual-study level. Financial funding for the work 

for the MA was provided by government agencies and universities. It was reported that 

the funders had no role in the design, analysis or writing of the article. Zhao et al. 

declared no conflicts of interest. 

 

Based on the above and considering the decision tree, the committee concluded that 

higher total fish consumption is associated with a lower risk of stroke incidence. The 

committee judged the evidence for this association as strong, because the numbers of 
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studies and cases included in the evaluation are sufficient for a conclusion with a 

strong level of evidence, the findings remained largely robust in sensitivity analyses, 

and there were no major considerations that may downgrade the certainty of the 

evidence. Also, there was no substantial heterogeneity between studies, and the 

moderate heterogeneity observed was in magnitude of the association, not in direction.  

With regard to subtypes of stroke, the committee noted that for both ischaemic and 

haemorrhagic stroke, associations pointed in a protective direction. In general, point 

estimates tended to be slightly lower but confidence intervals tended to be slightly 

broader for haemorrhagic stroke than for ischaemic stroke. Also, for both fatal stroke 

and incident (fatal plus non-fatal) stroke, associations pointed in a protective direction. 

The committee saw no obvious differences in associations between fatal stroke and 

incident stroke. Overall, the committee considered the available data were insufficient 

to draw unambiguous conclusions about whether the association might differ between 

ischaemic stroke and haemorrhagic stroke or between fatal stroke and non-fatal stroke. 

With regard to the quantification of the conclusion, the committee noted that, despite 

some differences in the selection of studies between the MAs, the pooled risk 

estimates are quite comparable: in the range of 0.90 to 0.95 for the highest compared 

to the lowest intake of fish, and in the range of 0.86 to 0.88 per 100 g/d higher intake. 

Furthermore, within the consumption range observed in the studies (up to 

approximately 100 g/d), there was no evidence of a non-linear association. Therefore, 

the committee concluded that fish consumption of 100 compared to 0 g/d is (linearly) 

associated with an approximately 10% lower risk of stroke. The committee considered 

this association to be applicable to consumption levels of fish of up to 100 g/d. Due to 

limited data on higher consumption levels, the committee could not draw any 

conclusion regarding the disease risk at intakes above 100 g/d. 

 

As compared to 2015, the current state of science suggests a smaller association 

between total fish consumption and risk of stroke: where the DDG2015 committee 

concluded that 1 portion of fish a week was associated with a 10% lower risk of stroke 

(and the risk would not decrease further at higher intakes), the current state of science 

appears to indicate that 7 portions of fish a week are needed to achieve a 10% lower 

stroke risk (due to the assumed linear relationship, 1 portion/week is also beneficial, 

but the risk reduction is small (~2%)).   
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Table 10 Main characteristics and results of the meta-analyses of prospective cohort studies on the 

association between total fish consumption and risk of morbidity and/or mortality due to total stroke 

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n 

PCS  

n 

participants;  

n cases 

Strength of the 

association:  

RR (95% CI) 

I2 Study 

population (n) 

Risk of 

bias (n) 

VKM 202227 

MA 

Fish incl. shellfish 

(4), fisha (12):  

0 to >111 g/db 

High vs. 

low 

 

16 

 

787,230c; 

>14,502d 

Incidence:  

0.92 (0.89, 0.95) 

NR; 

Phet=0.6

7 

Europe (10), 

USA (5), multi-

country (1) 

NR 

VKM 202227 

MA 

Fish incl. shellfish 

(4), fisha (9): NR 

High vs. 

low 

 

13 

 

NR;  

20,470 

Mortality:  

0.86 (0.81, 0.90) 

 

NR;  

Phet=0.6

4 

USA (3), Asia 

(10) 

NR 

Bechthold 

201956 

MA 

Fisha; 0 to 130 g/d High vs. 

low 

20 445,743; 

14,509 

Incidence: 

0.95 (0.89, 1.01) 

37% Europe (12), 

USA (8) 

NR 

Bechthold 

201956 

MA 

Fisha; 0 to 130 g/d Per +100 

g/d 

15 384,187;  

11,475 

Incidence: 

0.86 (0.75, 0.99)e 

P-non-linearity=0.37 

25% Europe (7), 

USA (8) 

Low (8); 

medium 

(7) 

Zhao 201959 

MA 

Fish (with or 

without shellfish)a:  

0 to >200 g/db 

High vs. 

low 

33 

 

1,142,929; 

32,387 

Incidence + 

mortality: 

0.90 (0.85, 0.96)f,g,h 

39% 

 

 

Europe (13), 

USA (10), Asia 

(9), Australia (1)  

Scores: 

1.5 to 2 

out of 2 

Zhao 201959 

MA 

Fish (with or 

without shellfish)a:  

0 to >200 g/db 

Categorical 33 1,142,929; 

32,387 

Incidence + 

mortality: 

100 vs. 0 g/wk:   

0.98 (0.97, 1.00) 

200 vs. 0 g/wk:  

0.96 (0.94, 0.99) 

300 vs. 0 g/wk:  

0.95 (0.91, 0.99) 

400 vs. 0 g/wk:  

0.93 (0.88, 0.98) 

500 vs. 0 g/wk:  

0.91 (0.86, 0.97) 

600 vs. 0 g/wk:  

0.90 (0.83, 0.97) 

700 vs. 0 g/wk:  

0.88 (0.80, 0.97) 

NR Europe (13), 

USA (10), Asia 

(9), Australia (1) 

Scores: 

1.5 to 2 

out of 2 

Zhao 201959 

MA 

Fish (with or 

without shellfish)a: 

NR 

High vs. 

low 

13 589,991; NR 

 

Mortality:  

0.92 (0.84, 1.02) 

24% Europe (2), 

USA (2), Asia 

(8), Australia (1) 

Scores: 

1.5 to 2 

out of 2 

Abbreviations: CI: confidence interval; n: number; NR: not reported; Phet: P for heterogeneity (presented in case there is 

no I2 reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø); wk: week. 
a Not reported whether shellfish was included or not. 
b Lowest intake in the lowest intake category and highest intake reported in the highest intake category, based on the 

reported consumption data of each individual study in the MA. 
c The number of participants was not reported in two studies. 
d The number of cases was not reported in one study. 
e RR (95%CI) for studies with a low risk of bias (n=8): 0.83 (0.72, 0.95), I2=16%. 
f RRs (95%CI) for lean fish consumption (n=5): 0.84 (0.70, 1.00); I2=0%, for fatty fish consumption (n=6): 0.89 (0.79, 

1.01); I2=0%), and for shellfish consumption (n=5): 0.96 (0.83, 1.11); I2=0%. 
g RRs (95%CI) for women (n=10): 0.83 (0.75, 0.92); I2=7%, and for men (n=12): 0.97 (0.84, 1.11); I2=24%.  
h RRs (95%CI) for Asian cohorts (n=10): 0.87 (0.80, 0.95); I2=15%, for European cohorts (n=13): 0.84 (0.0.87, 1.01); 

I2=27%, and for American cohorts (n=10): 0.90 (0.75, 1.06), I2=53%.  
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Table 11 Main characteristics and results of the meta-analyses of prospective cohort studies on the 

association between total fish consumption and risk of morbidity and/or mortality due to ischaemic stroke 

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n 

PCS  

n participants;  

n cases 

Strength of the 

association:  

RR (95% CI) 

I2 Study 

population (n) 

Risk of 

bias (n) 

VKM 202227 

MA 

Fisha (8), fish incl. 

shellfish (1): NR 

High vs. low 

 

9 NR; 5,955 Incidence: 

0.93 (0.86, 1.02) 

Phet=0.27 Europe (6), 

USA (2), Asia 

(1) 

NR 

VKM 202227 

MA 

Fisha (5), fish incl. 

shellfish (2): NR 

High vs. low 7 NR; 5,738 Mortality:  

0.92 (0.82, 1.03) 

Phet=0.36 Asia (7) NR 

Zhao 201959 

MA 

Fish (with or 

without shellfish)a; 

NR 

High vs. low 17 NR; NR 

 

Incidence + 

mortality: 

0.96 (0.89, 1.03) 

28% 

 

Europe (6), 

USA (5), Asia 

(6) 

Scores: 

1.5 to 2 

out of 2 

Abbreviations: CI: confidence interval; n: number; NR: not reported; Phet: P for heterogeneity (presented in case there is 

no I2 reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Not reported whether shellfish was included or not. 
b Lowest intake in the lowest intake category and highest intake reported in the highest intake category, based on the 

reported consumption data of each individual study in the MA. 

 

Table 12 Main characteristics and results of the meta-analyses of prospective cohort studies on the 

association between total fish consumption and risk of morbidity and/or mortality due to haemorrhagic 

stroke 

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n 

PCS  

n participants;  

n cases 

Strength of the 

association:  

RR (95% CI) 

I2 Study 

population (n) 

Risk of 

bias (n) 

VKM 202227 

MA 

Fisha (8): NR High vs. low 

 

8 NR; 1,220 Incidence:  

0.88 (0.71, 1.09) 

Phet=0.29 

 

Europe (5), 

USA (2),  

Asia (1) 

NR 

VKM 202227 

MA 

Fisha (5), fish incl. 

shellfish (2): NR 

High vs. low 

 

7 NR; 6,239 Mortality:  

0.86 (0.78, 0.96) 

Phet=0.64 Asia (n=7) NR 

Zhao 201959 

MA 

Fish (with or 

without shellfish): 

NR 

High vs. low 15 NR; NR Incidence + 

mortality: 

0.88 (0.80, 0.96) 

0% Europe (5), 

USA (4),  

Asia (6) 

Scores: 

1.5 to 2 

out of 2 

Abbreviations: CI: confidence interval; n: number; NR: not reported; Phet: P for heterogeneity (presented in case there is 

no I2 reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Not reported whether shellfish was included or not. 
b Lowest intake in the lowest intake category and highest intake reported in the highest intake category, based on the 

reported consumption data of each individual study in the MA. 

3.6.2 Fatty fish 

No conclusion on fatty fish consumption and risk of stroke was drawn in the DDG2015, 

likely because few studies on this topic were available at the time.  

 

The committee selected three recent MAs on the associations between fatty fish 

consumption and risk of stroke: VKM (2022),27 Qin et al. (2018)60 and Zhao et al. 

(2019).59 The MA by VKM also included the recent pooled analysis of EPIC cohorts by 

Tong et al. (2020).37 In total, these MAs included 13 cohorts. The committee noted that 
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all MAs provided only results for high-low analyses. It therefore also reported the 

results of the pooled EPIC analysis by Tong et al., since this study also performed 

analyses according to different categories of fish intake. The main characteristics and 

results of these MAs and pooled analysis are summarised in Table 13. The committee 

noted that all cohorts from the MAs and pooled analysis include European populations.  

 

The MA by VKM27 is most recent; studies published up to October 2021 were included. 

The committee noted that the EPIC-NL cohort and the EPIC-Spain cohort were 

included twice in VKM’s MA, as primary study and as part of the pooled analysis of 

EPIC cohorts by Tong et al. The two primary studies contributed 13% to the MA. In 

total, the MA comprises 13 cohorts, of which 9 cohorts are from the pooled EPIC 

analysis Tong et al. In total, 9,783 cases of stroke were included. No association 

between fatty fish consumption and risk of total stroke was observed. The risk estimate 

pointed in a protective direction, but the confidence interval was quite broad (HR 

(95%CI): 0.92 (0.80, 1.05)). There was no statistically significant heterogeneity 

between the studies. The associations observed were either neutral or protective.  

 

The MA by Qin et al.60 comprises 5 cohorts, including over 3,000 cases of stroke in 

total. As with the MA by VKM, no association between fatty fish consumption and total 

stroke risk was observed, but the risk estimate pointed in a protective direction and the 

confidence interval was quite broad (HR (95%CI): 0.88 (0.75, 1.04)). There was 

moderate heterogeneity between studies, in magnitude of the association, not in 

direction.  

 

The MA by Zhao et al.59 comprises 6 individual cohorts. One cohort was included twice 

in this MA, but counted as one by the committee. In total, approximately 3,000 cases of 

stroke were included. As with previous MAs, no association between fatty fish 

consumption and total stroke risk was observed, but the risk estimate pointed in a 

protective direction (HR (95%CI): 0.89 (0.79, 1.01)). No heterogeneity between studies 

was observed.  

 

The pooled analysis of EPIC cohorts by Tong et al.37 was based on cohorts from 9 

European countries. After a mean follow-up of 12.7 years, 7,100 stroke cases were 

reported, of which 4,059 ischaemic strokes and 1,377 haemorrhagic strokes. Neither 

the dose-response analysis nor the categorical analysis showed an association 

between fatty fish consumption and total stroke risk. With respect to subtypes of stroke, 

there was no clear association observed between fatty fish consumption and either 

ischaemic stroke risk or haemorrhagic stroke risk. However, the committee noted that, 

generally, the point estimates for fatty fish tended to be more on the protective side for 

haemorrhagic stroke and were fairly neutral for ischaemic stroke. Based on these 
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observations, the committee saw no clear indications that the association with 

ischaemic stroke would be different from the association with haemorrhagic stroke.  

  

The general picture from these MAs is that there is no conclusive evidence on the 

association between fatty fish consumption and total stroke risk. No statistically 

significant associations were observed. However, confidence intervals were relatively 

broad, which makes the evidence too uncertain to conclude that an association is 

unlikely. Based on these findings, it is unlikely that a conclusion with strong evidence 

can be drawn. Rather, the evidence seems inconclusive. 

 

Table 13 Main characteristics and results of the meta-analyses and pooled analysis of prospective cohort 

studies on the associations of fatty fish consumption with risks of total stroke, ischaemic stroke and 

haemorrhagic stroke 

Author, year, 

study design 

Exposure: 

consumption 

level examined 

Type of 

analysis  

n PCS;  

n cases  

Strength of the 

association:  

RR/HR (95%CI) 

I2 

VKM 202227 

MA incl. EPIC 

Fatty fish: NR High vs. low 12; 9,783 Total stroke:  

0.92 (0.80, 1.05) 

NR; 

Phet=0.21 

Qin 201860 

MA 

Fatty fish: NR High vs. low 5; 3,066 Total stroke:  

0.88 (0.75, 1.04) 

26% 

Zhao 201959 

MA 

Fatty fish: NR High vs. low 6; ~3,066 Total stroke:  

0.89 (0.79, 1.01) 

0% 

Tong 202037 

Pooled EPIC 

analysis 

Fatty fisha:   

0 to 28 g/db 

Per quintilec 9; 7,100 Total strokec,d:  

Q2 vs. Q1: 0.94 (0.86, 1.01) 

Q3 vs. Q1: 0.93 (0.86, 1.00) 

Q4 vs. Q1: 0.99 (0.91, 1.07) 

Q5 vs. Q1: 0.98 (0.91, 1.06) 

P-trend=0.38 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Fatty fisha:   

0 to 28 g/db 

Per quintilec 9; 4,059 Ischaemic strokec,d:  

Q2 vs. Q1: 0.98 (0.88, 1.08) 

Q3 vs. Q1: 1.00 (0.90, 1.11) 

Q4 vs. Q1: 1.06 (0.95, 1.17) 

Q5 vs. Q1: 1.02 (0.92, 1.12) 

P-trend=0.23 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Fatty fisha:   

0 to 28 g/db 

Per quintilec 9; 1,377 Haemorrhagic strokec,d:  

Q2 vs. Q1: 1.01 (0.84, 1.20) 

Q3 vs. Q1: 0.81 (0.68, 0.97) 

Q4 vs. Q1: 0.96 (0.81, 1.15) 

Q5 vs. Q1: 0.97 (0.81, 1.16) 

P-trend=0.71 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Fatty fisha:  

0 to 28 g/db 

Per +15 g/d 

(calibrated 

intake) 

9; 7,100 Total stroked:  

0.98 (0.94, 1.03) 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Fatty fisha:  

0 to 28 g/db 

Per +15 g/d 

(calibrated 

intake) 

9; 4,059 Ischaemic stroked:  

1.00 (0.94, 1.06) 

NA 
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Author, year, 

study design 

Exposure: 

consumption 

level examined 

Type of 

analysis  

n PCS;  

n cases  

Strength of the 

association:  

RR/HR (95%CI) 

I2 

Tong 202037 

Pooled EPIC 

analysis 

Fatty fisha:  

0 to 28 g/db 

Per +15 g/d 

(calibrated 

intake) 

9; 1,377 Haemorrhagic stroked:  

0.96 (0.86, 1.07) 

NA 

Abbreviations: CI: confidence interval; EPIC: European Prospective Investigation into Cancer and Nutrition; HR: hazard 

ratio; MA: meta-analysis; n: number; NA: not applicable; NR: not reported; Phet: P for heterogeneity (presented if I2 is not 

reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a In EPIC, fatty fish was defined as salmon, tuna, trout, herring, kippers, and mackerel, and other fatty fish (fat content: 

≥4g/100g). 

b Median of lowest and highest category of observed intake. 
c Q1: <0.8 g/d (median: 0), Q3: ≥4.1 to <8.3 g/d (median: 7.0), Q5: ≥16.4 g/d (median: 27.8) 
d HRs are adjusted for age, smoking status and number of cigarettes per day, history of diabetes, prior hypertension, 

prior hyperlipidaemia, Cambridge physical activity index, employment status, level of education completed, current 

alcohol consumption, body mass index, and observed intake of energy, and stratified by sex and EPIC centre. 

3.6.3 Lean fish 

No conclusion on lean fish consumption and risk of stroke was drawn in the DDG2015, 

likely because few studies on this topic were available at the time.  

 

The committee selected three recent MAs on the associations between lean fish 

consumption and risk of stroke: VKM (2022),27 Qin et al. (2018)60 and Zhao et al. 

(2019).59 The MA by VKM also included the recent pooled analysis of EPIC cohorts by 

Tong et al. (2020).37 In total, these MAs included 12 cohorts. The committee noted that 

all MAs provided only results for high-low analyses. It therefore also reported the 

results of the pooled EPIC analysis by Tong et al., since this study also performed 

analyses according to different categories of fish intake. The main characteristics and 

results of these MAs and pooled analysis are summarised in Table 14. The committee 

noted that all cohorts from the MAs and pooled analysis include European populations.  

 

The MA by VKM27 is most recent; studies published up to October 2021 were included. 

The committee noted that the EPIC-NL cohort and the EPIC-Spain cohort were 

included twice in VKM’s MA, as primary study and as part of the pooled analysis of 

EPIC cohorts by Tong et al. The two primary studies contributed 13% to the MA. In 

total, the MA comprises 12 cohorts, of which 8 cohorts are from the pooled analysis of 

EPIC cohorts by Tong et al. In total, 9,538 cases of stroke were included. No 

statistically significant association between lean fish consumption and risk of total 

stroke was observed (HR (95%CI): 0.95 (0.89, 1.01)). There was no significant 

heterogeneity between the studies, and the associations in the individual studies were 

either neutral or protective.  

 

The MA by Qin et al.60 comprises 4 cohorts, including 2,645 cases of stroke in total. A 

statistically significant protective association between lean fish consumption and total 
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stroke risk was observed: high compared to low intake of fish was associated with a 

20% lower risk of stroke (HR (95%CI): 0.81 (0.67, 0.99)). No heterogeneity between 

studies was observed. 

 

The MA by Zhao et al.59 comprises 5 cohorts. One cohort was included twice in this 

MA, but counted as one by the committee. In total, approximately 3,000 cases of stroke 

were included. A borderline statistically significant protective association between lean 

fish consumption and total stroke risk was observed (HR (95%CI): 0.84 (0.70, 1.00)). 

There was no heterogeneity between studies.  

 

The pooled analysis of EPIC cohorts by Tong et al.37 was based on cohorts from 8 

European countries. After a mean follow-up of 12.7 years, approximately 7,000 stroke 

cases were reported. Neither the dose-response analysis nor the categorical analysis 

showed a statistically significant association between lean fish consumption and total 

stroke risk. With respect to subtypes of stroke, there was no clear association observed 

of lean fish consumption with either ischaemic stroke risk or haemorrhagic stroke risk. 

However, the committee noted that, generally, the point estimates tended to be more 

on the protective side for ischaemic stroke and were fairly neutral for haemorrhagic 

stroke. (Of note: for fatty fish, it was the other way around; section 3.6.2.)  

 The general picture from these MAs is that the data regarding lean fish consumption 

and stroke risk were not fully consistent: the MA with the highest number of studies 

showed no statistically significant association and the point estimate was relatively 

close to 1.0 (0.95). The smaller MAs in terms of number of studies showed (borderline 

significant) protective associations. The direction of the association was, however, the 

same in all MAs. Based on these findings, it is unlikely that a conclusion with strong 

evidence can be drawn. Rather, the evidence seems inconclusive.  
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Table 14 Main characteristics and results of the meta-analyses and pooled analysis of prospective cohort 

studies on the association between lean fish consumption and risk of stroke 

Author, year, 

study design 

Exposure: 

consumption 

level examined 

Type of 

analysis  

n PCS;  

n cases  

Strength of the 

association:  

RR (95%CI) 

I2 

VKM 202227 

MA incl. EPIC 

Lean fish; NR High vs. low 13; 9,538 Total stroke:  

0.95 (0.89, 1.01) 

NR; 

Phet=0.51 

Qin 201860 

MA 

Lean fish; NR High vs. low 4; 2,645 Total stroke:  

0.81 (0.67, 0.99) 

0% 

Zhao 201959 

MA 

Lean fish: NR High vs. low 5; ~2,966 Total stroke:  

0.84 (0.70, 1.00) 

0% 

Tong 202037 

Pooled EPIC 

analysis 

Lean fisha:  

0 to 45 g/db 

Per quintilec 8; 6,855 Total strokec,d: 

Q2 vs. Q1: 0.92 (0.84, 1.00) 

Q3 vs. Q1: 0.93 (0.86, 1.01) 

Q4 vs. Q1: 0.94 (0.87, 1.02) 

Q5 vs. Q1: 0.92 (0.85, 1.01) 

P-trend=0.13 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Lean fisha:  

0 to 45 g/db 

Per quintilec 8; 3,872 Ischaemic strokec,d:  

Q2 vs. Q1: 0.85 (0.76, 0.95) 

Q3 vs. Q1: 0.90 (0.80, 1.00) 

Q4 vs. Q1: 0.91 (0.83, 1.01) 

Q5 vs. Q1: 0.95 (0.85, 1.06) 

P-trend=0.61 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Lean fisha:  

0 to 45 g/db 

Per quintilec 8; 1,332 Haemorrhagic strokec,d:  

Q2 vs. Q1: 1.03 (0.85, 1.24) 

Q3 vs. Q1: 1.13 (0.94, 1.36) 

Q4 vs. Q1: 1.08 (0.90, 1.28) 

Q5 vs. Q1: 0.93 (0.76, 1.15) 

P-trend=0.60 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Lean fisha:  

0 to 45 g/db 

Per +15 g/d 

(calibrated 

intake) 

8; 6,855 Total stroked:  

0.98 (0.94, 1.02) 

 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Lean fisha:  

0 to 45 g/db 

Per +15 g/d 

(calibrated 

intake) 

8; 3,872 Ischaemic stroked:  

0.98 (0.93, 1.02) 

NA 

Tong 202037 

Pooled EPIC 

analysis 

Lean fisha:  

0 to 45 g/db 

Per +15 g/d 

(calibrated 

intake) 

8; 1,332 Haemorrhagic stroked: 

1.03 (0.94, 1.13) 

NA 

Abbreviations: CI: confidence interval; EPIC: European Prospective Investigation into Cancer and Nutrition; HR: hazard 

ratio; MA: meta-analysis; n: number; NA: not applicable; NR: not reported; Phet: P for heterogeneity (presented if I2 is not 

reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a In EPIC, lean fish was defined as cod, haddock, plaice, and other lean or white fish (fat content: <4g/100g).  

b Median of lowest and highest category of observed intake. 
c Q1: <1.0 g/d (median: 0), Q3: ≥8.1 to <16.0 g/d (median: 11.2), Q5: ≥27.0 g/d (median: 45.1) 
d HRs are adjusted for age, smoking status and number of cigarettes per day, history of diabetes, prior hypertension, 

prior hyperlipidaemia, Cambridge physical activity index, employment status, level of education completed, current 

alcohol consumption, body mass index, and observed intake of energy, and stratified by sex and EPIC centre. 
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3.7 Type 2 diabetes  

In the DDG2015, it was concluded that the evidence for an association between fish 

consumption and risk of type 2 diabetes in Western countries was ambiguous 

(inconclusive), and that there was limited evidence for a protective association between 

fish consumption and risk of type 2 diabetes in Asian countries. Also, the NNR2023 

concludes that the findings regarding an association between fish consumption and risk 

of type 2 diabetes are inconclusive, because of the inconsistent results and 

unexplained heterogeneity. With a view to the fish guideline (stimulating fish 

consumption), the committee considered it valuable to check whether the current state 

of science indeed provides indications of harmful associations (in Western countries), 

and if any, at which consumption level of fish these harmful associations are seen.  

3.7.1 Total fish 

The committee selected two MAs for its evaluation: Pastorino et al. (2021)61 and VKM 

(2022).27 These MAs build on more recent studies as compared to the evidence that 

informed the DDG2015. The committee noted that the associations in both MAs were 

adjusted for BMI. Given that BMI could be on the causal pathway between fish 

consumption and the occurrence of type 2 diabetes, the committee prefers using 

results of analyses not adjusted for BMI. Therefore, it decided to also describe the MA 

of EPIC cohorts, in which models without BMI adjustment were run, despite that this 

pooled EPIC analysis was also included in both MAs. The committee noted that two 

EPIC publications on this topic exist: Löfvenborg et al. (2021)62 and Patel et al. 

(2012).36 These MAs are basically the same -they performed the same main analyses, 

based on the same EPIC study sample (EPIC InterAct) and with the same follow-up 

time- but compared to Patel et al., Löfvenborg et al. additionally examined the role of 

antibody positivity (GAD65) in the association between fish consumption and risk of 

type 2 diabetes. Because Patel et al. included slightly more participants and presented 

the results for the total study sample (not stratified by GAD65 antibody status), the 

committee used the results from the publication by Patel et al. Of note, the publication 

by Patel et al. was included in the MAs used for the DDG2015. There has, however, no 

more recent EPIC publication (with longer follow-up) on this topic appeared since then. 

The results of the MAs are summarised in Table 15.  

 

The federated MA by Pastorino et al.61 includes cohorts participating in the 

InterConnect project. Using individual-level data and based on the fully adjusted 

models including BMI, the MA shows (a tendency towards) an adverse association 

between fish consumption and risk of type 2 diabetes. Substantial between-study 

heterogeneity was observed, which may be partially caused by geographic region and 

sex. Pastorino et al. found evidence of interaction between sex and total fish 

consumption in relation to the risk of type 2 diabetes, and therefore presented its 

results separately for men and women. The authors noted that in women there was 
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some variation in observed associations by geographical region: there were indications 

for an adverse association in American cohorts, but associations among European or 

Asian/Australian cohorts tended to be rather neutral (the Australian cohort contributed 

for ~1% to the pooled result for Asian/Australian cohorts). The committee noted, 

however, that the associations observed for all regions were very small in magnitude 

(reported RRs ranged between 1.00 and 1.02 per 100 g/week higher fish consumption) 

and were mostly borderline statistically significant, which limits the certainty of the 

evidence. Moreover, Pastorino et al. reported that geographical region was not a 

significant predictor in their meta-regression model (P=0.09). Heterogeneity was also 

present within some subgroups of geographic region and sex, which was, according to 

the authors, possibly due to differences in type of fish, preparation method of fish, 

background diet or environmental contaminants in fish. Furthermore, the associations 

in the MA by Pastorino et al. were adjusted for BMI. Given that BMI could be on the 

causal pathway between fish consumption and the occurrence of type 2 diabetes, the 

associations found in the MAs may be, to some extent, underestimated.  

 

In the MA by VKM27 no association was observed between fish consumption and risk of 

type 2 diabetes. Substantial heterogeneity in both magnitude and direction was 

observed, which was not further examined. It was not reported in the MA whether or 

not the results of the individual studies were based on BMI-adjusted models or not.  

 

In the MA of EPIC cohorts by Patel et al.36 no association between total fish 

consumption (with or without shellfish) and incident type 2 diabetes was observed, 

which is in line with the aforementioned MAs. Also, no substantial between-cohort 

heterogeneity was present, despite large variation in the amount and type of fish 

consumption between the cohorts (countries). Patel et al. concluded from this that the 

amount of fish consumption is unlikely to explain the discrepancy between this finding 

in European cohorts and the adverse associations often observed in American cohorts. 

They cite the composition of fish (i.e. type of fish and/or contaminants in fish as 

determined by geographic location) as possible cause of heterogeneity. The 

associations in the MA by Patel et al. were adjusted for a range of potential 

confounders, but not BMI.  

 

Overall, given the borderline significant findings in most MAs, the small risk estimates 

observed in all MAs, and the heterogeneity between studies that is not fully explained, 

it is unlikely that a conclusion with strong evidence will be drawn on this topic. The 

committee furthermore considered that the findings from the current state of science on 

the association between total fish consumption and risk of type 2 diabetes are not fully 

in line with the conclusions drawn in the DDG2015. The overall picture regarding the 

association between total fish consumption and risk of type 2 diabetes is still 

ambiguous, but the committee considered, based on the current state of science, that 
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this applies not only to the Western countries (Europe and America), but also to the 

Asian countries. The committee saw no clear indications for an association in any of 

the geographic regions and saw also no clear indications for differences between 

regions. This is slightly different as compared to 2015, when was suggested that the 

association between fish consumption and risk of type 2 diabetes tended to be 

beneficial in Asian countries. The committee now concluded that the evidence for an 

association between fish consumption and risk of type 2 diabetes is inconclusive 

(regardless of region). The committee cannot exclude the possibility that lifestyle and 

the preparation method of fish may be explanations for the heterogeneity observed 

between studies and might also explain differences between regions.  

 

Table 15 Main characteristics and results of the meta- and pooled analyses of cohort studies on the 

association between total fish consumption and risk of type 2 diabetes 

Author, year,  

study design 

Exposure: consumption 

level examined 

Type of analysis n PCS; n cases  Strength of the 

association:  

RR/HR (95% CI) 

I2 

Pastorino 202161 

Federated MA incl. 

EPIC 

Total fish: 0 to 86 g/d 

(lowest and highest 

median), 0 to 129 g/d 

(lowest P25 and highest 

P75 of individual cohorts) 

Per +100 g/wk Overall:  

♂ 19 and ♀ 24;  

♂ + ♀ 48,084 

 

Overall:  

1.00 (1.00, 1.01) 

1.02 (1.00, 1.03)  

(both adjusted for BMI) 

Overall:  

34% 

52% 

Pastorino 202161 

federated MA incl. 

EPIC 

Total fish Per +100 g/wk America:  

♂ 4 and ♀ 5;  

♂ + ♀ 12,030 

 

America:  

♂ 1.02 (1.00, 1.05)b 

♀ 1.02 (1.01, 1.03)b 

(both adjusted for BMI) 

America:  

0% 

0% 

 

Pastorino 202161 

federated MA incl. 

EPIC 

Total fish Per +100 g/wk Europe:  

♂ 9a and ♀ 14a;  

♂ + ♀ 17,197 

 

Europe:  

♂ 1.00 (0.99, 1.02)b 

♀ 1.01 (0.99, 1.03)b 

(both adjusted for BMI) 

Europe:  

41% 

66% 

 

Pastorino 202161 

federated MA incl. 

EPIC 

Total fish Per +100 g/wk Asia/Australia:  

♂ 5 and ♀ 4;  

♂ + ♀ 18,325 

Asia/Australia:  

♂ 1.00 (0.98, 1.01)b 

♀ 1.00 (0.99, 1.02)b 

(both adjusted for BMI) 

Asia/Australia

:  

32% 

0% 

VKM 202127 

MA incl. EPIC 

Fish with and without 

shellfish: NR 

High vs. low 24a; >40,197 1.04 (0.96, 1.14) NR;  

Phet<0.001 

Patel 201236 

MA of EPIC 

cohorts 

Fish excl. shellfish and fish 

productsc:  

♂ 138 (30, 296) g/wkd  

♀ 92 (16, 223) g/wkd 

Per quartilee of 

observed intake 

8; 10,740 Not adjusted for BMI: 

Q2 vs. Q1e,f:  

0.95 (0.87, 1.04)  

Q3 vs. Q1e,f:  

0.95 (0.86, 1.06) 

Q4 vs. Q1e,f:  

1.01 (0.89, 1.15) 

P-linear trend=0.21  

NR 

Patel 201236 

MA of EPIC 

cohorts 

Fish, shellfish and fish 

productsg:  

♂ 239 (119, 427) g/wkd  

♀ 188 (94, 330) g/wkd 

Per quartileh of 

observed intake 

8; 10,740 Not adjusted for BMI: 

Q2 vs. Q1f,h:  

0.95 (0.87, 1.03)  

Q3 vs. Q1f,h:  

1.05 (0.97, 1.25) 

NR 



 

   

 

Page 56 of 99 

Author, year,  

study design 

Exposure: consumption 

level examined 

Type of analysis n PCS; n cases  Strength of the 

association:  

RR/HR (95% CI) 

I2 

Q4 vs. Q1f,h:  

1.10 (0.97, 1.25) 

P-linear trend=0.08 

Patel 201236 

MA of EPIC 

cohorts 

Fish, shellfish and fish 

productsg:  

♂ 239 (119, 427) g/wkd  

♀ 188 (94, 330) g/wkd 

Per +1 quartile of 

observed intake 

8; 10,740 Adjusted for BMI:  

1.00 (0.94, 1.06)i,j 

54% 

Abbreviations: BMI: body mass index; CI: confidence interval; EPIC: European Prospective Investigation into Cancer 

and Nutrition; HR: hazard ratio; MA: meta-analysis; NR: not reported; Phet: P for heterogeneity (presented if there is no I2 

reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Including the pooled analysis of EPIC cohorts from 8 European countries by Löfvenborg et al. 2021.62 

b Adjusted for age, education, smoking, physical activity, alcohol intake, BMI, comorbidities at baseline, energy intake, 

intake of fibre, red and processed meat, fruit, vegetables, sugary drinks.  
c Total fish is the sum of fatty fish and lean fish. This may include fresh, canned, salted, smoked or fried fish. 
c Total fish is the sum of fatty fish and lean fish. This may include fresh, canned, salted, smoked or fried fish. 
d Median (25th and 75th percentile).  
e Range of observed total fish consumption per quartile of combined fish and shellfish consumption in the subcohort: 

Q1: ≤19.8 g/wk, Q2: >19.8 to ≤110.1 g/wk, Q3: >110.1 to ≤244.4 g/wk, Q4: >244.4 g/wk. 
f Adjusted for centre, sex, education level, smoking status, physical activity, total energy intake, alcohol intake, and fruit 

and vegetable intake. 
g Combined fish and shellfish is the sum of fatty fish, lean fish, shellfish and other fish types (other fish types included 

fish products, fish in crumbs and non-specific or combined fish). The other fish types category constitutes <11.4% of 

combined fish and shellfish intake. This may include fresh, canned, salted, smoked or fried fish. 
h Range of observed combined fish and shellfish consumption per quartile of combined fish and shellfish consumption in 

the subcohort: Q1: ≤104.7, Q2: >104.7 to ≤203.2 g/wk, Q3: >203.2 to ≤362.4 g/wk, Q4: >362.4 g/wk. 
i Adjusted for centre, sex, education level, smoking status, physical activity, total energy intake, alcohol intake, fruit and 

vegetable intake and BMI. (N.B.: The MA does not provide the results of the analyses per 1 quartile increase in fish 

consumption for the model without BMI adjustment.)  
j Sensitivity analyses showed that the observed associations were not substantially affected by either 1) calibration of 

the combined fish and shellfish intake with dietary 24-h recall data, 2) additional adjustment for other dietary factors 

(e.g. red meat, fibre, saturated fat, protein), or 3) by mutual adjustment for the other fish types to examine the 

independent effect of fatty fish, lean fish and shellfish.  

3.7.2 Fatty fish  

No formal conclusion on the association between fatty fish consumption and risk of 

type 2 diabetes was drawn in the DDG2015, but it was noted that there was insufficient 

research to make a statement about fatty fish in relation to the risk of type 2 diabetes. 

 

The committee selected two MAs (Pastorino et al. (2021)61 and VKM (2022)27) and one 

MA of EPIC cohorts (Patel et al. (2012)36) for its evaluation. The committee noted that 

the associations reported in the MAs by Pastorino et al. and VKM were based on BMI-

adjusted models. Given that BMI could be on the causal pathway between fish 

consumption and the occurrence of type 2 diabetes, the committee preferred using 

results of analyses not adjusted for BMI. Therefore, it also described the MA of EPIC 

cohorts, in which models without adjustment for BMI were run, despite that this EPIC 

analysis was also included in the other two MAs. The main characteristics and results 

of these MAs are summarised in Table 16. 
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The federated MA by Pastorino et al.61 is based on 13 cohorts (analyses) for men and 

16 cohorts (analyses) for women participating in the InterConnect project. The number 

of participants and cases was not reported. Using individual-level data and based on 

the fully adjusted models including BMI, the MA showed no association between fatty 

fish consumption and risk of type 2 diabetes in men, but a small significant harmful 

association in women. There was no evidence of substantial heterogeneity between 

studies in men, but there was moderate heterogeneity between studies in women. This 

was not further explored. 

 

The MA by VKM27 showed a protective association between fatty fish consumption and 

risk of type 2 diabetes, based on 12 cohorts including 18,899 cases of diabetes. VKM 

noted that there was between-study heterogeneity in magnitude of the association, 

which was driven by the two largest studies (one showing a protective association and 

one showing a neutral association) that both had a relative weight in the MA of 

approximately 35%. Both these were European studies. The confounders adjusted for 

in the individual studies was not reported in the MA. 

 

The MA of EPIC cohorts by Patel et al.36 did not show an association between fatty fish 

consumption and risk of type 2 diabetes based on the fully adjusted models without 

BMI. However, when models were additionally adjusted for BMI, there was a tendency 

towards a protective association between fatty fish consumption and risk of type 2 

diabetes. The association was statistically significantly unbeneficial for the third and 

fourth quartile versus the lowest quartile.  

Overall, both protective, neutral and harmful associations between consumption of fatty 

fish and risk of type 2 diabetes were observed. The heterogeneity between individual 

studies and between the MAs could not be fully explained, but BMI, sex and 

geographic location may play a role. Based on these findings, it is unlikely that the 

committee will conclude that there is strong evidence for an association (inconclusive 

or contradictory evidence would be more plausible).   
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Table 16 Main characteristics and results of the meta-analyses of cohort studies on the association 

between fatty fish consumption and risk of type 2 diabetes 

Author, year, 

study design 

Exposure: 

consumption level 

examined 

Type of 

analysis 

n PCS;  

n cases  

Strength of the 

association:  

RR/HR (95% CI) 

I2 

Pastorino 202161 

Federated MA 

incl. EPIC 

Fatty fish:  

0 to 64 g/da,b 

Per +100 

g/wk 

♂ 13c and ♀ 

16c; NR 

Adjusted for BMI:  

♂ 0.99 (0.98, 1.01)d 

♀ 1.04 (1.01, 1.07)d 

Adjusted for BMI: 

0% (♂) 

46% (♀) 

VKM 202127 

MA incl. EPIC 

Fatty fish:  

NR 

High vs. low 12c; 18,899 0.88 (0.78, 0.99) NR;  

Phet=0.06 

Patel 201236 

MA of EPIC 

cohorts 

Fatty fishe:  

♂ 56 (7, 119) g/wkf  

♀ 35 (4, 91) g/wkf 

Per quartileg 

of observed 

intake 

8; 10,740 Not adjusted for BMI: 

Q2 vs. Q1g,h,i:  

0.95 (0.81, 1.12) 

Q3 vs. Q1g,h,i:  

0.92 (0.84, 1.02) 

Q4 vs. Q1g,h,i:  

0.97 (0.89, 1.13) 

P-linear trend=0.44  

NR 

Patel 201236 

MA of EPIC 

cohorts 

Fatty fishe:  

♂ 56 (7, 119) g/wkf  

♀ 35 (4, 91) g/wkf 

Per +1 

quartile of 

observed 

intake 

8; 10,740 Adjusted for BMI:  

0.97 (0.94, 1.00)j,k 

0% 

Abbreviations: BMI: body mass index; CI: confidence interval; EPIC: European Prospective Investigation into Cancer 

and Nutrition; HR: hazard ratio; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity (presented if 

no I2 is reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Numbers reflect the lowest 25th percentile and highest 75th percentile of individual cohorts. 
b Lowest and highest median of individual cohorts: 0 to 27 g/d. 

c This number includes the 8 cohorts contributing to the MA of EPIC cohorts.  

d Adjusted for age, education, smoking, physical activity, alcohol intake, BMI, comorbidities at baseline, energy intake, 

intake of fibre, red and processed meat, fruit, vegetables, sugary drinks.  
e Fatty fish may include fresh, canned, salted, smoked or fried fatty fish. 
f Numbers reflect the median (25th and 75th percentile).  
g Range of observed fatty fish consumption per quartile of combined fish and shellfish consumption: Q1: ≤4.1, Q2: >4.1 

to ≤41.0 g/wk, Q3: >41.0 to ≤102.6 g/wk, Q4: >102.6 g/wk. 
h Adjusted for centre, sex, education level, smoking status, physical activity, total energy intake, alcohol intake, and fruit 

and vegetable intake. 
i HR (95%CI) for models additionally adjusted for BMI: Q2 vs. Q1: 0.84 (0.70, 1.01), Q3 vs. Q1: 0.85 (0.76, 0.95), and 

Q4 vs. Q1: 0.87 (0.78, 0.97); P-linear trend=0.06.  
j Adjusted for centre, sex, education level, smoking status, physical activity, total energy intake, alcohol intake, fruit and 

vegetable intake and BMI. (N.B.: Results of the analyses per 1 quartile increase in fatty fish consumption are not 

presented for the model without BMI adjustment.)  
k Sensitivity analyses showed that the observed associations were not substantially affected by either 1) calibration of 

the combined fish and shellfish intake with dietary 24-h recall data, 2) additional adjustment for other dietary factors 

(e.g. red meat, fibre, saturated fat, protein), or 3) by mutual adjustment for lean fish and shellfish.  

3.7.3 Lean fish  

No formal conclusion on the association between lean fish consumption and risk of 

type 2 diabetes was drawn in the DDG2015, but it was noted that there was insufficient 

research to make a statement about lean fish in relation to the risk of type 2 diabetes. 
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The committee selected two MAs (Pastorino et al. (2021)61 and VKM (2022)27) and one 

MA of EPIC cohorts (Patel et al. (2012)36) for its evaluation. The committee noted that 

the associations in the MAs by Pastorino et al. and VKM were based on BMI-adjusted 

models. Given that BMI could be on the causal pathway between fish consumption and 

the occurrence of type 2 diabetes, the committee preferred using results of analyses 

not adjusted for BMI. Therefore, it also described the MA of EPIC cohorts, in which 

models without adjustment for BMI were run, despite that this EPIC analysis was also 

included in the other two MAs. The main characteristics and results of these MAs are 

summarised in Table 17. 

 

The federated MA by Pastorino et al.61 is based on 13 cohorts (analyses) for men and 

16 cohorts (analyses) for women participating in the InterConnect project. The number 

of participants and cases was not reported. Using individual-level data and based on 

the fully adjusted models including BMI, the MA showed no association between lean 

fish consumption and risk of type 2 diabetes in men, but a very small borderline 

significant harmful association in women. There was moderate heterogeneity between 

studies. This was not further explored.  

 

The MA by VKM27 did not show an association between lean fish consumption and risk 

of type 2 diabetes, based on 12 cohorts including 18,899 cases of diabetes. VKM noted 

that there was substantial between-study heterogeneity in direction of the association 

(both protective and harmful associations were observed), which was mostly driven by 

one Norwegian study showing a protective association and one Dutch study showing a 

harmful association. The confounders adjusted for in the individual studies was not 

reported in the MA. 

 

The pooled analysis of EPIC cohorts by Patel et al.36 did not show an association 

between lean fish consumption and risk of type 2 diabetes. This was observed based 

on the fully adjusted models without BMI, but also based on the fully adjusted models 

with BMI.  

 

Overall, both protective, neutral and harmful associations between consumption of lean 

fish and risk of type 2 diabetes were observed. The heterogeneity between individual 

studies and between the MAs could not be fully explained based on the data available 

in the MAs. Based on these findings, it is unlikely that the committee will conclude that 

there is strong evidence for an association (inconclusive or contradictory evidence 

would be more plausible).  
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Table 17 Main characteristics and results of the meta-analyses of cohort studies on the association 

between lean fish consumption and risk of type 2 diabetes 

Author, year, 

study design 

Exposure: 

consumption level 

examined 

Type of 

analysis 

n PCS;  

n cases  

Strength of the 

association:  

RR/HR (95% CI) 

I2 

Pastorino 202161 

Federated MA 

incl. EPIC 

Lean fish:  

0 to 74 g/da,b  

Per +100 

g/wk 

♂ 13c and ♀ 

16c; NR 

Adjusted for BMI:  

♂ 1.01 (0.99, 1.04)d 

♀ 1.02 (1.00, 1.04)d 

 

Adjusted for BMI: 

55% (♂) 

33% (♀) 

VKM 202127 

MA incl. EPIC 

Lean fish;  

NR 

High vs. low 12c; 18,899 0.99 (0.87, 1.13) NR;  

Phet=0.04 

Patel 201236 

MA of EPIC 

cohorts 

Lean fishe;  

♂ 55 (0, 164) g/wkf  

♀ 30 (0, 126) g/wkf 

Per quartileg 

of observed 

intake 

8;  

9,353 

Not adjusted for BMI:  

Q2 vs. Q1g,h,i:  

0.98 (0.81, 1.17)  

Q3 vs. Q1g,h,i:  

0.94 (0.84, 1.05) 

Q4 vs. Q1g,h,i:  

1.04 (0.89, 1.20) 

P-linear trend=0.34  

NR 

Patel 201236 

MA of EPIC 

cohorts 

Lean fishe;  

♂ 55 (0, 164) g/wkf  

♀ 30 (0, 126) g/wkf 

Per +1 

quartile of 

observed 

intake 

8;  

9,353 

Adjusted for BMI:  

1.02 (0.96, 1.08)j.k 

49% 

Abbreviations: BMI: body mass index; CI: confidence interval; EPIC: European Prospective Investigation into Cancer 

and Nutrition; HR: hazard ratio; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity (presented if 

no I2 is reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Numbers reflect the lowest 25th percentile and highest 75th percentile of individual cohorts. 
b Lowest and highest median of individual cohorts: 0 to 31 g/d. 

c This number includes the 8 cohorts contributing to the pooled analysis of EPIC cohorts.  

d Adjusted for age, education, smoking, physical activity, alcohol intake, BMI, comorbidities at baseline, energy intake, 

intake of fibre, red and processed meat, fruit, vegetables, sugary drinks.  
e Lean fish may include fresh, canned, salted, smoked or fried lean fish. 
f Numbers reflect the median (25th and 75th percentile).  
g Range of observed lean fish consumption per quartile of combined fish and shellfish consumption: Q1: 0, Q2: >0 to 

≤38.1 g/wk, Q3: >38.1 to ≤139.7 g/wk, Q4: >139.7 g/wk. 
h Adjusted for centre, sex, education level, smoking status, physical activity, total energy intake, alcohol intake, and fruit 

and vegetable intake. 
i HR (95%CI) for models additionally adjusted for BMI: Q2 vs. Q1: 0.99 (0.81, 1.22), Q3 vs. Q1: 0.96 (0.84, 1.09), and 

Q4 vs. Q1: 1.04 (0.88, 1.23); P-linear trend=0.57.  
j Adjusted for centre, sex, education level, smoking status, physical activity, total energy intake, alcohol intake, fruit and 

vegetable intake and BMI. (N.B.: Results of the analyses per 1 quartile increase in lean fish consumption are not 

presented for the model without BMI adjustment.) 
k Sensitivity analyses showed that the observed associations were not substantially affected by either 1) calibration of 

the combined fish and shellfish intake with dietary 24-h recall data, 2) additional adjustment for other dietary factors 

(e.g. red meat, fibre, saturated fat, protein), or 3) by mutual adjustment for fatty fish and shellfish. 

3.7.4 Shellfish 

No conclusions on the association between shellfish consumption and risk of type 2 

diabetes were drawn in the DDG2015.  

 

The committee selected one federated MA (Pastorino et al. (2021)61) and MA of EPIC 

cohorts (Patel et al. (2012)36) for its evaluation. The committee noted that the 
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associations reported in the MA by Pastorino et al. was based on BMI-adjusted 

models. Given that BMI could be on the causal pathway between fish consumption and 

the occurrence of type 2 diabetes, the committee preferred using results of analyses 

not adjusted for BMI. Therefore, it also described the MA of EPIC cohorts, in which 

models without adjustment for BMI were run, despite that this EPIC analysis was also 

included in the MA by Pastorino et al. The main characteristics and results of these 

MAs are summarised in Table 18. 

 

The federated MA by Pastorino et al.61 is based on 14 cohorts (analyses) for men and 

19 cohorts (analyses) for women participating in the InterConnect project. The number 

of participants and cases was not reported. Based on the fully adjusted models 

including BMI, the MA showed no association between seafood consumption and risk 

of type 2 diabetes in either men or women. Substantial heterogeneity between studies 

was observed. Due to the absence of a forest plot, it is unknown if this reflects 

heterogeneity in magnitude or direction of the association.  

 

The results of the MA of EPIC cohorts by Patel et al.36 are generally in line with the MA 

by Pastorino et al. There was no association observed based on the fully adjusted 

models with BMI. However, in quartile analyses based on the fully adjusted models 

without BMI, it was shown that there was a tendency towards a harmful association 

between shellfish consumption and risk of type 2 diabetes. The association was 

statistically significantly unbeneficial for the highest versus lowest quartile only.  

 

Overall, both neutral and harmful associations were found. Also, substantial 

heterogeneity was observed in one MA. The committee furthermore noted that whether 

or not adjusting the models for BMI might (partially) explain the association. Based on 

these considerations, it is unlikely that the committee will conclude that there is strong 

evidence for an association (inconclusive evidence would be more plausible).  
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Table 18 Main characteristics and results of the meta-analyses of cohort studies on the association 

between shellfish consumption and risk of type 2 diabetes 

Author, year, 

study design 

Exposure: 

consumption 

level examined 

Type of 

analysis 

n PCS;  

n cases  

Strength of the 

association:  

RR/HR (95% CI) 

I2 

Pastorino 202161 

Federated MA incl. 

EPIC 

Seafooda:  

0 to 23 g/db,c  

Per +100 

g/wk 

♂ 14d and ♀ 

19d; NR 

Adjusted for BMI:  

♂ 1.02 (0.97, 1.08)e 

♀ 1.04 (0.98, 1.11)e 

Adjusted for BMI: 

56% (♂) 

74% (♀) 

Patel 201236 

MA of EPIC 

cohorts 

Shellfishf;  

♂ 9 (0, 31) g/wkg  

♀ 7 (0, 30) g/wkg 

Per quartileh 

of observed 

intake 

8; 9,353 Not adjusted for BMI:  

Q2 vs. Q1h,i,j:  

1.01 (0.86, 1.20)  

Q3 vs. Q1h,i,j:  

1.00 (0.92, 1.10) 

Q4 vs. Q1h,i,j:  

1.12 (1.03, 1.22) 

P-linear trend=0.01 

NR 

Patel 201236 

MA of EPIC 

cohorts 

Shellfishf;  

♂ 9 (0, 31) g/wkg  

♀ 7 (0, 30) g/wkg 

Per +1 

quartile of 

observed 

intake 

8; 9,353 Adjusted for BMI:  

1.02 (0.98, 1.05)k,l 

6% 

Abbreviations: BMI: body mass index; CI: confidence interval; EPIC: European Prospective Investigation into Cancer 

and Nutrition; HR: hazard ratio; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity (presented if 

no I2 is reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee for Food and 

Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Seafood was defined as seafood other than fish (molluscs and crustaceans).  
b Numbers reflect the lowest 25th percentile and highest 75th percentile of individual cohorts. 
c Lowest and highest median of individual cohorts: 0 to 17 g/d. 

d This number includes the 8 cohorts contributing to the pooled analysis of EPIC cohorts.  

e Adjusted for age, education, smoking, physical activity, alcohol intake, BMI, comorbidities at baseline, energy intake, 

intake of fibre, red and processed meat, fruit, vegetables, sugary drinks.  
f Shellfish includes seafood such as prawn, crab and mussels, and may include fresh, canned, salted, smoked or fried 

shellfish. 
g Numbers reflect the median (25th and 75th percentile).  
h Range of observed shellfish consumption per quartile of combined fish and shellfish consumption: Q1: 0, Q2: >0 to 

≤7.3 g/wk, Q3: >7.3 to ≤30.3 g/wk, Q4: >30.3 g/wk. 
i Adjusted for centre, sex, education level, smoking status, physical activity, total energy intake, alcohol intake, and fruit 

and vegetable intake. 
j HR (95%CI) for models additionally adjusted for BMI: Q2 vs. Q1: 0.96 (0.76, 1.22), Q3 vs. Q1: 0.96 (0.80, 1.15), and 

Q4 vs. Q1: 1.05 (0.92, 1.20); P-linear trend=0.32. 
k Adjusted for centre, sex, education level, smoking status, physical activity, total energy intake, alcohol intake, fruit and 

vegetable intake and BMI. (N.B.: Results of the analyses per 1 quartile increase in shellfish consumption are not 

presented for the model without BMI adjustment.) 
l Sensitivity analyses showed that the observed associations were not substantially affected by either 1) calibration of 

the combined fish and shellfish intake with dietary 24-h recall data, 2) additional adjustment for other dietary factors 

(e.g. red meat, fibre, saturated fat, protein), or 3) by mutual adjustment for fatty fish and lean fish.  
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3.8 Overweight and obesity  

No conclusions on overweight or obesity were drawn in the DDG2015, because this 

was not included as a health outcome at the time. 

3.8.1 Total fish  

The committee identified three MAs of cohort studies on the association between total 

fish consumption and risk of overweight or obesity: Schlesinger et al. (2019),63 Huang 

et al. (2019)64 and VKM (2022).27 One publication, the pooled analysis of EPIC cohorts 

by Jakobsen et al. (2012),34 was included in the MAs by Schlesinger et al. and VKM. 

Another pooled analysis of EPIC cohorts by Jakobsen et al. (2013)38 was only included 

by VKM. The definition (operationalisation) of the outcomes reported in the individual 

studies differed. Therefore, the results are presented according to definition. The 

results are summarised in Table 19.  

 

Based on 2 cohorts (USA: n=1, Asia: n=1), the MA by Schlesinger et al. tend to show a 

protective association between total fish consumption and risk of abdominal obesity 

(defined as a waist circumference of ≥102 cm for men and ≥88 cm for women).63 The 

pooled analysis of EPIC cohorts from 5 European countries by Jakobsen et al. (2012) 

showed that higher fish consumption was associated with a decrease in waist 

circumference.34 The pooled analysis of 4 cohorts (USA: n=3, Asia: n=1) by Huang et 

al., however, showed that higher total fish consumption may increase the BMI over a 

10-y follow-up.64 In the pooled analysis of EPIC cohorts from 10 European countries by 

Jakobsen et al. (2013), higher fish consumption was associated with an increase in 

body weight and a (small) higher risk of becoming overweight/obese among women, 

with a high level of heterogeneity between studies (countries). No associations were 

observed among men (with limited between-study heterogeneity).38 Based on 1 cohort, 

Schulz et al. found no association with risk of weight gain of >2 kg per year.65 

 

The overall picture based on the current state of science regarding the association 

between total fish consumption and risk of overweight/obesity is heterogeneous, with 

both (small) protective, harmful and neutral associations observed. Due to the variety in 

definitions of the outcome, no unambiguous conclusion can be drawn on this topic.  
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Table 19 Characteristics and results of meta-analyses of prospective cohort studies on the association 

between total fish consumption and risk of overweight or obesity 

Author, year, 

study design 

Health outcome Type of 

analysis  

n PCS;  

n cases  

Strength of the association I2 

Schlesinger 

201963 

MA 

Abdominal obesitya High vs. 

low 

2; 2,364 RR (95%CI):  

0.75 (0.62, 0.89) 

0% 

Schlesinger 

201963 

MA 

Abdominal obesitya Per +100 

g/d 

2; 2,364 RR (95%CI):  

0.83 (0.71, 0.97) 

0% 

Huang 201964,b 

Pooled analysis 

10-y change in BMI Per +1 

serving/d 

2; NR ß ± SE (kg/m2):  

T-carriersc:  

0.64 ± 0.16 

Non-T-carriersc:  

0.18 ± 0.08 

NA 

Huang 201964,b 

Pooled analysis 

10-y change in BMI ≥1/d vs. 

≤1/wk 

4; NR Mean ± SE (kg/m2):  

T-carriersc:  

1.11 ± 0.16 vs. 0.38 ± 0.07 

Non-T-carriersc:  

0.81 ± 0.08 vs. 0.50 ± 0.03 

NA 

Jakobsen 201338 

Pooled EPIC 

analysis 

1-y change in BW Per +10 

g/d 

10; NR ß (95%CI) (kg):  

♂ -3.69 (-8.18, 1.74)d,e 

♀ 15.19 (7.80, 19.72)d,e 

 

10% (♂) 

86% (♀) 

Jakobsen 201338 

Pooled EPIC 

analysis 

Overweight/obesityf  Per +10 

g/d 

10; NR OR (95%CI):   

♂ 0.99 (0.98, 1.00)g 

♀ 1.02 (1.01, 1.02)g 

 

11% (♂) 

66% (♀) 

Jakobsen 201234 

Pooled EPIC 

analysis 

1-y change in WC Per +10 

g/d 

5; NR ß (95%CI) (cm):  

-0.02 (-0.03, -0.01)d,h 

NR 

Schulz 200265,i 

Individual cohort 

Weight gainj Per +100 

g/d 

1; 1,128 OR (95%CI):  

1.06 (0.83, 1.35) 

NA 

Abbreviations: BMI: body mass index; BW: body weight; CI: confidence interval; EPIC: European Prospective 

Investigation into Cancer and Nutrition; MA: meta-analysis; n: number; NR: not reported; OR: odds ratio; PCS: 

prospective cohort studies; RR: relative risk; SE: standard error; WC: waist circumference; wk: week. 
a Abdominal obesity was defined as waist circumference ≥102 cm for men and ≥88 cm for women. 
b Based on the results reported by VKM (2022).27 
c Huang et al. presented results on fish intake and change in BMI stratified by carriers and non-carriers of the T-allele in 

SNPs near the fatty acid desaturase gene (FADS) cluster. 
d Based on calibrated intake data. 
e No statistically significant differences between subgroups according to age or BMI at enrolment were observed. 
f Becoming overweight/obese in 5 years was defined at BMI ≥25 kg/m2. For these analyses, only participants wo had a 

BMI <25 kg/m2 at enrolment were included. 
g Based on observed intake data. 
h No substantial differences between subgroups of sex, age or waist circumference at enrolment were observed. 
i Based on the results reported by Schlesinger et al. (2019).63 
j Weight gain was defined as >2 kg/year.  
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3.8.2 Fatty fish  

The committee identified one MA of cohort studies on the association between fatty fish 

consumption and risk of overweight/obesity: VKM (2022).27 VKM reported on two 

publications of pooled analyses of EPIC cohorts: Jakobsen et al. (2012)34 and 

Jakobsen et al. (2013).38 The definition (operationalisation) of the outcomes reported in 

these studies differed. Therefore, the results are presented according to definition. The 

results are summarised in Table 20.  

 

The pooled analysis of EPIC cohorts from 4 European countries by Jakobsen et al. 

(2012)34 showed that higher fatty fish consumption was borderline significantly 

associated with a (small) decrease in waist circumference. In the pooled analysis of 

EPIC cohorts from 9 European countries by Jakobsen et al. (2013),38 fatty fish 

consumption was not associated with change in body weight in both men and women, 

although there was substantial heterogeneity between studies (countries) observed in 

the analysis among women. Jakobsen et al. (2013) also showed no association 

between fatty fish consumption and risk of overweight/obesity in men, whereas a 

higher fatty fish consumption was associated with a (small) higher risk of 

overweight/obesity in women. Again, in the analysis among women, substantial 

heterogeneity between studies (countries) was observed. 

 

The overall picture based on the current state of science regarding the association 

between fatty fish consumption and risk of overweight/obesity is heterogeneous, with 

both (small) protective, harmful and neutral associations observed. Due to the variety in 

definitions of the outcome and some observed differences in the association between 

men and women, no unambiguous conclusion can be drawn on this topic.  
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Table 20 Main characteristics and results of pooled analyses of prospective cohort studies on the 

association between fatty fish consumption and risk of overweight or obesity 

Author, year, 

study design 

Health outcome Type of 

analysis  

n PCS;  

n cases  

Strength of the 

association 

I2 

Jakobsen 201234 

Pooled EPIC 

analysis 

1-y change in WC Per +10 g/d of 

fatty fisha 

4; NR ß (95%CI) (cm):  

-0.02 (-0.03, 0.00)b,c 

NR 

Jakobsen 201338 

Pooled EPIC 

analysis 

1-y change in BW Per +10 g/d of 

fatty fisha 

9; NR ß (95%CI) (kg):  

♂ -1.67 (-8.85, 6.16)b 

♀ 7.57 (-1.66, 15.61)b 

 

0% (♂) 

80% (♀) 

Jakobsen 201338 

Pooled EPIC 

analysis 

Overweight/obesityc  Per +10 g/d of 

fatty fisha 

9; NR OR (95%CI):   

♂ 1.00 (0.97, 1.02)d 

♀ 1.02 (1.01, 1.04)d 

 

6% (♂) 

64% (♀) 

Abbreviations: BW: body weight; CI: confidence interval; EPIC: European Prospective Investigation into Cancer and 

Nutrition; n: number; NR: not reported; OR: odds ratio; PCS: prospective cohort studies; WC: waist circumference. 
a Fatty fish was defined as fish with a total fat content of ≥4 g/100 g.  

b Based on calibrated intake data. 
c Becoming overweight/obese in 5 years was defined at BMI ≥25 kg/m2. For these analyses, only participants wo had a 

BMI <25 kg/m2 at enrolment were included. 
d Based on observed intake data. 

3.8.3 Lean fish 

The committee identified one MA of cohort studies on the association between lean fish 

consumption and risk of overweight/obesity: VKM (2022).27 VKM reported on two 

publications of pooled analyses of EPIC cohorts: Jakobsen et al. (2012)34 and 

Jakobsen et al. (2013).38 The definition (operationalisation) of the outcomes reported in 

these studies differed. Therefore, the results are presented according to definition.  

The results are summarised in Table 21.  

 

The pooled analysis of EPIC cohorts from 4 European countries by Jakobsen et al. 

(2012)34 did not show an association between lean fish consumption and 1-year 

change in waist circumference. In the pooled analysis of EPIC cohorts from 9 

European countries by Jakobsen et al. (2013),38 higher lean fish consumption was 

associated with a (small) increase in body weight and a (small) higher risk of becoming 

overweight/obese among women, with a substantial level of heterogeneity between 

studies (countries). No associations of lean fish consumption with change in body 

weight or risk of overweight/obese were observed among men, and there was limited to 

moderate heterogeneity observed between studies. 

 

The overall picture based on the current state of science regarding the association 

between lean fish consumption and risk of overweight/obesity is heterogeneous, with 

both (small) harmful and neutral associations observed. Due to the variety in definitions 

of the outcome and some observed differences in the association between men and 

women, no unambiguous conclusion can be drawn on this topic 
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Table 21 Main characteristics and results of meta-analyses of prospective cohort studies on the 

association between lean fish consumption and risk of overweight or obesity 

Author, year, 

study design 

Health outcome Type of 

analysis  

n PCS;  

n cases  

Strength of the 

association 

I2 

Jakobsen 201234,a 

Pooled EPIC 

analysis 

1-y change in WC Per +10 g/d of 

lean fisha 

4; NR ß (95%CI) (cm): 

0.00 (-0.01, 0.03)b,c  

NR 

Jakobsen 201338 

Pooled EPIC 

analysis 

1-y change in BW Per +10 g/d of 

lean fisha 

9; NR ß (95%CI) (kg):  

♂ 0.04 (-6.80, 6.19)b 

♀ 1.46 (0.48, 16.98)b 

 

0% (♂) 

62% (♀ 

Jakobsen 201338 

Pooled EPIC 

analysis 

Overweight/obesityc  Per +10 g/d of 

lean fisha 

9; NR OR (95%CI):   

♂ 0.98 (0.96, 1.00)d 

♀ 1.01 (1.00, 1.02)d 

 

46% 

54% (♀ 

Abbreviations: BW: body weight; CI: confidence interval; EPIC: European Prospective Investigation into Cancer and 

Nutrition; n: number; NR: not reported; OR: odds ratio; PCS: prospective cohort studies; WC: waist circumference. 
a Lean fish was defined as fish with a total fat content of <4 g/100 g. 
b Based on calibrated intake data. 
c Becoming overweight/obese in 5 years was defined at BMI ≥25 kg/m2. For these analyses, only participants wo had a 

BMI <25 kg/m2 at enrolment were included. 
d Based on observed intake data. 

3.9 Dementia 

In the DDG2015, based on 5 cohort studies, it was concluded that the evidence for an 

association between fish consumption and risk of dementia was ambiguous 

(inconclusive).   

 

The committee now selected 3 MAs of prospective cohort studies on the association 

between total fish consumption and risk of dementia: VKM (2022),27 Kosti et al. 

(2022)66 and Zeng et al. (2017).67 The MA by VKM was most recent, but included only 

a high-low analysis. Kosti et al. also performed non-linear dose-response analyses, 

which provide additional information, and was therefore also included. Zeng et al. 

included cohorts not included by Kosti et al. or VKM. The evidence is summarised 

below, followed by the committee’s conclusion and explanation.  
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Summary of evidence for the association between total fish consumption and risk of dementia 

Aspect Explanation 

Available studies 1 meta-analysis of 5 cohorts27 

1 meta-analysis of 9 cohorts66 

1 meta-analysis of 6 cohorts67 

Heterogeneity No27, 66, 67 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.85 (0.75, 0.96)27 

RR (95%CI) for highest versus lowest intake category: 0.80 (0.68, 0.93)66 

RR (95%CI) for highest versus lowest intake category: 0.86 (0.73, 1.02)67 

Consumption level 

examined 

Lowest intake in lowest intake category and highest intake in highest intake 

category: 0 to ~100 g/d27,a 

Range of intakes: 0 to ~600 g/d66 

NR67  

Study population Europe27, 66, 67, USA66, 67, Asia27, 66 

Abbreviations: CI: confidence interval; NR: not reported; RR: relative risk. 
a Estimated by the committee based on consumption data of each individual study as reported in the meta-analysis.  

Conclusion: A higher consumption of total fish is associated with a lower risk of 

dementia  

Evidence level: Strong 

Explanation 

The MA by VKM27 includes 5 prospective cohort studies from Europe (n=3) and Asia 

(n=2). In total, 33,444 participants were included and 2,221 cases of dementia were 

reported. The consumption level of fish across the cohorts ranged between 

approximately 0 to 100 g/d. It is unclear if the fish exposure included shellfish or not. 

The outcome concerned clinically diagnosed dementia. VKM mentioned that studies 

reporting HRs or ORs were summarised separately since the properties of the OR can 

overestimate and give a more extreme estimate then the HR, although the direction will 

be the same. The committee presented the results based on the HRs in the table 

(Table 22) and described, where appliable, any study reporting ORs in the text below.  

The high-low analysis showed that higher fish intake was associated with a 15% lower 

risk of all-cause dementia. There was no significant heterogeneity between studies 

observed. One additional primary study reporting an OR also showed a statistically 

significant protective association (OR (95%CI): 0.4 (0.2, 0.9)), which supports the 

pooled estimate.  

VKM did not assess the risk of bias of the individual studies or investigate whether 

there were indications of publication bias, nor did it report on potential funding sources 

of the studies. VKM is a government agency, whose scientific committee is appointed 

by the Norwegian Ministry of Health and Care Services.   

 

The MA by Kosti et al.66 includes 9 cohorts, which originated from Europe (n=5), the 

USA (n=1) or Asia (n=3). In total, 45,643 participants were included and 3,425 cases of 

dementia were reported during 2 to 10 years of follow-up. The consumption level of fish 
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was not reported at study-level, but likely ranged between approximately 0 to 600 

g/week (0 to ~86 g/d) across the cohorts. It is unclear if the fish exposure included 

shellfish or not. Almost all studies assessed dementia using a combination of various 

mental and neurological examinations. Six studies only included individuals aged 65 

years and older, and 3 studies also considered younger participants (≥45 years).  

The high-low analysis showed that higher fish intake was associated with a 20% lower 

risk of dementia (Table 22). Heterogeneity between studies was moderate (I2=34%) 

and in magnitude of the association, not in direction. Subgroup analyses according to 

geographic region showed a stronger association among the Asian cohorts (n=3) 

compared to the non-Asian cohorts (n=6; RR (95%CI): 0.84 (0.68, 1.01); I2=29%), 

although the between-study heterogeneity was not reduced within those subgroups. 

Analyses were also performed for 125, 250 and 375 versus 0 g/d. In these analyses, 

the risk estimates pointed into a protective direction, but the associations were not 

statistically significant. A similar pattern was observed when only the non-Asian studies 

were considered.  

By using the Risk of Bias in Non-Randomised Studies of Exposures (ROBINS-E) tool, 

Kosti et al. judged 5 studies as having a low risk of bias. Four studies were judged as 

having a high risk of bias due to their limited adjustment for potential confounding 

factors or concerns regarding the exposure classification. The committee considered it 

unlikely that the risk of bias has substantially affected the overall findings, since the 

results among the studies with a low risk of bias were not essentially different from the 

overall results (even slightly stronger associations were found; footnote Table 22). 

Kosti et al. reported that, based on the Egger’s test and inspection of the funnel plot, 

there was no evidence of significant publication bias. Furthermore, Kosti et al. did not 

report on potential funding sources of the individual studies. The authors received no 

funding and reported to have no relevant interests to declare. 

 

Zeng et al.67 includes 6 cohort studies, originating from Europe (n=4) and the USA 

(n=2). In total, 32,368 participants and 1,424 cases of dementia were involved. In all 

studies, participants were 55 years or older. The exposure concerned total fish, and the 

consumption level of fish has not been reported.  

The high-low analysis showed that higher fish intake was not statistically significantly 

associated with risk of dementia (Table 22), but the risk estimate pointed clearly in a 

protective direction (RR (95%CI): 0.86 (0.73, 1.02)). No heterogeneity between studies 

was observed. Results from the dose-response analysis were in line with the high-low 

analysis.  

Based on the Newcastle-Ottawa scale, Zeng et al. judged 4 studies as high quality and 

2 studies as low quality. Furthermore, Zeng et al. noted that, based on visual inspection 

of the funnel plot, there was no evidence of publication bias. Potential funding sources 

of the individual studies were not reported. The work for the MA was partially supported 
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by governmental agencies and universities. There seemed to be no link to the (fish or 

food) industry. The MA authors declared no conflicts of interest. 

 

Based on the above and considering the decision tree, the committee concluded that 

higher total fish consumption is associated with a lower risk of dementia. The 

committee judged the evidence as strong, for the following reasons: (1) the number of 

studies and cases are sufficient for a conclusion with a strong level of evidence; (2) the 

directions of the associations across the MAs are consistent (protective); (3) results are 

generally consistent in subgroup and sensitivity analyses; (4) there is only moderate 

heterogeneity between studies, and only in magnitude of the association, not in 

direction and; (5) the generalisability of the results to the Dutch context can be 

considered relatively good, since the studies mainly originate from Western countries 

(including some Dutch studies as well).   

Regarding the quantification, the committee concluded that the data from the dose-

response analyses by Kosti et al. and Zeng et al. were not appropriate for quantifying 

the conclusion, because the results from those analyses were not statistically 

significant. Therefore, the conclusion was not quantified.  
 

Table 22 Characteristics and results of the meta-analyses of prospective cohort studies on the association 

between total fish consumption and risk of dementia  

Author, year, 

study design 

Exposure (n): 

consumption 

level 

examined 

Type of 

analysis  

n PCS  n participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 Study 

population 

(n) 

Risk of bias (n) 

VKM 202227 

MA  

Total fish:  

0 to ~100 g/d 

High vs. low 5 33,444; 2,221 0.85 (0.75, 0.96) NR; 

Phet=0.37 

Europe (3), 

Asia (2) 

NR 

Kosti 202266 

MA 

Total fish:  

0 to ~600 g/wk 

High vs. low 

 

9 

 

 

45,643; 3,425 0.80 (0.68, 0.93)a 34% 

 

Europe (5), 

USA (1),  

Asia (3) 

Low (3), 

moderate (2),  

serious (4) 

Kosti 202266 

MA 

Total fish:  

0 to ~600 g/wk 

Dose-

response 

9 45,643; 3,425 125 vs. 0 g/wkb:  

0.94 (0.84, 1.05) 

250 vs. 0 g/wkb:  

0.88 (0.73, 1.07) 

375 vs. 0 g/wkb: 

(0.84 (0.68, 1.03) 

NR Europe (5), 

USA (1),  

Asia (3) 

Low (3), 

moderate (2),  

serious (4) 

Zeng 201767 

MA 

Total fish: NR High vs. low 6 

 

32,368; 1,424 0.86 (0.73, 1.02)c 0% 

 

Europe (4), 

USA (2) 

Study quality: 

High (4), low (2) 

Zeng 201767 

MA 

Total fish: NR +100 g/wk 4 29,309; 1,182 0.95 (0.89, 1.03) 41% Europe (3), 

USA (2) 

Study quality: 

High (2), low (2) 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity 

(presented if there is no I2 reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific 

Committee for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø); wk: week. 
a RR (95% CI) among Asian cohorts (n=3): 0.72 (0.53, 0.97), I2=55%, and among non-Asian cohorts (n=6): 0.84 (0.68, 

1.01), I2=29%, 
b RR (95 CI%) for risk of dementia among the studies with a low or moderate risk of bias (n=5): 0.95 (0.89, 1.01) for 125 

vs. 0 g/week, 0.90 (0.79, 1.02) for 250 vs. 0 g/week and 0.84 (0.72, 0.98) for 375 vs. 0 g/week. 
c Based on a fixed-effect model. 
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After evaluation of this exposure-health outcome relationship, the committee became 

aware of a relevant and more recent MA of prospective cohort studies on the 

associations of fish consumption with risks of dementia: Godos et al. (2024).68 This MA 

includes several more (recent) cohorts then the publications by VKM (2022), Kosti et al. 

(2022) and Zeng et al. (2017). The committee therefore considered it important to 

evaluate if the findings of this MA are in line with its conclusion.  

The MA by Godos et al.68 includes a total of 11 prospective cohorts in the analysis on 

dementia, of which 3 originated from Europe, 3 from North America and 5 from Asia. In 

total, 377,476 participants and 4,616 cases were involved. The exposure concerned 

‘fish’ (not further specified) in most studies. The level of fish consumed in the cohorts 

was not reported in the MA. For some studies, it was reported that the exposure 

concerned fish and seafood/shellfish. Godos et al. noted that in all but one study, the 

outcome was determined by a clinical diagnosis.  

In the high-low analyses, the MA showed that higher consumption of fish is associated 

with a lower risk of dementia (RR (95%CI): 0.85 (0.75, 0.97)). There was moderate 

heterogeneity between studies observed (I2=45%), reflecting heterogeneity in 

magnitude of the association, not in direction. Associations were either protective or 

neutral. Differences according to geographic region were observed. In general, the 

associations were more pronounced among the European and North American 

countries then among the Asian countries. Based on the Newcastle-Ottawa Quality 

Assessment Scale for prospective studies, Godos et al. rated the quality of all included 

studies as good.  

Overall, the committee considered that the findings from this more recent MA are in line 

with the committee’s conclusion that there is strong evidence for a protective 

association between fish consumption and risk of dementia. 

3.10 Alzheimer’s disease  

In the DDG2015, no conclusion was drawn on the association between fish 

consumption and risk of Alzheimer’s disease.  

 

The committee now selected 3 MAs of prospective cohort studies on the association 

between total fish consumption and risk of Alzheimer’s disease: VKM (2022),27 Kosti et 

al. (2022)66 and Zeng et al. (2017).67 The MA by VKM was most recent, but included 

only a high-low analysis. Kosti et al. also performed non-linear dose-response 

analyses, which provide additional information, and was therefore also included. Zeng 

et al. included cohorts not included by Kosti et al. or VKM. The evidence is summarised 

below, followed by the committee’s conclusion and explanation. 
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Summary of evidence for the association between total fish consumption and risk of Alzheimer’s disease 

Aspect Explanation 

Available studies 1 meta-analysis of 4 cohorts27 

1 meta-analysis of 7 cohorts66 

1 meta-analysis of 7 cohorts67 

Heterogeneity No27 

Yes (in magnitude)66, 67 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.95 (0.84, 1.08)27 

RR (95%CI) for 250 vs. 0 g/week: 0.69 (0.54, 0.88)66 

RR (95%CI) per 100 g/week higher intake: 0.88 (0.79, 0.99)67 

Consumption level 

examined 

Lowest intake in lowest intake category and highest intake in highest intake 

category: 0 to ~100 g/d27,a 

Range of intakes: 0 to ~500 g/d66 

NR67  

Study population Europe27, 66, 67, USA66, 67 

Abbreviations: CI: confidence interval; NR: not reported; RR: relative risk. 
a Estimated by the committee based on consumption data of each individual study as reported in the meta-analysis.  

 

Conclusion: Fish consumption of 250 compared to 0 grams per week is 

associated with an approximately 30% lower risk of Alzheimer’s disease 

Evidence level: Strong 

Additional remark: Within a consumption range of fish of 0 to 250 grams per 

week, the risk gradually reduces. No further risk reduction is observed at higher 

intakes (up to approximately 500 grams per week)  

 

Explanation 

The MA by VKM27 includes 4 prospective cohort studies, all from Europe. In total, 

22,233 participants and 1,136 cases of Alzheimer’s disease were reported. The 

consumption level of fish across the cohorts ranged between approximately 0 to 100 

g/d. It is unclear if the fish exposure included shellfish or not. The outcome concerned 

clinically diagnosed Alzheimer’s disease. VKM mentioned that studies reporting HRs or 

ORs were summarised separately since the properties of the OR can overestimate and 

give a more extreme estimate then the HR, although the direction will be the same. The 

committee presented the results based on the HRs in the table (Table 23) and 

described, where appliable, any study reporting ORs in the text below. 

The high-low analysis did not show an association between total fish consumption and 

risk of Alzheimer’s disease (RR (95%CI): 0.95 (0.84, 1.09)). The heterogeneity 

between studies was not statistically significant. Two primary studies reporting ORs 

(Kalmijn et al. (1997);69 Morris et al. (2003)70) reported protective associations that 

were statistically significant (OR (95%CI): 0.3 (0.1, 0.9) and 0.4 (0.2, 0.9), respectively).  

VKM did not assess the risk of bias of the individual studies or investigate whether 

there were indications of publication bias, nor did it report on potential funding sources 

of the studies. VKM is a government agency, whose scientific committee is appointed 

by the Norwegian Ministry of Health and Care Services.   
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The MA by Kosti et al.66 comprises 7 cohorts, which originated from Europe (n=4) and 

the USA (n=3). In total, 44,022 participants were included and 2,246 cases of 

Alzheimer’s disease were reported during 2 to 16 years of follow-up (Table 23). The 

consumption level of fish was not reported at study-level, but likely ranged between 

approximately 0 to 500 g/week (0 to ~71 g/d) across the cohorts. It is unclear if the fish 

exposure included shellfish or not. Almost all studies assessed Alzheimer’s disease 

using a combination of various mental and neurological examinations. Four studies 

only included individuals aged 65 years and older, and 3 studies also considered 

younger participants (≥45 years).  

The MA showed that the highest compared to the lowest fish intake was statistically 

significantly associated with a 26% lower risk of Alzheimer’s disease. Substantial 

between-study heterogeneity was observed (I2=56%), only in magnitude of the 

association, not in direction. Sensitivity analyses by omitting one study at a time 

indicated that the pooled estimate did not substantially vary after excluding any one 

study from the analysis. Non-linear dose-response analyses suggest a statistically 

significantly, probably non-linear, association. The risk of Alzheimer’s disease appears 

to decrease up to a fish intake of approximately 250 g/week, after which the risk not 

further decreases at higher intakes up to approximately 500 g/week. Compared to no 

fish consumption, fish consumption of 125 g/week was associated with a 24% lower 

risk of Alzheimer’s disease, and fish consumption of both 250 g/week and 500 g/week 

with a 31% lower risk. After exclusion of the two studies with a relatively short follow-up 

(<5 years), the associations were slightly attenuated, but still statistically significant: 

fish consumption of 125 g/week (versus 0 g/week) was associated with a 17% lower 

risk of Alzheimer’s disease, fish consumption of 250 g/week with a 24% lower risk and 

fish consumption of 500 g/week with a 25% lower risk.  

By using the ROBINS-E tool, Kosti et al. judged 4 studies as having a low or moderate 

risk of bias. Three studies were judged as having a high risk of bias due to their limited 

adjustment for potential confounding factors or concerns regarding the exposure 

classification. The shape of the association between fish consumption and risk of 

Alzheimer’s disease remained after the exclusion of the three studies (all European) 

with high risk of bias, and the risk estimates hardly changed (footnote Table 23). Kosti 

et al. reported that, based on the Egger’s test and inspection of the forest plot, there 

was no evidence of significant publication bias. Furthermore, Kosti et al. did not report 

on potential funding sources of the individual studies. The MA authors received no 

funding and reported to have no relevant interests to declare. 

The MA by Zeng et al.67 comprises 7 cohort studies, of which 4 were from Europe and 

3 from the USA. In total, 35,720 participants and 1,061 cases of Alzheimer’s disease 

were involved. In all studies, participants were 55 years or older. The exposure 

concerned total fish, and the consumption level of fish was not reported.  
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A protective association was observed between fish consumption and risk of 

Alzheimer’s disease: the highest compared to the lowest fish intake was associated 

with a 20% lower risk (Table 23). Moderate between-study heterogeneity was observed 

(I2=48%), only in magnitude of the association, not in direction. Subgroup analyses 

showed that the point estimate was much lower (further away from 1) in the studies 

with a follow-up of <5 years (n=3) compared to the studies with ≥5 years of follow-up 

(n=4), among American studies (n=3) compared to European studies (n=4), and 

among low-quality studies (n=2) compared to high-quality studies (n=5), see footnote 

Table 23. These factors did, however, not fully explain the heterogeneity between 

studies. Results from the dose-response analysis were in line with the high-low 

analysis: a 100 g/d higher intake of fish was associated with a 12% lower risk of 

Alzheimer’s disease. No test for (non)linearity was performed.  

The quality of the studies was assessed by Zeng et al. using the Newcastle-Ottawa 

scale, and judged as high (n=5) or low (n=2). Zeng et al. noted that, based on visual 

inspection of the funnel plot, there was no evidence of publication bias. Potential 

funding sources of the individual studies were not reported. The work for the MA was 

partially supported by governmental agencies and universities. There seemed to be no 

link to the (fish or food) industry. The MA authors declared no conflicts of interest.  

 

Based on the above and considering the decision tree, the committee concluded that 

higher total fish consumption is associated with a lower risk of Alzheimer’s disease. 

The committee judged the evidence as strong, for the following reasons: (1) the 

number of studies and cases are sufficient for a conclusion with a strong level of 

evidence; (2) the directions of the associations across the MAs and within most 

subgroup and sensitivity analyses are consistent (protective); (3) there is only 

moderate heterogeneity between studies, and only in magnitude of the association, not 

in direction and; (4) the generalisability of the results to the Dutch context can be 

considered relatively good, since the studies mainly originate from Western countries 

(including some Dutch studies as well).   

Regarding the quantification, the committee used mainly the MAs by Kosti et al. and 

Zeng et al., because these included dose-response analyses. Kosti et al. showed that 

the risk of Alzheimer’s disease was lowest at an intake of 250 grams of fish per week, 

and that the risk remained fairly stable at higher intakes. The RR at 250 versus 0 

g/week was 0.69. Considering only the studies with a low risk of bias, the RR at 250 

versus 0 g/week was comparable: 0.70. Based on their dose-response analysis, Zeng 

et al. concluded that a 100 g/week higher intake was associated with a 12% lower risk. 

This corresponds quite well with the estimate of Kosti et al.: converted to 250 g/week, 

this equates to a RR of approximately 0.70. The committee therefore concluded that 

total fish consumption of 250 compared to 0 g/week is associated with a 30% lower risk 

of Alzheimer’s disease.  
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Table 23 Characteristics and results of the meta-analyses of prospective cohort studies on the association 

between total fish consumption and risk of Alzheimer’s disease  

Author, year, 

study design 

Exposure (n): 

consumption 

level 

examined 

Type of 

analysis  

n PCS  n 

participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 Study 

population 

(n) 

Risk of bias 

(n) 

VKM 202227 

MA 

Total fish:  

0 to ~100 g/d 

High vs. low 

 

4 22,233;  

1,136 

0.95 (0.84, 1.08) NR; 

Phet=0.34 

Europe (4) NR 

Kosti 202266 

MA 

Total fish:  

0 to ~500 g/wk 

High vs. low 

 

7 444,022;  

2,246 

0.74 (0.63, 0.87) 

 

52% Europe (4), 

USA (3) 

Low (3), 

moderate (1), 

serious (3) 

Kosti 202266 

MA 

Total fish:  

0 to ~500 g/wk 

Dose-

response 

 444,022;  

2,246 

125 vs. 0 g/wka:  

0.76 (0.63, 0.93) 

250 vs. 0 g/wka:  

0.69 (0.54, 0.88) 

500 vs. 0 g/wka: 

0.69 (0.54, 0.88) 

NR Europe (4), 

USA (3) 

Low (3), 

moderate (1), 

serious (3) 

Zeng 201767 

MA 

Total fish: NR High vs. low 7 

 

35,720;  

1,061 

0.80 (0.65, 0.97) 

b,c,d,e 

48% Europe (4), 

USA (3) 

Study quality: 

High (5),  

low (2) 

Zeng 201767 

MA 

Total fish: NR +100 g/wk 5 32,661;  

738 

0.88 (0.79, 0.99) 55% Europe (3), 

USA (2) 

Study quality: 

High (3),  

low (2) 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity 

(presented if there is no I2 reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific 

Committee for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø); wk: week. 
a RR (95%CI) for risk of Alzheimer’s disease among the studies with a low or moderate risk of bias (n=4): 0.76 (0.60, 

0.97) for 125 vs. 0 g/week, and 0.70 (0.54, 0.89) for 250 vs. 0 g/week. 
b Based on a fixed-effect model. 
c RR (95%CI) among the studies with a follow-up of <5 years (n=3): 0.43 (0.26, 0.71), I2=0%, and among the studies 

with ≥5 years of follow-up (n=4): 0.96 (0.73, 1.25), I2=38%. 
d RR (95CI%) among American studies (n=3): RR (95%CI): 0.56 (0.37, 0.83), I2=0%, and among European studies 

(n=4): RR (95%CI): 0.81 (0.55, 1.19), I2=50%). 
e RR (95%CI) among low-quality studies (n=2): RR (95%CI): 0.59 (0.36, 0.95), I2=44%, and among moderate-quality 

studies (n=5): RR (95%CI): 0.88 (0.67, 1.15), I2=44%. 

 

After evaluation of this exposure-health outcome relationship, the committee became 

aware of a relevant and more recent MA of prospective cohort studies on the 

association of fish consumption with risk of Alzheimer’s disease: Godos et al. (2024).68 

This MA includes one more recent (European) cohort then the publications by VKM 

(2022), Kosti et al. (2022) and Zeng et al. (2017). The committee therefore considered 

it important to evaluate if the findings of this MA are in line with its previous conclusion.  

The MA by Godos et al.68 includes a total of 7 cohorts (Europe: n=4, North America: 

n=3) with 19,889 participants and 1,624 cases. The exposure concerned fish (not 

further specified) in most studies. For some studies, it was reported that the exposure 

concerned fish and seafood/shellfish. Godos et al. noted that Alzheimer’s disease was 

determined by a clinical diagnosis in all studies.  

In the high-low analyses, the MA showed that higher consumption of fish is borderline 
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statistically significantly associated with a lower risk of Alzheimer’s disease (RR 

(95%CI): 0.83 (0.67, 1.01)). There was moderate heterogeneity between studies 

observed (I2=34%), reflecting heterogeneity in magnitude of the association, not in 

direction. Associations were either protective or neutral. Differences according to 

geographic region were observed. In general, the associations were more pronounced 

among the North American countries then among the European countries. Based on 

the Newcastle-Ottawa Quality Assessment Scale for prospective studies, Godos et al. 

rated the quality of all included studies as good.  

Overall, the committee considered that the findings from this more recent MA are in line 

with the committee’s conclusion that there is strong evidence for a protective 

association between fish consumption and risk of Alzheimer’s disease. Since the 

consumption level of fish was not reported in this MA, the quantification of the 

conclusion could not be evaluated. 

3.11 Cognitive decline 

In the DDG2015, it was concluded that there was too little research on the association 

between fish consumption and risk of cognitive decline.   

 

The committee now selected 1 MA of prospective cohort studies on the association 

between total fish consumption and risk of cognitive decline: VKM (2022).27 The 

evidence is summarised below, followed by the committee’s conclusion and 

explanation. 

 

Summary of evidence for the association between total fish consumption and risk of cognitive decline 

Aspect Explanation 

Available studies 1 meta-analysis of 7 cohorts27  

Heterogeneity Yes (in magnitude)27 

Risk estimate RR (95%CI) for highest versus lowest intake category: 0.81 (0.73, 0.89)27 

Consumption level examined Lowest intake in lowest intake category and highest intake in highest 

intake category: 0 to ~100 g/d27,a  

Study population Europe,27 USA,27 Asia27 

Abbreviations: CI: confidence interval; RR: relative risk. 
a Estimated by the committee based on consumption data of each individual study as reported in the meta-analysis.  

Conclusion: A higher consumption of total fish is associated with a lower risk of 

cognitive decline 

Evidence level: Strong 

 

Explanation  

The MA by VKM27 includes 7 prospective cohort studies from Europe (n=3), the USA 

(n=3) and Asia (n=1). In total, nearly 100,000 participants were included (Table 24). 

The consumption level of fish across the cohorts ranged between approximately 0 to 

100 g/d. It is unclear if the fish exposure included shellfish or not. Cognitive decline was 
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determined based on symptom measures, using a.o. the Mini-Mental State 

Examination (MMSE), the DETérioration Cognitive Observée (DECO) or a 

questionnaire of subjective cognitive decline (SCD).  

VKM analysed cognitive decline as binary outcome (yes/no). The high-low analysis 

showed that higher fish intake was associated with a 19% lower risk of cognitive 

decline. Significant heterogeneity was observed in magnitude of the association, not in 

direction (P-heterogeneity=0.004). The heterogeneity was explained by one study 

(Keenan et al. (2020)71), showing the largest protective association (OR (95%CI): 0.5 

(0.39, 0.65)). In the sensitivity analysis excluding the study by Keenan et al., the 

heterogeneity was no longer significant (P-heterogeneity=0.65). It is not reported what 

in this cohort might explain this. In the subgroup analysis based on only the 4 cohorts 

that used the MMSE, the association lost statistical significance, but the RR was even 

lower (further away from 1; RR (95%CI): 0.72 (0.51, 1.01)).  

VKM did not assess the risk of bias of the individual studies or investigate whether 

there were indications of publication bias, nor did it report on potential funding sources 

of the studies. VKM is a government agency, whose scientific committee is appointed 

by the Norwegian Ministry of Health and Care Services.   

 

Based on the above and considering the decision tree, the committee concluded that 

higher total fish consumption is associated with a lower risk of cognitive decline. The 

committee judged the evidence as strong, for the following reasons: (1) the number of 

studies and cases are sufficient for a conclusion with a strong level of evidence; (2) the 

directions of the associations are generally consistent in subgroup and sensitivity 

analyses (protective); (3) there is moderate heterogeneity, but only in magnitude and, 

moreover, likely explained. The committee furthermore noted that the measurement 

instruments used to determine cognitive decline are very varied. This may also be an 

explanation for the heterogeneity between studies; (4) the generalisability of the results 

to the Dutch context can be considered relatively good, since the studies mainly 

originate from Western countries (including some Dutch studies as well).   

Regarding the quantification, the committee concluded that the data are insufficient to 

quantify the conclusion since only high-low analyses were available. Therefore, the 

conclusion was not quantified. 
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Table 24 Characteristics and results of the meta-analysis of prospective cohort studies on the association 

between total fish consumption and risk of cognitive decline  

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n PCS  n 

participants;  

n cases 

Strength of the 

association:  

OR (95%CI) 

I2 Study 

population (n) 

Risk of 

bias (n) 

VKM 202227 

MA 

Total fish:  

0 to ~100 g/d 

High vs. low 

 

7 99,843; NR 0.81 (0.73, 0.89) 

 

NR; 

Phet=0.004 

Europe (3), 

USA (3),  

Asia (1) 

NR 

Abbreviations: CI: confidence interval; n: number; MA: meta-analysis; NR: not reported; Phet: P for heterogeneity 

(presented if there is no I2 reported); PCS: prospective cohort study; OR: odds ratio; VKM: Norwegian Scientific 

Committee for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 

After evaluation of this exposure-health outcome relationship, the committee became 

aware of a relevant and more recent MA of prospective cohort studies on the 

association of fish consumption with risk of cognitive decline: Godos et al. (2024).68 

The committee noted that this MA includes several more (recent) cohorts then the 

publications by VKM (2022). It therefore considered it important to evaluate if the 

findings of this MA are in line with the committee’s conclusion.  

The MA by Godos et al.68 includes a total of 13 prospective cohorts (Europe: n=4, 

North America: n=3, Asia: n=5, Australia: n=1) with 125,055 participants and 3,424 

cases in total. The exposure concerned fish (not further specified) in most studies. For 

some studies, it was reported that the exposure concerned fish and seafood/shellfish. 

The level of fish consumed in the cohorts was not reported in the MA. Godos et al. 

noted that in 11 of the 13 studies on cognitive decline the outcome relied on a self-

reported diagnosis through screening tools.   

In the high-low analyses, the MA showed that higher consumption of fish is associated 

with a lower risk of cognitive decline (RR (95%CI): 0.85 (0.77, 0.94)). There was 

substantial heterogeneity between studies observed (I2=58%), reflecting heterogeneity 

in magnitude of the association, not in direction. Associations were either protective or 

neutral. There were small indications of differences in association between geographic 

regions. In general, the associations were more pronounced among the European and 

North American countries then among the Asian countries. Based on the Newcastle-

Ottawa Quality Assessment Scale for prospective studies, Godos et al. rated the 

quality of all included studies as good.  

Overall, the committee considered that the findings from this more recent MA are in line 

with the committee’s conclusion that there is strong evidence for a protective 

association between fish consumption and risk of cognitive decline. 

3.12 Colorectal cancer  

In the DDG2015, it was concluded that an association between fish consumption and 

colorectal cancer risk is ambiguous (inconclusive), based on an MA of 25 cohort 

studies and a separate cohort study. No statistically significant association was 
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observed in the MA, but the risk estimate tended to point into a protective direction. An 

important consideration leading to the conclusion ambiguous was that the role of red 

meat consumption in the relationship of fish consumption with colorectal cancer risk 

was not clear. It was found that fish consumption was inversely associated with risk of 

colorectal cancer in studies that did not adjust for meat consumption, whereas no 

association was observed among the studies that adjusted for meat intake, suggesting 

that any inverse association of fish with colorectal cancer may be a result of the 

(unfavourable) association of meat with colorectal cancer.  

 

The committee identified the most recent WCRF report from 2018,33 based on the 

WCRF systematic literature review (2016),72 in which the association between fish 

consumption and risk of colorectal cancer was evaluated. This review included 4 new 

or updated studies compared to the 2011 WCRF report. The WCRF panel concluded 

that there is limited-suggestive evidence that higher consumption of fish is associated 

with a lower risk of colorectal cancer. In the NNR2023 background paper on fish,29 two 

other MAs were described in addition to the WCRF report: Schwingshackl et al. 

(2018)73 and Wu et al. (2012).74 The committee evaluated based on the 2018 WCRF 

report and the MA by Schwingshackl et al. (including 1 more recent study compared to 

the WCRF) if the current state of science supports a conclusion with strong evidence. 

The MA by Wu et al. was not included as it was already included in the DDG2015. The 

results of both publications are summarised in Table 25.  

 

The committee observed that fish consumption was statistically significantly inversely 

associated with colorectal cancer risk in the WCRF report (n=11) and non-significantly 

in the MA by Schwingshackl et al. (n=18). It furthermore noticed that subgroup 

analyses in the 2018 WCRF report indicated that the observed association was not 

statistically significant among the 7 studies adjusting for meat intake, although the point 

estimate remained the same. Furthermore, in the MA by Schwingshackl et al., half of 

the included studies did not adjust for red and/or processed meat intake. 

Schwingshackl et al. did not perform stratified analyses by adjustment for red meat 

consumption. The committee also noted subgroup differences based on sex: a 

statistically significant inverse association between fish consumption and risk of 

colorectal cancer was observed in men, but no association was observed in women. 

This was observed in both MAs. 

 

The overall picture based on the current state of science is essentially the same as in 

2015. There are several limitations to the studies on fish consumption and colorectal 

cancer risk (e.g. the role of meat intake), leaving uncertainty about whether fish 

consumption is related to the risk of colorectal cancer.  
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Table 25 Main characteristics and results of meta-analyses of prospective cohort studies on the 

association between total fish consumption and risk of colorectal cancer 

Author, year,  

study design 

Type of analysis  n PCS;  

n cases  

Strength of the association: 

RR (95%CI) 

I2 

WCRF-CUP report 201833 

and SLR 201672, MA 

Per +100 g/d 11; 10,356 0.89 (0.80, 0.99)a,b 0% 

Schwingshackl 201873, MA High vs. low 21; NR 0.96 (0.90, 1.01) 20% 

Schwingshackl 201873 

MA 

Per +100 g/d 16; NR 0.93 (0.85, 1.01)c 

P-non-linearity=0.38 

12% 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; NR: not reported; PCS: prospective cohort 

studies; RR: relative risk; SLR: systematic literature review; WCRF-CUP: World Cancer Research Fund – Cancer 

Update Programme. 
a RR (95%CI) per +100 g/d among the subgroup of studies that adjusted for meat intake (n=7): 0.89 (0.79, 1.01). 
b RR (95%CI) per +100 g/d among men (n=6): 0.83 (0.71, 0.98), and among women (n=7): 0.96 (0.82, 1.12). 
c RR (95%CI) per +100 g/d among men (n=3): 0.80 (0.65, 0.98), and among women (n=4): 1.13 (0.94, 1.37). 

3.13 LDL cholesterol 

In the DDG2015, it was concluded (with a strong level of evidence) that it is unlikely 

that consuming fatty fish as compared to meat (both red and white) affects the LDL 

cholesterol level. The committee is not aware of MAs of RCTs evaluating the specific 

comparison of fatty fish with meat. The committee did evaluate the effect of fish (fatty 

or lean) as compared to red meat in its background document Meat and meat products 

and chronic diseases, and concluded that consumption of red meat instead of fish 

decreases the LDL cholesterol level (strong evidence).75 The type and fat content of 

fish and/or the type and fat content of meat may (partly) explain how replacing meat 

with fish affects the LDL cholesterol. 

 

The DDG2015 did not evaluate the effect of fish consumption as compared to other 

foods. The current committee is aware of one recent MA on the effect of fish compared 

to no fish (usual diets) or other types of foods: Alhassan et al. (2017).76  

The characteristics and results of the MA are briefly described in Table 26.  

 

The MA by Alhassan et al. included a total of 14 trials (of which 2 non-randomised; the 

others were RCTs) investigating the effect of fatty fish or lean fish as compared to 

various non-fish foods or diets in generally healthy adults (n=6), overweight or obese 

adults (n=4), adults with one or more cardiovascular risk factors (n=3) or pregnant 

women (n=1). Studies were conducted in Europe (n=9), the USA (n=2), Asia (n=2) and 

Australia (n=1). The frequencies of fish consumption across RCTs ranged from once a 

week to daily consumption, and the portion size of fish (mostly fatty fish) consumed on 

a fish consumption day ranged from 20 to 500 g. The duration of the interventions 

varied between 4 and 24 weeks. The MA did not show an effect of fish consumption on 

the LDL cholesterol, and no heterogeneity between studies was present. Based on the 

Jadad score, all but one RCT were judged by the MA authors as being of good quality.  

 



 

   

 

Page 81 of 99 

Based on these findings, it is unlikely that the committee will conclude that there is 

strong evidence for an effect (conclusions such as unlikely or inconclusive evidence 

would be more plausible). This conclusion will therefore not contribute to the guideline 

on fish and so this topic will not be evaluated in more detail.  
 

Table 26 Characteristics and results of the meta-analysis of RCTs on the effect of consumption of fish 

compared to no fish (usual diet) or other foods on the LDL cholesterol  

Author, year, 

study design 

Intervention (n); comparison 

(n) 

n RCTs;  

n participants 

Strength of the effect:  

MD (95%CI) 

I2 

Alhassan 201776  

MA 

i: fatty fish (10), white fish (3), 

fish pate (1);  

c: no fish (9), meat (4), sunflower 

oil supplement (1) 

14;  

i: 596, c: 532 

0.02 (-0.08, 0.11) mmol/L 0% 

Abbreviations: c: control group; CI: confidence interval; i: intervention group; LDL: low-density lipoprotein; MA: meta-

analysis; MD: mean difference; RCT: randomised controlled trail. 

3.14 Blood pressure 

In the DDG2015, it was concluded that there was too little research on the effect of 

consumption of fatty fish consumption compared to lean meat on systolic blood 

pressure. This was because only 2 RCTs were found. Due to a lack of studies, also no 

other conclusions on the topic of fish consumption and blood pressure were drawn.  

 

The current committee is aware of one recent MA on the effect of fish compared to no 

fish (usual diet) or meat on systolic and diastolic blood pressure: Alhassan et al. 

(2017).76 The characteristics and results of the MA are briefly described in Table 27.  

 

The MA by Alhassan et al. included a total of 6 trials investigating the effect of fatty fish 

or lean fish as compared to no fish or meat in generally healthy adults (n=2), 

overweight or obese adults (n=3) or adults with metabolic syndrome (n=1). All studies 

were European. One trial was non-randomised; the others were RCTs. The 

frequencies of fish consumption ranged from twice a week to daily consumption, and 

the portion size of fish consumed on a fish consumption day ranged from 100 to 150 

grams (NR for 2 RCTs). Four studies addressed the effect of fatty fish and 2 studies of 

white fish. The duration of the intervention ranged between 4 and 24 weeks. The MA 

did not show an effect of fish consumption on systolic blood pressure or diastolic blood 

pressure, and little heterogeneity between studies was present. Based on the Jadad 

score, the quality of all studies was rated by the authors as good. 

 

Based on these findings, it is unlikely that the committee will conclude that there is 

strong evidence for an effect (conclusions of unlikely or inconclusive evidence would be 

more plausible). This conclusion will therefore not contribute to the guideline on fish 

and so this topic will not be evaluated in more detail.  
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Table 27 Characteristics and results of the meta-analysis of RCTs on the effect of fish consumption 

compared to no fish (usual diet) or meat on blood pressure  

Author, year, 

study design 

Intervention (n); 

comparison (n)  

n RCTs;  

n participants 

Strength of the effect: MD 

(95%CI) 

I2 

Alhassan 201776  

MA 

i: fatty fish (4), white fish (2);  

c: no fish (4), meat (2) 

6;  

i: 308, c: 281  

SBP:  

-1.51 (-4.08, 1.06) mmHg 

21% 

Alhassan 201776  

MA 

i: fatty fish (4), white fish (2);  

c: no fish (4), meat (2) 

6;  

i: 308, c: 281  

DBP:  

-1.06 (-2.61, 1.06) mmHg 

11% 

Abbreviations: c: control group; CI: confidence interval; DBP: diastolic blood pressure; i: intervention group; MA: meta-

analysis; MD: mean difference; RCT: randomised controlled trail; SBP: systolic blood pressure. 

3.15 Additional topics  

3.15.1 Total fish and atrial fibrillation  

Atrial fibrillation was not selected as health outcome for the DDG2025. However, based 

on the risk-benefit assessment of the Norwegian Scientific Committee for Food and 

Environment (VKM),27 the NNR2023 suggest that there is limited evidence for an 

unfavourable association between total fish consumption and risk of atrial fibrillation. 

Therefore, the committee performed an evaluation of the association between total fish 

consumption and risk of atrial fibrillation. 

 

The recommendations of the committee are aimed at improving people’s long-term 

health, i.e. prevention of common chronic diseases. Consequently, the committee did 

not consider studies investigating acute arrythmia, for example the occurrence of atrial 

fibrillation within two to four days after surgery (postoperative atrial fibrillation). 

 

Summary of evidence for the association between total fish consumption and risk of atrial fibrillation  

Aspect Explanation 

Available studies 1 meta-analyses of 6 cohorts27  

1 meta-analyses of 6 cohorts77 

Heterogeneity No27, 77 

Risk estimate RR (95%CI) for highest versus lowest intake category: 1.06 (1.00, 1.13)27 

RR (95%CI) for highest versus lowest intake category: 1.01 (0.94, 1.09)77 

Consumption level 

examined 

0 to ~70 g/da (lowest intake in lowest intake category and highest intake in 

highest intake category)27, 77 

Study population Europe27, 77, North America27, 77 

Abbreviations: CI: confidence interval, RR: relative risk. 
a Rough estimate by the committee based on consumption data of each individual study as reported in the meta-

analysis. One study reported the highest intake category to be ≥5 servings/week (5 servings/week corresponds to 

approximately 70 g/d), without specification of the maximum fish intake in that intake category.  

 

Conclusion: The evidence for an association between total fish consumption and 

risk of atrial fibrillation is inconclusive 

Evidence level: Not applicable 

Additional remark: Both neutral and harmful associations were observed 
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Explanation 

The committee identified two MAs of prospective cohort studies on the association 

between fish consumption and risk of atrial fibrillation: VKM (2022)27 and Li et al. 

(2017).77 Both MAs included one cohort that was not in the other MA and the overlap 

was 5 cohorts, so a total 7 cohorts were included in this evaluation. The committee is 

not aware of a pooled analysis of EPIC cohorts on this topic.  

 

The MA by VKM27 includes studies published up to October 2021. It comprises 6 

prospective cohort studies of general populations and involves 414,636 male and 

female participants from Europe (n=4) and the USA (n=2), and more than 8,307 cases 

of incident atrial fibrillation (Table 28). Studies in patient populations were not included. 

It was not reported if the fish consumption included shellfish or not. The range of 

reported fish consumption across cohorts was roughly between 0 and 70 g/d. 

In the high-low analysis, total fish consumption was borderline statistically significantly 

associated with a higher risk of atrial fibrillation (RR (95%CI): 1.06 (1.00, 1.13)). No 

significant between-subgroup heterogeneity was observed.  

Risk of bias was not assessed by VKM. Therefore, the committee relied on the MA by 

Li et al.,77 who assessed the quality of the individual studies by using the Newcastle-

Ottawa Scale (see below). VKM did not investigate whether there were indications of 

publication bias, nor did it report on potential funding sources of the studies. VKM is a 

government agency, whose scientific committee is appointed by the Norwegian 

Ministry of Health and Care Services.  

 

The MA by Li et al.77 comprises 6 prospective cohort studies of general adult 

populations from Europe (n=2) and the USA (n=4). In total, 151,565 male and female 

participants and 9,629 cases of atrial fibrillation were involved.  

Neither the high-low analysis nor the dose-response analysis showed an association 

between total fish consumption and risk of atrial fibrillation (Table 28). There was little 

heterogeneity between studies, and the test for non-linearity did not indicate deviations 

from linearity. The null association persisted in subgroups according to sex, 

geographical region, consumption level (<versus ≥3 servings/week), duration of follow-

up, baseline age and study quality. Excluding the study by Berry et al. (2010),78 in 

which total fish intake comprised only non-fried fish and in which only women were 

involved, did not substantially change the pooled result. By using the Newcastle-

Ottawa Scale, Li et al. judged all cohorts as being of high quality. Based on the funnel 

plots, Egger’s test and Begg’s test, the authors concluded that there was no evidence 

of publication bias. No information on funding of the individual studies included in the 

MAs was provided. The MA itself was supported by a government agency. Li et al. 

declared no conflict of interest. 
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The committee noted that from all 7 cohort studies included in this evaluation, there is 

only one study showing a borderline statistically significant higher risk: the UK Biobank 

study by Zhang et al. (2021; reference not reported in the MA). This study is only 

included in the MA by VKM. In this study, fish consumption of ≥3 versus <1 time per 

week was associated with a 9% (95%CI: 0, 18%) higher risk of atrial fibrillation. All 

other cohorts in the MAs by VKM and/or Li et al. showed non-significant associations. 

RRs were close to 1.0 or >1.0, but with (very) wide confidence intervals. There were no 

indications of protective associations.  

 

Based on the above and taking into account the decision tree, the committee 

concluded that the evidence for an association between total fish consumption and risk 

of atrial fibrillation is inconclusive. This is because the two MAs are not in line: one 

showed a neutral association and one showed an adverse association, both with little 

between-study heterogeneity. In fact, only one of the individual studies clearly showed 

an adverse association. The other studies showed neutral associations, some of which 

pointing in the direction of an adverse association (but not statistically significantly). No 

clear explanation was found for this discrepancy based on the data available. The 

committee considered that the fact that atrial fibrillation is a difficult outcome to assess 

may contribute to the variation in observed effect sizes. 

 

Table 28 Characteristics and results of the meta-analyses of prospective cohort studies on the association 

between total fish consumption and risk of atrial fibrillation  

Author, year, 

study design 

Exposure (n): 

consumption 

level 

examined 

Type of 

analysis  

n PCS  n participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 Study 

population 

(n) 

Study 

quality 

(n) 

VKM 202227 

MA  

Total fisha (6):  

0 to ~70 g/db 

High vs. low 

 

6 414,636; 

>8,307c 

1.06 (1.00, 1.13) NR; 

Phet=0.66 

Europe (4), 

USA (2) 

NR 

Li 201777 

MA 

Total fisha (6):  

0 to ~70 g/dd 

High vs. low 

 

6 151,565;  

9,629 

1.01 (0.94, 1.09) 0% Europe (2), 

USA (4) 

High (all) 

Li 201777 

MA 

Total fisha (6):  

0 to ~70 g/dd 

Per +1 

serving/wk 

6 151,565;  

9,629 

0.99 (0.96, 1.02) 

P-non-linearity=0.41 

23% Europe (2), 

USA (4) 

High (all) 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity 

(presented if there is no I2 reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific 

Committee for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø); wk: week. 
a Not reported whether shellfish was included or not. 
b Lowest intake in lowest intake category and highest intake in highest intake category. Rough estimate by the 

committee based on consumption data of each individual study as reported in the MA. One study reported the highest 

intake category to be ≥5 servings/week (corresponding to approximately 70 g/d), without specification of the maximum 

fish intake. 
c Based on n=5 (for one study the number of cases is unknown). 
d Rough estimate by the committee based on data presented in the MA. Consumption levels of fish were not reported 

for each individual study in the MA by Li et al., so are based (if available) on the MA by VKM.  
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3.15.2 Fatty fish and atrial fibrillation 

The committee identified one MA of prospective cohort studies on the association 

between fatty fish consumption and risk of atrial fibrillation: VKM (2022).27 

 

The MA by VKM27 comprises 5 prospective cohort studies of general populations, 

which originated from Europe (n=2) and the USA (n=3). In total, 8,373 cases of incident 

atrial fibrillation were involved (Table 29). Studies in patient populations were not 

included. The range of reported consumption of fatty fish across cohorts was roughly 

between 0 and 55 g/d. No statistically significant association was observed between 

fatty fish and incident atrial fibrillation. The risk estimate pointed in a harmful direction, 

but the confidence interval was very wide. There was significant heterogeneity between 

studies, which was not further explored. Individual studies showed both neutral and 

harmful associations.  

 

Based on these findings, it is unlikely that a conclusion with a strong level of evidence 

can be drawn. A conclusion such as inconclusive evidence would be more plausible. 

Such a conclusion would not contribute to the guideline on fish, and therefore this topic 

was not further evaluated.  
 

Table 29 Characteristics and results of the meta-analysis of prospective cohort studies on the association 

between fatty fish consumption and risk of atrial fibrillation  

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n 

PCS  

n participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 

VKM 202227 

MA  

Fatty fisha (5);  

0 to ~55 g/db 

High vs. 

low 

5 NR; 8,373 1.26 (0.80, 1.97) NR;  

Phet<0.001 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity 

(presented if no I2 is reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee 

for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Not reported whether shellfish was included or not. 
b Lowest intake in lowest intake category and highest intake in highest intake category. Rough estimate by the 

committee based on consumption data of each individual study as reported in the MA. One study reported the highest 

intake category to be ≥5 servings/week (corresponding to approximately 70 g/d), without specification of the maximum. 

3.15.3 Lean fish and atrial fibrillation  

The committee identified one MA of prospective cohort studies on the association 

between lean fish consumption and risk of atrial fibrillation: VKM (2022).27  

 

The MA by VKM27 comprises 4 prospective cohort studies of general populations from 

Europe (n=2) and the USA (n=2). In total, nearly 8,000 cases of incident atrial 

fibrillation were involved (Table 30). Studies in patient populations were not included. 

The range of reported consumption of lean fish across cohorts was roughly between 0 

and 55 g/d. A statistically significant protective association between lean fish 
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consumption and risk of atrial fibrillation was observed, with no significant between-

study heterogeneity.  

 

Based on these findings and considering that only 4 cohort studies are included, it is 

unlikely that a conclusion with a strong level of evidence will be drawn (for which at 

least 5 studies are needed). A conclusion such as limited evidence for a protective 

association would be more plausible. Such a conclusion would, however, not contribute 

to the guideline on fish, and therefore this topic was not further evaluated.  

 
Table 30 Characteristics and results of the meta-analysis of prospective cohort studies on the association 

between lean fish consumption and risk of atrial fibrillation  

Author, year, 

study design 

Exposure (n): 

consumption 

level examined 

Type of 

analysis  

n 

PCS  

n participants;  

n cases 

Strength of the 

association:  

RR (95%CI) 

I2 

VKM 202227 

MA 

Lean fisha (4):  

0 to ~55 g/db 

High vs. 

low 

4 NR; 7,995 0.85 (0.73, 0.99) NR;  

Phet=0.39 

Abbreviations: CI: confidence interval; MA: meta-analysis; n: number; NR: not reported; Phet: P for heterogeneity 

(presented if no I2 is reported); PCS: prospective cohort study; RR: relative risk; VKM: Norwegian Scientific Committee 

for Food and Environment (in Norwegian: Vitenskapskomiteen for mat og miljø). 
a Not reported whether shellfish was included or not. 
b Lowest intake in lowest intake category and highest intake in highest intake category. Rough estimate by the 

committee based on consumption data of each individual study as reported in the MA. One study reported the highest 

intake category to be ≥5 servings/week (corresponding to approximately 70 g/d), without specification of the maximum. 

3.15.4 DART trial: effect of fatty fish consumption on fatal coronary heart 

disease  

The committee is aware of two RCTs on the effect of fatty fish consumption on chronic 

disease risk: the Diet and Reinfarction Trial (DART)-I79 and the DART-II.80 These RCTs 

were also evaluated for the DDG2015,28 and more recently also for the Dutch dietary 

guidelines for people with atherosclerotic cardiovascular disease (2023).41  

Based on these two RCTs, the conclusion of the DDG2015 committee was that the 

effect of fatty fish consumption on the risk of fatal CHD was inconclusive, because the 

results of these RCTs did not point in the same direction. As mentioned in the 

DDG2015 background document on fish,28 the results of DART-II were unexpected and 

have been extensively criticized.81 Limitations to both the design and the conduct of the 

study were reported; yet the real reason for the unexpected results remains unclear.82 

Because of the low quality of this RCT, the committee decided not to involve this RCT 

in the derivation of the fish guideline in 2015. In contrast, DART-I played an important 

role in the 2015 guideline on fish. It served as supporting evidence to the protective 

association found between fish consumption and risk of fatal CHD.3 Below, the results 

of the DART-I trial are described briefly.  

 

In DART-I, from a group of approximately 2,000 men who survived a recent MI, half 

were advised to consume 200 to 400 grams of fatty fish weekly and the other half did 
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not get the advice. Men who did not want to eat fish got the advice to take three fish oil 

supplements per day (Maxepa), providing in total 1.5 g of fish oil. Fatty fish advice 

included mackerel, herring, kipper, pilchard, sardine, salmon or trout. At six months 

after the start of the trial, 14% of participants took the fish oil capsules as a partial or 

total substitute for fatty fish. At two years this was 22%. After two years of follow-up, 

the intake of EPA and DHA was approximately 343 mg/d in the intervention group 

compared to approximately 86 g/d in the control group. The RCT showed that the 

advice to consume 200-400 g/d of fatty fish (or 1.5 g/d of fish oil supplements) resulted 

in a statistically significantly 29% reduced risk of all-cause mortality (primary endpoint) 

and a 32% risk of fatal CHD.  

 

The committee now followed the same approach as in 2015: DART-II was disregarded 

for the guideline derivation, but the committee considered whether the results of this 

RCT are (still) in line with the committee’s conclusion on the association between fish 

consumption and fatal CHD. Based on the current state of science, this is still the case, 

and thus, this RCT may be used as supporting evidence.   
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A Working group 

The following working group prepared this background document: 

Working group on fish and chronic diseases 

• Prof. H. Boersma, Professor of clinical epidemiology of cardiovascular 

diseases,  Erasmus MC, Rotterdam, chair of the working group 

• Prof. I.A. Brouwer, Professor of Nutrition for Healthy Living, Vrije Universiteit 

Amsterdam 

• Prof. E.J. Hoorn, Professor of clinical and experimental nephrology, Erasmus MC 

• Prof. J. Plat, Professor of Physiology of Nutrition, Maastricht University 

• Prof. M. Visser, Professor of Healthy Aging, Vrije Universiteit Amsterdam 

Scientific Secretary  

• Dr L.M. Hengeveld, Health Council of the Netherlands, The Hague  
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B Literature search  

Search criteria 

The committee performed a literature search in PubMed and Scopus in January 2024 

for recent MAs published from 2021 onwards into the effects or associations of fish and 

fish fatty acids with health outcomes. To this end, the committee used the following 

search terms: fish, seafood, fish products, shellfish, fish oil, marine oil, algal oil, omega-

3, omega-3 fatty acids, fish fatty acids, n-3 polyunsaturated fatty acids (PUFA), 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). The remaining search 

terms, aimed at selecting systematic reviews and meta-analyses or pooled analyses of 

randomised controlled trials or prospective cohort studies, were as follows: systematic 

review, literature review, quantitative review, umbrella review, quantitative overview, 

systematic overview, methodologic review, methodologic overview, meta-analysis, 

network meta-analysis, pooled analysis, individual participant data, individual patient 

data, IPD, individual-level data, multi-centre study, multi-cohort study and Mendelian 

randomisation. Only studies performed in humans and published in English language 

were selected. 

Selection of articles  

First, from the articles retrieved via PubMed and Scopus, potentially relevant articles 

were selected based on titles and abstracts. Second, a further selection of eligible 

articles was made based on full-text screening.  

For fish and fish fatty acids, a total of 1963 articles were screened based on title and 

abstract (683 found in PubMed and 1913 in Scopus). Of these, 90 were selected for 

assessment of eligibility based on full-text screening. In total, 52 articles were found 

eligible, of which 23 reported on fish. These articles addressed different dietary factor-

health outcome combinations (i.e. differences in exposure, such as total fish, fatty fish 

or lean fish, and health outcomes, such as fatal cardiovascular disease or stroke). For 

each dietary factor-health outcome combination evaluated by the committee, the 

committee selected the most recent and comprehensive meta-analyses from these 52 

articles.  
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C Decision tree  

The decision tree below was used as a guidance tool by the committee on Nutrition for 

drawing conclusions based on scientific evidence from meta-analyses and pooled 

analyses of randomised controlled trails or prospective cohort studies.  
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