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Summary

The assignment and premises

In 2006, VKM published “A comprehensive assessment of fish and other seafood in the
Norwegian diet”. The assessment supported the recommendation from Norwegian Health
authorities to eat more fish both for dinner and on sandwiches. In an update of the
assessment in 2014 VKM concluded that “the benefits from fish consumption clearly
outweigh the negligible risk presented by current levels of contaminants and other
undesirable substances in fish”. Because of new knowledge available, the Norwegian Food
Safety Authority requested a new benefit and risk assessment of fish in the Norwegian diet
in 2019. In the assignment, they asked VKM to answer the following questions:

Which health consequences will it have for the Norwegian population if they:
. Continue with the same fish consumption levels as of today

. Increase the consumption of fish to match the recommendations given by the
Norwegian Directorate of Health

The recommendation for fish consumption is to eat fish for dinner two to three times a
week, and also use fish as bread spread. This amounts to 300-450 grams of prepared fish a
week for adults, and at least 200 grams should be fatty fish like salmon, trout, mackerel or
herring.

There has been a change in the premises for this benefit and risk assessment of fish as
compared to the previous assessments; the tolerably weekly intakes for the contaminants
PCDD/Fs and DL-PCBs (polychlorinated biphenyls), and PFASs (perfluorinated alkylated
substances) were markedly reduced in 2018 and 2020, respectively. Based on exposure
assessments from European Food Safety Authority (EFSA), exceedance of the tolerable
weekly intakes of these contaminants in the Norwegian population was expected. It was
therefore anticipated that a benefit and risk assessment of fish would be an even more
complex task than previous assessments, and that high confidence in the evidence would be
critical. Applying as systematic, transparent, and intelligible process, based on established
guidelines, to ensure high quality and confidence in the results, has been important.

A protocol for this benefit and risk assessment was published in February 2020 after a public
consultation, and the work has been conducted according to the protocol with a few very
minor deviations (see Appendix IV, Chapter 18).

VKM Report 2022: 17 1



A comprehensive systematic literature review and weight of
evidence analyses

This benefit and risk assessment of fish is based on an extensive systematic literature review
to evaluate the epidemiological evidence for associations between fish consumption and
health outcomes. The review covers both primary studies and previous systematic reviews
and meta-analyses. The health outcomes included are non-communicable diseases or
conditions common in the Norwegian population for which fish, or compounds in fish
(nutrients or contaminants) have an established or hypothesized role. The literature review
includes CVD, CHD, myocardial infarction, stroke, heart failure, heart fibrillation, venous
thrombosis, neurodevelopment in children, mental disorders in children (e.g., ASD and
ADHD), cognition and cognitive decline in adults (including Alzheimer’s and dementia),
depression in adults, type 2 diabetes, weight/overweight in children and adults, bone health,
birth outcomes such as preterm birth, small for gestational age, low birth weight, birth
weight (continuous), birth length and head circumference (continuous), asthma and allergy
(especially in children), multiple sclerosis, rheumatoid arthritis, cancer (only form the report
from the World Cancer Research Fund (WCRF) from 2018, which VKM found to be
sufficiently comprehensive), vaccine response, and semen quality/male fertility.

For several of these outcomes, there were too few studies to draw a conclusion, or the
studies did not fulfill VKM’s criteria for inclusion or high quality. A summary of all the health
outcomes for which there were sufficient evidence to draw a conclusion, is given in Table
10.1-1 in the assessment (Chapter 10). For health outcomes that are also common causes of
death, the epidemiological evidence has been summarised separately for studies of incidence
(the risk of developing disease) and mortality.

For the systematic literature review, searches were performed in relevant databases, and
primary studies were selected based on predefined inclusion and exclusion criteria in
pairwise blinded selections. The included primary studies were then quality assessed before
data extraction and calculation of pooled estimates. The pooled estimates were compared to
previous meta-analyses when available, and finally a weight of evidence process based on
the criteria defined by the WCRF was performed. The weighting was based on the following
factors: the results from published evidence of fish intake and health outcome, heterogeneity
between studies, evidence for biological plausibility, and dose-response relationship. The
evidence categories used by WCRF are: “convincing”, “probable”, “limited, suggestive”, and
“limited, no conclusion” or “substantial effect on risk unlikely”, see Box 2 in Chapter 3.1.6.5
for details. According to WCRF, “convincing”, “probable” and “substantial effect on risk
unlikely”, evidence is classified as strong evidence. Only evidence judged to be strong is

usually used as the basis for recommendations.

In this benefit and risk assessment, no associations are categorized as “convincing”. The
associations for the following outcomes are categorized as “probable”: All-cause mortality,
mortality from CVD, CHD, stroke, and myocardial infarction, and incidence of CHD, stroke,
dementia and Alzheimer’s disease in adults, and preterm birth and low birth weight. Only
health outcomes where the evidence for an association between fish intake and the outcome
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was judged to be “probable”, are included in the quantitative assessment as described
below.

For the subgroups fatty fish and lean fish, our systematic literature review did not conclude
with a strong association between intake and any health outcome, and consequently our
quantitative benefit and risk assessment of fish consumption is based on total fish, and not
subgroups of fish. All weight of evidence conclusions for total fish, fatty fish, lean fish, and
nutrients and contaminants are given in Table 10.2.3-1.

This benefit and risk assessment consists of a quantitative assessment of benefits and risks
from fish consumption, a semi-quantitative benefit assessment of nutrients in fish, and a
semi-quantitative risk assessment of contaminants in fish.

Quantitative benefit and risk assessment of fish intake

The overall aim of the quantitative assessment was to estimate the effect on disease
incidence and mortality in the Norwegian population as a result of eating fish in other
quantities than the currently consumed amount. The systematic literature review and weight
of evidence is the basis for the quantitative benefit and risk assessment of fish intake. There
was no strong evidence for an impact of children’s fish consumption on any health outcomes
in the children (neurodevelopment, mental health challenges, overweight/obesity, asthma
and allergy), and consequently the quantitative analysis only includes adults. Moreover,
there was no strong evidence for an adverse effect of fish intake on any of the included
health outcomes. Consequently, the quantitative modelling only contains beneficial effects.

A modelling approach is used to estimate how changes in fish intake may affect disease
incidence and mortality at the population level. The modelling is based on the current mean
fish intake from Norkost 3 (2010-2011), two fish intake-scenarios mirroring the range of the
recommendation for fish intake, and an additional scenario with fish intake below the
recommended intake of fish. The fish intake scenarios are simple constructed scenarios in
which all participants in the food dietary surveys are assigned a fixed daily intake of fish and
a fixed amount of fatty and lean fish (see Table 9.1-1). In both scenario 2 and 3, the amount
of fatty fish is kept steady at 200 grams per week, and only the amount of lean fish is
increased from scenario 2 to scenario 3.

Dose-response relationships were calculated for fish intake and the health outcomes based
on relative risk found in the quality assessed meta-analyses identified in VKM's systematic

literature review. Occurrence of disease in the Norwegian population are publicly available
numbers from national health registries when attainable, or based on published studies.

Quantitative estimations were conducted for adult women and men separately for all
outcomes, except coronary heart disease (CHD) incidence, where both sexes were
combined. Quantitative estimation for preterm birth was naturally only done for women.
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For men it was estimated that a decrease in the current mean intake at 350 grams per week
to 300 grams per week would increase the annual numbers of incident cases or deaths for
the outcomes included, except for Alzheimer’s disease and CVD mortality. An increase from
the current mean fish intake to 450 grams per week, would decrease the annual numbers of
incident cases or deaths for all outcomes except for CVD mortality. The decrease was most
prominent for incidence of CHD, stroke, and dementia (see Table 9.2.6-1 in Chapter 9).

For women it was estimated that an increase from the current mean intake at 238 g per
week to 300 g per week, would give a small decrease in annual numbers of incident cases or
deaths for all outcomes. The decrease was largest for dementia and preterm birth. When
changing from current fish intake to 450 grams per week, a decrease in CHD incidence was
estimated, in addition to dementia, stroke and preterm birth (see Table 9.2.6-2 in Chapter
9).

Overall, the results for men and women suggest that increasing intake of fish towards the
upper range of recommended intake will reduce number of cases of stroke and CHD, non-
communicable diseases that are important contributors to the burden of disease in Norway.
Likewise, increasing intake of fish towards recommended intake is estimated to reduce the
number of new cases of dementia and Alzheimer’s disease, both cognitive disorders which
are increasing in the population as the proportion of elderly is increasing. The modelling
indicated that an increase in fish intake from the current level to the recommended level
would only have a very small impact on CVD and CHD mortality in both men and women.
This is due to the dose-response curve used for these outcomes in the quantitative analysis,
which was flat for fish intake higher than 300 grams per week.

Quantitative estimation for preterm birth (women only) was included in the modelling, but
not low birth weight, as the underlying cause of low birth weight appeared to be preterm
birth in studies of maternal fish intake during pregnancy.

The evidence is also graded “probable” for stroke mortality, and myocardial infarction
mortality but no dose-response meta-analysis was found that included studies of stroke- or
myocardial infarction mortality only. These outcomes could therefore not be included in the
quantitative modelling separately.

Semi-quantitative assessment of nutrient intake and
contaminant exposure from fish

The quantitative modelling of benefits and risks from fish consumption does not include all
critical health outcomes relevant for the contaminants due to limited available data. Also, the
quantitative modelling approach with incidence and mortality as common metrics could not
be applied to contaminants and nutrients relevant for fish consumption due to limitations in
available models for these compounds. The evaluation of all nutrients and contaminants
relevant for fish intake is therefore performed using a semi-quantitative approach. In the
semi-quantitative assessment, the term “current intake” refers to intake reported in the
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national dietary surveys Norkost 3 (2010-2011), Ungkost 3 (2015-2016, Smabarnskost 3 and
Spekost 3 (2019).

Nutrients

Fish is an important source in the diet for LC n-3 fatty acids (eicosapenaenoic acid (EPA),
docosapentaenoc acid (DPA), and docosahexaenoic acid (DHA)), vitamin D, iodine, selenium,
and vitamin By,. More than 20% of the total intake of these nutrients are derived from fish in
the Norwegian diet. Especially for LC n-3 FA, vitamin D and iodine there are very few natural
sources in the diet but fish.

For nutrients in fish and potential associated health outcomes, VKM conducted a second
comprehensive systematic literature review. Except for including only systematic reviews and
meta-analyses, not primary studies, the review process, and the weighting of evidence
criteria were similar to those for fish intake and health outcomes. A wide range of
combinations of nutrients and health outcomes were evaluated, mostly the same as for fish
with exception of the immune related diseases.

In summary, a strong association (“probable”) was found for LC n-3 FA and CVD mortality,
CHD mortality, CVD incidence (only for doses>1 g LC n-3 FA per day), CHD incidence,
myocardial infarction incidence and birth weight (continuous). The results from the weight of
evidence analyses for LC n-3 FA and health outcomes support the conclusions from the
weight of evidence analyses of fish and the same health outcomes. For vitamin D a strong
association (“probable”) was found for all-cause mortality and bone fracture/fall (based on
NNR, 2012). No strong associations were found for neither iodine, selenium nor vitamin Bi..

For the semi-quantitative benefit assessment of nutrients in fish, VKM used average
requirements (AR) which are based on established knowledge of an association between
iodine and goiter, selenium and Keshan disease, and vitamin B1, and pernicious anemia. For
vitamin D the critical endpoint for setting an AR is bone health (fractures). No AR is available
for the LC n-3 FAs. However, we have compared the intakes of EPA plus DHA with an
adequate intake based on cardiovascular health set by EFSA (2010). For LC n-3 FAs, vitamin
D, iodine, selenium, and vitamin Bi>, VKM have performed a semi-quantitative benefit
assessments based on percentages in the population with intakes below the AR.

The semi-quantitative assessment of the LC n-3 FAs EPA plus DHA shows that at current fish
intake levels, 18% of women of childbearing age (18-45 years) and 10% of adult men and
women (18-70 years) have intakes below the adequate intake. In the fish scenarios, in which
all participants in the food dietary surveys are assigned a fixed daily intake of fish, all adults
have estimated intakes of EPA plus DHA above the adequate intake.

At current fish intake levels, all included age groups have a relative high proportion of
individuals with an intake of vitamin D below the AR. The scenario estimations indicate that
increasing intake of fish from the current intake to the recommended intake would lead to a
moderate increase in vitamin D intake at the population level but may be of special
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importance for those with a very low dietary intake of vitamin D, where even a small
increase may be of substantial importance (from e.g., 67% of 13-year-old girls with intakes
below AR with current fish intake reduced to 50% in fish scenario 3, and for women of
childbearing age, the intake in the 5% percentile increases from 2.3 pg/day with current fish
intake to 5.4 pg/day in fish scenario 3).

For iodine, groups at highest risk of low intakes are young girls and women of childbearing
age, and at current intake 34% of 13-year-old girls and 19% of women of childbearing age
had an intake below the AR. Increasing the fish intake to the upper range of the
recommended intake would cause all age groups and genders to have iodine intakes above
the AR except for 1-year-olds.

For selenium, young girls and women of childbearing age have the lowest intakes, and at
current intake 7% of women of childbearing age and 71% of 9-year-old girls have an intake
below AR. Increasing intake of fish to the recommended intake would reduce the proportion
having a probability of inadequate selenium intake to null for most age groups in both
genders. With current fish consumption no specific age groups are at risk of having vitamin
B12 intake below the AR.

Contaminants

Fish may also contain a variety of contaminants. Due to markedly reduced tolerable weekly
intakes (TWIs) for PCDD/F and DL-PCBs, and PFASs, VKM was especially requested to
include these contaminants. Additionally, VKM evaluated an extensive list of possibly relevant
substances for inclusion in this assessment. After a stepwise selection process, focusing on
“concern in relation to fish intake” and “exposure close to existing health-based guidance
values” methyl mercury is also included.

For contaminants in fish, VKM'’s evaluation of adverse health outcomes is based on the
hazard characterization and the corresponding TWIs published by EFSA (EFSA 2012; 2018;
2020). For methyl mercury, many new publications have assessed the association between
exposure and different endpoints since EFSA’s risk assessment of in 2012. However, based
on results from a review of systematic reviews for methyl mercury, VKM decided to use the
TWI from 2012 without any updating.

VKM have performed semi-quantitative risk assessments of PCDD/F and DL-PCB, PFASs, and
methyl mercury based on percentages in the population with exposures above the TWIs set
by EFSA. The critical endpoint for PCDD/Fs and DL-PCBs is reduced sperm concentration
after prenatal exposure during pregnancy, and postnatal exposure via breastfeeding and
other food intake during childhood. For PFASs the present assessment is restricted to the
same four PFASs that are covered by the TWI: PFOA, PFNA, PFHXS and PFOS. The critical
effect for the sum of these four PFASs is effects on the immune system, measured as a
decreased vaccination response in children after pre- and postnatal exposure. Various
associations between serum levels of PFAS and several outcomes was evaluated by EFSA,
but given that the effects on the immune system occur at lower exposure, other effects are
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not considered in the present assessment. The critical effect for methyl mercury is
neurodevelopmental effects in prenatally exposed children.

The semi-quantitative risk assessment of contaminants shows that at the current level of fish
intake, a high proportion (96 — 100%) of the Norwegian population exceed the TWI of 2 pg
TEQ/kg bw/week set for PCDD/Fs and DL-PCBs. The adult population have a mean
estimated exposure that is 2.3-times the TWI at current level of fish intake. Fish contribute
39% to PCDD/F and DL-PCB exposure in the adult population, of which lean species (< 5%
fat) contribute 6%, fatty species (> 5% fat) 28% and liver and roe 5% to the total PCDD/F
and DL-PCB exposure. If the fish intake is increased to recommended intake, the mean
exposure to PCDD/Fs and DL-PCBs is increased for all age groups. VKM applied exposure
assessments for PCDD/F and DL-PCBs that are conservative (probable overestimates).

The adult population have a mean estimated PFAS exposure that is 1.7-times the TWI at
current level of fish intake. The proportion of the population exceeding the TWI in different
age groups is 44 to 100%. For all age groups, fish is the main contributor to sum of these
four PFASs (about 38% for adults). Lean and fatty fish contribute approximately equally
across age groups, with a little higher contribution from lean fish in adults. Increasing the
fish intake up to the higher range of recommended intake will cause an increase in the
proportion exceeding the TWI, leading to an exceedance for all adults. Children have high
estimated exposures both in the current situation and in the calculated scenarios, ranging
from 1.5 times the TWI in the current situation for nine-year-olds to 4.8 times the TWI for
two-years-old in scenario 3. Exposure estimates for PFAS are uncertain due to high level of
detection in the analytical methods.

Fish and other seafood is practically spoken the only source of methyl mercury in Norway.
With the current fish intake in Norway, only a small proportion of the population was
estimated to exceed the TWI for methyl mercury. VKM applied a conservative approach,
assuming that all mercury in fish and shellfish is methyl mercury (probable overestimate).
With altered fish intake in the scenarios, the estimated mercury intake decreases in general.
This is partly because the scenarios are based on the most consumed species, which are low
in mercury. Furthermore, the high fish intake scenario represents a decrease in fish
consumption for high fish consumers. In summary, the proportion exceeding the TWI for
methyl mercury is either zero or very low for all age groups in all three scenarios.

Summary of conclusions and answer to the terms of reference

Sixty-two percent of Norwegian women, and 58% of the men report that they have two or
more meals of fish per week. As shown in the quantitative assessment, a reduction in the
weekly fish intake from the current mean intake among adult men and women to 150 grams
per week, results in an increase in annual numbers of incident cases or deaths estimated for
all outcomes included in the quantitative modelling (CVD mortality, CHD mortality, all-cause
mortality, incidence of CHD, stroke, dementia, Alzheimer’s disease and preterm birth).
Overall, this indicates that a low fish consumption is a potential health risk, and that optimal
beneficial health effect of fish intake is not obtained at current fish intake levels.
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Mathematical modelling indicates that increasing intake of fish to recommended intakes, and
especially towards the upper range of recommended intake, 450 grams per week in scenario
3 will reduce the probability of having stroke and CHD, non-communicable diseases that are
important contributors the burden of disease in Norway. Increasing intake of fish towards
recommended intake is also estimated to reduce the number of new cases of dementia and
Alzheimer’s disease, both cognitive disorders which are increasing in the population as the
proportion of elderly is increasing. The proportion of the population with an intake below AR
for selenium and iodine will also be reduced. The low intake of vitamin D will not necessarily
be rectified by increasing fish intake alone, but increasing the fish intake and especially fatty
fish intake could be of importance for those with the lowest vitamin D intakes. In conclusion,
all age groups would benefit from increasing from current intake to recommended intake of
fish.

On the other hand, increasing fish intake towards recommended intake would increase
intake of PCDD/Fs and DL-PCBs, and PFASs to a level where almost everyone in all age
groups would exceed the TWIs. For adults the increase in exceedance would be moderate,
i.e., from 2.3 times the TWI to 2.8 times the TWI in scenario 3 for PCDD/Fs and DL-PCBs,
and from 1.7 times the TWI to 1.9 times the TWI in scenario 3 for PFASs. The contribution
of the critical effects linked to PCDD/Fs and DL-PCBs, and PFASs exposure (reduced sperm
concentration and decreased vaccine response in children, respectively) to the combined
death and disability burden has not been estimated. However, male infertility accounts for a
minor part of the burden of disease in Norway. A reduced response to vaccination in children
is commonly used as a marker of a reduced immune response. But the general applicability
of reduced response to vaccination as a marker of reduced immune response, as well as the
size and severity of the potential increase in infection risk from a reduced immune response,
is not known. Moreover, there are many dietary sources of these contaminants, so even
though a reduction of fish intake probably will cause some reduction in the exposure, it may
not suffice to get an exposure below the TWIs.

VKM concludes that fish intake is beneficial and protective against several health outcomes
that present important public health challenges in Norway. For these outcomes, the evidence
is graded “probable” which is considered strong evidence according to the WCRF grading
system. The evidence for beneficial effects of fatty fish intake was weaker than for total fish
intake. However, the evidence was substantiated by strong evidence (“probable”) for
beneficial effects of LC n-3 FAs on several of the same health outcomes as for fish.

VKM'’s conclusion is based on a systematic review and weight of evidence analyses of
associations between fish intake, fatty fish intake and health outcomes, and a quantitative
assessment of fish intake and health outcomes with incidence rates and mortality as
common metrics. Additionally, we have conducted systematic literature reviews for nutrients,
and included semi-quantitative assessments of the nutrients LC n-3 FA, vitamin D, iodine,
selenium, and vitamin Bi; and of the contaminants PCDD/Fs and DL-PCBs, PFASs, and
methyl mercury, all substances of which fish intake is an important source.
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The outcomes included in the quantitative assessment are generally chronic non-
communicable diseases affecting the older age groups (except for preterm birth). However,
these diseases may have a long latency period. Also, dietary behaviour tends to track from
young age into adulthood. These factors support that recommended fish intake already in
young age may be of importance for intake later in life and for later health benefit.

VKM concludes that the benefits from increasing fish intake to the recommended two to
three dinner courses per week (corresponding to 300-450 grams, including at least 200
grams fatty fish in adults) outweigh the risks for all age groups.

Keywords: VKM, benefit, risk, RBA, systematic review, weight of evidence, fish, nutrients in
fish, omega-3, EPA, DHA, DPA, selenium, iodine, vitamin Bi,, vitamin D, contaminants in fish,
dioxins, PCDD/F, DL-PCB, PFAS, methyl mercury, fish consumption, health effects, coronary
heart diseases, CHD, cardiovascular diseases, CVD, mortality, neurodevelopment, cognitive
functioning, cognitive decline, bone health, immunology and allergy, fertility, anthropometric
outcomes, birth outcomes, diabetes, , Norwegian Scientific Committee for Food and
Environment
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Sammendrag (Norwegian summary)

Oppdraget og premissene

I 2006 publiserte VKM «En helhetlig vurdering av fisk og annen sjgmat i norsk kosthold».
Vurderingen stgttet anbefalingen fra norske helsemyndigheter om 3 spise mer fisk, bade til
middag, og som pdlegg. I en oppdatering av vurderingen i 2014 konkluderte VKM med at
«fordelene ved fiskekonsum klart oppveier den ubetydelige risikoen som dagens nivaer av
kontaminanter og andre ugnskede stoffer i fisk gir». I 2019 gnsket Mattilsynet igjen en ny
nytte- og risikovurdering av fisk i norsk kosthold, p& grunn av ny tilgjengelig kunnskap. I
oppdraget ber Mattilsynet VKM om & svare pa fglgende spgrsmal:

Hvilke helsemessige konsekvenser vil det fa dersom den norske befolkningen:
o fortsetter med dagens konsum av fisk?
o gker konsumet av fisk opp til det inntaket Helsedirektoratet anbefaler?

Kostrddet fra Helsedirektoratet er & spise fisk til middag to til tre ganger i uken, og ogsa
bruke fisk som pdlegg. Det utgjgr 300 - 450 gram tilberedt fisk i uken for voksne. Minst 200
gram bgr veere fet fisk som laks, grret, makrell eller sild.

Premissene for denne nytte- og risikovurderingen av fisk er endret, sammenlignet med
tidligere vurderinger. Det tolerable ukentlige inntaket (TWI), ogsa kalt télegrense pa norsk,
for stoffgruppene PCDD/F og DL-PCB-er og PFAS-er ble betydelig redusert i henholdsvis
2018 og 2020. P& bakgrunn av eksponeringsberegninger fra det europeiske
mattrygghetsorganet EFSA, var det forventet at talegrensen for disse stoffene ville
overskrides ogsa i den norske befolkningen. VKM antok derfor at denne nye nytte- og
risikovurderingen av fisk ville bli mer kompleks enn tidligere, og at det ville vaere ngdvendig
med en systematisk kunnskapsoppsummering av bade positive og mulig negative
helseeffekter knyttet til det & spise fisk. Det har vaert viktig & bruke en systematisk,
transparent og tydelig framgangsmaéte basert pa etablerte retningslinjer for a sikre hgy
kvalitet og tillit til resultatene.

Det ble utarbeidet en protokoll for nytte- og risikovurderingen som ble sendt pa offentlig
hgring. Protokollen ble publisert i februar 2020. Arbeidet er utfgrt etter protokollen, med
noen mindre avvik (se vedlegg 1V, kapittel 18).

Omfattende systematiske kunnskapsoppsummeringer og gradering av den
samlede evidensen

Denne nytte- og risikovurdering er basert pa flere omfattende kunnskapsoppsummeringer,
og gradering av den samlede evidensen for ssmmenhenger mellom fiskekonsum og
helseutfall basert pd epidemiologiske studier. Gjennomgangen dekker bade enkeltstudier,
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tidligere systematiske oversiktsartikler og metaanalyser. Helseutfallene som er inkludert er
folkesykdommer, eller tilstander som er vanlige i den norske befolkningen, som antas a ha
en sammenheng med fisk eller stoffer i fisk (naeringsstoffer eller kontaminanter).
Litteraturgjennomgangen omfatter hjerte- og karsykdom, koronar hjertesykdom,
hjerteinfarkt, slag, hjertesvikt, hjerteflimmer, venetrombose, nevrologisk utvikling hos barn,
mentale lidelser hos barn (som autisme og ADHD), kognisjon og kognitiv svikt hos voksne
(inkludert demens og Alzheimers sykdom), depresjon hos voksne, type 2 diabetes,
vekt/overvekt og fedme hos barn og voksne, benhelse, fgdselsutfall som for tidlig fadsel,
liten for gestasjonsalder, lav fgdselsvekt, fadselsvekt (kontinuerlig), fadselslengde og
hodeomkrets (kontinuerlig), astma og allergi szerlig hos barn, multippel sklerose, reumatoid
artritt, kreft (kun hentet fra World Cancer Research Fund sine konklusjoner fra 2018, siden
VKM vurderte denne til & vaere dekkende), vaksinerespons og szedkvalitet/mannlig fertilitet.

For mange av disse utfallene var det ikke nok studier til & konkludere, eller studiene oppfylte
ikke VKMs kriterier for kvalitet. Oppsummering av alle helseutfallene det var grunnlag for &
konkludere pa er gitt i tabell 10.1-1 i vurderingen (kapittel 10). Det epidemiologiske
evidensgrunnlaget er oppsummert separat for studier av insidens (risikoen for 3 utvikle
sykdom) og dgdelighet.

For VKMs systematiske litteraturgjennomganger ble det utfgrt sgk i flere relevante databaser.
Enkeltstudier og systematiske oversiktsartikler eller metaanalyser ble valgt ut etter
forhdndsdefinerte inklusjons- og eksklusjonskriterier. Utvelgelsen ble gjort parvis og blindet.
Enkeltstudiene som ble inkludert ble deretter kvalitetsvurdert, fgr data ble hentet ut og
sammenstilt.

VKM har beregnet sammenslatte effektestimater for relativ risiko for ulike helseutfall for &
kunne sammenligne med estimater fra tidligere publiserte metaanalyser der hvor slike var
tilgjengelige. Til slutt ble den samlede evidensen gradert basert pa kriterier definert av
WCRF. Graderingen er basert pa falgende faktorer: Resultater fra publiserte studier av
fiskeinntak og helseutfall, heterogenitet (variasjon i resultater) mellom studier, evidens for
biologisk mekanisme, og for en dose-respons sammenheng. Kategoriene WCRF benytter er:
«overbevisende», «sannsynlig», «begrenset, antydende» og «begrenset, ingen konklusjon»,
eller «vesentlig effekt pa risiko usannsynlig», se boks 2 i kapittel 3.1.6.5 for detaljer. Ifalge
WCREF er kategoriene "overbevisende", "sannsynlig" og «vesentlig effekt pa risiko
usannsynlig» klassifisert som sterk evidens. Vanligvis brukes kun evidens som karakteriseres
som sterk som grunnlag for kostrad.

I denne nytte- og risikovurderingen er det ingen helseutfall hvor den samlede evidensen for
en sammenheng med fiskeinntak er gradert som "overbevisende". Sammenhengen er
gradert som «sannsynlig» for at inntak av fisk reduserer total dgd, d@d av hjerte- og
karsykdom, koronar hjertesykdom, slag og hjerteinfarkt. Sammenhengen er ogsé gradert
som «sannsynlig» for at fisk reduserer risiko for d utvikle koronar hjertesykdom, slag,
demens og Alzheimers sykdom, samt reduserer risiko for tidlig fgdsel og lav fgdselsvekt. Kun
helseutfall der evidensen for en sammenheng mellom fiskeinntak og utfallet er gradert som
«sannsynlig», er inkludert i VKMs kvantitative analyse som er beskrevet under.
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Vi fant feerre studier av fet fisk og mager fisk enn av total fisk i vare systematiske
litteraturgjennomganger, noe som ga et svakere evidensgrunnlag. Den kvantitative nytte- og
risikovurdering av fiskekonsum er derfor kun basert pé totalt inntak av fisk. Graderingen av
evidensen for sammenhenger mellom total fisk, fet fisk, mager fisk, naeringsstoffer og
kontaminanter, og alle de inkluderte helseutfallene, er gitt i tabell 10.2.3-1.

Denne nytte- og risikovurderingen bestdr av en kvantitativ analyse av nytte og risiko ved
fiskekonsum, en semikvantitativ nyttevurdering av nzeringsstoffer i fisk, og en
semikvantitativ risikovurdering av kontaminanter i fisk.

Kvantitativ nytte- og risikovurdering av fiskeinntak

Det overordnede mélet med den kvantitative analysen var 8 beregne effekten pd
sykdomsforekomst og d@delighet i den norske befolkningen som fglge av @ endre
fiskeinntaket. Beregningene er gjort for helseutfall hvor det var et sterkt evidensgrunnlag for
en sammenheng med inntak av fisk. Det ble ikke funnet noe sterkt evidensgrunnlag for at
barns fiskeinntak har effekt pd helseutfallene hos barna (nevrologisk utvikling, mentale
lidelser, overvekt/fedme, astma og allergi), og den kvantitative analysen inkluderer derfor
bare voksne. Ettersom det ikke var sterk evidens for negative helseeffekter av gkt inntak, er
det bare helseutfall med sterk evidens for gunstige effekter av gkt inntak som inngdr i den
kvantitative analysen.

Vi bruker modellering for @ beregne hvordan endringer i fiskeinntak kan pévirke forekomst av
sykdom og dgdelighet p& populasjonsnivd. Modelleringen tar utgangspunkt i «dagens
inntak» av fisk som refererer til gjennomsnittlig inntak av fisk i den siste nasjonale
kostholdsundersgkelsen Norkost 3 (2010-2011). Dagens inntak sammenlignes med to
scenarioer som tilsvarer kostrddet om 2-3 middagsporsjoner fisk (scenario 2 tilsvarende 300
gram fisk i uken, og scenario 3 tilsvarende 450 gram fisk i uken), og i tillegg et scenario for
inntak av fisk som er lavere enn kostrddet (scenario 1, 150 gram fisk i uken).

Scenarioene for fiskeinntaket er enkle, konstruerte scenarioer der alle deltakerne i
kostholdsundersgkelsene tildeles et fast, daglig inntak av fisk, og en fast mengde fet og
mager fisk (se tabell 9.1-1). I scenario 2 og 3 er mengden fet fisk 200 gram per uke, slik at
det kun er mengden mager fisk som gkes fra scenario 2 til scenario 3.

Relativ risiko for ulike helseutfall ved ulike inntaksnivaer av fisk er basert pd kvalitetsvurderte
metaanalyser av dose-respons sammenhenger fra VKMs systematiske litteraturgjennomgang.
Forekomsttall for de ulike helseutfallene i den norske befolkningen er basert pa offentlig
tilgjengelige tall fra nasjonale helseregistre nér dette finnes, eller basert pé publisert
forskning.

Beregningene ble gjort for voksne kvinner og menn separat for alle utfall, unntatt koronar
hjertesykdom, der forekomsttallene var samlet for begge kj@nn. Beregninger pé for tidlig
fadsel inkluderte naturlig nok bare kvinner.
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For menn er det anslatt at en reduksjon i inntaket av fisk fra dagens inntak pd 350 gram per
uke til 300 gram per uke, vil gke drlig antall nye tilfeller og/eller dadsfall for de inkluderte
helseutfallene, unntatt Alzheimers sykdom og hjerte- og kardad. En gkning fra dagens
fiskeinntak til 450 gram per uke, vil redusere antall nye tilfeller og/eller dgdsfall for alle
helseutfall, bortsett fra samlet hjerte- og kardgd. Reduksjonene er stgrst for nye tilfeller av
koronar hjertesykdom, demens og slag (se tabell 9.2.6-1 i kapittel 9).

For kvinner er det anslatt at en gkning fra dagens inntak p& 238 gram per uke til 300 gram
per uke, ville gi en liten reduksjon i arlig antall nye tilfeller og/eller dgdsfall for alle
helseutfall. Reduksjonen er stgrst for demens, samt for tidlig fadsel. Ved en gkning fra
dagens fiskeinntak til 450 gram per uke, var det ogsd en nedgang for nye tilfeller av koronar
hjertesykdom i tillegg til demens, slag og for tidlig fadsel (se tabell 9.2.6-2 i kapittel 9).

Resultatene fra den kvantitative analysen for menn og kvinner tyder pd at gkt inntak av fisk
mot det gvre omrddet i kostradet (450 gram fisk i uken) vil redusere antall tilfeller av slag og
koronar hjertesykdom. Dette er folkehelsesykdommer som er viktige bidragsytere til
sykdomsbyrden i Norge. Likeledes anslds det at gkt inntak av fisk opp mot anbefalt inntak,
vil redusere antall nye tilfeller av demens og Alzheimers sykdom. Begge disse tilstandene er
kognitive lidelser som gker som fglge av en aldrende befolkning. Modelleringen indikerte at
en gkning i fiskeinntaket fra dagens niva til det anbefalte nivaet vil ha svaert liten innvirkning
pa hjerte- og kardgdelighet samlet sett, og dgdelighet av koronar hjertesykdom hos bade
menn og kvinner. Arsaken til dette er at dose-responskurven som er brukt i den kvantitative
analysen for disse utfallene var flat for inntak av fisk over 300 gram per uke.

For tidlig fgdsel ble inkludert i den kvantitative modelleringen for kvinner, men ikke lav
fadselsvekt, da den underliggende arsaken til lav fadselsvekt sd ut til & veere for tidlig fadsel,
i studiene som hadde sett p& mors fiskeinntak under svangerskapet.

Evidensen for dgd av hjerteinfarkt og slag er ogsa gradert som "sannsynlig", men ettersom
det ikke ble funnet publiserte metaanalyser av dose-respons sammenhenger basert pa
studier av dgd av disse utfallene, ble dgd av hjerteinfarkt og slag kun inkludert som del av
samlet hjerte- og kardgdelighet.

Semikvantitativ vurdering av naeringsstoffer og kontaminanter
fra fisk

Den kvantitative nytte- og risikovurderingen av fisk inkluderer ikke spermiekonsentrasjon og
vaksinerespons som er de kritiske endepunktene for to av de inkluderte kontaminantene.
Dette er fordi det ikke ble funnet studier av god kvalitet med fisk som eksponering for disse
utfallene i var litteraturgjennomgang. Det finnes heller ingen modeller som muliggjer 3
inkludere kontaminantene og naeringsstoffene i den kvantitative analysen. Evalueringen av
alle naeringsstoffene og kontaminantene er derfor gjort med en semikvantitativ tilnaerming. I
de semikvantitative analysene refererer «dagens inntak» av fisk til inntak rapportert i de
nasjonale kostholdsundersgkelsene Norkost 3 (2010-2011), Ungkost 3 (2015-2016,
Smabarnskost 3 og Spedkost 3 (2019).
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Naeringsstoffer

Fisk er en viktig kilde i kostholdet for langkjedede n-3 fettsyrer (eikosapentaensyre (EPA),
dokosapentaensyre (DPA) og dokosaheksaensyre (DHA)), vitamin D, jod, selen og vitamin
B12. Mer enn 20 prosent av det totale inntaket av disse neaeringsstoffene i kosten kommer fra
fisk. Seerlig de langkjedede n-3 fettsyrene, vitamin D og jod har svaert fa andre naturlige
kilder i kosten.

VKM har ogsd gjort omfattende systematiske kunnskapsoppsummeringer for naeringsstoffer i
fisk og mulige sammenhenger med helseutfall. Metoden for litteraturgjennomgangen, og
graderingen av evidensen, var de samme som for fisk. For naeringsstoffene er det imidlertid
bare inkludert systematiske oversiktsartikler og metaanalyser, ikke enkeltstudier. Et bredt
spekter av nzeringsstoffer og helseutfall ble evaluert. Helseutfallene var stort sett de samme
som for fisk, med unntak av de immunmedierte sykdommene.

Kort oppsummert er det funnet en sterk sammenheng ("sannsynlig") mellom inntak av
langkjedede n-3 fettsyrer og hjerte- og kardgdelighet, dgdelighet fra koronar hjertesykdom,
utvikling av hjerte- og karsykdom (kun for doser >1 gram langkjedede n-3 fettsyrer per
dag), koronar hjertesykdom, hjerteinfarkt, samt effekter pd fadselsvekt (kontinuerlig).
Konklusjonene for graderingen av evidensen for sammenhenger mellom langkjedede n-3
fettsyrer og helseutfall stgtter konklusjonene fra fisk og de samme helseutfallene.

For vitamin D er det funnet en sterk ssmmenheng ("sannsynlig") for samlet dgdelighet og
benbrudd/fall (basert p& Nordiske naeringsrekommendationer, 2012). Ingen sterke
sammenhenger ble funnet for verken jod, selen eller vitamin B12. VKM brukte
gjennomsnittlig behov (average requirements, AR) i den semikvantitative nyttevurderingen
av neeringsstoffer i fisk. Behovsfastsettelse er basert pa etablert kunnskap om en
sammenheng mellom jod og struma, selen og Keshan-sykdom, og vitamin B1> 0g pernisigs
anemi. Det kritiske endepunktet for behovsfastsettelse for vitamin D er beinhelse
(benbrudd). Det er ingen behovsfastsettelse tilgjengelig for de langkjedede n-3 fettsyrene. Vi
har imidlertid sammenlignet inntaket av summen av EPA og DHA med et adekvat inntak (AI)
basert pa kardiovaskulaer helse som er satt av EFSA (2010). VKM har gjort en semikvantitativ
nyttevurdering av langkjedede n-3 fettsyrer, vitamin D, jod, selen og vitamin B;> basert pd
andeler i befolkningen som har et inntak under henholdsvis gjennomsnittlig behov og
adekvat inntak.

Den semikvantitative vurderingen av summen av de langkjedede n-3 fettsyrene EPA og DHA
viser at 18 prosent av kvinner i alderen 18-45 3r og ti prosent av voksne menn og kvinner
(18-70 ar) med dagens inntak av fisk ligger under adekvat inntak for disse fettsyrene. I
fiskescenarioene, der vi anslar at alle deltakerne i kostholdsundersgkelsene har et bestemt
daglig inntak av fisk, far alle voksne et estimert inntak av EPA pluss DHA som er over det
adekvate inntaket.

Ved dagens inntak av fisk er det en relativt hgy andel personer som har et inntak av
vitamin D under gjennomsnittlig behov. Dette gjelder for alle aldersgrupper. Beregningene
for fiskescenarioene tyder pa at det 3 gke inntaket av fisk fra dagens niva til det som er
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anbefalt, vil fgre til en moderat gkning i vitamin D-inntaket pd populasjonsniva. En slik
gkning kan veere av saerlig betydning for de med sveert lavt inntak av vitamin D fra kosten.
For disse kan selv en liten gkning veere av vesentlig betydning. F.eks. har 67 prosent av
13--drige jenter et inntak under gjennomsnittlig behov med dagens fiskeinntak. Det ble
estimert at dette ble redusert til 50 prosent i scenario 3. For kvinner i alderen 18-45 &r gker
inntaket for de med det 5 prosent laveste inntaket fra 2,3 pg/dag med dagens fiskeinntak til
5,4 pg/dag i scenario 3.

Unge jenter og kvinner i alderen 18-45 ar har hgyest risiko for lavt inntak av jod. Ved dagens
inntak av fisk hadde 34 prosent av 13-&rige jenter, og 19 prosent av kvinner i aldersgruppen
18-45 &r, et inntak under gjennomsnittlig behov. Det ble estimert at 3 gke inntaket av fisk
opp til det gvre omradet av det anbefalte inntaket (450 gram fisk i uken) ville fgre til at alle
aldersgrupper og kjgnn, bortsett fra 1-dringer, far et inntak av jod som er over
gjennomsnittlig behov.

For selen er det unge jenter og kvinner i alderen 18-45 3r som har lavest inntak. Ved dagens
inntak har 71 prosent av 9-arige jenter, og 7 prosent av kvinner i alderen 18-45 ar, et inntak
under gjennomsnittlig behov. A gke inntaket av fisk opp til anbefalingene ble estimert & fgre
til at alle har et inntak over gjennomsnittlig behov for selen. Med dagens fiskekonsum er det
ingen spesifikke aldersgrupper som stdr i fare for & ha et inntak av vitamin Bi, som er under
gjennomsnittlig behov.

Kontaminanter

Fisk kan ogsa inneholde en rekke kontaminanter. VKM ble spesielt bedt om & inkludere
PCDD/F og DL-PCB-er, og PFAS-er, pd grunn av en betydelig reduksjon i talegrensene for
disse stoffene. VKM vurderte ogsa en omfattende liste over andre stoffer som det kunne
veere relevant d inkludere. Etter en trinnvis utvelgelsesprosess med fokus pd «bekymring i
forhold til fiskeinntak» og «eksponering nzer en eksisterende helsebasert referanseverdi»,
ble ogsd metylkvikksglv inkludert.

For kontaminanter i fisk er VKMs vurdering av ugunstige helseutfall basert pa
farekarakteriseringen og de tilhgrende talegrensene som EFSA har publisert (EFSA 2012;
2018; 2020). For metylkvikksglv har det kommet mange nye publikasjoner som har vurdert
sammenhengen mellom eksponering og ulike endepunkter etter at EFSA publiserte sin
risikovurdering i 2012. Basert pd en gjennomgang av systematiske oversikter for
metylkvikksglv bestemte imidlertid VKM seg for a bruke talegrensen fra 2012.

VKM har utfgrt semikvantitative risikovurderinger av PCDD/F og DL-PCB-er, PFAS-er og
metylkvikksglv basert p& andeler i befolkningen som har eksponeringer over de talegrensene
som er fastsatt av EFSA. Det kritiske endepunktet for PCDD/F og DL-PCB-er er redusert
spermiekonsentrasjon etter eksponering via mor under graviditet, og eksponering via
amming etter fadsel, i tillegg til eget matinntak i barndommen. For PFAS-er er vurderingen
begrenset til de samme fire PFAS-ene som dekkes av talegrensen: PFOA, PFNA, PFHXS og
PFOS. Den kritiske effekten for summen av disse fire PFAS-ene er effekter pa
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immunsystemet, malt som redusert vaksinerespons hos barn etter eksponering far og etter
fodsel. EFSA vurderte ogsd ulike sammenhenger mellom serumnivder av PFAS-er og flere
andre utfall, men fordi effektene pa immunsystemet oppstar ved lavest eksponering, er ikke
andre effekter vurdert i denne nytte- og risikovurderingen. Nevroutviklingseffekter hos barn
er den kritiske effekten for metylkvikksglv. Effekten ses hos barn som er eksponert via mor i
svangerskapet.

Den semikvantitative risikovurderingen av kontaminanter viser at en hgy andel (96 — 100
prosent) av den norske befolkningen overstiger talegrensen pé 2 pg TEQ/kg kroppsvekt/uke
satt for PCDD/F og DL-PCB ved dagens inntak av fisk. Den voksne befolkningen har en
gjennomsnittlig eksponering som er beregnet til & vaere 2,3 ganger hgyere enn talegrensen
ved dagens inntak av fisk. Fisk bidrar med 39 prosent av eksponering til PCDD/F og DL-PCB i
den voksne befolkningen. Av dette bidrar mager fisk med 6 prosent, fet fisk med 28 prosent
og lever og rogn med 5 prosent. Hvis fiskeinntaket gkes til anbefalt inntak, gkes
gjennomsnittlig eksponering for PCDD/F og DL-PCB-er for alle aldersgrupper. VKM har brukt
eksponeringsbergeninger for PCDD/F og DL-PCB-er som er konservative (sannsynlige
overestimater).

Den voksne befolkningen har en gjennomsnittlig beregnet PFAS-eksponering som er 1,7
ganger hgyere enn talegrensen ved dagens inntak av fisk. Andelen som overskrider
talegrensen er fra 44 til 100 prosent i de ulike aldersgruppene. For alle aldersgrupper er fisk
den viktigste bidragsyteren til summen av disse fire PFAS-ene (ca. 38 prosent for voksne).
Mager og fet fisk bidrar omtrent likt pd tvers av aldersgrupper, med litt hgyere bidrag fra
mager fisk hos voksne. Det er estimert at & gke inntaket av fisk til det hgyeste anbefalte
inntaket vil fare til en gkning i andelen som overskrider tdlegrensen, noe som vil gjgre at alle
voksne overskrider. Barn har hgye estimerte eksponeringer, bade i dagens situasjon og i de
beregnede scenariene, fra 1,5 ganger talegrensen i dagens situasjon for 9-aringer, til 4,8
ganger tdlegrensen for 2-aringer i scenario 3. Eksponeringsberegninger for PFAS er usikre pd
grunn av hgyt deteksjonsniva i analysemetodene.

Fisk og annen sjgmat er praktisk talt den eneste kilden til metylkvikksglv i Norge. Med
dagens inntak av fisk er det estimert at kun en liten andel av befolkningen overskrider
tdlegrensen for metylkvikksglv. VKM brukte en konservativ tilnaerming og antok at alt
kvikksglv i fisk og skalldyr er metylkvikksglv (sannsynlig overestimat). Ved endret fiskeinntak
i scenarioene vil det estimerte kvikksglvinntaket generelt synke. Dette er blant annet fordi
scenarioene er basert pd de mest spiste fiskeartene. Disse inneholder relativt lite kvikksglv.
Videre representerer det hgyeste scenarioet (scenario 3) en nedgang i fiskekonsumet for
personer som spiser velig mye fisk. Oppsummert er andelen som overskrider tdlegrensen for
metylkvikksglv enten null, eller sveert lav, for alle aldersgrupper i alle de tre scenarioene.

Oppsummering av konklusjoner og svar pa oppdraget
62 prosent av norske kvinner, og 58 prosent av mennene, oppgir at de spiser to eller flere

fiskemaltider i uken. Modellering tyder pa at en reduksjon i det ukentlige inntaket av fisk til
150 gram per uke, vil medfgre en gkning i antall arlige tilfeller, eller dgdsfall, for alle
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helseutfall som inngdr i modelleringen (dgd av hjerte- og karsykdom samlet, dgd av koronar
hjertesykdom og total dgd, samt nye tilfeller av koronar hjertesykdom, slag, demens,
Alzheimers sykdom og for tidlig fadsel). Effekten var stgrst pd hjerte- og karsykdom, kognitiv
svikt og for tidlig fadsel. Beregningene er en indikasjon pé at et lavt inntak av fisk er en
mulig helserisiko, og at man ved dagens fiskeinntak gar glipp av gunstige effekter av & spise
fisk.

Basert p& modellering vil et gkt inntak av fisk opp til anbefalt inntak, og spesielt mot det gvre
omradet av anbefalt inntak som er 450 gram per uke, redusere nye tilfeller av slag og
koronar hjertesykdom i befolkningen. Dette er folkehelsesykdommer som bidrar mye til
sykdomsbyrden i Norge. @kt inntak av fisk opp mot anbefalt inntak anslds ogsa a redusere
antall nye tilfeller av demens og Alzheimers sykdom. Begge disse er kognitive lidelser som
gker som fglge av en aldrende befolkning.

Andelen av befolkningen med et inntak av jod og selen under gjennomsnittlig behov vil ogsd
reduseres ved gkt inntak av fisk. Det lave inntaket av vitamin D vil ikke ngdvendigvis rettes
opp ved gkt fiskeinntak alene, men 3 gke fiskeinntaket, og spesielt inntaket av fet fisk, vil
kunne ha betydning for de med lavest vitamin D-inntak. I sum vil alle aldersgrupper, basert
pd semikvantitative vurderinger av naeringsstoffer, vaere tjent med 3 gke inntaket av fisk fra
dagens inntak til anbefalt inntak.

Samtidig vil gkt inntak av fisk til anbefalt inntak fgre til at eksponeringen for PCDD/F og DL-
PCB, og PFAS-er gker til et niva der nesten alle i alle aldersgrupper vil overskride
talegrensene. For voksne vil gkningen i overskridelse vaere moderat, dvs. fra 2,3 ganger
talegrensen ved dagens fiskeinntak til 2,8 ganger tdlegrensen i scenario 3 for PCDD/F og DL-
PCB, og fra 1,7 ganger talegrensen til 1,9 ganger talegrensen i scenario 3 for PFAS-er. I hvor
stor grad de kritiske effektene knyttet til eksponering for PCDD/F og DL-PCB og PFAS-er,
henholdsvis redusert spermiekonsentrasjon og redusert vaksinerespons hos barn, bidrar til
infertilitet og sykdomsbyrde er ikke beregnet, men mannlig infertilitet utgjgr en relativt liten
del av sykdomsbyrden i Norge. En redusert respons pa vaksinasjon hos barn brukes ofte som
en markgr for redusert immunrespons. Hvor god markgr vaksinerespons er for dette utfallet,
samt i hvilken grad en eventuell redusert immunrespons vil medfgre gkt risiko for
infeksjoner, er ikke kjent. Det er dessuten mange kilder til disse kontaminantene i det norske
kostholdet, s selv om et lavere inntaket av fisk sannsynligvis vil fgre til en viss reduksjon i
eksponeringen, er det trolig ikke tilstrekkelig til & f& eksponeringen ned under talegrensene.

VKM konkluderer med at det a spise fisk er gunstig, og at fisk beskytter mot flere helseutfall
som er viktige folkehelseutfordringer i Norge. For disse utfallene er evidensen gradert som
"sannsynlig"”, noe som karakteriseres som sterk evidens i henhold til WCRFs kriterier.
Evidensen for gunstige effekter av a spise fet fisk er svakere enn for det totale inntaket av
fisk. Evidensen blir imidlertid underbygget av sterk evidens («sannsynlig») for beskyttende
effekter av de langkjedede n-3 fettsyrene pa flere av de samme helseutfallene som for fisk.

VKMs konklusjon er basert pa systematiske kunnskapsoppsummeringer, og gradering av
evidens for ssmmenhenger mellom inntak av total fisk eller fet fisk og helseutfall ved bruk av
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etablerte kriterier. Vurderingen inkluderer ogsa en kvantitativ estimering av effekter av
fiskeinntak pd helseutfall med insidensrater og dgdelighet som felles maleenhet. I tillegg har
vi gjennomfart systematiske kunnskapsoppsummeringer for naeringsstoffer, og inkludert
semikvantitative vurderinger av naeringsstoffene langkjedede n-3 fettsyrer, vitamin D, jod,
selen og vitamin Bi2, og av kontaminantene PCDD/F og PCB-er, PFAS-er, og metylkvikksglv.

Generelt er utfallene som inngdr i den kvantitative analysen kroniske, folkehelsesykdommer
som rammer eldre aldersgrupper (unntatt for tidlig fgdsel). Disse sykdommene har imidlertid
lang latenstid. Kostvaner har ogsa en tendens til 8 etablere seg i ung alder og vedvare i
voksen alder. Disse faktorene stgtter at anbefalt inntak av fisk allerede i ung alder kan ha
betydning for inntak av fisk senere i livet, og for senere helsegevinst.

VKM konkluderer med at fordelene ved a gke inntaket av fisk opp til de anbefalte to til tre
middagsmaltidene per uke (tilsvarende 300-450 gram, inkludert minst 200 gram fet fisk hos
voksne) oppveier risikoen. Dette gjelder for alle aldersgrupper.
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Abbreviations and definitions

Abbreviations

ADHD Attention Deficit/Hyperactivity Disorder
AMSTAR A MeasSurement Tool to Assess systematic Reviews
AR average requirement

ASD Autism spectrum disorder

ATSDR Agency for Toxic Substances and Disease Registry
BFR Brominated flame retardants

BMI body mass index

bw body weight

CHD coronary heart disease

cl confidence interval

CINAHL Cumulative Index to Nursing and Allied Health
CNS central nervous system

CvD cardiovascular disease

DHA docosahexaenoic acid

DL-PCB dioxin-like PCB

DPA docosapentaenoic acid

DRI dietary reference intake

EAR Estimated average requirement

EAR estimated average requirement

EFSA The European Food Safety Authority

EMBASE Excerpta Medica Database

EPA eicosapentaenoic acid

EU The European Union

HBGV Health based guidance value

HCH Hexachlorocyclohexane

IARC International Agency for Research on Cancer
IOM Institute of Medicine
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1Q intelligence quotient

LB lower bound

LBW low birth weight

LCn-3FA long chain n-3 fatty acid

LoD level of detection

LOQ level of quantification

MC Monte Carlo (simulations)

MD mean difference

MEDLINE Medical Literature Analysis and Retrieval System Online
Mmi myocardial infarction

MoBa Norwegian Mother, Father and Child Cohort Study

MoE Margin of Exposure

MRL Minimal Risk Level

NASEM National Academies of Science, Engineering and Medicine
NNR Nordic Nutrition Recommendations

NOS Newcastle—Ottawa Scale

oM Observed individual mean

PCB polychlorinated biphenyl

PCDD polychlorinated dibenzo-p-dioxins

PCDF polychlorinated dibenzofurans

PFAS Poly- and perfluoroalkyl substances

PICO Population Intervention Comparison Outcome

POP Persistent organic pollutant

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO International Prospective Register of Systematic Reviews

PsychINFO Psychological Information Database

PTB preterm birth

PUFA polyunsaturated fatty acid
RBA Risk and benefit assessment
RCT randomized controlled trial
RI recommended intake
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RTI respiratory tract infection

SACN Scientific Advisory Committee on Nutrition, UK
SCF Scientific Committee on Food
SD Standard deviation

SGA small for gestational age

SRR Summary Relative Risk
T2DM type 2 diabetes mellitus

TEF Toxic equivalence factor

TEQ Toxic equivalent quantity
ToR Terms of Reference

TSH thyroid stimulating hormone
TWI tolerable weekly intake

UB upper bound

uIC urinary iodine concentration
UL tolerable upper intake level
WCRF World Cancer Research Fund
WHO World Health Organization
Definitions

Bioaccumulation

The gradual accumulation of substances, such as chemicals, in an organism. Bioaccumulation occurs
when an organism absorbs a substance at a rate faster than that at which the substance is lost or
eliminated by catabolism and excretion.

Biomagnification

The process by which a toxin or contaminant build up within predators such that each level of the
food chain has a greater concentration of the substance.

Dietary reference value
An umbrella term for a set of nutrient reference values (e.g. AR, Al, Rl and UL)

Congeners

Chlorinated organic compounds that share the same molecular backbone (such as biphenyls,
dibenzodioxins and dibenzofurans backbones) but which have a variable chlorination substitution
pattern on this backbone. Examples of compound groups that each contain many congeners are
polychlorinated biphenyls (PCBs, 209 congeners), polychlorinated dibenzodioxins (75 congeners),
and dioxin-like PCBs (12 congeners).
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Consumers only
A term that refers to a calculated value based on data from only those who reported consumption of
the specific food item.

Current fish intake

The term “current intake” is used for intake from the most recent national dietary surveys as
reported by the respondents, i.e. Norkost 3: 2010-2011, Ungkost 3: 2015/2016, Spedkost 3 and
Smabarnskost 3: 2019

Dioxin-like
A description used for compounds that have chemical structures, physico-chemical properties, and
toxic responses similar to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).

Food group

A food group is a collection of foods that share similar nutritional properties and/or have the same
usage. The food groups used in this assessment are grouped according to the KBS food groups (food
composition database, University of Oslo)

Habitual intake

The long-term mean intake of foods or nutrients for the group or individuals under study

IZ
A statistical measure of between-study heterogeneity used in meta-analysis.

Limit of detection (LOD)
A limit of detection is the lowest concentration of a substance that can be detected with a certain
degree of confidence using a validated analytical method.

Limit of quantification (LOQ)
The limit of quantification is the lowest concentration of a substance that can be quantified with a
required certainty using a validated analytical method.

Lower bound (LB) estimate

Lower bound estimates are calculated by setting analytical results below the limit of detection (LOD)
or limit of quantification (LOQ) of the analytical method to zero. The LB estimate represents an
underestimate of the true value.

Mixed model

The mixed model is a statistical model containing fixed and random effects. Mixed models allow
estimation of day-to-day variation in the modelled exposure for each survey participant and of
clustered variation between survey participants, and simulation of long-term chronic exposure. The
model is used to correct for day-to-day variation in the modelled exposure for each survey
participant, and for variation between survey participants.

Observed individual means (OIMs)
Observed individual means are arithmetic mean intakes for each individual over the dietary survey
days, often used as estimates of individual chronic exposure.

Prepared fish fillet
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Fish fillet that is ready to eat, without inedible parts, either with or with heat-treatment, according
to product.

Tolerable weekly intake (TWI)
The maximum intake of contaminants in food that can be consumed weekly over a lifetime without
risking adverse health effects (EFSA glossary).

Toxic equivalency factor (TEF)

A value representing the relative toxicity of PCDDs, PCDFs and DL-PCBs in relation to TCDD, which is
the most toxic compound in this category. The TEF approach for PCDD/Fs and DL-PCBs is based on a
common, receptor-mediated mechanism of action for these compounds. To include a compound in a
TEF scheme, the following criteria should be met: the compound should show structural relationship
to the PCDDs and PCDFs; it should bind to the aryl hydrocarbon receptor; it should elicit dioxin-
specific biochemical and toxic responses; it should be persistent and accumulate in the food-chain
(WHO, 2000).

Toxic equivalent (TEQ)

A weighted quantity measure based on the toxicity of each PCDD, PCDF and DL-PCB relative to
TCDD. TEQ for each PCDD, PCDF and DL-PCB is calculated by multiplying the concentration of each
congener with its corresponding TEF. The resulting concentration in TEQ for each congener can be
summarised as they express TCDD-like toxicities on a common scale.

Upper bound (UB) estimate

Upper bound estimates are calculated by setting analytical results below the LOD or LOQ equal to
the LOD or LOQ for the analytical method. The UB estimate represents an overestimate of the true
value.

Women of childbearing age

In this assessment this term refers to women aged 18 to 45 years.
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Background as provided by the
Norwegian Food Safety Authority

Fish contain nutrients that are positive for our health. At the same time, it contains varying
levels of undesirable substances that can have a negative effect on health. Undesirable
substances can be found in different levels in most types of food. A risk-benefit assessment
assesses both the nutrients and the undesirable substances and evaluate if it in total gives a
more positive effect to eat certain foodstuff than not, and possibly how much one should eat
to achieve optimal use of the positive health effects.

A risk-benefit assessment of fish has been conducted two times earlier by VKM. The reports
were published in 2006 and 2014. In 2006 VKM pointed out that consumption of fish had
positive effects on public health, especially because of the content of polyunsaturated fatty
acids and vitamin D. VKM also found that mainly mercury, dioxins and dioxin-like-PCBs
posed a potential risk when consuming fish in Norway. In 2014, VKM concluded that the
health benefits by eating fish clearly outweighed the risk of negative health effects from the
exposure to undesirable substances from fish. According to the committee it was well
documented that fish protects against cardiovascular disease. Further on, the report
concludes that fish contribute to a positive development of the neural system in the foetus
and in breastfed infants, and that they can miss out on these effects if the mother does not
eat enough fish (i.e. less than one dinner portion per week).

The role of NFSA is to warn the population against foods that can contain too high levels of
substances that can give negative health effects. In addition, the NFSA contributes in the
work to develop regulations and maximum levels (MLs) for contaminant in foodstuffs, which
also is a means to protect the population. The Norwegian Directorate of Health (NDH) gives
advice on diet that describes what one should eat to get the best possible health effects from
our diet.

After 2014, several new data relevant for a risk- benefit assessment of fish, has become
available. The Institute of Marine Research (IMR) has on commission from NFSA and others
collected occurrence data for undesirable substances and nutrients in fish species that we
did not have sufficient data on in earlier assessments. The Department of Nutrition at the
University of Oslo has, in collaboration with the Norwegian Institute of Public Health (NIPH),
NDH and NFSA, completed diet studies of children and adolescents (4-, 9-, and 13-year-
olds) in 2015-2016. In addition to more data available, the general knowledge has also
increased. Several tolerable weekly intakes (TWIs) for undesirable substances have been
revised by EFSA. The most important ones were published in 2018 and are summarized
below:

In November 2018, EFSA published a new risk assessment of the substance group dioxins
and dioxin-like-PCBs in food and feed. In this assessment, EFSA concluded that the
tolerable weekly intake level for this substance group should be lowered from 14 to 2 pg/kg
body weight/week. The new tolerable intake protects against reduced sperm concentration.
In the assessment EFSA also suggested that the WHO-TEF-value (which describes the
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relative toxicity of the substances in the group compared with the most toxic substance of
dioxins, 2,3,7,8-TCDD) for PCB-126 probably is too high and should be revised. A revision
will probably take at least one year. It is therefore important that the risk- benefit assessment
in fish can adjust to possible new WHO-TEF-values.

In December 2018, EFSA published a risk assessment of the perfluoroalkylated substances,
PFOS and PFOA in food. Also, in this assessment EFSA concluded that the health-based
guidance values should be lowered for both substances. For PFOS the TWI level was
lowered from 1050 to 13 ng/kg body weight/week. The new TWI protects against risk of
increased cholesterol in adults, and reduced effect of vaccines in children. For PFOA, the
TWI was reduced from 10500 to 6 ng/kg body weight/week. The new tolerable intake
protects against increased cholesterol. The conclusions in the assessment are provisional
until a second assessment of other PFAS is ready. It is therefore important that the risk-
benefit assessment of fish in the Norwegian diet can be adjusted to possible changes in the
PFAS TWI when the second assessment is published.

With regard to the new knowledge available, NFSA suggest that there is a need for a new
risk- benefit assessment of fish in the Norwegian diet.
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Terms of reference as provided by the
Norwegian Food Safety Authority

The Norwegian Food Safety Authority (NFSA) asks the Norwegian Scientific Committee for
Food and Environment (VKM) to conduct a risk- benefit assessment for fish consumption in
the Norwegian diet. In the assignment we ask VKM to answer the following questions:

Which health consequences will it have for the Norwegian population if they:
. Continue with the same consumption levels as of today

. Increase the consumption of fish to match the recommendations given by the
Norwegian Directorate of Health (NDH)!

VKM decides which substances and scenarios that should be included to conduct a relevant
risk-benefit assessment of fish consumption. The decisions need to be justified in the
assessment. The assessment of dioxins and dioxin-like-PCBs must be done in a manner that
allow for later adjustments if/when the toxic equivalency factor (TEF-) values is revised.
Perfluoroalkulated substances (PFAS) should also be assessed in a manner that makes it
possible to adjust the assessment to new health-based guidance values (tolerable intakes?).

Data gaps and insufficient data (e.g. too high limit of quantification, LOQ) should be made
visible in the assessment, this information will be useful for planning future data collection.

The risk- benefit assessment should be delivered in English with a Norwegian summary.

The assignment was updated in May 2022, after an agreement between NFSA and VKM on
leaving out the ToR regarding health consequences for the Norwegian population if they
reduce the consumption of fish and replaces parts or all of it with other foods in the diet.
Nutrients and contaminants have several important sources other than fish, and through the
work it became clear that a sophisticated approach is needed taking many aspects related to

1 “Eat fish for dinner two to three times a week. Also use fish as spread on bread. The advice equals
300-450 grams of fish filets during the week. At least 200 grams should be fatty fish like salmon,
trout, mackerel or herring. Six portions of fish used as bread spread equals approximately one portion
of dinner.” Matportalen.no (downloaded 09.04.19).

2 Tolerable intake (which is a health-based guidance value) describes the maximum intake of

substances in food, such as nutrients or contaminants, that can be consumed daily or weekly over a
lifetime without risking adverse health effects.
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dietary changes into consideration. This was not possible with the time and resources
available.
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1 Introduction

Fish and fish products are important basic foods with long traditions in the Norwegian diet
and a natural part of any meals, both as dinner and as spread on bread (bread spreads).
Fish is an important source of protein, and of marine long chain n-3 fatty acids (in this report
named LC n-3 FA) and a variety of vitamins and minerals, but fish may also contain
contaminants.

In 2006, VKM published “A comprehensive assessment of fish and other seafood in the
Norwegian diet”. The assessment supported the general Norwegian recommendation to eat
more fish both for dinner and on sandwiches. In 2014, VKM published an update of the
benefit and risk assessment of fish published in 2006 (VKM, 2014). In the 2014 assessment,
VKM concluded that “the benefits clearly outweigh the negligible risk presented by current
levels of contaminants and other undesirable substances in fish”. VKM stated that adults,
including pregnant women, may miss the beneficial effects if they consume less than one
serving of fish per week. The beneficial effects were related to reduced risk of cardiovascular
diseases, cardiac mortality, and to improved neurodevelopmental outcomes from maternal
fish consumption (VKM, 2014).

In 2018 and 2020; new tolerable weekly intakes (TWI) for the dioxins and dioxin-like PCBs
(referred to in this report as PCDD/F and DL-PCBs), and perfluorinated substances (referred
to as PFASs) were markedly reduced by the European Food Safety Authority (EFSA) (EFSA,
2018; EFSA, 2020). It was expected that the intake of these contaminants in the Norwegian
population, like the populations in other European countries, will exceed the new TWIs. From
previous opinions, it was anticipated that the food group fish is the most significant
contributor to these contaminants in the Norwegian diets, but also to vitamin D, iodine and
LC n-3 FA, all nutrients with very few natural sources in the diet, and intakes generally
known to be scarce in the Norwegian population.

A new benefit and risk assessment of fish was warranted. To provide high confidence of the
evidence, we have conducted systematic literature reviews of the associations between fish
intake and a wide range of health outcomes relevant to public health. We aimed to identify
scientific literature for all relevant beneficial and adverse health outcomes related to fish in
the diet and have weighted the overall evidence for each of these outcomes in accordance
with international criteria. In addition, we have assessed positive health effects from
nutrients in fish, and adverse health effects from contaminants in fish.

A protocol for this benefit and risk assessment was published in February 2020 after a public
consultation. As described in the protocol, we have followed a tiered approach as suggested
by EFSA’s Guidance on human health risk-benefit assessment of foods (EFSA, 2010) and the
later more refined Benefit-Risk Analysis for Foods (BRAFO) tiered approach for benefit and
risk assessment of foods by Hoekstra and colleagues (Hoekstra et al., 2012). A quantitative
modelling with incidence and mortality as common metrics is used to estimate how changes
in fish intake from current intake to three constructed intake scenarios may change disease
incidence and mortality. The three constructed scenarios include two where the fish intake is
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based on the recommendations as given in the mandate, and one which expands beyond the
mandate, where the fish intake is lower than the recommended intake.

1.1 Scope

The scope of this benefit and risk assessment of fish in the Norwegian diet is to give the
Norwegian Food Safety Authority (NFSA) a scientifically based answer to the two questions
asked in the revised terms of reference. The answers are based on systematic reviews and
weight of evidence for fish and relevant health outcomes, and internationally established
methods for quantitative modelling with incidence and mortality as common metrics.

1.2 Delimitations
VKM have done the following delimitations in the present benefit and risk assessment:

e The exposure assessment of fish intake includes fish and fish products, and not other
seafood

e The systematic literature review of associations between fish intake and health
outcomes does not include risk factors or biomarkers considered to be intermediate in
the disease process, e.g., changes in blood pressure or blood lipids, which are
important risk factors for endpoints such as stroke, coronary heart diseases and
mortality (outcomes that are included in this opinion). However, as semen quality is
the critical endpoint for the tolerable weekly intake for PCDD/Fs and DL-PCBs, and
vaccination response is the critical endpoint for PFAS, it was necessary to include
these intermediate risk factors in addition to fertility

e VKM could not include the single compounds (nutrients and contaminants) in fish in
the quantitative benefit and risk assessment modelling due to limitations in available
methodology. However, nutrients and contaminants are treated at a lower tier, in a
semi-quantitative manner, since NFSA had specifically requested that the assessment
should cover the new TWIs set by EFSA

e Lastly, fish consumption also has impact on fish biodiversity and on the environment.
This will also impact the weighing of benefits and risks of fish in the Norwegian diet
in a broader perspective, but this is outside the scope of this assessment

1.3 How to read the assessment

As this benefit and risk assessment of fish is very comprehensive, to guide the reader, we
have listed the main content in the chapters below:

Chapter 2: description of the current recommendations for fish intake, which nutrients and
contaminants have been included for this benefit and risk assessment of fish, and the
established reference values for these compounds (i.e., average requirements for nutrients
and tolerable weekly intakes for contaminants).

Chapter 3: description of methods for systematic literature reviews of primary studies and
previous systematic reviews, including description of inclusion criteria for health outcomes,
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search strategies, study selection, study quality assessment, and the meta-analysis methods
and weight of evidence criteria used for this report.

Chapter 4: presents results of systematic literature review and weight of evidence analyses
for associations between fish intake and health outcomes. Included health outcome
categories are CVD and mortality (all-cause, and cause-specific), neurodevelopment and
cognition/mental health, birth outcomes, type 2 diabetes, bone health, anthropometry, and
immune-related outcomes.

Chapter 5: results of systematic literature review and weight of evidence analyses for the
associations between nutrients in fish and selected health outcomes, with a main focus on
marine n-3 fatty acids and vitamin D, but also including iodine, selenium and vitamin Bi..

Chapter 6: description of adverse effects of the contaminants in fish, summarised from the
published EFSA opinions on dioxins and DL-PCBs, PFASs and methyl mercury, with focus on
the critical effects used to determine the TWIs.

Chapter 7: description of food databases (i.e., concentration data for the included nutrients
and contaminants) and dietary survey data used for calculating fish intake and intake of
nutrients and contaminants in fish.

Chapter 8: presentation of estimated current fish intake in the Norwegian population and
estimated current intakes of included nutrients and contaminants from the total diet, and the
contribution to the intake resulting from fish consumption.

Chapter 9: presentation of

1) the results of the scenarios for fish consumption

2) quantitative benefit and risk assessment of fish and selected health outcomes (related to
the weight of evidence conclusions for fish in Chapter 4 and fish consumption estimates from
Chapter 8)

3) semi-quantitative benefit assessment of nutrients in fish (related to average requirements
described in Chapter 2, nutrient intake estimates from Chapter 8, and the weight of evidence
conclusions for nutrients in Chapter 5)

4) semi-quantitative risk assessment of contaminants in fish (related to tolerable weekly
intakes described in Chapter 2 and contaminant intake estimates from Chapter 8).

Chapter 10: comparison of benefits and risks presented in Chapter 9.

Chapter 11: outline of uncertainties in all the elements relevant for the conclusions in this
benefit and risk assessment of fish.

Chapter 12: conclusions and answer to the terms of references.

Chapter 13: data gaps and needs for further research that have been revealed during the
preparation of the opinion, including descriptions of how and why the data gaps needs to be
filled.

VKM Report 2022: 17 30



1.4 Previous assessments

Several previous benefit and risk assessments of fish and other seafood have been
conducted in Norway and internationally. Generally, previous reports have concluded that
fish consumption overall benefits health.

Short summaries of previous reports from VKM and EFSA can be found in Chapter 21,
Appendix VIII (VKM, 2006; VKM, 2014; EFSA, 2014; EFSA, 2015; VKM, 2019). For a more
comprehensive overview of other benefit and risk assessments of fish and other seafood
published since 2000, we refer to the scoping review by Thomsen and colleagues published
in 2021 (Thomsen et al., 2021).
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2 Recommendations for fish
consumption and reference values
for selected nutrients and
undesirable substances

2.1 Recommendations for fish consumption

In 2011, the Norwegian National Council for Nutrition published the report “Dietary advice to
promote public health and prevent chronic diseases in Norway” (Norwegian National Council
for Nutrition, 2011). Based on this report, the Norwegian Directorate of Health published
guantitative recommendations for fish intake, recommending fish as dinner meal 2-3 times
per week for all age groups (Norwegian Directorate of Health, 2014). Fish as bread spread is
also recommended. Translated into grams the recommendation represents 300-450 g
prepared fish per week for adults, and less for children. For adults, at least 200 g is
recommended as fatty fish. Six portions of bread spreads represent approximately one
dinner portion.

To derive recommended fish intakes for children for this benefit and risk assessment, we
have scaled down the recommended intake in adults using energy adjustment. Based on the
reference energy requirement for men (11.7 MJ) and women (9.4 MJ) with average activity
level (NNR, 2012), a reference energy intake was set to 10 MJ/day (100%) in adults and the
recommended fish intakes of 300-450 g total fish and 200 g fatty fish per week, gave scaling
factors of 30 g/MJ, 45 g/MJ and 20 g/MJ, respectively. Reference energy intakes in children
were based on Nordic Nutrition Recommendations (NNR) (2012) using the average of girls
and boys for an average physical activity level. The recommended intake in adults and
estimated recommended fish intakes in children (Table 2.1-1) are used for comparison with
current fish intake and the fish intake scenarios (in Chapter 9).

Table 2.1-1 Estimations of recommended intake of total fish and fatty fish for children and
adolescents where no quantitative recommendations on fish are available (g/week). The estimations
are based on recommendations for adults.

Energy Proportion to Estimated Estimated Estimated
requirement estimate recommended  recommended recommended
MJ/day NNR recommended | intake of total | intake of total intake of fatty
fish intake for | fish g/week, fish g/week, fish g/week,
children and based on adult | based on adult based on adult
adolescents recom- recom- recom-
based on mendation of mendation of mendation of
recommend- 300 g/week 450 g/week at least
dations for 200 g/week
adults
Adults (ref) 10 100% 300 450 200
13-year-olds 9.6 96% 288 432 192
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Energy Proportion to Estimated Estimated Estimated
requirement estimate recommended  recommended recommended
MJ/day NNR | recommended | intake of total | intake of total intake of fatty
fish intake for | fish g/week, fish g/week, fish g/week,
children and based on adult based on adult based on adult
adolescents recom- recom- recom-
based on mendation of | mendation of mendation of
recommend- 300 g/week 450 g/week at least
dations for 200 g/week
adults
9-year-olds 7.4 74% 222 333 148
4-year-olds 5.7 57% 171 257 114
2-year-olds 4.3 43% 129 194 86
1-year-olds 34 34% 102 153 68

In addition to the general recommended intake of 300-450 g fish per week, the national food
safety authorities continuously issue regional advice to restrict consumption of fish from
certain polluted lakes, fjords, and harbours as well as fish species or fish liver known to have
high concentrations of pollutants . Several of such warnings are directed to pregnant and
lactating women.

The basis for the quantitative recommendations in Norway is described in more detail in the
report “Dietary advice to promote public health and prevent chronic diseases in Norway”
(Norwegian National Council for Nutrition, 2011). In brief, recommendations are based on a
summary of systematic literature reviews, meta-analyses, other reviews, statement papers
and Cochrane reports published between 2000 and 2010.

A new edition of the Nordic Nutrition Recommendations (NNR) will be published in 2023.
This edition will be the basis for new food-based dietary guidelines in Norway.

In July 2021, the US Food and Drug Administration (FDA) and the US Environmental
Protection Agency (EPA) issued an updated advice for fish consumption encouraging women
of childbearing age, pregnant women, and breastfeeding mothers to eat 2-3 servings of fish
low in mercury per week and young children to eat 2 servings of fish low in mercury per
week (EPA/FDA, 2021).

EFSA suggested that recommendations for fish consumption are issued on national or local
levels because of great variations in fish consumption and in concentrations of contaminants
in the various fish species among member states (EFSA, 2015).

2.2 Dietary reference values for comparison for selected
nutrients in fish

The sections below give an overview of relevant dietary reference values established by
various competent bodies for the selected nutrients included for this benefit and risk
assessment.

For the purpose of comparison with the levels of nutrient exposures described in Chapter 8.3
for current exposures and Chapter 9.3 in the scenarios, the dietary reference value average
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requirement (AR) is used in the semi-quantitative benefit assessment of the included
nutrients. This is in line with a proposal for harmonised dietary reference values from WHO,
FAO and National Academies of Science, Engineering and Medicine (NASEM), where AR and
tolerable upper intake level (UL) are considered the core nutrient intake reference values for
evaluating adequacy and safety for population groups (Allen et al., 2020). The US Institute
of Medicine (IOM) has recently been renamed and incorporated into NASEM. Thus, all DRI
reports through 2011 were published by IOM, while all subsequent reports are published by
NASEM. The US term estimated average requirement (EAR) equals the average requirements
(AR).

The AR/EAR is the primary reference value for evaluation of nutrient intakes, and the
recommended intake (RI), lower intake (LI) and tolerable upper intake level (UL) can be
used as complementary values (NNR Project Group, 2012).

AR/EAR is defined as an intake that is estimated to meet the requirement of approximately
half the population of healthy individuals in a life stage and gender group (i.e., median
requirement). RI (equal to PRI — population reference intake) is derived by adding two
standard deviations to AR/EAR and is defined as the average long-term intake level of a
nutrient that is estimated to meet the requirement of and maintain good nutritional status in
almost all healthy individuals in a group.

Lower threshold Average requirement  Population reference
intake intake

percentage of population

N 2sd | 2sd e

individual requirement

A
Y

Figure 2.2-1 Population reference intake (PRI) and average requirements (AR), if the requirement has
a normal distribution and the inter-individual variation is known (EFSA, 2010a).

Generally, UL is the maximum level of total chronic daily intake judged to be unlikely to pose
a risk of adverse health effects (SCF, 2002). UL is considered relevant as reference value for
comparison when evaluating fortifications of foods and drinks or food supplements but is not
considered relevant for evaluating nutrients related to fish consumption or other foods that
are not fortified with vitamins or minerals or do not contain extreme concentrations.

2.2.1 Inclusion and exclusion of nutrients

The project group has defined general inclusion/exclusion criteria for nutrients included in
this benefit and risk assessment. These criteria are given in Table 2.2.1-1.

Table 2.2.1-1 Criteria for inclusion or exclusion of nutrients.
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Criteria for inclusion

Criteria for exclusion

e Fish is an important source of the

nutrient intake

AND

e Good and consistent evidence

exists for a beneficial health effect

of the nutrient

e Fish is not an important source of the nutrient
intake

e Lack of evidence for beneficial health effect and/or
exposure

Fish as “important source” was defined by the project group as at least 20% contribution
from fish to the total mean dietary intake of a specific nutrient (not including contribution
from food supplements). According to intake calculations in adults for all nutrients fish
contributed >20% to the total intake of long chain n-3 fatty acids (LC n-3 FA), vitamin D,
iodine, selenium, and vitamin Bi, from foods excluding supplements.

Table 2.2.1-2 gives an overview of contribution from fish and fish products to the total
intake of nutrients contained in the Norwegian food and nutrient database and calculation
system KBS (KBS-AE18) estimated for adults (mean of two registration days, Norkost 3).

Table 2.2.1-2 Overview of mean contributions in percent from fish to the total dietary intake of
nutrients (Norkost 3), excluding food supplements.

Nutrient | Women, 18-70 years Men, 18-70 years
n= 925 n= 862
% contribution from fish | % contribution from fish
EPA 39 42
DHA 38 42
DPA 23 23
Selenium 23 24
Iodine 22 24
Vitamin B1 22 24
Vitamin D 20 21
Vitamin E 7 8
Phosphorus 7 7
Potassium 5 6
Magnesium 4 5
Copper 4 4
Zink 3 4
Retinol 3 3
Folate 2 3
Iron 2 3
Calcium 2 2

In the sections below, we have given a brief summary of the derivation of AR for LC n-3 FA,

vitamin D, iodine, selenium, and vitamin Bi for adults and AR for vitamin D for children from

the NNR (2012). AR for children for iodine, selenium, and vitamin B, are derived from the
Institute of Medicine, USA, as NNR has only established ARs for children for vitamin D.
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EFSA has established more recent adequate intakes (AI), but no ARs are available for our
selected nutrients in the EFSA opinions. Al is the value estimated when a RI cannot be
established because an average requirement cannot be determined. Al is the average
observed daily level of intake by a population group that is assumed to be adequate (EFSA,
2017). The AlIs for vitamin D, iodine, selenium, and vitamin Bi, from EFSA, are in the same
orders of magnitude as the RIs from NNR given in Table 2.2.7-2 below.

We have, additionally, presented the recommended intakes (RI) for the selected nutrients.
We have only presented recommended intakes for adults, and only the present Norwegian
recommendations which are based on NNR (2012). These reference values are, however,
not used in our benefit and risk characterisation.

2.2.2 LC n-3 fatty acid requirement

LC n-3 FAs are commonly known as the fatty acids, eicosapentanoeic acid (EPA),
docosapentanoeic acid (DPA) and docosahexanoeic acid (DHA). No AR or RI have been
established for EPA, DHA or total LC n-3 FAs.

In NNR (2012), a recommendation is given that energy from n-3 fatty acid (including a-
linolenic acid (ALA), as well as the marine LC-n-3 FAs) should be above 1% of the total
energy intake, but no specific requirement or recommendation is given for the LC n-3 FAs.

In 2012, based on considerations of cardiovascular health, EFSA set an Al of 250 mg for EPA
plus DHA for adults. For infants and young children (6-24 months) an Al for DHA was set at
100 mg (EFSA, 2010b).

For the total LC n-3 FAs (EPA, DPA, and DHA), no values for comparison with exposure
estimates are presented in Chapter 9.3. VKM use the Al established for EPA plus DHA by
EFSA (2010b) for comparison to exposures in adults presented in Chapter 9.3.

In addition, the inclusion of LC n-3 FAs in this benefit and risk assessment of fish is based on
weight of evidence for specific health outcomes related to EPA, DHA or total LC n-3 FAs (see
Chapter 5.2).

2.2.3 Vitamin D requirement and recommended intakes

Bone health is the selected indicator to form the basis for reference values for vitamin D
intake in NNR (2012). The selection of bone health as indicator is based on a thorough
evidence-based systematic reviews for all potential health endpoints for vitamin D (IOM,
2011, Lamberg-Allardt, 2013).

IOM (2011) considered calcium absorption together with bone mineral density, rickets, and
osteomalacia to establish an optimal serum 25-hydroxyvitamin D (250HD) concentration, the
preferred marker of vitamin D-status reflecting both dietary intake and cutaneous production
of vitamin D. IOM found congruence among these outcomes with a plateau of the effect
between 30 and 40 nmol/L and no additional benefits of serum 250HD concentrations higher
than 50 nmol/L. IOM suggested that this level is consistent with an “recommended dietary
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allowance-type” reference value in that this level appears to cover the needs of 97.5% of the
population. A serum 250HD concentration <30 nmol/L is regarded as indicating deficiency
and between 30 nmol/L and 50 nmol/L is considered an insufficient vitamin D status (IOM,
2011). For the population, 40 nmol/L was consistent with the median requirement. In NNR
(2012), a serum 250HD concentration of 50 nmol/L is used as an indicator of sufficiency, a
concentration of 30-50 nmol/L is considered to indicate insufficient status and a
concentration of <30 nmol/L indicate vitamin D-deficiency.

NNR set AR for children and adults to be 7.5 pg/day. The identical ARs across age groups
are notable and reflect the concordance of serum 250HD levels with the integrated bone
health outcomes as well as the lack of an age effect on the simulated dose-response (IOM,
2011).

In NNR (2012) some contribution of vitamin D from outdoor activities during the summer
season is taken into account. This is in line with normal, everyday life and with
recommendations on physical activity. It is however stated that a higher intake might be
necessary in groups with limited sun exposure, limited access to outdoor activities, or skin
pigmentation. In general, studies suggest that mean concentration of 250HD is well above
50 nmol/L in the Norwegian population (Itkonen et al., 2021). However, there are seasonal
variations, and a higher proportion of the population has concentration <50 nmol/L during
winter. In addition, much lower concentrations have been reported in immigrants from Asia
and Africa compared to the majority population.

For this benefit and risk assessment of fish consumption, VKM use the AR established by
NNR. The ARs for vitamin D for adults and children that are used for comparison to
exposures presented in Chapter 9.3 are given in Table 2.2.7-1. The Norwegian
recommendations for intake of vitamin D is given in Table 2.2.7-2.

2.2.4 Iodine requirement and recommended intakes

In IOM (2001), the thyroid iodine accumulation and turnover were used to set the EAR. The
normal thyroid gland takes up the amount of circulating iodine necessary to make the proper
amount of thyroid hormone for the body's needs. Assuming iodine equilibrium, the mean
daily thyroid iodine accumulation and release are similar. Thus, the average daily uptake and
release (turnover) of iodine in the body can be used to estimate the average requirement of
iodine, provided that the subjects tested have adequate iodine status and a normal thyroid
gland function. Turnover studies are based on the intravenous administration of '3'I and the
calculation of thyroid iodine accumulation from measurements of thyroidal and renal
radioiodine clearances, urinary iodine excretion and fractional thyroidal release rate. Over
90% of dietary iodine is excreted in the urine (Nath et al., 1992; Vought and London, 1967
in IOM 2001). IOM (2001) proposed the following equation to calculate daily iodine intake
from the urinary iodine concentration (UIC):

Daily iodine intake = UIC (pg/L) x 0.0235 x body weight (kg)
The equation assumes that 92% of dietary iodine is absorbed. Although body weight is

poorly correlated with urine volume in adults, the equation is a good approximation

VKM Report 2022: 17 38



considering an average 24-h urine volume of 1.5 L/day in adults. Alternatively, daily iodine
intake can be estimated from UICs by estimating the daily urinary iodine excretion by means
of the urinary creatinine concentration.

In a systematic literature review obtained prior to NNR (2012) aiming to summarise the
scientific basis for the previous iodine recommendation in the Nordic countries
(Gunnarsdottir and Dahl, 2012), the iodine requirement to prevent goiter was estimated to
be 50-75 pg/day for adult women and men, and the AR was estimated to be 100 pg/day, an
intake level at which the iodine concentration in the thyroid gland reaches a plateau. The
NNR expert group also evaluated the scientific rationale for the recommended increased
iodine intake during pregnancy and lactation from WHO (Gunnarsdottir and Dahl, 2012). In
pregnancy, a higher iodine intake is recommended to cover for the higher thyroid hormone
production and simultaneously increased excretion in the urine (Andersen and Laurberg,
2016). A higher iodine intake is also recommended during lactation to ensure sufficient
iodine in the breast milk.

The AR/EARs for iodine for adults and children that are used for comparison to exposures
presented in Chapter 9.3 are given in Table 2.2.7-1. The Norwegian recommendations for
intake of iodine is given in Table 2.2.7-2.

2.2.5 Selenium requirement and recommended intakes

Keshan disease is a cardiomyopathy that occurs in children, and it is the only human disease
that is firmly linked to selenium deficiency (IOM, 2000). The disease occurs with varying
frequency in areas of China where the population is severely selenium-deficient (intake <20
Mg/day) and selenium supplementation was able to prevent the condition (Ge et al., 1983).
Twenty-five genes code for selenoproteins in which selenium is found as selenocysteine.
Many selenoproteins are enzymes with important functions catalysing red/ox reactions.
These selenoproteins require selenium for their synthesis and for maintenance of their
activities in tissues. Several studies indicate that a higher intake than that preventing Keshan
disease is beneficial for health, however, there have not been studies that can be used as a
basis to determine selenium requirement in humans.

In the absence of a health indicator for determination of the selenium requirement, two
plasma selenoproteins (glutathione peroxidase3 and selenoprotein P) can serve as indicators
of selenium status. These plasma selenoproteins have been measured in individuals
consuming varying amounts of selenium and have been used as basis for determination of a
required intake of selenium. The SELENOP concentration was optimized by a daily intake of
49 pg and GSHPX3 activity was optimized by a daily intake of 35 pug (NNR, 2012).
Translating the results of the Chinese intervention study to Nordic conditions and correcting
for average body size, the recommended intake in the Nordic countries should be 60 pg/d
for men and 50 pg/day for women (NNR, 2012). NNR (2012) set an AR of 30 and 35 ug/day
for women and men, and it appears that the NNR (2012) without any further explanation
based this on the optimization of GSHPX3 as NNR did in 2004. IOM (2000) established EAR
for adult men and women (19-50 years) at 45 ug/day.
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No data were found on which to base EARs for selenium for children or adolescents. EARs
for children and adolescents from IOM were extrapolated downward using an adjustment for
metabolic body size and growth. The formula for the extrapolation is given:

EARid = EARaduit X (weightchi|d/weightadu|t)°-75 X (1+growth factor)

NNR (2012) set AR to be 30 pg/day for women, and 35 ug/day for men. NNR and IOM have
concluded differently regarding AR/EAR for selenium. There is no explanation given for this
difference. For this benefit and risk assessment of fish consumption, VKM will use the AR
established by NNR for adults, and the EAR established by IOM for children and adolescents.

The AR/EARSs for selenium for adults and children that are used for comparison to exposures
presented in Chapter 9.3 are given in Table 2.2.7-1. The Norwegian recommendations for
intake of selenium is given in Table 2.2.7-2.

2.2.6 Vitamin Bi12 requirement and recommended intakes
An AR is derived for vitamin B1, (cobalamin) by IOM (1998) and NNR (2012).

In IOM (1998), no single indicator was judged to be a sufficient basis for deriving an EAR for
vitamin By, for adults. To determine the amount of vitamin B> needed to maintain adequate
hematological status (stable hemoglobin value, normal MCV and normal reticulocyte
response), serum B2 values in persons with pernicious anemia or with known intakes that
were very low in dietary vitamin B2, were used for deriving an EAR. It was the only
approach for which there were sufficient and reliable data. Data on men and women were
examined together because of small numbers.

The major cause of vitamin Bi> deficiency is pernicious anemia, and the hematological effects
of vitamin By, deficiency are indistinguishable from those of folate deficiency. Neurological
complications are present in 75-90% of individuals with clinically observable vitamin B,
deficiency and may be the only clinical manifestation of vitamin B1, deficiency. Vitamin B1
deficiency is also frequently associated with various gastrointestinal discomforts, including
sore tongue, appetite loss, flatulence and constipation (IOM, 1998).

In IOM (1998), the EAR for vitamin B, for adults was set to be 2 pg/day for both men and
women. Data to set EAR for children were considered to be insufficient, and EAR for children
and adolescents were extrapolated down from adult values and rounded up. The formula for
the extrapolation is given:

EARchid = EARadut X (weightcnia/weightaqur)®”> x (1+growth factor)

In NNR (2012), the AR for vitamin By, for adults was set to be 1.4 pg/day. NNR and IOM
have concluded differently regarding AR/EAR for vitamin Bi,. There is no given explanation
for this difference. For this benefit and risk assessment of fish consumption, VKM will use the
AR established by NNR for adults, and the EAR established by IOM for children and
adolescents.
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The AR/EARs for vitamin B> for adults and children that are used for comparison to
exposures presented in Chapter 9.3 are given in Table 2.2.7-1. The Norwegian
recommendations for intake of vitamin Bi; is given in Table 2.2.7-2.

2.2.7 Summary of reference values for comparison for the selected
nutrients

Fish is an important source in the diet for LC n-3 FA (EPA, DHA and DPA), vitamin D, iodine,
selenium, and vitamin Bi2, and more than 20% of the total intake of these nutrients are
derived from fish.

There are various dietary reference values for the micronutrients, and AR/EAR are
considered the core nutrient intake reference values for evaluating population intakes for
vitamins and minerals (Allen et al., 2020). Summary of average requirements for vitamin D,
iodine, selenium, and vitamin B, from NNR (2012) and IOM (2001, 2000 and 1998) used for
comparison with exposure estimates presented in Chapter 9.3 are given in Table 2.2.7-1. No
ARs have been derived for either EPA, DHA or total LC n-3 FAs.

Table 2.2.7-1 Average requirements for vitamin D, iodine, selenium, and vitamin B12 used for
comparisons with exposure estimates presented in Chapter 9.3. All the values for adults and the value
for vitamin D for children and adolescents are from NNR (2012). The other values for children and
adolescents are from IOM (2001, 2000 and 1998).

Population Vitamin D Iodine Selenium Vitamin Bi>
group ng/day ng/day ng/day Hg/day
Men, 19-<70y 7.5 100 35 1.4
Women, 19-<70y 7.5 100 30 1.4
Pregnancy 7.5 160 49 2.2
Lactation 7.5 209 59 2.4
Boys, 14-18y 7.5 95 45 2.0
Girls, 14-18y 7.5 95 45 2.0
Boys, 9-13y 7.5 73 35 1.5
Girls, 9-13y 7.5 73 35 1.5
Children, 4-8y 7.5 65 23 1.0
Children, 1-3y 7.5 65 17 0.7

The recommended intakes (RI) for vitamin D, iodine, selenium, and vitamin B, based on
NNR (2012) are given in table 2.2.7-2. No recommended intakes have been established for
either EPA, DHA or total LC n-3 FAs in Norway, but EFSA has established an Al for EPA plus
DHA (EFSA, 2010b) at 250 mg/day.

Table 2.2.7-2 Norwegian recommendations for intake of vitamin D, iodine, selenium, and vitamin Bi2
based on NNR (2012) and AI for LC n-3 FA from EFSA (2010b).

Population Vitamin D Iodine Selenium Vitamin Bi> EPA+DHA,
group Hg/day ng/day ng/day Kg/day mg/day
>75y 20 - - - -

Men, 18-<70y 10 150 60 2 250
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Population Vitamin D Iodine Selenium Vitamin B> EPA+DHA,
group ng/day ng/day Hg/day ng/day mg/day
Women, 18-<70y 10 150 50 2 250
Children, 10-13y 10 150 40 2 =
Children, 6-9y 10 120 30 1.3 -
Children, 2-5y 10 90 25 0.8 =

2.3 Established tolerable intakes for contaminants in fish
2.3.1 Inclusion and exclusion of contaminants

The present subchapter explains the considerations around selection of contaminants to
include or exclude from the present benefit and risk assessment of fish consumption in
Norway. The contaminant groups dioxins and dI-PCBs, and PFASs, were listed in the
mandate from the NFSA and are therefore to be included in the present benefit and risk
assessment. According to the terms of reference, it was up to VKM to decide which
additional substances to include in the assessment.

As a starting point, a long list covering a wide range of possibly relevant substances was
suggested for consideration by members of the project group and members of the Scientific
steering committee (Chapter 18 Annex III). These suggestions were made based on general
knowledge on toxic substances possibly present in fish. VKM made a selection following a
decision process as outlined in the text below and in Figure 2.3.1-1. For completeness, also
the substance groups already outlined in the mandate were included in the selection process.

1. Is the compound of concern in relation Do not include in benefit and risk assessment,
to fish intake? No provide reason for exclusion
Yes

Do not include in benefit and risk assessment,
provide reason for exclusion

2. Is fish an important source of this
compound in Norway?

Yes

—
No

. Do not include in benefit and risk assessment,
3. Has the compound been risk assessed? No— - .
provide reason for exclusion

Yes +

.
.
.
e

4, Is an updated assessment
needed?
No

|

5. Can exposure from fish be close to the
existing HBGV/MoE? No

Yes Include in benefit and risk assessment

Yes——— Highlight data gap

Figure 2.3.1-1 Flow chart describing the decision process for inclusion or exclusion of
candidate contaminants for the benefit and risk assessment of fish in the Norwegian diet.
Grey boxes are questions that require an evaluation, yellow boxes are steps that require
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further action, and the green and red boxes are the final steps. HBGV: health-based
guidance value, MoE: margin of exposure.

The first question that was asked for each compound or group is whether the compound is
of concern in relation to fish intake, i.e., whether the compound is normally found in fish
species that are consumed as food in Norway, and further, if fish is an important source for
this compound in Norway. If the answer to one or both of these questions were ‘no’, VKM
considered this as reasons not to include the compound in the benefit and risk assessment.
If the answer to both questions were ‘yes’ we moved to the next question in the flowchart.

The third was whether the compound has been assessed previously, i.e., if there is an
established Health Based Guidance Value (HBGV, e.g., tolerable daily intake; TDI, tolerable
weekly intake; TWI) or a safe Margin of Exposure (MoE) for the compound. If the answer
was ‘yes’, we moved to the fourth question. If the answer was ‘no’, the next step would be
to highlight the need for a risk assessment as a data gap in the assessment.

Question four was whether an updated assessment is needed, i.e., if there is new
knowledge/data available that could justify a new HBGV/MoE. If the answer to this question
was ‘yes’, the next step would again be to highlight the need for a new risk assessment as
data gap. If the answer was ‘no’, we moved to the next question.

Question five was to consider if exposure to the compound (from fish intake) can be close to
the HBGV or MoE. If the answer to Q5 was ‘yes’, then VKM concluded that the compound
should be included in the benefit and risk assessment. If the answer to the question was
‘no’, VKM considered this as a reason not to include the compound in the benefit and risk
assessment.

Description of each substance or substance group and considerations made when deciding
inclusion or exclusion is detailed in Chapter 17, Appendix IV.

Methyl mercury (MeHg) was the only compound that was included based on this decision
process. As shown in Appendix IV PCDD/Fs and DL-PCBs and PFASs, the compounds given in
the mandate, would also have been included based on these inclusion criteria.

To investigate whether the risk assessment of mercury conducted by EFSA in 2012 was still
valid (Q4), a literature search on systematic review papers was conducted and a search for
original publications addressing mercury exposure and health outcomes in the Norwegian
population were conducted (described in Appendix IV). The literature review did not provide
strong indications that the risk assessment by EFSA of methylmercury from 2012 needs
revision. However, VKM notes that there might be new primary studies and outcomes that
have not been captured by the available reviews.

As concluding remarks from the selection process, fish may contain a wide range of
contaminants, and as illustrated in the text in Appendix 1V, there are various reasons why
not all of them are considered separately in the present benefit and risk assessment.
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However, it needs to be kept in mind that all these substances, as well as the nutrients, are
present in the fish consumed in the epidemiological studies on associations between fish
intake and health outcomes that are described in detail in Chapter 4.

2.3.2 PCDD/F and DL-PCB

The group of persistent organic pollutants (POPs) often referred to as “dioxins and dioxin-like
PCBs” is a group of environmental contaminants that are assessed together based on their
similar toxicity. The group refers to 29 individual substances belonging to polychlorinated
dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs) and dioxin-like
polychlorinated biphenyls (DL-PCBs). Substances in each group with similar backbone and
different numbers and positions of chlorines are called chemical congeners. The term used in
the present opinion for the sum of the 29 congeners is PCDD/Fs and DL-PCBs.

PCDD/Fs and DL-PCBs are fat-soluble and persistent to degradation, they bioaccumulate and
are biomagnified in the environment. They are found in the highest concentrations in
organisms located high up in the food chain. Fat of animal origin, and in particular marine
fat, is the major dietary exposure source.

Based on the dioxin toxic equivalency (TEQ) scheme (see Chapter 2.3.2.1), human health
risk assessments have been conducted for the total exposure to PCDDs, PCDFs and DL-PCBs.
In 2018, the European Food Safety Authority (EFSA) reassessed the hazards of PCDDs,
PCDFs and DL-PCBs and established a new and lower Tolerable Weekly Intake (TWI) at 2 pg
TEQ/kg bw/week (EFSA, 2018b). The new TWI is 1/7 of the previous TWI of 14 pg TEQ/kg
bw/week established in 2001 (SCF, 2001). The TWI was reduced based on new
epidemiological and experimental animal data on the toxicity of these substances, and more
refined methods for predicting the concentrations of the substances in the human body over
time. The epidemiological studies have been conducted in subjects/cohorts exposed to
PCDD/Fs and DL-PCBs at different life stages under different exposure conditions, e.g. from
industrial accidents or contamination incidents, from occupational exposure or from
background levels mainly via the diet in the general population. In the present assessment
the new TWI is used for assessing the risk connected to dietary intake of hazardous PCDD/Fs
and DL-PCBs in Norway (see also VKM, 2022: Risk assessment of dioxins, furans and dioxin-
like PCBs in food in Norway).

The TWI is based on an association between serum levels of the sum of PCDD/Fs and the
decreased sperm concentrations as the critical effect. The evidence suggests a postnatal
period of sensitivity that might expand into puberty.

2.1.1.1 PCDD/F and DL-PCB Toxic equivalent factors (TEFs)

Both these compound groups have various detrimental health effects most of which are
mediated through the aryl hydrocarbon receptor (AhR). Toxic equivalency factors (TEFs)
have been set based on experimental evidence for 17 PCDD/F congeners and 12 dioxin-like
PCB congeners with respect to their potency to induce toxic or biological effects through the
AhR. The TEF value of the most toxic congener, 2,3,7,8-tetrachlorodibenzodioxin (TCDD),
has been set to 1, and the TEF values of other congeners to 0.00003—-1. Multiplication of the
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measured amount of each congener by its respective TEF value gives the amount that is
toxicologically equivalent with TCDD. Summing up the TEF-weighted amounts of all
congeners in a mixture gives the approximate amount that is equivalent to TCDD in toxicity
(toxic equivalent sum, TEQ) (Van den Berg et al., 2006). The toxicity equivalency factors
proposed by the World Health Organization in 2005 (WHOo0s5- TEFS) are used in this
assessment unless otherwise stated (Chapter 20, Appendix VII).

It needs to be noted that "7EFs are internationally agreed weighted values that are based on
animal studies and supported by in vitro studies. TEFs are used to enable expressing the
toxicities of PCDD/Fs and DL-PCBs on a common scale, relative to TCDD. When setting TEFs,
the underlying relative effect potencies that are determined for each congener show a large
range of values, due to factors like animal species/strain, measured endpoint and duration of
exposure.”The most recent TEFs (WHO-TEF.005) are rounded based on a log scale, and each
value as such presents an order of magnitude in different potencies (see values in Appendix
VII, Chapter 20). TEFs are thus not a precise estimate of the toxic potency of a congener,
and this may affect the interpretation of both human and animal studies. In particular, the
TEF of PCB-126 was discussed in the EFSA opinion in 2018, and EFSA referred to studies
indicating lower potencies in humans than in rodents, which are presently the major basis for
the PCB-126 TEF. EFSA 2018 stated that:

"The CONTAM Panel noted that in the Russian Children’s Study, no association was observed
for DL-PCB TEQ or the sum-TEQ of PCDD/Fs and DL-PCBs. This might be explained by
observations from in vitro studies with human cells, showing that PCB-126 is much less
potent in humans than suggested by the WHQOzp0s-TEF of 0.1. PCB-126 is the DL-PCB
contributing most to the current intake of PCDD/Fs and DL-PCBs, but also in the serum of
boys from the Russian Children’s Study.”

Since the TEF of PCB-126 is relatively high compared to the TEFs for the other DL-PCBs, it
has high impact on the total TEQ concentration in food or in blood. Of note, the TEFs are
updated at irregular intervals based on new scientific information. The TEFs set by WHO in
2005 as published in Van den Berg et al (2006) are currently under revision by WHO and
scheduled to be finalized by the end of 2022 (FAO, 2021).

As the hazard characterization done by EFSA is based on serum concentrations of the sum of
PCDD/Fs in the critical study, and extended to include DL-PCBs, a change in TEFs for DL-
PCBs will not affect the TWI set by EFSA in 2018. However, a change in TEFs for DL-PCBs
will make it necessary to update the exposure assessment to the sum of PCDD/Fs and DL-
PCBs based on new TEFs. If the revision of TEFs by WHO will also result in changes in TEFs
for PCDD or PCDFs that are major contributors to serum levels, also a revision of the TWI
might become necessary.

2.3.3 PFAS

Poly- and perfluoroalkyl substances (PFASSs) is the collective name for a vast group of
fluorinated substances containing more than 7000 compounds. PFASs are synthetic
chemicals that are very persistent to environmental degradation, several of them
bioaccumulate and are biomagnified in the environment and in humans. Earlier risk
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assessments have focused on the most prevailing PFASs perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS), but an assessment from EFSA published in 2020 also

included perfluorononanoic acid (PFNA) and perfluorohexane sulfonic acid (PFHxS) in a TWI
(EFSA, 2020). The new TWI for the sum of the four PFASs PFOA, PFNA, PFHxS and PFOS is
4.4 ng/kg bw/week (EFSA, 2020). The new and lower TWI replaces the previous temporary
TWIs set for PFOS and PFOA as individual substances (EFSA, 2018a).

The TWI is based on effects on the immune system (decrease in antibody response after
vaccination of children), which were considered the most critical for the risk assessment
based on available studies in animals and humans.

The present benefit-risk assessment is restricted to the four PFASs PFOA, PFNA, PFHXS and
PFOS. The basis for focusing on these substances can be found in Appendix IX, Chapter 22.

2.3.4 Methyl mercury

Mercury is released to the environment from both natural and anthropogenic sources.
Mercury is methylated to methylmercury by microorganisms both in water and in sediments.
Methylmercury is readily bioavailable and bioaccumulates in aquatic food chains, leading to
elevated mercury concentrations in predatory fish. Human exposure to methylmercury is
mainly dietary, and fish and other seafood is the main dietary source. VKM apply a
conservative approach, based on the assumption that all mercury found in fish and other
seafood is methylmercury. EFSA has established a TWI for methylmercury of 1.3 pg/kg
bw/week (expressed as mercury) based on human neurodevelopmental outcomes after
prenatal exposure (EFSA, 2012). Pregnant women and their foetuses are therefore the
population group most vulnerable to dietary methylmercury exposure.

2.3.5 Summary of tolerable weekly intakes for the selected contaminants

VKM based the risk characterization of contaminants on tolerable intakes set by EFSA for the
three contaminant groups included based on the inclusion and exclusion process as outlined
in Chapter 6 and Appendix IV, Chapter 17. The tolerable intakes are summarized in table
2.3.5-1.

Table 2.3.5-1 Overview of tolerable intakes of contaminants considered specifically.

Contaminant Tolerable intake Reference
PCDD/Fs and DL- 2 pg TEQ/kg bw/week EFSA, 2018
PCBs
PFASs (sum of PFOA, | 4.4 ng/kg bw/week EFSA, 2020
PFNA, PFHxS and
PFOS)

Methyl mercury 1.3 pg/kg bw/week EFSA, 2012
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3 Systematic literature review and
weight of evidence methods

Three systematic literature reviews (SLRs) were conducted for this benefit and risk
assessment. The objective of the first SLR was to evaluate the epidemiological evidence for
associations between fish consumption and selected health outcomes (summarized in
Chapter 4). The first review on fish covered both primary studies and previous SLRs
including meta-analyses. The objective of the second SLR was to evaluate the
epidemiological evidence for associations between specific nutrients for which fish is an
important source (LC n-3 FA, vitamin D, iodine, selenium, and vitamin Bi2) and health
outcomes (summarized in Chapter 5). The review on nutrients was limited to previous SLRs
and meta-analysis and included nutrient intake from diet and/or supplements. For the third
review on evaluation of risks related to contaminants in fish, we have based our work on
existing EFSA opinions for PCDD/Fs and DL-PCBs, PFASs and methyl mercury. Because the
most recent EFSA opinion for methyl mercury was from 2012, a third SLR was conducted to
search for more recent studies that could imply the need for an update of the TWI for
methyl mercury set by EFSA in 2012 (summarized in Appendix IV, Chapter 17).

The literature search methods are described in Chapter 3, sections 3.1 (fish), 3.2 (nutrients)
and 3.3 (methyl mercury). The description includes the databases searched, inclusion and
exclusion criteria, quality assessment of eligible studies, and data extraction.

The quality assessment tools used for primary studies (the fish SLR only) and systematic
reviews and meta-analyses (the fish and nutrient SLRs) are described in Chapter 3.1.3.

The criteria used for weight of evidence for associations between fish consumption and
various health outcomes, and for associations between the specific nutrients in fish (LC n-
3 FA, vitamin D, iodine, selenium, and vitamin B1;) and various health outcomes are
described in Chapter 3.1.6.

It should be noted that the evidence for associations between adverse health outcomes
related to the included contaminants are evaluated by EFSA, not by VKM, and hence were
not derived using the same quality assessment tools or weight of evidence criteria as the
evidence for beneficial and adverse outcomes related to fish consumption or the nutrients in
fish as performed by VKM. The level of evidence for associations is therefore not directly
comparable.

3.1 Methods for the systematic literature review of fish
consumption and health outcomes

The objective of the systematic literature review was to identify beneficial or adverse health
effects associated with consumption of fish as such. This was conducted through a
systematic literature search, quality assessment of the identified literature, and a weight of
evidence (WoE) approach. The systematic literature review process generally followed
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commonly accepted guidelines (e.g., PRISMA or JBI) for searching, selecting and reporting
the literature, but data extraction was mainly performed by only one person. Samples of
extracted data were however controlled by a second reviewer, and the parameters to be
extracted were thoroughly discussed and agreed upon by the project group. When possible,
the dose-response relationship for beneficial or adverse associations are described.

The systematic literature review on fish had two parts: one search for original (primary)
studies and one for previous systematic reviews and meta-analyses (for more details see
section 3.1.1 below).

Chapter 3.1 is divided into the following sections: (3.1.1) a presentation of the literature
searches, (3.1.2) selection of studies for inclusion, (3.1.3) quality assessment, (3.1.4) data
extraction from primary studies, (3.1.5) data extraction from meta-analyses and systematic
reviews, (3.1.6) a presentation of the guidelines for grading evidence, and (3.1.7) pooled
analysis estimates.

The searches and methods for selection and evaluation of eligible studies described in this
section correspond to the results presented in Chapter 4 Fish intake and health outcomes.

3.1.1 Search strategies for fish and health outcomes

Literature searches were conducted to retrieve the best available evidence on health effects
of fish consumption to respond to the terms of reference questions:

Which health consequences will occur for the Norwegian population if the population:

e Continues with the same consumption levels of fish as of today
e Increases the consumption of fish to match the recommendations given by the
Norwegian Directorate of Health

The general search strategy was guided by PICO as shown below.

Table 3.1.1-1 The research question and PICO diagram used for our literature search.

PICO-question Population Intervention Comparison Health outcomes

What could be the General Fish intake High-low CVD-outcomes

potential health population Mortality

consequences if the Neurodevelopmental

Norwegian outcomes

population Birth outcomes

maintains, increases, Type 2 diabetes

or reduces their Bone health

consumption of fish Dental enamel changes
Overweight and obesity
Immunological diseases
Male fertility
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We selected the health outcomes based on:

1) established knowledge about fish consumption and health outcomes

2) relevance for fish consumption and common non-communicable diseases
3) health outcomes relevant for the included nutrients and contaminants

Health outcomes with a well-established association to fish were identified from published
systematic reviews and meta-analyses, NNR (2012), IOM (2001 and 2011), as well as
previously published benefit and risk assessments of fish from VKM and EFSA. To identify
these systematic reviews and meta-analyses VKM preformed a non-systematic, preparatory
search in Google Scholar and MEDLINE. This preparatory search was not a part of the
systematic literature review. The search is described in Appendix II, Chapter 15.1.

VKM then used the abstracts and method sections in these publications to identify health

outcomes, search terms and inclusion and exclusion criteria. To identify search terms and
text words for the relevant health outcomes, VKM also used the project group’s expertise,
and when needed, consulted other experts.

VKM also identified health outcomes for the included nutrients (LC n-3 FA, vitamin D, iodine,
selenium, vitamin B12) and contaminants (PCDD/F and DL-PCBs, PFAS, methyl mercury) and
included them in the search strategy for fish and health outcomes.

With exception from semen quality parameters (biomarker for male fertility), intermediate
endpoints such as biomarkers for disease — e.g., cholesterol, blood pressure or other
intermediate markers were not included in the search.

Cancer was not included in the search as our conclusions regarding cancer will be based on
World Cancer Research Fund’s thorough reviews of evidence for different food
groups/compounds and risk of cancers (WCRF, 2018).

3.1.1.1 Literature search for primary studies

The health outcomes that were included in the literature search for fish consumption and
primary studies can be divided into the following main categories: coronary heart diseases
and cardiovascular diseases, mortality, neurodevelopment and cognitive functioning, bone
health, dental enamel changes, immunology and allergy, male fertility, overweight and
obesity, birth outcomes, diabetes, and goitre.

Two research librarians at the Norwegian Institute of Public Health drafted the search
strategy for human primary studies on fish consumption and health outcomes. This strategy
was further refined based on discussions among members of the project group. We searched
the databases Ovid MEDLINE®, Embase and PsycINFO from inception to the 25th of
November 2019. An updated search was performed the 8th of October 2021. The search
strategy and search terms are available in Appendix II, Chapter 15).
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We imported the identified records into EndNote (Thomson Reuters, version X9), removed
duplicates, and imported the records into Rayyan (Ouzzani et al., 2016) for screening. Before
duplicate check by the librarians in Endnote, this search encountered 30 558 hits, and

21 857 hits were left after duplicate check. However, the members in the project group
found several duplicates in the further exclusion process in Rayyan. These may later have
been registered as excluded and we may therefore not have the exact number of original
hits. The updated literature search resulted in 5744 hits before duplicate check, and 4527
after duplicate check. The numbers shown in the flow chart in Figure 3.1.3.1-1 includes both
original and updated searches.

3.1.1.2 Literature search for systematic reviews and meta-analyses

In addition to the search for human primary studies, the librarians also conducted a search
with identical search terms, filtered for systematic reviews and meta-analyses, to check for
systematic reviews or meta-analyses that had weighted the evidence for fish intake and any
of the included health outcomes. This search was limited back in time to 2016 and
performed in Ovid MEDLINE® and Embase. This search was originally performed the 15th of
December, 2020. An updated search was performed the 5th of October, 2021. The search
strategies and search terms for both the original and the updated searches are available in
Appendix II, Chapter 15.3.

We imported the identified records into EndNote (Thomson Reuters, version X9), removed
duplicates, and imported the records into Rayyan (Ouzzani et al., 2016) for screening. After
duplicate check by the librarians in Endnote, this search encountered 488 hits. However, the
members in the project group found some duplicates in the further exclusion process in
Rayyan. These may later have been registered as excluded and we may therefore not have
the exact number of original hits. The updated literature search resulted in 310 hits after
duplicate check. The numbers shown in the flow chart in Figure 3.1.3.1-2 includes both
original and updated searches.

3.1.2 Selection of studies

A systematic approach was used for the selection of papers/studies from both literature
searches. Screening of titles and abstracts was performed in a pairwise blinded manner
using Rayyan, a web application for systematic reviews (Ouzzani et al., 2016). The screening
was performed against pre-defined inclusion/exclusion criteria. These criteria are detailed in
Tables 3.1.2-1 and 3.1.2-2 below, including study design, population groups and fish
consumption criteria. Cross-sectional studies were not filtered out in the setup of the
literature search but were excluded in the selection process in Rayyan.

After the first round of screening, the blinding was removed, and the reviewers discussed
conflicting decisions. If the two reviewers were unable to reach an agreement, the paper in
question was included. If two articles were published from the same cohort data, but in
different follow-up durations, the article with the longest follow-up study was chosen.

The potentially relevant papers selected via the screening procedure based on title and
abstract was then reviewed in full text. For the primary studies, this was done in a pairwise
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blinded manner, using Rayyan, and based on the same inclusion and exclusion criteria. The
two rounds of screening resulted in 346 full text papers (primary studies). These were
quality assessed as described in the Chapter 3.1.3.1 below.

All assumed relevant meta-analyses and systematic reviews that fulfilled the inclusion criteria
were evaluated in full text (84 in original search, 18 in updated search) included papers after
screening of titles and abstracts). However, some reviews were excluded after full text
reading as they turned out not to be systematic (e.g., a reproducible methodology with
search strategy and eligibility criteria for studies were not described), or not relevant for fish
(i.e., dietary pattern reviews not including specific intake data for fish). All included
systematic reviews and meta-studies were quality assessed using AMSTAR (see 3.1.3.2
below).

Table 3.1.2-1 Inclusion/exclusion criteria for literature from the systematic searches for primary
studies related to fish intake and health outcomes.

Criteria for inclusion e Studies investigating fish intake in relation to one or more health outcomes
included in the systematic search
e  Study designs:
o Longitudinal observational studies, such as: Cohort studies, Case-
cohort studies, Nested case-control studies, Case-control studies
o Experimental studies, such as: Randomised Controlled Trials (RCTs),
Controlled Clinical Trials, Controlled Before-and-After studies
e Population: general population, all age groups. Persons with the following
conditions are considered part of the general population and will be included:
o Diabetes type 2
o Obesity
o Musculoskeletal disorders
e  Publication type: original papers
e  Other: fish intake needs to be measured at the individual level, effect
estimates must be given. Studies on secondary prevention should be included

Criteria for exclusion e Studies investigating fish intake without any relation to the specific health
outcomes included in the search.
e Studies investigating exposure to supplements only (n-3/fish oil/vitamin D).
e Dietary pattern studies
e  Publication types:
o reviews
case histories
letters to editors
book chapters
posters
o abstracts
e  Population: specific patient groups (see inclusion criteria for exceptions)
e  Study designs:
o Cross-sectional studies
o Animal studies
o  Invitro studies

0O O O O
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Table 3.1.2-2 Inclusion/exclusion criteria for literature from the systematic searches for systematic
reviews and meta-analyses related to fish intake and health outcomes.

Criteria for inclusion e  Studies investigating fish intake in relation to one or more health outcomes
that were included in the systematic search
e  Study designs:
o Systematic reviews and meta-analyses of observational studies, such
as: Cohort studies, Case-cohort studies, Nested case-control studies,
Case-control studies, AND/OR of experimental studies, such as:
Randomised Controlled Trials (RCTs), Controlled Clinical Trials,
Controlled Before-and-After studies
e Population: general population, all age groups. Persons with the following
conditions are considered part of the general population and will be included:
o Diabetes type 2
o Obesity
o Musculoskeletal disorders
e  Publication type: Systematic reviews and meta-analyses
e  Other: fish intake needs to be measured at the individual level, effect
estimates must be given. Studies on secondary prevention should be included

Criteria for exclusion e Systematic reviews or meta-analyses investigating fish intake without any
relation to the specific health outcomes included in the search.
e Systematic reviews or meta-analyses investigating exposure to supplements
only (n-3/fish oil/vitamin D).
e Dietary pattern reviews or meta-analyses without specified estimates for fish
intake
e  Systematic reviews and meta-analyses with estimates only from:
o Cross-sectional studies
o Animal studies
o Invitro studies
e  Population: specific patient groups (see inclusion criteria for exceptions)

3.1.3 Quality assessment
3.1.3.1 Quality assessment of primary studies

All the included full text papers were graded in a three-category (A, B or C) rating system
considering internal validity. The quality assessment tool tables have been developed for
Nordic Nutrition Recommendations (NNR) (Nordiska ministerradet, 2014). There are quality
assessment tools especially designed for the different study designs. We used the tools for
randomised controlled trials, prospective cohort studies, case-control studies and nested
case-control studies. The quality assessment tools were modified to fit our purpose, and for
prospective cohort studies the scoring was also slightly adapted for our purpose. The review
of the full text papers and the quality assessment was conducted independently by two
reviewers. Disagreement on the final rating of a paper was resolved by consensus. When
necessary, a third reviewer was included for decision. Only papers graded as A or B category
in the quality assessment have been included in the further process. Very few papers were
graded A, and a distinction between A and B has not been pointed out as it had no impact
on any conclusions. Papers graded as C were excluded from this benefit and risk
assessment. They are listed with reason for category C in Supplement A. The quality
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assessment tool templates and an overview of the modifications made, are given in Appendix
III, Chapter 16.1.

As previously noted, VKM did not evaluate the evidence for associations between adverse
health outcomes related to the included contaminants. These were evaluated by EFSA. In
the EFSA Opinion on PCDD/F and DL-PCBs, EFSA used the OHAT Risk of Bias Tool for
assessment of the reliability of primary studies (Rooney et al., 2014). In the opinions on
PFASs and methyl mercury, no standardized tools for quality or risk of bias assessment was
used, and the quality of the included studies in the EFSA opinions was assessed by expert
judgement.

Adaptation of the scoring in the quality assessment tool for our purpose

In the quality assessment tool for prospective cohort studies, question 2 b.) “Response rate
reported and acceptable?”; this question was originally a question that if not answered Yes,
would lead to a category C classification. However, this turned out to be too strict. Most
often the response rate was not reported or given in supplementary material or other
references. Due to the high number of publications included in the assessment at this stage,
checking all supplementary material was not feasible. Therefore, in the present assessment
Question 2b) did not need to achieve the answer ‘YES’ to obtain the B category.

Several of the members in the project group participated in the process of selecting the
studies and assessing their quality. The reviewers held repeated calibration meetings along
the way to minimize different interpretations and handling among the reviewers.

Box 1 includes the criteria for assessing the methodological quality of the studies for A, B
and C categories. These criteria were developed for the Nordic Nutrition Recommendations
(NNR) (Nordiska ministerrddet, 2014).

Box 1. Criteria for assessing the methodological quality of the studies: The three category quality
grading system. The studies should be evaluated and graded within their own design strata.

A. The results from studies that have an acceptably low level of bias are considered valid. These studies
adhere mostly to the commonly held concepts of high quality including the following: a comprehensive study
design; clear description of the participants, setting, interventions, and control group(s); appropriate
measurement of outcomes; appropriate statistical and analytical methods and reporting; less than 30%
dropout (depending on the length of the study see the QAT for clinical studies) or over 50% participation rate
for prospective cohort studies; clear reporting of dropouts; and no obvious bias. Where appropriate, studies
must provide a valid estimation of food intake/nutrient exposure, from dietary assessments and/or biomarkers
with a reasonable range of measurement error, and justification for approaches to control for confounding in
the design and analyses.

B. Studies may have some bias, but not sufficient to invalidate the results. They do not meet all the criteria in
category “A”, they have some deficiencies but none likely to cause major bias. The study may be missing
information, making it difficult to assess limitations and potential problems.

C. Studies have significant bias that may invalidate the results. These studies have serious errors in design,
analysis, or reporting; there are large amounts of missing information, or discrepancies in reporting.
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A flow chart for the complete process of including and excluding papers from the search for
primary literature on health outcomes related to fish consumption as such is shown in
Figures 3.1.3.1-1 and 3.1.3.1-2.

Literature search in MEDLINE, Embase and PsycINFO 25.11.2019,
updated 08.10.2021
26 384 papers after librarian duplicate removal

|

Eight pairs of two independent reviewers screened titles and
abstracts using Rayyan. Inclusion and exclusion criteria given in
Table 3.1.2-1

Seven pairs of two independent reviewers screened 651 papers in
full text according to the same inclusion and exclusion criteria

|

Pairs of two independent reviewers performed quality assessment of
346 papers with the NNR QAT-tools for different study designs

!

In total, 270 papers were categorised as A or B
Anthropometry: 1A, 10B
Birth outcomes: 1A, 24 B
Bone health: 8 B
CVD:3A,70B

Diabetes: 17 B
Immune/asthma: 24 B
Mortality: 4 A, 25 B

Multiple sclerosis: 3 B
Neurodevelopment: 1 A, 70 B
Rheumatoid arthritis: 7 B

Figure 3.1.3.1-1 Flow chart for the complete process of including and excluding primary studies for
health outcomes related to fish consumption. The numbers include both original and updated
searches.
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Literature search in MEDLINE, Embase 5.12.2020, updated
05.10.2021
798 papers after librarian duplicate removal

|

Two independent reviewers screened titles and abstracts using
Rayyan. Inclusion and exclusion criteria given in Table 3.1.2-2

T~ After screening of titles and abstracts

l 696 papers were excluded

Two independent reviewers screened 102 papers in full text

according to the same inclusion and exclusion criteria \ After screening of full text papers 39
1 papers were excluded

Two independent reviewers performed quality assessment of 63

papers with the AMSTAR-tool T~ 24 papers were categorised as C or
| excluded for other reasons

In total, 39 papers were categorised as A or B
CVD and mortality: 18
Neurodevelopment in children: 1
Cognition/cognitive in adults: 11
Type 2 diabetes: 2

Rheumatoid arthritis: 1
Anthropometry: 1

Bone health: 1

Birth outcomes: 1
Immune/asthma: 3

Multiple sclerosis: 1

Figure 3.1.3.1-2 Flow chart for the complete process of including and excluding systematic reviews
and meta-analyses for health outcomes related to fish consumption. The numbers include both
original and updated searches.

3.1.3.2 Quality assessment of systematic reviews and meta-analyses
(AMSTAR)

For assessment of the methodological quality of the included systematic reviews and meta-
analyses the AMSTAR tool (version 1; Shea et al., 2007) was used. However, AMSTAR
version 1 was originally created for systematic reviews of RCTs, while AMSTAR version 2 has
been developed to appraise systematic reviews of both randomised and non-randomized
studies. Therefore, when in doubt, we checked AMSTAR version 2 (Shea et al., 2017) for
interpretation. After separate quality assessment of the papers by two independent
reviewers, they discussed and agreed on category A, B or C for each paper. If in doubt, a
third reviewer was contacted. Minor adaptions were made to fit our purpose, these are
described below. The AMSTAR tool questions, and grading template can be found in
Appendix III, Chapter 16.2. Papers graded A or B were kept, while papers graded C were
excluded.

Box 1 (in Chapter 3.1.3.1) includes the criteria for assessing the methodological quality of
the studies for A, B and C categories.

Adaption of the grading in AMSTAR quality assessment tool for our purpose

In the AMSTAR quality assessment tool (AMSTAR version 1), ‘Yes' to question 5 “"Was a list
of studies (included and excluded) provided”; was originally a category B requirement.
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However, this turned out to be too strict, as very few publications included a proper list of
excluded studies, and the project group realised that this would cause too many highly
relevant papers of otherwise good quality to be excluded. The criteria were therefore
changed, and 'No’ to question 5 was allowed for papers graded as category B.

3.1.4 Data extraction from primary studies

Data were extracted from all category A and B papers by one reviewer. Samples of extracted
data were controlled by a second reviewer. The parameters to be extracted were thoroughly
discussed and agreed upon by the project group.

Data were extracted using a template with two parts. The first part included data related to
the study overall: the first author’s last name, publication year, country or countries where
the study was conducted, study name and design, study aim, study period and follow-up
time (prospective studies), study population (gender, age, other characteristics), sample size
(after exclusions), exclusion criteria, dietary assessment method (type, reference period for
intake, whether it was validated), data collected on fish intake in study (items assessed and
whether fish overall included shellfish or seafood items) or in the case of the intervention
studies, the type of intervention was extracted. Study funding sources and conflict of interest
statements were reviewed for the different studies during extraction.

The second part of the template included details on each specific study result extracted:
outcome and outcome definition, gender (men, women, or combined), number of cases, fish
exposure (type of fish such as total fish, fatty- or lean fish, dark- or white fish, fried- or non-
fried fish, saltwater- or fresh water fish, species of fish; intake unit, intake range, quantity in
grams when available), effect estimate with confidence interval for the highest versus lowest
intake (or continuous intake), and a description of the overall result (null finding, or direction
of association, test for trend if given), variables adjusted for, and information regarding
sensitivity analyses and/or effect modification (also referred to as interaction effects). For
studies that presented major results as figures only, WebPlot Digitizer was used in a few
cases to extract the high-low risk estimate. Studies that investigated potential non-linearity
of associations were commented on in the text, but data was not extracted from curvilinear
figures.

Most studies contributed results on multiple fish-exposures and/or outcomes. Data were
extracted for every relevant exposure-outcome combination within each study. Estimates
were extracted from the maximally adjusted risk model to account for the largest number of
potential confounding factors, including lifestyle factors, except when the purpose of the
model was to study mediation. Most studies analyzed and presented categories or quantiles
of fish intake and the effect estimate with confidence interval was recorded for the highest
versus lowest intake category for comparison with previous high-low meta-analyses.

The completed extraction templates were combined into databases used for generating
tables and synthesizing evidence as presented in Chapter 4.
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3.1.5 Data extraction from systematic reviews and meta-analyses of
fish intake

Data were extracted from systematic reviews graded A or B that also included a quantitative
meta-analysis. The following data were extracted: first author’s last name, publication year,
health outcome, general population and/or patient population, measure of disease (incidence
or mortality) if relevant, type of fish included (e.g. all seafood, all fish, fatty fish only), type
of study design(s) included, total number of studies, total number of cases, comparison
(high-low effect estimate, and/or continuous effect estimate), summary relative risk (RR)
with 95% confidence interval, measures of heterogeneity (#and/or P-value for test of
heterogeneity), results from linear and/or non-linear meta-dose response analyses (including
P-value for test for non-linearity and description of dose response relationship), overall
conclusion for each relevant analysis, tool used for grading the quality of primary studies
(e.g. Newcastle Ottawa Scale (Wells et al.), ROBINS-E tool for Risk Of Bias In Non-
randomized Studies of Exposures (Wang et al., 2022), Data S2 (Zara et al., 2000), or other),
summary of quality scores, and the overall grading of the meta-evidence if reported (e.g.
NutriGrade score). Of note, figures in meta-analyses (forest plots and dose-response curves)
were evaluated but are not presented in this report.

Although evidence based on cross-sectional studies was not considered by VKM, some meta-
analyses with cross-sectional studies were included if results were stratified by study design.
In this case, results from sub-group analyses of prospective studies and case-control studies
were extracted and used as the main result.

3.1.6 Guidelines for grading of the evidence

After the quality assessment and extraction of data from each study, an overall assessment
of the weight of evidence for the associations between fish intake and health effects was
performed. In the weighting of evidence, the results from the included systematic reviews
and meta-studies were compared to and considered together with the results from the
systematic review of the primary studies, including the summary relative risks for the
outcomes where this was calculated (see Chapter 3.1.7).

The weighing of the evidence followed the guidelines described by the World Cancer
Research Fund (WCRF, 2018).

According to the guidelines, evidence is classified as “convincing” (strong evidence),
“probable” (strong evidence), “limited, suggestive”, “limited, no conclusion” and “substantial
effect on risk unlikely” (strong evidence). Box 2 below shows the list of criteria for grading
used in the present assessment and explains the meaning of the evidence grading (from
WCREF, 2018). The evidence should be robust enough to be unlikely to be modified in the
near future as new evidence accumulates. The WCRF grading system also have special
upgrading factors that may upgrade the reached judgement of the evidence.

In this assessment, we have based our WoE on the following steps:
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3.1.6.1 Evidence on the relationship of interest based on published studies

We compiled the knowledge on the relationship of exposure and outcome of interest based
on systematic reviews or meta-analyses published the last 5 years and/or the primary studies
from the systematic literature review conducted by VKM. The systematic reviews and meta-
analyses included were quality assessed by AMSTAR version 1, moreover the studies
included in the systematic literature review conducted by VKM were quality assessed as
described in Chapter 3.1.3. In that way, we only include good quality studies, and exclude or
minimize the risk that the observed association results from random or systematic error,
confounding, measurement error and selection bias.

3.1.6.2 Heterogeneity

It is important to consider to what extent the results of studies are consistent and if results
vary more than that expected by chance (heterogeneity) or sampling variation.
Heterogeneity can be statistically quantified using the 2 index that describes the proportion
of total variation in study estimates that is due to heterogeneity (range 0-100%). Guiding
thresholds have been proposed for the interpretation of 2. The Cochrane Handbook for
Systematic Reviews of Interventions (V6.2) present the following values as a rough guide to
interpretation of 2:

e 0% to 40%: might not be important

e 30% to 60%: may represent moderate heterogeneity
e 50% to 90%: may represent substantial heterogeneity
e 75% to 100%: considerable heterogeneity

The WCRF considers heterogeneity to be low when 2is below 30% and high when
substantially higher than 50%.

P should be used with caution as the importance of inconsistency depends on several
factors, including the magnitude and direction of effects, as well as the strength of evidence
for heterogeneity. Inconsistencies in the direction of association or effect are of more
concern than differences in magnitude. In particular in high-low meta-analyses, some
heterogeneity in the magnitude of associations is expected because the highest and lowest
exposure levels often vary between studies and populations in observational studies.

A commonly reported test for heterogeneity (null hypothesis that all studies are evaluating
the same effect) is Cochran's Q. The statistic is computed as the weighted sum of squared
differences by summing the squared deviations of each study's estimate from the overall
meta-analytic estimate (weights are those used in the pooling method). The P-value is then
obtained by comparing the statistic with a ) distribution with k-1 degrees of freedom (where
k is the number of studies). The test is affected by the number of studies included in the
meta-analysis and may have low power in meta-analyses based on few studies, and too
much power if the number of studies is large.

If there are relevant and high-quality meta-analyses of the relationship of interest, we will
use them in the evaluation of heterogeneity based on 2 and the Cochran's Q test. VKM also
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evaluated heterogeneity between primary studies included in summary RRs (Chapter 3.1.7)
using an equivalent of Cochran's Q test (significance level at 5%) or qualitatively by
comparing estimates from primary studies. According to the WCREF criteria, strong evidence
of association or effect require that there should be “no substantial unexplained
heterogeneity between or within study types in the presence or absence of an association, or
direction of effect” (see Box 2).

3.1.6.3 Biological gradient (dose-response)

If there are dose-response curves from relevant and high-quality meta-analysis of the
relationship of interest, we use them in the evaluation of a biological gradient. Dose-
response curves from large, high quality, single studies may also be used. A dose-response
do not need to be linear or even in the same direction across the different levels of
exposure, so long as this can be explained plausibly. We use the criteria from WCRF to guide
the weighing of biological gradient (see Box 2). When available, we have evaluated dose-
response relationship as potential upgrading factor.

3.1.6.4 Mechanisms (experimental evidence)

We describe the plausible mechanism(s) behind the relationship between the exposure and
outcome of interest. The mechanisms can be based on both human and animal studies, with
a preference for human studies whenever possible. We only cover the primary hypothesis
that are current prevailing and do not do a systematic or exhaustive search of the literature.

3.1.6.5 Weight of evidence

Based on the four criteria described above and the grading system by WCRF presented in
Box 2, we rate the evidence as “convincing”, “probable”, “limited, suggestive”, or “limited, no
conclusion” or “substantial effect on risk unlikely”. Only effects for which the total body of
evidence (across all types of studies) is rated as strong (“convincing” or “probable”)

according to the WCRF grading is included in the quantiative benefit and risk assessment.
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Box 2. List of criteria for grading used in the present assessment, based on WCRF cancer
report (2018)

Convincing (strong evidence)

Evidence strong enough to support a judgement of a convincing causal (or protective) relationship, which
justifies making recommendations designed to reduce risk of an outcome. The evidence is robust enough to be
unlikely to be modified in the foreseeable future as new evidence accumulates. All of the following are
generally required:
e Evidence from more than one study type.
e Evidence from at least two independent cohort studies.
e No substantial unexplained heterogeneity within or between study types or in different populations
relating to the presence or absence of an association, or direction of effect.
e Good quality studies to exclude with confidence the possibility that the observed association results
from random or systematic error, including confounding, measurement error, and selection bias.
e Presence of a plausible biological gradient (‘dose-response”) in the association. Such a gradient need
not be linear or even in the same direction across the different levels of exposure, so long as this can be
explained plausibly.
e Strong and plausible experimental evidence, either from human studies or relevant animal models,
that typical human exposures can lead to relevant outcomes.

Probable (strong evidence)

Evidence strong enough to support a judgement of a probable causal (or protective) relationship, which
generally justifies recommendations designed to reduce the risk of an outcome. All the following criteria are
generally required:

e Evidence from at least two independent cohort studies, or at least five case-control studies.

e No substantial unexplained heterogeneity between or within study types in the presence or absence

of an association, or direction of effect.

e Good quality studies to exclude with confidence the possibility that the observed association results

from random or systematic error, including confounding, measurement error and selection bias.

e Evidence for biological plausibility (see below).

Limited, suggestive

Evidence that is too limited to permit a probable or convincing causal judgement but is suggestive of a
direction of effect. The evidence may be limited in amount or by methodological flaws, but shows a generally
consistent direction of effect. This judgement is broad, and includes associations where the evidence falls only
slightly below that required to infer a probably causal association through those where the evidence is only
marginally strong enough to identify a direction of effect. This judgement is very rarely sufficient to justify
recommendations designed to reduce the risk of an outcome; any exceptions to this require special, explicit
justification. All the following criteria are generally required:

e Evidence from at least two independent cohort studies or at least five case-control studies.

e The direction of effect is generally consistent though some unexplained heterogeneity may be

present.

e Evidence for biological plausibility.

Limited, no conclusion

Evidence is so limited that no firm conclusion can be made. This judgement represents an entry level and is
intended to allow any exposure for which there are sufficient data to warrant Panel consideration, but where
insufficient evidence exists to permit a more definitive grading. This does not necessarily mean a limited
quantity of evidence. A body of evidence for a particular exposure might be graded ‘limited — no conclusion
for a number of reasons. The evidence may be limited by the amount of evidence in terms of the nhumber of
studies available, by inconsistency of direction of effect, by methodological flaws (for example, lack of
adjustment for known confounders), or by any combination of these factors.

When an exposure is graded ‘limited — no conclusion’, this does not necessarily indicate that the Panel has
judged that there is evidence of no relationship. With further good-quality research, any exposure graded in
this way might in the future be shown to increase or decrease the risk of an outcome. Where there is sufficient
evidence to give confidence that an exposure is unlikely to have an effect on risk, this exposure will be judged
‘substantial effect of risk unlikely’.

7
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Substantial effect on risk unlikely (strong evidence)

Evidence is strong enough to support a judgement that fish is unlikely to have a substantial causal relation to
an outcome. The evidence should be robust enough to be unlikely to be modified in the foreseeable future as
new evidence accumulates. All the following criteria are generally required:

Evidence from more than one study type

Evidence from at least two independent cohort studies.

Summary estimate of effect close to 1.0 for comparison of high versus low exposure categories.

No substantial unexplained heterogeneity within or between study types or in different populations.
Good-quality studies to exclude, with confidence, the possibility that the absence of an observed
association results from random or systematic error, including inadequate power, imprecision or error in
exposure measurement, inadequate range of exposure, confounding and selection bias.

e Absence of a demonstrable biological gradient (‘dose-response’).

e Absence of strong and plausible experimental evidence, from either human studies or relevant animal
models, that typical human exposure levels lead to relevant outcomes.

Special upgrading factors

These are factors that form part of the assessment of the evidence that, when present, can upgrade the
judgement reached. An exposure that might be deemed a ‘limited-suggestive’ causal factor in the absence, for
example, of a biological gradient, might be upgraded to ‘probable’ if one were present. The application of
these factors (listed below) requires judgement, and the way in which these judgements affect the final
conclusion in the matrix are stated. Factors may include the following:

e Presence of a plausible biological gradient (‘dose-response”) in the association. Such a gradient need
not be linear or even in the same direction across the different levels of exposure, so long as this can be
explained plausibly.

e A particularly large summary effect size (an odds ratio or relative risk of 2.0 or more, depending on
the unit of exposure) after appropriate control for confounders.

e Evidence from randomized trials in humans.

e Evidence from appropriately controlled experiments demonstrating one or more plausible and specific
mechanism actually operating in humans.

e Robust and reproducible evidence from experimental studies in appropriate animal models showing
that typical human exposures can lead to relevant outcomes.
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3.1.7 Calculation of summary relative risk estimates

VKM calculated summary relative risks (SRRs) with 95% confidence intervals (CIs) for binary
disease outcomes in relation to the highest versus lowest fish intake. The SRRs were used to
conclude overall on the direction of association (or lack of association) and for comparison
with previous meta-analyses. The inclusion of studies for each SRR was based on an
evaluation of similarity in outcome, fish exposure, study design, and statistical measure of
association. A SRR could not be calculated for all outcomes.

For some outcomes, prospective studies reported relative risks from different regression
models (logistic, log binomial, Cox, or Poisson). Under the rare disease assumption
(prevalence of disease <10%) estimates will be approximately similar. For outcomes with a
higher prevalence, the magnitude of the relative risks (ratio of risks, incidences, or odds)
may differ and contribute to heterogeneity between studies, but the direction of association
will be consistent. The number of studies with a retrospective design (case-control studies
and retrospective cohort studies) was generally low. These studies were summarized
separately or left out of the main SRR because dietary intake has been assessed after
disease with potential for recall bias.

The SRRs were calculated using a random-effects model where the relative risk from each
study were weighted by the DerSimonian and Laird method (DerSimonian et al., 1986)
Standard errors of estimates were derived from the log transformed relative risk with 95%
confidence intervals reported in each study. The analyses were performed in Episheet for
Excel (version of the 29th of October 2015) which is freely available
(https://www.rtihs.org/episheet). Episheet provides a test for the assumption of
homogeneity (A~-homogeneity), i.e., a common effect size underlying all studies. This test is
similar to the more commonly reported Cochran’s Q test for heterogeneity (~-heterogeneity).
For simplicity, the P for homogeneity in Episheet is referred to as P for heterogeneity as a
low p-value (P<0.05) for either test provides evidence of significant heterogeneity. Episheet
does not give a value for the 2 statistic frequently reported in meta-analysis as a measure of
heterogeneity, i.e., the amount of total variation that is explained by between-study variation
rather than chance alone (homogeneity). The methods implemented in Episheet are
described in more detail in Fleiss et al. (1993).

For studies that reported results separately for men and women, but not combined, we
pooled the results in advance using a fixed-effects model to obtain the overall estimate
before combining with the rest of the studies using random effects. In a fixed effects model
the included studies are the only studies of interest whereas in a random effects model, the
included studies are regarded as a sample from a larger population of possible studies. For
studies that did not use the lowest intake category as the reference, relative risks were
recalculated for the highest versus lowest category before combining with the other studies
using the Excel macro RRest9 that implements the method described in Hamling et al.
(2008).

VKM performed simple influence-analysis in some cases to assess the influence of specific
studies on the summary RR and P-value for the test of heterogeneity. VKM did not perform
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other aspects of meta-analyses (dose-response analysis, sub-group analyses of
heterogeneity, or analysis of small-study effects/publication bias) but relied on the results
from other quality assured meta-analyses identified in the systematic literature review.

3.2 Methods for the systematic literature review of nutrients in
fish and health outcomes

The nutrients included for this benefit and risk assessment of fish consumption are long
chain n-3 fatty acids (LC n-3 FA), vitamin D, iodine, selenium, and vitamin Bi>, see Chapter 2
for inclusion criteria and evaluation. The description of the literature searches and methods
for selection and evaluation of eligible studies in this chapter section corresponds to the
results presented in Chapter 5.

The aim of the systematic literature review for nutrients and health outcomes was to identify
relevant beneficial (and potential adverse) health effects associated with nutrients in fish,
i.e., to:

a) Evaluate the scientific evidence for the associations between nutrients and health
outcomes through a systematic literature search, quality assessment of the identified
literature, and a weight of evidence approach

b) Characterise the beneficial (and potential adverse) health outcomes

As this report primarily is a benefit and risk assessment of fish, and not of the nutrients, we
have based our weight of evidence analyses for nutrients in fish on results from systematic
reviews and meta-analyses. All systematic literature searches for nutrients in fish were
conducted by a librarian at the Norwegian Public Health Institute, in the databases MEDLINE,
Embase, Cochrane and Epistemonikos for systematic reviews and meta-analyses. The
identification of need for updated searches is described in section 3.2.1.1 below. Altogether,
four systematic searches were conducted:

1. A search including all the selected nutrients in fish (LC n-3 FA, vitamin D, iodine,
selenium, and vitamin B12) and semen quality/male fertility, conducted the 25th of
October 2021. The search was performed without any limitations in time.

2. A search for CVD/mortality outcomes and LC n-3 FA, conducted the 23rd of June
2021. This search was limited back in time to 2016 (5 years).

3. A search for neurodevelopment in children/cognition and cognitive decline in adults,
mental health in adults, birth outcomes, type 2 diabetes, rheumatoid arthritis and
multiple sclerosis and LC n-3 FA, conducted the 14th of May 2020. This search was
limited back in time to 2015 (5 years).

4. A search for birth weight and respiratory tract infection and vitamin D, conducted the
29th of April 2020. This search was limited back in time to 2015 (5 years).

The processes of selecting the relevant health outcomes associated with the included
nutrients are described below (Chapter 3.2.1). The search strategy and search terms are
available in Appendix II, Chapter 15.1.
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Inclusion and exclusion criteria for the systematic reviews and meta-analyses included for
nutrients in fish are presented in Table 3.2-1.

Table 3.2-1 Inclusion and exclusion criteria for systematic reviews and meta-analyses included for
evaluation of evidence for associations between nutrients in fish and various health outcomes.

Criteria for inclusion e Systematic reviews and meta-analyses investigating intake of specified
nutrients (either LC n-3 FA, vitamin D, iodine, selenium or vitamin B;y) in
relation to one or more health outcomes that was included in the systematic
search.

e  Study designs:

o Systematic reviews and meta-analyses including: observational
studies, such as: Cohort studies, Case-cohort studies, Nested case-
control studies, Case-control studies

o Systematic reviews and meta-analyses including experimental studies,
such as randomised controlled trials (RCTs), controlled clinical trials,
controlled before-and-after studies

e Population: general population, all age groups. Persons with the following
conditions are considered part of the general population and will be included:

o Type 2 diabetes

o  Obesity

o Musculoskeletal disorders

e Publication type: Systematic reviews and meta-analyses.

e  Other: Nutrient intake needs to be measured at the individual level, effect
estimates must be given. Studies on secondary prevention should be included

Criteria for exclusion e Systematic reviews and meta-analyses investigating nutrient intake without
any relation to the specific health outcomes included in the search.
e Population: specific patient groups (see inclusion criteria for exceptions)
e  Study designs:
o Umbrella reviews
o Systematic reviews and meta-analyses with estimates only for cross-
sectional studies, animal studies, in vitro studies

A systematic approach was used for the selection of papers/studies from all the four
literature searches for nutrients. Screening of titles and abstracts were performed in a
pairwise blinded manner using Rayyan, a web application for systematic reviews (Ouzzani et
al., 2016). The screening was performed against the pre-defined inclusion/exclusion criteria
detailed in Table 3.2-1 above.

After the first round of screening, the blinding was removed, and the reviewers discussed
conflicting decisions. If the two reviewers could not reach an agreement, a third reviewer
was consulted. In case of systematic reviews/meta-analyses from the same research groups
updating previous meta-analyses, only the last update was kept.

The potentially relevant papers selected via the screening procedure based on title and
abstract was then reviewed in full text. Full-text systematic reviews and meta-analyses that
fulfilled the inclusion criteria were quality assessed using the AMSTAR tool (version 1, slightly
adapted), see Chapter 3.1.3.2, and categorized as A, B or C-papers. Only systematic reviews
and meta-analyses categorized as A or B were data extracted and included for the weight of
evidence.
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A systematic data extraction was made for all category A and B papers by one reviewer. The
parameters to be extracted was thoroughly discussed and agreed upon by the project group.
Extracted data were study design, inclusion year(s), end of inclusion, study size of included
studies, population groups, dietary assessment methods, quality assessment/risk of bias in
included studies and exposure characteristics.

After the quality assessment and extraction of data of each systematic review and meta-
analysis, an overall assessment of the weight of evidence for the associations between
nutrient intake and health outcome was performed. The weighing of the evidence followed
the guidelines described by the World Cancer Research Fund (WCRF) (see Chapter 3.1.6),
but applied to evaluation of systematic reviews and meta-analyses.

Chapter 3.2 is divided into the following sections; (3.2.1) inclusion and exclusion of health
outcomes for nutrients; (3.2.2) all nutrients and semen quality/male fertility; (3.2.3) LC n-3
FA and CVD and mortality; (3.2.4) LC n-3 FA and neurodevelopment/CNS/cognitive
functioning, birth outcomes, type 2 diabetes and rheumatoid arthritis/multiple sclerosis; and
(3.2.5) vitamin D and birth weight and respiratory tract infection.

3.2.1 Inclusion and exclusion of health outcomes for nutrients

This chapter section elaborates on which health outcomes that have been evaluated and
included for the selected nutrients.

Table 3.2.1-1 shows criteria for inclusion/exclusion of health outcome related to the selected
nutrients.

Table 3.2.1-1 Criteria for inclusion or exclusion of health outcome for the nutrients.

Criteria for inclusion of health outcome Criteria for exclusion of health outcome
e Evidence for an association between nutrient e Evidence for an association is limited or
and health outcome is good and consistent. inconsistent

e Source of evidence: Systematic reviews or
meta-analyses published in one of the
following (or equivalent): Cochrane Database,
NNR, IOM/NASEM; or assessment published
by EFSA or VKM.

e If previous systematic reviews from these
competent bodies are inconclusive regarding
the evidence and new literature has emerged,
we will include other published systematic
reviews and meta-analyses.

Due to a large number of publications, it was not possible to conduct open searches for each
included nutrient. To be able to manage the results from the searches within the available
timeline, we therefore had to identify which health outcomes to be included for each
nutrient, and thereafter decide which of these health outcomes that needed an updated
systematic literature review to conclude.
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We identified all health outcomes that have been investigated for the nutrients LC n-3 FA,
vitamin D, iodine, selenium, and vitamin Bi in systematic reviews by competent bodies such
as NNR, IOM/NASEM, VKM or EFSA.

NNR conducted systematic literature reviews for LC n-3 FA (Schwab et al., 2014) and
vitamin D (Lamberg-Allardt et al., 2013). The systematic literature review by Lamberg-Allardt
et al. (2013) was based upon a systematic literature review by IOM (2011) setting dietary
reference intakes for calcium and vitamin D. VKM conducted a systematic literature review
for health outcomes related to mild to moderate iodine deficiency in 2020 (VKM, 2020). No
systematic literature reviews by competent bodies were found for selenium, and vitamin Bi».

Additionally, we searched for Cochrane reviews for the nutrients LC n-3 FA, vitamin D,
selenium, and vitamin By, and all potentially relevant health outcomes mentioned in NNR,
IOM or EFSA opinions for the specific nutrients. This was not considered to be necessary for
iodine since relevant health outcomes for this nutrient already were included in the recent
systematic review by VKM (2020).

The following health outcomes were considered to be relevant for inclusion: CVD and
mortality, neurodevelopment in children and cognition, cognitive decline and mental health
in adults, birth outcomes, type 2 diabetes, overweight/obesity, immunological outcomes
(such as e.g., asthma in children and rheumatoid arthritis), respiratory tract infection and
multiple sclerosis.

Additionally, we included semen quality/male fertility as a relevant outcome for nutrients as
this is the critical health outcome for setting the tolerable weekly intake for dioxins and DL-
PCBs.

All these outcomes mirrored the health outcomes included in the systematic literature search
for fish consumption.

3.2.1.1 Identification of need for updated systematic literature review for
the included health outcomes for nutrients

After having identified all relevant health outcomes for LC n-3 FA, vitamin D, iodine,
selenium, and vitamin Bi,, we started the process to identify which of the nutrient and health
outcome associations to prioritize for the systematic review and weight of evidence
evaluation.

Based on the inclusion criteria in Table 3.2.1-1, we identified associations that were judged
to be good and consistent in previous reports/systematic reviews by competent bodies. Such
associations were identified for vitamin D in IOM (2011) and Lamberg-Allardt et al. (2013)
for bone health, including fall, and mortality. For these associations we merely conducted
brief literature searches to check if results from more recent high quality systematic
reviews/umbrellas conclusions were still valid. For LC n-3 FA, iodine, selenium, and

vitamin B2, no good and consistent associations between the nutrients and the selected
outcomes were identified in previous reports by competent bodies (NNR, IOM/NASEM, VKM
or EFSA).
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After the identification of these previous reports/systematic reviews, we conducted brief
searches and checked if conclusions from Cochrane reviews indicated any good and
consistent associations not covered in the previous reports/ systematic reviews by competent
bodies. We have not listed all health outcomes that have been evaluated for all the included
nutrients in this process, but it should be mentioned that several outcomes were evaluated
for selenium (CVD, mortality, diabetes) and vitamin Bi2 (cognition, cognitive decline, CVD),
but the initial search did not encourage further investigations as the evidence was not likely
to be good and consistent for these associations (intermediate markers of health not
included for this benefit and risk assessment). We therefore concluded that it was not
necessary to make updated systematic literature searches for selenium, and vitamin Bs; for
any health outcomes.

The next step was to identify inconclusive evidence in previous reports/systematic reviews by
competent bodies for which new literature have emerged. None of the associations
investigated for LC n-3 FA in Schwab et al. (2014) was concluded as “probable” or
“convincing” (good and consistent). In the last decade, several large RCTs investigating a
broad range of the included health outcomes (CVD, mortality, neurodevelopment in children,
cognition, cognitive decline and mental health in adults, type 2 diabetes, birth outcomes,
asthma in children, rheumatoid arthritis and multiple sclerosis) have been published.

We therefore decided to include all these outcomes for the systematic literature review and
weight of evidence analysis for LC n-3 FA for this benefit and risk assessment. However,
asthma in children was not included as this will be conducted as a de novo literature review
in the NNR 2023.

The review for vitamin D by Lamberg-Allardt et al. (2013) covered the following health
outcomes: pregnancy outcomes and growth, bone health (all fractures, hip fractures,
vertebral fractures, bone mineral density/osteoporosis, bone mass, bone quality, rickets,
osteomalacia, dental health), muscle strength, falls; all cancers, breast cancer, colorectal
cancer, prostate cancer, type 1 and type 2 diabetes, multiple sclerosis, obesity, total
mortality, hypertension/blood pressure, cardiovascular disease (CVD) clinical outcomes, and
infections. As mentioned above the associations for bone health, including fall, and mortality
were evaluated as good and consistent. Based on brief searches we evaluated that for the
other outcomes, birth weight and respiratory tract infections would be the outcomes in which
new literature have emerged. We therefore decided to include birth weight and respiratory
tract infections in the systematic literature review and weight of evidence analysis for vitamin
D in this benefit and risk assessment.

To summarize, for LC n-3 FA, systematic literature reviews of systematic reviews and meta-
analyses were conducted for the health outcomes CVD and mortality, neurodevelopment in
children, cognition, cognitive decline and mental health in adults, type 2 diabetes, birth
outcomes, rheumatoid arthritis, and multiple sclerosis. For vitamin D, systematic literature
reviews of systematic reviews and meta-analyses were conducted for the health outcomes
birth weight and respiratory tract infections. For iodine, selenium, and vitamin B1; no
updated searches were necessary.
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It should be noted that EFSA also has published several opinions on “health claims” related
to many of these nutrients. These opinions were not based on systematic literature reviews,
and were published prior to 2015, and have therefore not been included in our work.

3.2.12 Overview of the process of selecting nutrients and associated health
outcomes, and the need for updated literature searches

The process for the updated searches is described in the Chapters 3.2.2 to 3.2.5 below.

The processes of selecting the nutrients and relevant health outcomes associated with the
included nutrients, and identification of the nutrient-outcome combinations that required
updated literature searches are shown in Figure 3.2.1.2-1.

Selection of health outcomes
for vitamin D, LC n-3 FA,
iodine, selenium and
vitamin By,

Assessment of evidence in previous reports such as
systematic reviews in IOM, NNR, VKM (competent bodies) or
Cochrane reviews

l l |

Good evidence Not good evidence in Not evaluated by NNR

(convincing/probable) previous reports (e.g.,

in previous reports limited suggestive)

Updated search to Brief searches to check if conclusions from Cochrane

check if conclusion reviews indicate good evidence not covered in the

still valid previous reports/systematic reviews by competent bodies
Indication of good No indication of good
evidence evidence

Included health outcomes for Literature search for systematic

vitamin D, n-3 fatty acids, reviews and meta-analyses in
iodine, selenium and MEDLINE, Embase, Cochrane
vitamin By, and Epistemonikos

l

Not good evidence Excluded health
outcomes

+— Good evidence —

Figure 3.2.1.2-1 A process diagram for the selection of nutrients and health outcomes related to the
nutrients in this benefit and risk assessment, and the identification of nutrients and outcomes where
an updated literature search was needed.

3.2.2 LC n-3 FA, vitamin D, iodine, selenium, and vitamin Bi> and semen
quality/male fertility

Because the critical endpoint for PCDD/Fs and DL-PCBs is semen quality, we examined the
potential associations between the included nutrients and semen quality/male fertility. A
search for all included nutrients and semen quality/male fertility without time restrictions was
conducted by a librarian at the Norwegian Public Health Institute 25.10.21. We identified 140
systematic reviews and meta-analyses. After blinded screening in Rayyan by two
independent reviewers, 19 of these papers were evaluated in full text. Fifteen papers were
excluded because they did not fulfil the inclusion criteria (commentaries, not systematic
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reviews, no estimates for exposure to LC n-3 FA, vitamin D, iodine, selenium, or vitamin B3,
or only related to female fertility). A quality assessment with slightly adapted AMSTAR for
systematic reviews resulted in 2 B graded papers and 1 C graded paper. Additionally, 1
paper was excluded, and reasons for exclusion are given in tables in Chapters 5.2.17 and
5.5.1. Only papers investigating semen quality/male fertility in relation to LC n-3 FA or
selenium were identified and included.

Literature search in MEDLINE, Embase, Cochrane and
Epistemonikos 25.10.2021 without time limitations

|

Two independent reviewers screened 140 titles and abstracts in

Rayyan. Inclusion and exclusion criterias given in Table 3.2-1 \ After ning of titles and abst ]

l 121 papers were excluded

Two independent reviewers screened 19 papers in full text

according to the same inclusion criterias
_ \ After screening of full text papers, 15

l papers were excluded

Two independent reviewers performed a quality assessment of

4 papers with AMSTAR tool for systematic review 1 paper categorised as C, and excluded
l for further analyses, and 1 paper

excluded for other reasons

2 papers were categorised as B
LC n-3 FA and semen quality: 2
Selenium and semen quality: 2
Vitamin D and semen quality: 0
Iodine and semen quality: 0
Vitamin B;, and semen quality: 0

Figure 3.2.2-1 Flow chart for selection of systematic reviews and meta-analyses for LC n-3 FA,
vitamin D, iodine, selenium, and vitamin Bi12 and semen quality.

The results from the data extraction and weight of evidence from this literature search are
described in Chapters 5.2.17 (LC n-3 FA) and 5.5.1 (selenium).

3.2.3 LC n-3 FA and CVD/mortality

The search for LC n-3 FA and CVD/mortality was conducted by a librarian at the Norwegian
Public Health Institute 23.06.21. We identified 564 systematic reviews and meta-analyses
from 2016 to the date of search. After blinded screening in Rayyan by two independent
reviewers, 39 papers were evaluated in full text. Seventeen papers were excluded because
they did not fulfil the inclusion criteria (umbrellas, not systematic reviews, no estimates for
exposure to LC n-3 FA). A quality assessment with slightly adapted AMSTAR (see 3.1.3.2) for
systematic reviews of 22 papers, resulted in 12 B graded papers and 7 C graded papers.
Additionally, 3 papers were excluded, and reasons for exclusion are given in a table in
Chapter 5.2.1.
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Litterature search in MEDLINE, Embase, Cochrane and
Epistemonikos from 2016 to 23.06.2021

l

Two independent reviewers screened titles and abstracts from

564 papers in Rayyan. Inclusion and exclusion criterias given in

Table 3.2-1 \ After screening of titles and abstracts,
1 525 papers were excluded

Two independent reviewers screened 39 papers in full text

according to the same inclusion criterias
2 After screening of full text papers,

l 17 papers were excluded
Two independent reviewers performed a quality assessment of
22 papers with AMSTAR tool for systematic review 7 papers were categorised as C, and
| excluded for further analyses, and
3 papers excluded for other reasons

12 papers were categorised as B

Figure 3.2.3-1 Flow chart for selection of systematic reviews and meta-analyses for LC n-3 FA and
CVD and mortality.

The results from the data extraction and weight of evidence from this literature search are
described in Chapters 5.2.1 to 5.2.9.

3.2.4 LC n-3 FA and neurodevelopment in children, cognition and
cognitive decline in adults, mental health in adults, birth
outcomes, type 2 diabetes, rheumatoid arthritis, and multiple
sclerosis

The search for neurodevelopment in children, cognition and cognitive decline in adults,
mental health in adults, birth outcomes, type 2 diabetes, rheumatoid arthritis, and multiple
sclerosis was conducted by a librarian at the Norwegian Public Health Institute 14.05.20. The
search was originally limited in time back to year 2010. We identified 1352 systematic
reviews and meta-analyses. However, only articles from 2015 to the date of search were
included, altogether 928 articles. After blinded screening of these in Rayyan by two
independent reviewers, 62 papers were evaluated in full text. Twenty-two papers did not
fulfil the inclusion criteria (umbrellas, not systematic reviews, no estimates for exposure to
LC n-3 FA, included only patient groups). A quality assessment with slightly adapted AMSTAR
for systematic reviews of 40 papers, resulted in 16 B graded papers and 17 C graded papers.
Additionally, 7 papers were excluded, and reasons for exclusion are given in tables in
Chapters 5.2.10-5.2.16.

A flow chart for selection of systematic reviews and meta-analyses on LC n-3 FA and the
outcome measures neurodevelopment (including cognitive functioning), preterm birth and
birth weight, type 2 diabetes, rheumatoid arthritis, and multiple sclerosis is given in Figure
3.2.4-1.
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Literature search in MEDLINE, Embase, Cochrane and

Epistemonikos from 2010 to 14.05.2020
1352 papers "~ Excluded all articles from 2010-2014,

| 424 papers
Two independent reviewers screened titles and abstracts from

928 papers in Rayyan. Inclusion and exclusion criterias given in \ After screening of titles and abstracts
o T
Table 3.2-1 1 866 papers were excluded

Two independent reviewers screened 62 papers in full text

according to the same inclusion criterias After screening of full text papers, 22

papers were excluded based on
l inclusion and exclusion criteria

Two independent reviewers performed a quality assessment of

40 papers with AMSTAR tool for systematic review \ 17 papers were categorised as C, and
1 excluded for further analyses, and 7

papers were excluded for other reasons
16 papers were categorised as A or B

Neurodevelopment in children: 4

Cognition and cognitive decline in adults: 6
Mental health in adults: 1

Preterm birth and birth weight: 3

Type 2 diabetes: 2

Rheumatoid arthritis: 0

Multiple sclerosis: 0

Figure 3.2.4-1: Flow chart for selection of systematic reviews and meta-analyses on LC n-3 FA and
selected health outcomes.

3.2.5 Vitamin D and birth weight, and respiratory tract infection

The search for vitamin D and birth weight, and respiratory tract infections was conducted by
a librarian at the Norwegian Institute of Public Health 29.04.20. Altogether we identified 366
systematic reviews and meta-analyses. The search was originally limited in time back to year
2010. However, we decided to include only articles from 2015 to the date of search, all
together 252 articles. After blinded screening of these 252 articles in Rayyan by two
independent reviewers, 44 papers were evaluated in full text.

After this selection process was finalized, we identified three recent governmental systematic
reviews by British Scientific Advisory Committee on Nutrition (SACN) that were judged to
cover our aim. We have therefore not proceeded with the results from the literature search
for vitamin D and respiratory tract infection but based our evaluation upon the SACN reports.
Twenty of the 44 papers selected in Rayyan, investigated vitamin D and birth outcomes,
e.g., birth weight. A quality assessment with slightly adapted AMSTAR for systematic
reviews, resulted in eight systematic reviews and meta-analyses for vitamin D and birth
weight graded as A or B, one paper was graded C. Two papers were excluded for reasons
given in Table 5.3.4-1, Chapter 5.

The results from the data extraction and weight of evidence from this literature search are
described in Chapters 5.3.3 (respiratory tract infection) and 5.3.4 (birth weight).

A flow chart for selection of systematic reviews and meta-analyses on vitamin D and the
outcome measures birth weight and respiratory tract infection is given in Figure 3.2.5-1.
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Litterature search in MEDLINE, Embase, Cochrane and

Epistemonikos from 2010 to 29.04.2020

366 papers ——__, Excluded all articles from 2010-2014,
1 114 papers

Two independent reviewers screened titles and abstracts
from 252 papers in Rayyan. Inclusion and exclusion criterias ———__, After screening of titles and abstracts,

given in Table 3.2-1 208 papers were excluded

Two independent reviewers screened 44 papers in full text

according to the same inclusion criterias T, 24 papers investigating respiratory tract
l infection were excluded

Two independent reviewers screened 20 papers in full text

according to the same inclusion criterias T, After screening of full text papers, 9
l papers were excluded

Two independent reviewers performed a quality assessment

of 11 papers with AMSTAR tool for systematic review \ 1 papers were categorised as C, and
l excluded for further analyses, and 2

papers were excluded for other reasons

8 papers were categorised as A or B

Figure 3.2.5-1 Flow chart for selection of systematic reviews and meta-analyses on vitamin D and
the outcome measures birth weight and respiratory tract infection.

3.2.6 Data extraction from systematic reviews and meta-analyses of
nutrient intake

Data were extracted from systematic reviews graded A or B that also included a quantitative
meta-analysis. The extraction of review studies on nutrients was similar to that performed
for review studies on fish (Chapter 3.1.4), but with some differences. The review studies on
nutrients were to a large extent based on randomized controlled trials (RCTSs) of dietary
supplements and data were extracted for type of LC n-3 FA, dose, and comparison group
(placebo or other).

3.3 Search for systematic reviews and meta-analysis on
methyl mercury

Since EFSA’s risk assessment of methylmercury from 2012, many publications have assessed
the association between mercury exposure and different endpoints. Their findings may
potentially indicate that there is a need to update the risk assessment of methyl mercury.
VKM conducted a literature search for systematic reviews published after the EFSA risk
assessment in 2012. In addition, a separate search was conducted in order to identify
original publications addressing mercury exposure and health outcomes in the Norwegian
population. This second search was done to capture new information of particular relevance
to Norway, in view of a relatively high fish consumption combined with relatively low methyl
mercury concentrations in the fish species most often consumed. VKM searched the
databases Medline, Embase, PsycInfo, Web of Science and Epistemonikos. The search was
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performed the 11th of January, 2021, and an updated search was performed the 4th of
October, 2021.The search strategy and search terms are available in Appendix II, Chapter
15.

VKM obtained 106 hits in the search for systematic reviews and meta-analyses. The
screening of title and abstract was done in accordance with criteria in Table 3.3-1 by two
independent reviewers and resulted in 22 papers that were checked in full text. From these
22, 14 reviews fulfilled the inclusion criteria, and 10 were graded B. These are summarized
in the narrative review of reviews in Appendix IV, Chapter 17. The quality of included
reviews was assessed by use of AMSTAR (see section 3.1.3.2). The included studies
comprised papers covering the topics autism, ADHD, neurodevelopment, neurological
disorder, blood pressure/hypertension, foetal growth, birth outcomes, autoimmunity,
diabetes and metabolic diseases.

Literature search in MEDLINE, Embase, PsycInfo, Web of Science
and Epistemonikos 11.01.2021, updated 04.10.2021
106 papers after librarian duplicate removal

!

Two independent reviewers screened titles and abstracts. Inclusion
and exclusion criteria given in Table 3.3-1

\ After screening of titles and abstracts
l 84 papers were excluded
Two independent reviewers screened 22 papers in full text according
to the same inclusion and exclusion criteria After screening of full text papers 8
1 papers were excluded

Two independent reviewers performed quality
assessment of 14 papers with the AMSTAR tool for systematic 4 papers were categorised as C or
reviews excluded for other reasons

1

In total, 10 papers were categorised as B

/

Figure 3.3-1 Flow chart for selection of systematic reviews and meta-analyses on methyl
mercury and various outcomes.

In the separate search for studies in the Norwegian population described above, VKM
obtained 148 hits, but only five studies fulfilled the inclusion criteria. Because the summary
of the systematic reviews showed that there was no need for an update of the TWI, these
five studies of the Norwegian population was not investigated further, and they are not
included in the flow chart in Figure 3.3-1.
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Table 3.3-1 Inclusion/exclusion criteria for reviews of human studies on methyl mercury and health
effects.

Inclusion criteria Exclusion criteria

e Measured levels of Hg in blood/hair/toenails e  Methyl mercury concentration not measured in
e Association with health outcomes blood/hair/toenails, only urinary Hg measured
e Systematic reviews, meta-analyses (inorganic Hg), thiomersal from vaccines

¢ No assessment of exposure-health association
(e.g., paper on disease burden, health costs)

e Intermediate endpoint (e.g., blood pressure)

¢ Non-human studies

e Single cohort studies

3.4 Method for benefit and risk assessment — a tiered
approach

EFSA’s guidance on human health risk-benefit assessment of foods (EFSA, 2010) and the
later more refined BRAFO tiered approach for benefit and risk assessment of foods by
Hoekstra et al. (2012) suggest a stepwise tiered approach. Hoekstra et al. (2012) suggest an
introductory pre-assessment and problem formulation, followed by four tiers; tier 1)
Individual assessments of benefits and risks, tier 2) Qualitative Integration of benefits and
risk, tier 3) Deterministic computation of common/composite health metric, and finally tier 4)
Probabilistic computation.

Hoekstra et al. (2012) suggest that a consideration should be done at each initial tier level
whether to proceed to the next tier. Such a refined benefit and risk assessment aims to
provide, depending on the availability of data, semi-quantitative or quantitative estimates of
benefits and risks at relevant exposures. The semi-quantitative assessments contain
comparisons of, e.g., exposures to nutrients and contaminants to health-based guidance
values (like average requirements (AR) for nutrients, and tolerable weekly intakes (TWI) for
contaminants), and the probabilities of being below or exceeding these reference values. At
tier 3, a quantitative approach is suggested to link the changes in intake to changes in
occurrence of specific health outcomes. Common metrics, i.e., incidence/mortality can be
used to quantify the impacts of current intake and intake scenarios, and composite metrics,
i.e., DALY or QALY can be used to quantify the impacts taking both morbidity and mortality
into account on the same scale of measurement. A quantitative methodology using either
common or composite health metrics has the advantage that it allows for a quantitative
expression of the overall health impact of a given change in diet. A quantitative expression
provides the evidence, not only if, but by how much a change in diet impacts health.

Due to the new TWIs for PCDD/F and DL-PCBs, and PFASs it was not evident that the
benefits would clearly outweigh the risks, or vice versa, prior to this present benefit and risk
assessment of fish. The opinions on TWIs performed by EFSA had shown that fish is an
important source for these contaminants, and that the general European population already
exceed these TWIs. VKM therefore anticipated that it would not be an option to stop at
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either tier 1 or tier 2, but rather that it would be necessary to proceed to tier 3 as described
above.

Figure 3.4-1 illustrates the approach used for this benefit and risk assessment of fish
consumption. The figure includes references to the chapters. This approach does not follow
the described stepwise tiered approach strictly, but rather includes several tiers. The
quantitative assessment integrates benefits and risks in a common metric (incidence and/or
mortality) by a deterministic approach. VKM considers this the main part of this benefit and
risk assessment of fish in the Norwegian diet. The quantitative assessment has been
performed for health outcomes related to fish intake that was judged to have strong
evidence (“probable” or “convincing”), with sufficient data available to quantify the
increase/decrease in incidence and mortality. The methodology and data applied for the
quantitative assessment is described in detail in Chapter 9.2.

VKM'’s systematic literature review on fish intake and health outcomes would potentially
reveal both beneficial and adverse effects of increased fish consumption. However, in the
assignment letter, VKM was specifically asked to consider the new TWIs set by EFSA for
PCDD/Fs and DL-PCBs and PFASs.

Our quantitative analyses/model does not include critical health outcomes relevant for the
contaminants due to limited available data. Moreover, a quantitative modelling approach with
common metrics was not applied for contaminants and nutrients due to a limitation in
available models. The dioxin (PCDD/Fs and DL-PCBs) model, published in the Global burden
of foodborne disease project has not been updated with the 2018 EFSA Scientific opinion on
TWIs for PCDD/Fs and DL-PCBs. For PFASs there is no existing model, and there is a lack of
consensus for the use of linear no-threshold dose-response model for methyl mercury.
Moreover, for the included nutrients in the present benefit and risk assessment there are
models for LC n3 FA and vitamin B1,, but not for the other nutrients. To avoid possible
imbalance from including some compounds (contaminants and/or nutrients) and not others,
VKM decided not to integrate any single compounds found in fish in the quantitative
modelling. The evaluation of all nutrients and contaminants relevant for fish intake has been
performed using a semi-quantitative approach. The exposures to nutrients are evaluated as
proportions of the populations with intakes below average requirements (ARs), and the
exposures to contaminants are evaluated as proportions of the population with intakes above
the TWIs.

Finally, we did a qualitative integration of the quantitative assessment of fish intake and the
semi-quantitative assessments of nutrients and contaminants in fish.

In Hoekstra et al. (2012) it is suggested to transform incidence of different health outcomes,
including mortality, onto a composite metric such as disability adjusted life years (DALY) at
tier 3. This is neither a trivial task, nor an unchallenged approach. VKM considered the
possibility of performing a full-scale benefit and risk assessment using DALYs, and critically
evaluated the necessary assumptions for such an approach.

DALY is a metric developed for the World Health Organization in the 1990'ies and have been
applied since then, as a metric to estimate the public health impact of diseases, injuries and
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risk factors in the Global Burden of Disease Study (GBD). DALY relies on and integrates
information on disease incidence, mortality, duration, and severity. Particularly, DALYs
express how many healthy life years are lost due to a given disease in a population by
estimating how many years are lived with the disease of a given severity and add them to
the number of years lost due to death earlier than expected. The severity of a given disease
(or health outcome) is expressed by a disability weight. The concept of DALY and disability
weights have been disputed as a measure of public health, but also recognized as an
indicator for impact comparable across diseases.

To properly implement DALY as a composite metric, a more rigorous modelling approach
would be necessary, especially for health outcomes not included in GBD. For instance,
incidence, duration and mortality for specific age-groups should be collated to quantify the
number of years lived with a given health effect and years of life lost to premature death,
which would require a substantial amount of work.

In addition, the communication of DALY can in some instances be challenging, and it was
decided that the added value of estimating DALY on top of the quantitative assessment of
change in incidence and mortality, was limited.

We did not have sufficient data to conduct probabilistic computation in the quantitative
benefit and risk assessment of fish consumption.

Positive health effect Hazard identification,
identification, Fish and contaminants in
Fish and nutrients in fish fish
Chapter 2 Chapter 2
Positive health effect Exposure,

Hazard characterisation,

characterisation Current; Chapters 7 and 8 - :
Fish and nutrients Scenarios; Chapter 9.1 Fish and contaminants
Chapters 4 and 5 \ Chapters 4 and 6

Quantitative benefit and risk
incidence/mortality,

Semi-quantitative risk

Semi-quantitative benefit characterisation

characterisation nutrients s :
Chapter 9.3 Fish contaminants
' Chapter 9.2 Chapter 9.4

Benefit and risk comparison
v Chapter 10

Figure 3.4-1 Illustration of approach used for this benefit and risk assessment including reference to
chapters (inspired by Figure 2 in Hoekstra et al., 2012).
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4 Fish intake and health outcomes

This chapter summarizes the epidemiologic evidence for an association between fish
consumption and selected health outcomes based on a systematic literature review
performed by VKM for the current report (see Chapter 3.1 for description of methods). The
literature review has a wide scope and includes systematic reviews and meta-analyses
published since 2016, and primary studies without time restriction.

The health outcomes included are non-communicable diseases common in the Norwegian
population for which fish, or compounds in fish (nutrients or contaminants) have an
established or hypothesized role. Due to the length of the current shapter, the structure is
explained here as a guide to the reader: The literature is summarized by health outcome. For
diseases that are common causes of death, studies of incidence (risk of developing the
disease) are summarized separately from studies of mortality (risk of dying from the
disease).

First, we present studies of cardiovascular disease (CVD) incidence overall and by more
specific sub-types (coronary heart disease, myocardial infarction, stroke, other CVD
outcomes) followed by studies of mortality (cause specific in alphabetical order, and all-
cause) in adults. The focus is on the general population, but for CVD (incidence or mortality)
and all-cause mortality, some patient populations have been included, those with a history of
CVD or at high risk of CVD due to vascular disease or type 2 diabetes (T2D). Next, we
summarize neurological outcomes (neurodevelopmental outcomes in children, and cognition
and mental health outcomes in adults) followed by T2D, rheumatoid arthritis, body weight
and other anthropometric indicators in adults and children), bone health (limited to hip
fractures), birth outcomes, asthma and allergies in children, and last multiple sclerosis (MS).
Cancer was not included in the current literature review as the Third Expert Report from the
World Cancer Research Fund (WCRF) was sufficiently comprehensive.

Under each outcome, previous systematic reviews are summarized before the primay
studies. For some large outcome groups there are introductory chapters that give a brief
overview of the outcomes. In some introductory chapters we also present all the included
systematic reviews and meta-analyses at the begining if the reviews contained multiple
outcomes. These introductory chapters are 4.1 (CVD), 4.7 (Mortality), 4.10
(Nevrodevelopment in children), 4.13 (Neurocognitive and psychiatric endpoints in adults),
4.18 (Anthropometric measures), 4.23 (Birth outcomes) and 4.29 (Asthma and allergies).
The header level is the same as for the different outcome groups, but they should be read as
overarching chapters.

The primary studies are first described under different sub-headings: included studies from
the literature search; overlapping publications (may arise from studies publishing individually
and as part of consortia, or studies publishing with varying lengths of follow-up) and any
exclusions due to overlap; studies by design and geographic region; studies in patients
(described in more detail, if included under outcome); study distribution by sex which was
evaluated as a potential effect modifier, and other central sub-groups that were presented;
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study distribution by fish exposure (fish overall and/or by sub-caterories such as fatty- or
lean fish, or other classifications) and for some outcomes also by exposure timing (e.g. fo
birth outcomes, maternal intake may be measured prior to pregnancy, during pregnany, or
during lactation). There is also a header for studies assessing potential non-linearity to alert
readers to studies that have evaluated the shape of the dose-reponse relation in more detail,
and that may include figures that are not shown in the current report.

Next, we present the study results, grouped under sub-headings for total fish, and other
sub-classifications presented in the literature (mainly fatty- and lean, or fried vs non-fried
fish intake). Results from patient studies are presented under a separate sub-heading, and
there is a sub-heading where VKM’s summary relative risk (RRs) are presented and
compared with resuls from previous meta-anayses. Heterogeneity of results between studies
and dose-response relationships are part of the weight of evidence and described under
separate headings. Last, the weight of evidence criteria are summarized with an overall
conclusion. A list of common abbreviations in tables within the current chapter is given below
(Table 4.1).

Table 4-1 Overview of common abbreviations used in tables in Chapter 4.

Abbreviation in tables Explanation

Cat. Category or categories

CI Confidence interval

d, wk, mo, yr(s) Day, week, month, year(s)

FFQ, semi-quant. Food frequency questionnaire, semi-quantitative

GW Gestational week

M, W, M/W Men, women, men and women combined

MD, B Measures of difference or change for continuous health outcomes: mean
difference (MD) or linear regression coefficient (B)

NA Not available, or not applicable

Q1-Q4 or Q1-Q5 Quartiles for range Q1-Q4, quintiles for range Q1-Q5

RR, HR, IRR, OR Measures of relative risk (RR) for binary health outcomes: hazard ratio (HR),
incidence rate ratio (IRR), odds ratio (OR)

SD, SE Standard deviation, standard error

Sig. assoc. Statistically significant association

Although cancer was not included, the evidence for associations between fish intake and risk
of disease or mortality is weighed according to the same criteria used by the WCRF (see
Chapter, section 3.1.6). The following weighting criteria are used: the published evidence of
fish intake and health outcome (number of studies for each study design), heterogeneity
between studies, and evidence for biological plausibility. There is also possibly to upgrade
the level of evidence according to the WCFR grading system. Examples of upgrading factors
are evidence of a plausible biological gradient (dose-response) in the association, particularly
large effect sizes, evidence from randomized controlled trials in humans, or robust evidence
from experimental studies in appropriate animal models. In the current literature review,
evidence of dose-response was the most appliable upgrading factor.

For an overview of the weight of evidence conclusions, see Chapter 4.37. Quantitative
assessments were performed for health outcomes for which the evidence for an association
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with fish intake was graded at least “probable” (see Chapter 9.2 for Quantitative benefit and
risk characterization of fish intake).

4.1 Introduction fish intake and cardiovascular disease
incidence

This chapter is an introduction to the weight of evidence analysis chapters for the included
CVD outcomes (Chapters 4.2-4.6).

Overview of studies summarized according to cardiovascular disease
outcomes

Cardiovascular disease (CVD) is a large group of diseases that involve the heart and blood
vessels. Coronary heart disease (CHD) and cerebrovascular disease (stroke) are two common
forms of CVD. CHD affect blood vessels supplying the heart muscle, and stroke affect blood
vessels supplying the brain. The underlying reason for CHD and stroke is mainly a narrowing
or blockage of the arteries (atherosclerosis), leading to restricted blood supply (ischemia), a
shortage of oxygen, and tissue damage. Ischemic heart disease and myocardial infarction
(MI or heart attack) are large components of CHD. Stroke can also be caused by bleeding
from a blood vessel in the brain. Therefore, strokes may be defined as ischemic or
hemorrhagic. Historically, hemorrhagic stroke has dominated in many Asian populations, and
ischemic stroke in Western populations, but with the word wide spread of Western diet and
lifestyle, ischemic strokes are now most common. Both MI and stroke are usually acute and
may be fatal. Other forms of CVD include peripheral arterial disease (affecting blood vessels
supplying the arms and legs), thromboembolic disease (from migrating blood clots in the
circulation), abnormal heart rhythms such as atrial fibrillation, and different forms of heart
failure (affecting the pumping capacity of the heart). Rheumatic heart disease (complication
from rheumatic fever) and congenital heart disease (malformations at birth) are also part of
the CVD group but less relevant in relation to fish intake.

The results are summarized separately for each outcome in sub-chapters within this chapter.
We start by presenting the evidence for incidence of total CVD as a composite outcome
(Chapter 4.2), followed by CHD (Chapter 4.3), MI (Chapter 4.4), stroke and stroke sub-types
(Chapter 4.5) and other CVD outcomes (heart failure, atrial fibrillation, venous
thromboembolism, Chapter 4.6). Although it may seem artificial to draw separate conclusions
for outcomes nested within each other, the outcome classifications reflect those used in the
literature. Because the number of included primary studies varies for each outcome,
conclusions on CVD overall may differ from those on CVD sub-groups, depending on the
published evidence (or lack of evidence) for each outcome.

Figure 4.1.-1 shows the CVD outcomes placed within a hierarchical classification scheme.
Outcomes in white boxes (unstable angina, unspecified stroke) were not summarized
separately but included in outcomes higher in the hierarchy. Acute coronary syndrome (one
study) was grouped with studies of CHD, and all cerebrovascular disease (one study) was
groups with studies of total stroke.

VKM Report 2022: 17 83



Cardiovascular diseases

(CVD) as composite
outcome
]
[ | |
Coronary heart All cerebrovascular Other CVD
disease (CHD) disease outcomes
Acute coronary Atrial fibrillation
syndrome (ACS) Stroke B (AF)
| Myocardial | : | s
infarction (MI) Ischemic Heart failure (HF)
Venous
L—4Jnstable angina — Hemorrhagic L thromboembolism
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Figure 4.1-1 Overview of CVD outcomes included in primary studies.

Mechanisms CVD

The potential mechanisms for how fish consumption may prevent CVD, and all the
underlying outcomes like CHD, stroke and MI, with fish consumption are quite well
described. These mechanisms have been attributed to essential nutrients found in fish,
including long chain n-3 fatty acids (LC n-3 FA), vitamin D, trace elements, and bioactive
peptides. Mechanisms for LC n-3 FA influence on CVD is described in more detail in Chapter
5.2.

Fatty fish is also an important source of vitamin D. Vitamin D can directly regulate gene
expression by acting as ligand for the vitamin D receptor, and in addition, vitamin D
regulates the renin-angiotensin-aldosterone system (Mheid et al., 2017). It has also been
suggested that vitamin D regulates blood pressure by influencing arterial stiffness and
endothelial function, and vitamin D may inhibit inflammation. Experimental, cross-sectional,
and prospective evidence suggest that vitamin D deficiency play a role in the pathogenesis of
CVD, however, meta-analyses of RCTs have found no association between vitamin D intake
and inflammation markers, blood pressure or arterial stiffness (Zittermann et al., 2019).

Fish contains trace elements, including selenium and iodine. Selenium can alleviate oxidative
stress and inflammation in patients with CVD.
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Fish is also considered an excellent source of protein and contain bioactive peptides that may
inhibit the angiotensin-converting enzyme (ACE) and thereby have a blood pressure reducing
effect (Kim et al., 2012).

Due to contamination of aquatic ecosystems and aquaculture feed ingredients, fish may also
contain contaminants, and intake of fish could potentially cause adverse health effects.
Moreover, contaminants present in fish may counteract mechanisms induced by nutrients,
and hence modify potential beneficial health effects of fish intake. Compounds may also be
added or lost from the fish during processing, packaging, and/or preparation. This can
further affect the net health effect of fish intake (e.g Ho et al., 2021).
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4.2 Fish intake and CVD incidence

4.2.1 VKM'’s search for previous systematic reviews and meta-analyses of
fish intake and CVD incidence

4.2.1.1 Description of the identified publications

VKM'’s search for systematic reviews and meta-analyses (see Chapter 3.1.2.2) identified one
publication on fish intake and incident CVD (Krittanawong et al. 2021). This study was
excluded after quality assessment (graded C by VKM using the AMSTAR tool).

4.2.2 VKM'’s systematic review of primary studies on fish intake and CVD
incidence

4.2.2.1 Included studies from search

A total of 11 publications graded A or B, including one pooled analysis and one global,
multicenter study, presented results on CVD incidence: Bonaccio et al., 2017, Erkkila et al.,
2003, Morris et al.,1995, Nahab et al., 2016, Mohan et al., 2021; Rhee et al.,2017, Strom et
al., 2012, Strom et al., 2011, Virtanen et al., 2008; Zhang et al., 2021; Zhong et al., 2020.
One study was limited to CHD patients (Erkkila et al., 2003) and the global multicenter study
(Mohan et al., 2021) assessed CVD in patient groups with a history of CVD or at high risk of
CVD (all sub-cohorts) as well as in the general population (one sub-cohort). Thus, one of 11
studies was conducted in patients only, nine of 11 in general population, and one in both
patients and the general population (as separate analyses).

Selected study characteristics (study name, design, time period, size and age of the study
population and dietary assessment method) are presented in Table 4.2.2.1-1.
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Table 4.2.2.1-1 Overview of primary studies included in weight of evidence analysis of fish intake and CVD incidence.

Author, Study name Study design Inclusion year(s), end, @ Study population Dietary assessment | Dietary

year, follow-up time method assessment period

country

Bonaccio et Moli-sani study Prospective 2005-2010 to 2011, 4.3 24 325 (46% male), =35 yrs Italian version of EPIC | Previous year, at

al., 2017, observational yrs follow-up (median) (mean age 55 yrs) FFQ, validated baseline

Italy

Mohan et al., | PURE, ONTARGET, Prospective Follow-up to 2019 191 558 (47.9% male), 51 731 | Country specific FFQs | Usual intake in

2021, Global, | TRANSCEND, and observational, (PURE), Median follow-up | with vascular disease and 139 previous year, at

6 continents, | ORIGIN, only data from | Multicenter (yrs) was 9.1 in PURE 827 generally healthy. PURE baseline

58 countries | PURE on general (n=147 541), Mean age PURE

population 51 (35-70) yrs

Morris et al., | Physicians' Health Study Prospective 1982, 4 yrs of follow-up 21 185 male physicians, 40-84 | FFQ, semi quant, Average intake,

1995, USA (PHS) observational yrs validated previous year, at 12-
month follow-up

Nahab et al., | REasons for Geographic Prospective 2003-2007 (inclusion 16 479 men and women (34% | FFQ, Block98 Usual intake, past

2016, USA And Racial Differences in | observational yrs.) to 2010, 5.1 yrs African Americans, 59% year, at baseline

Stroke (REGARDS) study follow up (median) female, 74% were overweight
or obese), 40-75 yrs

Rhee et al., Women's Health Study Prospective 1993 to 2014, 22 yrs 38 392 female health FFQ, semi-quant, Average intake, at

2017, USA (WHS) observational follow-up professionals, 245 yrs validated baseline

Strom et al., | Danish National Birth Prospective 1996-2002 to 2008, 8 yrs | 48 627 pregnant women, 2 computer assisted Telephone interviews

2012, Cohort observational follow-up (median) 15.7- 46.9 yrs (mean 29.9 yrs) | telephone interviews in 1st and 3rd

Denmark and FFQ, semi-quant, | trimester (weeks 12

validated and 30). FFQ in 2nd

trimester (week 25)
covered previous
month

Strom et al., | Aarhus Birth Cohort Prospective 1992-1997 to 2009, 15 7429 pregnant women, <20 to | Pregnancy Intake in pregnancy

2011, (ABC) observational yrs follow-up (median) 40+ yrs questionnaires at week 16 (intake

Denmark since pregnant) and

30 (intake since wk
16)
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through Intervention to
Reduce Events

(EUROASPIRE)

yrs of follow-up to 2000
(hospitalization) or 2001
(deaths)

completed at home.
Portion size booklet

Author, Study name Study design Inclusion year(s), end, @ Study population Dietary assessment | Dietary
year, follow-up time method assessment period
country
Virtanen et Health Professionals Prospective 1986 to 2004, 18 yrs 40 230 male health Repeated FFQ (1986, | Average intake,
al., 2008, Follow-Up Study (HPFS) observational follow-up professionals, 40-75 yrs, mean | 1990, 1994, 1998, previous year
USA age approx 53 yrs and 2002), semi-
quant, validated
Zhang et al., | UK Biobank Prospective 2006-2010 to 2020, 462,155 (44% male), 40-69 Touchscreen FFQ NA, probably usual
2021, UK observational follow-up 11.2 yrs yrs, mean 56.7 yrs intake at baseline
(median)

Zhong et al., | Lifetime Risk Pooling Prospective 1985-2002 (inclusion 29 682 (44.4% male), mean FFQ, validated or diet | NA, probably usual
2020, USA Project: Atherosclerosis cohorts, pooled 1986-1990 for FHS, age 53.7 yrs history, depending on | intake at baseline

Risk in Communities 1991-1995 for FOS, study

study (ARIC), Coronary 1986-1989 for ARIC,

Artery Risk Development 1985-1986 for CARDIA,

in Young Adults 1989-1990 for CHS,

(CARDIA) study, 2000-2002 for MESA) to

Cardiovascular Health 2016, follow-up 19 yrs

Study (CHS), (median)

Framingham Heart Study

(FHS), Framingham

Offspring Study (FOS),

and Multi-Ethnic Study of

Atherosclerosis (MESA)
Patient populations
Erkkila et al., | Finnish sub-cohort of Prospective 1991-1994 (first 285 men and 130 women with | 4-d food record (3 Current intake at
2003, European Action on observational hospitalization), baseline | coronary artery disease, 33-74 | weekdays and 1 baseline, 4 days
Finland Secondary Prevention examination in 1995, 5 yrs, mean age 61 yrs weekend day)
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PURE 51 (35-70) yrs,
ONTARGET and TRANSCEND
67 yrs, ORIGIN 64 yrs

Author, Study name Study design Inclusion year(s), end, @ Study population Dietary assessment | Dietary
year, follow-up time method assessment period
country
Mohan et al., | PURE, ONTARGET, Prospective Follow-up to 2019 191 558 (47.9% male), 51 731 | Country specific FFQs | Usual intake in
2021, Global, | TRANSCEND, and observational, (PURE), Median follow-up | with vascular disease and 139 | (no amounts in previous year, at
6 continents, | ORIGIN multicentre (yrs) was 9.1 in PURE, 827 generally healthy. PURE ONTARGET and baseline
58 countries 4.5 in ONTARGET and (n=147 541), ONTARGET and TRANSCEND),
TRANSCEND, and 6.2 in TRANSCEND (n = 31 491), validated in some
ORIGIN ORIGIN (n=12 422). Mean age | countries
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4.2.2.2 Overlapping publications

No overlapping publications were identified among studies of CVD incidence.

4.2.2.3 Studies by design and geographic region

All eleven publications on CVD incidence were based on prospective, observational designs
(cohort, birth cohort, or follow-up of RCT) and study samples from Western populations in
Denmark (Strom et al., 2012, Strom et al., 2011), Italy (Bonaccio et al., 2017) or USA
(Morris et al., 1995, Nahab et al., 2016, Rhee et al., 2017, Virtanen et al., 2008, Zhong et
al., 2020). One study was a global multicenter study with data from 58 countries on 6
continents (Mohan et al. 2021).

Both Danish studies were based on birth cohorts, and fish intake during pregnancy was
considered representative of habitual intake after pregnancy. The women were still relatively
young, and cases of CVD were therefore largely non-fatal.

Two of the publications included multiple studies. Zhong et al., 2020 (Lifetime Risk Pooling
Project) pooled data form 6 US cohort studies (ARIC, CARIDIA, Cardiovascular Health Study;
Framingham; Framingham Offspring; and Multi-Ethnic Study of Atherosclerosis), and Mohan
et al. (2021) presented data from one prospective cohort and three follow-up studies of drug
trials.

4.2.2.4 Studies in patient populations

Two studies were carried out in patient populations (Erkkila et al., 2003; Mohan et al. 2021).
Erkkila et al., (2003) included 285 men and 130 women with coronary artery disease (CAD)
from the Finnish sub-cohort of the European Action on Secondary Prevention through
Intervention to Reduce Events (EUROASPIRE) (Erkkila et al., 2003). Fish intake was not part
of the intervention, and the study used fish intake measured at baseline, which was after
first hospital admission. In addition to the composite CVD outcome (CVD death, or non-fatal
acute MI, or non-fatal stroke), the study also included CAD (CAD death, or non-fatal acute
myocardial infarction), CAD mortality, and all-cause mortality. Therefore, this study is
included multiple times under several outcomes.

Mohan et al. (2021) included data from four studies: one cohort study (PURE) and follow-up
of three drug trials (ONTARGET, TRANSCEND, and ORIGIN). In addition to the composite
outcome of major CVD events, the study also included MI, stroke, CVD death, cardiac death,
and total mortality (and a composite of death and major CVD not summarized here).
Therefore, this study is also presented multiple times under several outcomes. The different
studies in Mohan et al. (2021) are described in more detail below:

The Prospective Urban Rural Epidemiology (PURE) study is a large cohort study conducted in
21 low-, middle-, and high-income countries on 5 continents. The analysis included 147 645
participants with complete information on diet, where 5.3% had a history of CVD. Only
results in patients with a CVD history were considered here.
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The Ongoing Telmisartan Alone and in Combination With Ramipril Global EndPoint Trial
(ONTARGET) is an RCT of antihypertension medication (ramipril, telmisartan, or
combination). All patients had vascular disease or diabetes which is a risk factor for vascular
disease. The Telmisartan Randomized Assessment Study in ACEIntolerant Subjects With
Cardiovascular Disease (TRANSCEND) was an RCT of telmisartan vs placebo. The analysis
included 31 491 participants (ONTARGET and TRANSCEND combined) with dietary
assessments in 40 countries on 6 continents. ONTARGET and TRANSCEND did not include
low-income countries. Results were presented for ONTARGET and TRANSCEND combined.

The Outcome Reduction With Initial Glargine Intervention (ORIGIN) trial was an RCT of
insulin glargine therapy or standard care and n-3 fatty acid or placebo supplementation (2 x
2 factorial design). The participants had cardiovascular risk factors plus impaired fasting
glucose, impaired glucose intolerance, or diabetes. The analysis included 12 422 participants
with dietary assessments in 40 countries (19 middle-income and one low-income) on 5
continents. Information about type of fish was only collected in ORIGIN.

4.2.2.5 Studies by sex, potential effect modification, and other sub-groups

Of the 11 studies on CVD, six included both men and women (Bonaccio et al. 2017, Erkkila
et al. 2003; Mohan et al. 2021; Nahab et al. 2016, Zhang et al., 2021, Zhong et al., 2020),
the remaining studies were conducted in males (Morris et al., 1995, Virtanen et al., 2008) or
females (Rhee et al., 2017, Strom et al., 2012, Strom et al., 2011) only. Three US studies
were conducted in male (Morris et al., 1995, Virtanen et al., 2008) or female (Rhee et al.,
2017) health professionals. Among studies in both men and women, Bonaccio el al. (2017)
reported to have examined potential effect modification by sex. The test of interaction was
not statistically significant (p>0.05). Zhang et al. (2021) reported a stronger association for
total fish intake with CVD risk in women relative to men but without a test of interaction.
VKM only calculated summary RRs for men and women combined.

Mohan et al., 2021 stratified results by CVD history in the study participants (PURE study
only) whereas Zhang et al. (2021) stratified results by genetic CVD risk, defined as a family
history of cardiovascular disease (CVD) or a CVD polygenic risk score (PRS) in the study
participants. Associations in Mohan et al. 2021 differed by CVD history and are presented
separately for the general population (Chapter 4.2.3.1) and patient populations (Chapter
4.2.3.4). Zhang et al. (2021) reported similar results for subgroups with and without a family
history of CVD (Ahteraction=0.13) and for the highest versus lowest quartile of the PRS
(Pnteraction =0.77) and only the combined results for all participants are presented in this
report.

4.2.2.6 Studies by fish exposure

All studies except two (Nahab et al. 2016, Rhee et al. 2017) included a total fish exposure
(sum of all fish, unspecified fish, or fish including shellfish). Several studies presented results
by multiple fish classifications. The most common sub-classifications were fatty or lean
(based on species mainly), or by flesh color (e.g. “dark fish”). When “dark fish” in Virtanen et
al. (2008) (mackerel, salmon, sardines, bluefish, and swordfish given as examples in FFQ)
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was categorized as fatty fish and remaining fish (not dark) as lean fish, we could study fatty
fish in three studies and lean fish in two studies in the general population. Results were not
summarized for categories of fish found in only one study; fried or non-fried fish (Nahab et
al., 2016), tuna only (Virtanen et al., 2008), preserved fish (canned or dried, Bonaccio et al.,
2017) or all fish excluding cod fish (Carballo-Casla et al., 2021). Both studies in patients
(Erkkila et al. 2003; Mohan et al. 2021) included total fish, and Mohan et al. 2021
additionally presented results on lean fish and fatty fish in one sub-cohort.

4.2.2.7 Studies assessing potential non-linearity

One primary study presented a dose-response figure of fatty fish intake and risk of incident
CVD (Bonaccio et al., 2017) based on restricted cubic spline regressions, which takes
potential non-linearity into account.

4.2.3 Results from the included primary studies fish intake and CVD
incidence

4.2.3.1 Studies of total fish intake and CVD incidence

We summarized eight publications with eight estimates of the association between total fish
intake (excluding two studies with other fish exposures) and risk of developing CVD in the
general population. Table 4.2.3.1-1 shows the exposure levels and results in these studies.
The sex-specific estimates are included in addition to the overall estimate (men and women
combined) for one study that reported statistically significant effect modification by gender
(Zhang et al., 2021). All studies had a prospective, observational design.
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Table 4.2.3.1-1 Results from prospective observational studies included in the weight of evidence analysis of total fish intake and CVD incidence.

USA

shellfish, M/W

quintiles (cohort
specific)

vs 0.02
serving/day/1000 kcal

Author, year, | Fish exposure, | Intake unit High-low intake Total HR high-low (95% CI) Overall result
country sex cases
Bonaccio, Fish, incl Times/wk, 3 cat | >4 vs <2 times/wk, 352 0.62 (0.42, 0.93) Protective assoc. of highest vs lowest category, ~
2017, Italy shellfish, M/W 92.5vs23.0g trend=0.008, or 10% lower risk per 1/wk increase
(mean)
Mohan, 2021, Fish, incl g/mo or wk, 4 >350 g/wk vs <50 6825 0.97 (0.88, 1.08) No sig. assoc., ~trend 0.24
global, 6 shellfish, M/W, cat g/mo, median 594 vs
continents, 58 | PURE study 0.1 g/wk
countries
Morris, 1995, Fish, M Meals/wk, 4 cat | =5 per wk vs <1 per 525 0.9 (0.6, 1.5) No sig. assoc. overall. Sig. adverse assoc. for intake
USA mo 1/wk vs <1/wk only, not higher. ~Atrend 0.65
Strom, 2012, Fish, W g/d, 5 cat >30 vs 0-3 g/d 577 0.65 (0.47, 0.88), Protective assoc. of higher intakes, Atrend 0.024
Denmark reported as 1.54 (1.13,
2.11) for low vs high
Strom, 2011, Fish, incl g/d, 6 cat No intake + quintiles | 263 1.30 (0.51, 3.33), No sig. assoc. Sig. adverse effect of intake in 2"
Denmark shellfish, W among CONSUMErs, reported as low vs high: quintile, ~trend 0.61
upper quintile (mean 0.77 (0.30, 1.96)
39 g/d) vs no intake
Virtanen, Fish, M Servings, 5 cat, >5/wk vs <1/mo 3639 1.04 (0.87, 1.25) Protective assoc. of 1 serving/wk and 2—4
2008, USA cumulative servings/wk, but not >5/wk vs <1/mo, Atrend 0.24
average
Zhang, 2021, Total fish, M/W | Times/wk, 4 cat | >3 vs <1/wk 46164 0.92 (0.89, 0.96) Protective assoc., Atrend <0.001, reported sex
UK interaction.
Total fish, M Times/wk, 4 cat | =3 vs <1/wk 27085 0.97 (0.92, 1.03) No sig. assoc.
Total fish, W Times/wk, 4 cat | =23 vs <1/wk 18570 0.85 (0.79, 0.91) Protective assoc. in all cat. above reference
Zhong, 2020, Fish, incl Servings/d: Quintile 5vs 1, 0.47 6963 1.04 (0.96, 1.13) No sig. assoc., Atrend 0.31

Among the eight studies of total fish intake in over 65,000 cases of incident CVD, three reported a statistically significant protective association,

the remaining studies reported no association.
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4.2.3.2 Studies of fatty fish intake and CVD incidence

As previously mentioned, three studies (all prospective, observational) analyzed the association of fatty fish with risk of incident CVD in the
general population. The exposure levels and results are shown in Table 4.2.3.2-1. Two studies did not find a statistically significant association,
while one reported a protective association of intake once or more per week.

Table 4.2.3.2-1 Results from prospective observational studies included in the weight of evidence analysis of fatty fish intake and CVD incidence.

USA

cumulative average

Author, year, Fish exposure, | Intake unit High-low intake Total HR high-low Overall result

country sex cases (95% CI)

Bonaccio, 2017, | Fatty fish, M/W Times/wk, 3 cat >1/wk vs none, 24.2 vs | 352 0.56 (0.36, 0.87) Protective assoc. of >1/wk vs none, inverse
Italy 0 g/d (mean) trend

Rhee, 2017, Fatty fish, W Servings/mo or wk, 4 | >1/wk vs <1/mo 1941 1.00 (0.86, 1.16) No sig. assoc., Atrend 0.78

USA cat

Virtanen, 2008, Fatty fish, M Servings, 5 cat, >2/wk vs <1/mo 3639 1.10 (0.93, 1.29) No sig. assoc., Atrend 0.35

4.2.3.3 Studies of lean fish intake and CVD incidence

Two studies of fatty fish intake also provided estimates for lean fish intake (Table 4.2.3.3-1). As shown below, one study did not find a
statistically significant result, the other reported a protective association of intake without a significant trend.

Table 4.2.3.3-1 Results from prospective observational studies included in the weight of evidence analysis of lean fish intake and CVD incidence.

Author, year, Fish exposure, | Intake unit High-low intake Total HR high-low Overall result

country sex cases | (95% CI)

Bonaccio et al., Lean fish, M/W Times/wk, 3 cat >1vs none, 30.9vs 0 352 1.25 (0.70, 2.23) No sig. assoc.

2017, Italy g/d (mean)

Virtanen et al., Lean fish, M Servings, 5 cat, >2/wk vs <1/mo, 3639 1.00 (0.88, 1.13) Protective assoc. of 1 serving/wk and

2008, USA cumulative average borderline for 1-3/mo vs <1/mo, Atrend 0.58
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4.2.3.4 Studies of fish intake and CVD risk in patient populations

Both Erkkila et al. (2003) and Mohan et al. 2021 consistently reported association on the protective side, but not statistically significant, for

total fish intake in patients with previous CVD, or at high risk of CVD. In the only study of fatty fish and lean fish (ORIGIN sub-cohort in Mohan

et al. 2021), the association was protective and statistically significant for fatty fish. No association was seen for lean fish (Table 4.2.3.4-1).

Table 4.2.3.4-1 Results from prospective observational studies included in the weight of evidence analysis of fish intake and CVD risk in patients.

Author, Fish exposure, sex Intake unit High-low intake Total HR high-low Overall result
year, cases (95% CI)
country
Prior CVD or high risk, total fish
Erkkila, 2003, | Fish, M/W g/d, 3 cat (above/below | Cat 3 vs 1, >57 (above 44 0.45 (0.19, 1.09) Suggestive, Atrend 0.12
Finland median, null) median) vs 0 g/d
Mohan, 2021, | Fish, incl shellfish, M/W, g/mo or wk, 4 cat >350 g/wk vs <50 g/mo, | 1363 0.86 (0.69, 1.08) No sig. assoc., ~trend 0.08
global, 6 PURE median 594 vs 0.1 g/wk
continents, 58 | Fish, incl shellfish, M/W, g/mo or wk, 4 cat >350 g/wk vs <50 g/mo, | 5182 0.91 (0.81, 1.03) Borderline protective assoc. in
countries ONTARGET, TRANSCEND median 450 vs 2.8 g/wk two highest categories, ~
trend 0.02
Fish, incl shellfish, M/W, g/mo or wk, 4 cat >350 g/wk vs <50 g/mo, | 2020 0.87 (0.76, 1.01) Protective or borderline
ORIGIN median 568 vs 2.2 g/wk protective assoc. in all
categories, Ptrend 0.02
Prior CVD or high risk, fatty and lean fish
Mohan, 2021, | Fatty fish, M/W, ORIGIN g/d, continous, per 5 2020 0.94 (0.92, 0.97) Protective assoc.
global, 6 g/d increment
continents, 58 | Lean fish, M/W, ORIGIN g/d, continuous, per 5 2020 1.03 (0.98, 1.08) No sig. assoc.
countries g/d increment
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4.2.3.5 Summary relative risks (RRs) based on VKM's inclusion of primary studies

The summary relative risk (RR) for incident CVD in the general population (Table 4.2.3.1-1)
suggested a protective but statistically non-significant association for the highest versus
lowest intake of total fish (RR=0.94, 95% CI: 0.86, 1.02, eight studies). There was
significant heterogeneity (Aeterogeneity=0.01), but no reports of a statistically significant
adverse effect.

The summary RRs for fatty fish (three publications, Table 4.2.3.2-1) was similar to total fish
in magnitude, but with a wider confidence interval (RR=0.93, 95% CI: 0.73, 1.19,
Pheterogeneity=0.018). The association with lean fish (two publications, Table 4.2.3.3-1) was at
unity (RR=1.01, 95% CI 0.90, 1.14, Aieterogeneiy=0.46). VKM did not identify a previous meta-
analysis for comparison.

The summary RR for CVD in high-risk patients with diabetes, a history of vascular disease or
CVD (Table 4.2.3.4-1) indicated a protective association with total fish that was statistically
significant overall: RR=0.88 (95% CI: 0.81, 0.96) without significant heterogeneity (two
publications, four cohorts, Aeterogeneity=0.47).

4.2.4 Heterogeneity fish intake and CVD incidence

The summary relative risk estimated based on the included primary studies showed
significant heterogeneity, but what explained this heterogeneity was not further explored.

4.2.5 Dose-response relationship fish intake and CVD incidence

No meta dose-response analysis was identified. The dose-response analysis in one primary
study (Bonaccio et al. 2017) suggested a linear, inverse relationship for fatty fish (~value for
non-linearity = 0.99). Judging from the confidence interval of the line (figure not shown),
the relationship was not statistically significant for intakes higher than 38 g/day.

In the 4 sub-cohorts of patients with vascular disease in Mohan et al. (2021), significant
linear trends were reported across intake categories of total fish in ONTARGET/TRANSCEND
(Ptrend 0.02) and ORIGIN (Atrend 0.02) but somewhat weaker in PURE (A-trend 0.08).

4.2.6 Weight of evidence fish intake and CVD incidence

In this section, the evidence of the association between fish intake and CVD incidence is
weighed according to the WCREF criteria presented in Chapter 3.1.6 (Box 2).

Published evidence of fish intake and CVD incidence

No relevant systematic reviews or meta-analyses of the association between fish intake and
risk of incident CVD as a composite outcome, were identified. VKM identified 10 primary
studies in the general population, and two (including one global, multicenter study with 4
sub-cohorts) in patients with a history of CHD or CVD. The summary RR for primary studies
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included by VKM suggests reduced risk of CVD for the highest versus lowest intake of total
fish (eight studies), but the association was only statistically significant in patients.

Heterogeneity

There was significant heterogeneity between studies included in VKM’s summary RR for the
general population, but the direction of the associations was generally consistent with no
reports of statistically significant adverse associations. There was no significant
heterogeneity between studies in patient populations.

Mechanism/biological plausibility
Plausible mechanisms for an effect of LC n-3 FA have been described.
Upgrading factors

Dose-response was evaluated but not found to be an upgrading factor in this case. No meta
dose-response analysis was found. No other upgrading factors were evaluated.

4.2.6.1 Conclusion fish intake and CVD incidence

There is evidence from more than two independent and good quality cohort studies on total
fish intake (VKM included eight publications on the general population, two on patients, but
no previous meta-analysis). VKM’s summary RR for primary studies in the general population
is not statistically significant but suggests lower risk of CVD for the highest versus lowest
intake of total fish. The direction of association is generally consistent, but with some
heterogeneity between studies. There is evidence for biological plausibility.

In conclusion, the evidence was graded “limited, suggestive” for a protective effect of fish
consumption on incident CVD in the general population. VKM’s summary RR for studies in
patients with prior CVD or at high risk was slightly stronger, but consistent with the summary
RR for the general population.

There were fewer studies of fatty fish and lean fish than total fish, and the evidence was too
limited to conclude on a differential effect off fatty and lean fish on risk of CVD. Therefore,
the evidence was graded “limited, no conclusion” for an effect of fatty fish and lean fish on
risk of incident CVD in the general population.
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4.3 Fish intake and CHD

incidence

4.3.1 VKM'’s search for previous systematic reviews and meta-analyses of
fish intake and CHD incidence

4.3.1.1 Description of the identified publications

VKM'’s search for systematic reviews and meta-analyses (see Chapter 3.1.2.2) identified nine
publications on the association between fish intake and CHD incidence that fulfilled the
inclusion criteria and were read as full papers. Four papers were excluded (see Table

4.3.1.1-1 for reason for exclusions).

Table 4.3.1.1-1 Reasons for exclusion of identified papers from the search of systematic reviews and
meta-analyses of fish intake and CHD incidence 2016-2021.

Included papers

Excluded paper and reasons for exclusions

Umbrella reviews
Jayedi and Shab-Bidar, 2020
D’Alessandro et al., 2019

Systematic reviews

Jayedi et al., 2020, patients with T2D
Zhang et al., 2020

Bechthold et al., 2019

Kromhout et al., 2016: Type of umbrella review. No search strategy
was presented, no description of quality assessment.

Schwingshackl et al., 2019: Comparative risk assessment modelling
study, not a systematic literature review or a meta-analysis.

Micha et al., 2017: Umbrella review combined with some meta-
analysis, but selection of papers was only done by one person. No
information about any quality assessment for the included meta-
analysis. One meta-analysis of fish and CHD mortality was included
(Zheng et al., 2012).

Umesawa et al., 2020: Narrative review. Target group was only
Japanese population.

The meta-analyses are described in

more detail below; first a main description of the

methods used and then main/selected results from each meta-analysis are presented (Table

4.3.1.2-1).

Two of the identified five studies were umbrella reviews (Jayedi and Shab-Bidar 2020;
D’Alessandro et al., 2019). These umbrella reviews build on one relevant meta-analysis;
Bechthold et al. (2019). Bechthold et al. (2019) was also identified in our search, and in
addition, we identified two more recent meta-analyses; Zhang et al. (2020) and Jayedi et al.
(2020), that were not included in the umbrellas (see flow-chart in Figure 4.3.1.1-1 below).
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9 full text papers

4 excluded

5 included

2 umbrella reviews 3 meta-analyses

Bechthold 2019

Zhang et al 2020
Jayedi, Soltani et al 2020

Figure 4.3.1.1-1 Flow-chart of the included meta-analyses for fish intake and CHD.
Umbrella reviews

Jayedi and Shab-Bidar (2020) is an umbrella review of meta-analyses of prospective studies
investigating fish intake and different outcomes (CVD, T2D), site-specific cancers,
neurological disorders, all cause and cause-specific mortality, and any other diseases. This
umbrella review selected only the meta-analyses with the largest number of primary
prospective cohort studies, one for each outcome. The quality of the meta-evidence was
assessed using the NutriGrade scoring system. For total fish intake and risk of CHD Jayedi
and Shab-Bidar (2020) included the meta-analysis by Bechthold et al. (2019) (described
below).

D’Alessandro et al. (2019) is an umbrella review on the association between food groups and
CVD, CHD, stroke, T2D, colorectal cancer and breast cancer risk. They identified one meta-
analysis for fish intake and CHD as outcome; Bechthold et al. (2017) (see below for
description of the study).

Meta-analyses

Jayedi et al. (2020) is a meta-analysis of prospective studies investigating fish intake and
different cardiovascular outcome (CHD, stroke, MI) in patients with T2D. The authors did a
systematic search in PubMed and Scopus databases up to June 2019. The quality of eligible
papers was assessed with use of the 9-point Newcastle-Ottawa scale. Three prospective
cohort studies were included in this meta-analysis of fish intake and the risk of CHD (Hu et
al., 2003; Deng et al., 2018; Wallin et al., 2018), and they scored 8, 8, and 9 by the
Newcastle-Ottawa scale. Jayedi et al. (2020) graded the quality of the meta-evidence for fish
intake and CHD as low (score = 5.2) based on the NutriGrade scoring system.
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Zhang et al. (2020) is a meta-analysis of prospective studies investigating the association
between fish intake and CHD incidence and mortality. The authors performed a systematic
literature search in the Web of Science, Embase, and PubMed databases until October 2019.
The quality of the eligible papers included in the meta-analysis was assessed by The
Newcastle-Ottawa Scale criteria. The criteria included nine aspects with a maximum of 9
points. Scores of 0-3, 4-6, and 7-9 points indicated low, medium, and high quality,
respectively. Twenty-two studies looking into fish intake and CHD incidence were included.
The quality of all the papers included in the meta-analysis were overall; 13 high-quality
articles and 9 medium-quality articles.

Bechthold et al. (2019) performed a systematic literature search in PubMed and Embase until
March 2017 and included 22 prospective studies on fish intake and risk of CHD. The aim of
this meta-analysis was to synthesize the knowledge about the relation between intake of
major food groups, including fish, and the risk of CHD, stroke, and heart failure. Bechthold et
al. (2019) rated the quality of the meta-evidence of fish intake and CHD (based on n=15
studies) as moderate based on the NutriGrade scoring system.

4.3.1.2 Results from the meta-analyses

Below is a summary table for total fish intake and CHD based on the three identified meta-
analyses.
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Table 4.3.1.2-1 Summary of results from meta-analyses on total fish intake and risk of CHD incidence.

Author, Type of studies included Total no | No of Comparison Summary RR Hetero- Overall conclusion
year studies cases (95% CI) geneity
Jayedi, Prospective studies which 3 791 Highest vs 0.61 (0.29, 0.93) P=68% Fish consumption was associated with a
2020 evaluated fish (seafood) intake lowest lower risk of CHD in patients with T2D.
and CHD (incidence or mortality) The quality of the meta-evidence was
in patients with T2D rated low
Zhang, Prospective cohort studies which 22 15973 | Highest vs 0.91 (0.84, 0.97) P=47.4% Higher fish consumption is inversely
2020 evaluate the association between lowest related to CHD incidence
fish intake and CHD incidence 19 Per 20 g/d 0.96 (0.95, 0.97)
Bechthold, | Prospective cohort studies which 22 16 732 | Highest vs 0.94 (0.88 to 1.02) P=52% Fish intake is associated with a decreased
2019 evaluated the association between lowest risk of CHD. The quality of the meta-
fish intake and CHD (excluding 15 Per 100 g 0.88 (0.79t0 0.99) | P=40% evidence was rated moderate
studies of mortality)

Both meta-analyses based on prospective studies from the general population concluded that fish intake is associated with a decreased risk of

CHD. This was also observed in the meta-analysis of studies in T2D patients.

VKM Report 2022: 17

101



4.3.2 VKM'’s systematic review of primary studies on fish intake and CHD
incidence

4.3.2.1 Included studies from search

A total of 14 publications graded A or B included CHD incidence as outcome; Ascherio et al.
(1995); Bernstein et al. (2010); Bonaccio et al. (2017); Burr et al. (1989); Erkkila et al.
(2003); Gillum et al. (2000); Hengeveld et al. (2018); Hu et al. (2002); Hu et al. (2003); Iso
et al. (2006); Key et al. (2019); Manger et al. (2010); Osler et al. (2003); Zhang et al.
(2021). One study (Bjerregaard et al., 2010) assessed acute coronary syndrome (ACS) as
outcome, a composite of acute myocardial infarction and unstable angina (Figure 4.1.2-1),
and was included with the other CHD studies, 15 in total.

There were overlapping publications from the same studies as described below, and one was
excluded, leaving 14 for further analysis. Four of 14 publications concerned patient
populations, one with type 2 diabetes (Hu et al. 2003) and three with CHD (Burr et al. 1989;
Erkkila et al. 2003; Manger et al. 2010). Thus, 10 studies were included in the analysis of
CHD in the general population.

A description of the studies (study name, design, time period, size and age of the study
population, and dietary assessment method) can be found in Table 4.3.2.1-1.

VKM Report 2022: 17 102



Table 4.3.2.1-1 Overview of primary studies included in weight of evidence analysis of fish intake and incidence of CHD or acute coronary syndrome (ACS).

Author, year, | Study name Study design | Inclusion year(s), Study population Dietary assessment method | Dietary
country end, follow-up time assessment period
Ascherio. Health Professionals | Prospective 1986, 6 yrs of follow-up | 44 895 male health FFQ, semi quant, validated Average frequency
1995, USA Follow-Up Study observational professionals, 40-75 yrs during the previous

(HPFS) year, at baseline
Bernstein. Nurses’ Health Prospective 1980 to 2006, 26 yrs 84 136 female nurses, 30— Repeated FFQ every 4 yrs Average intake
2010, USA Study (NHS) observational follow-up 55 yrs (1980, 1984, 1986, 1990, 1994, | during the previous

1998, and 2002), semi-quant, year
validated

Bjerregaard, Diet, Cancer and Prospective 1993-97 to 2003, 7.6 25 573 men and 28 653 FFQ, semi quant, validated Frequency during the
2010, Health cohort, observational yrs follow-up (mean) women, 50 -64 yrs previous year, at
Denmark Danish Cancer baseline

Society
Bonaccio, Moli-sani study Prospective 2005-2010 to 2011, 4.3 | 24 325 (46% male), =35 Italian version of EPIC FFQ, Previous year, at
2019, Italy observational yrs follow-up (median) yrs (mean age 55 yrs) validated baseline
Gillum, 2000, National Health and | Prospective 1971-1975 to 1992, 8825 (7421 white and 1404 | FFQ by interview Usual intake, 3
USA Nutrition observational 18.8 yrs follow-up black Americans). month prior to

Examination Survey (mean) Oversampling of the elderly, interview

(NHANES 1) follow- women of childbearing age,

up study and persons residing in

poverty areas, 25-74 yrs

Hengeveld, EPIC-Netherlands Prospective 1993-1997 to 2011, 18 34 033 (25% male), 20-70 FFQ, semi quant, validated Usual intake,
2018, the (Prospect and observational yrs follow-up (median yrs, mean age 48.7 yrs previous year, at
Netherlands MORGEN sub- 15.1 yrs) baseline

cohorts)
Iso, 2006, Japan Public Health | Prospective 1990-1992 to 2001, 11 41 578 (19 985 men and 21 | Repeated FFQ (1990, 1995), Average intake
Japan Center-Based observational yrs follow-up 593 women), 40-59 yrs validated previous month

(JPHC) Study (1990) or previous

Cohort I year (1995)
Key, 2019, EPIC Prospective NA to 2003-2010, but 106 751 men (4608 cases) Contry specific methods, mostly | Year before
Europe (9 observational, | mainly 2008 or 2009, and 303 134 women (2590 | validated FFQs enrolment
countries) pooled 12.6 yrs follow-up cases), Mean 52.7 yrs (M)

(mean) and 51.3 yrs (W)
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Vitamin Intervention
Trial (WENBIT)

treated coronary artery
disease (90% statin and
users), =218 yrs, mean age
61.7 yrs

Author, year, | Study name Study design | Inclusion year(s), Study population Dietary assessment method | Dietary
country end, follow-up time assessment period
Osler, 2003, Copenhagen County | Prospective 1982-1992 to 1997 4007 men and 3533 FFQ, validated Average intake, at
Denmark Centre for observational (CHD incidence) or women, incl priori defined baseline
Preventive Medicine 2000 (mortality) CHD high risk group (981
(CPM) cohort (5 sub men and 622 women), 30—
cohorts incl 70 yrs
MONICA I-IIT)
Zhang, 2021, UK Biobank Prospective 2006-2010 to 2020, 462 155 (44% male), 40-69 | Touchscreen FFQ NA, probably usual
UK observational follow-up 11.2 yrs. yrs, mean 56.7 yrs intake at baseline
(median)
Patient populations
Hu, 2003, USA | Nurses’ Health Prospective 1980 t01996, 16 yrs 5103 female nurses with Repeated FFQ (1980, 1984, Average intake
Study (NHS) observational follow-up diagnosed type 2 diabetes, 1986, 1990, and 1994), semi- during the previous
30-55 yrs quant, validated year
Burr 1989, UK | Diet and RCT 1983, 2 yrs follow-up 2033 men recovered from Detailed dietary questionnaire NA, baseline intake
Reinfarction trial myocardial infarction, <70 at 6 months and 2 yrs after
(DART) yrs, (mean age 57 yrs) randomization
Erkkila, 2003, Finnish sub-cohort Prospective 1991-1994 (first 285 men and 130 women 4-d food record (3 weekdays Current intake at
Finland of European Action observational hospitalization), with coronary artery and 1 weekend day) completed | baseline, 4 days
on Secondary baseline examination in | disease, 33-74 yrs, mean at home. Portion size booklet
Prevention through 1995, 5 yrs of follow-up | age 61 yrs
Intervention to to to 2000
Reduce Events (hospitalization) or 2001
(EUROASPIRE) (deaths)
Manger, 2010, | Sub-study of Prospective 1999-2004 to 2006, 57 2412 patients (80.5% men) | FFQ, semi quant, validated Usual intake,
Norway Western Norway B observational mo. follow-up (median) | with well-characterized and previous year, at

baseline
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4.3.2.2 Overlapping publications

Three publications from the Nurses’ Health Study (NHS) described fish intake in relation to
risk of CHD in women: Bernstein et al. (2010); Hu et al. (2003); Hu et al. (2002). The most
recent publication (Bernstein et al., 2010) had a longer follow-up period and more cases and
was kept in the main analysis according to protocol (VKM, 2020). Hu et al. (2002) was
excluded. The study by Hu et al. (2003) was limited to the sub-sample of women with T2D
at baseline.

Bjerregaard et al. (2010) was based on the Diet, Cancer and Health cohort by the Danish
Cancer Society, which is also the Danish sub-cohort in the EPIC study by Key et al. (2019).
Bjerregaard 2010 was included in the analysis of total fish, which was not presented in Key
et al. (2019) but excluded from the analysis of fatty fish and lean fish covered by Key et al.
(2019).

4.3.2.3 Studies by design and geographic region

Among the ten included studies on CHD incidence in the general population, all studies had a
prospective, observational design. Except one study from Japan (Iso et al., 2006), the study
samples were from Western populations in Europe (Bjerregaard et al., 2010; Bonaccio et al.,
2017; Hengeveld et al., 2018; Key et al., 2019; Osler et al., 2003; Zhang et al., 2021) or USA
(Ascherio et al., 1995; Bernstein et al., 2010; Gillum et al., 2000). The countries included in
the EPIC study by Key et al. 2019 were Denmark, Norway, Sweden, France, Netherlands,

UK, Greece, Italy, and Spain.

Three of the US studies focused on health professionals, including the study in T2D patients.
In addition, there were three more studies in patients (described in more detail below).
These were based on trials or prospective observational studies conducted in Europe (Burr et
al., 1989; Erkkila et al., 2003; Manger et al., 2010).

4.3.2.4 Studies in patient populations

Three publications assessed secondary prevention in patient with CHD, including MI. One
RCT study included men recovered from myocardial infarction in the Diet and Reinfarction
trial (DART) (Burr et al., 1989), the other two prospective cohorts included men and women
with established or treated coronary artery disease; either from the Western Norway B
Vitamin Intervention Trial (WENBIT) (Manger et al., 2010) or the Finnish sub-cohort of the
European Action on Secondary Prevention through Intervention to Reduce Events
(EUROASPIRE) (Erkkila et al., 2003). Only the DART trial included fish intake as part of the
intervention; it was advised to eat at least two weekly portions of fatty fish. The other
studies were originally designed for other purposes and assessed the effect of fish intake
measured at baseline. One publication from the Nurses’ Health Study (NHS) was limited to
women with T2D at baseline (Hu et al. 2003).
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4.3.2.5 Studies by sex, potential effect modification, and other sub-groups

Of the ten publications that did not concern patients, one included only men (Health
Professionals Follow-Up study, Ascherio et al., 1995) and one included only women (Nurses’
Health Study, Bernstein et al., 2010). The remaining included both men and women
(Bjerregaard et al., 2010; Bonaccio et al., 2017; Gillum et al., 2000, Hengeveld et al., 2018;
Iso et al., 2006; Key et al., 2019, Osler, et al., 2003, Zhang et al., 2021) and presented
either sex-specific estimates and/or estimates for men and women combined. Gillum et al.,
(2000) presented sex specific estimates by race (white or black), and all estimates were
included.

4.3.2.6 Studies by fish exposure

All but one study (Key et al., 2019) included a total fish exposure (sum of all fish, unspecified
fish, or fish including shellfish and/or fish products). In studies that presented fish intake
with and without the inclusion of shellfish (Hengeveld et al., 2018), the results without
shellfish were considered the main result in line with VKM’s protocol. The most common sub-
classification of fish intake was by fat content (fatty or lean). More infrequent sub-
classifications were by flesh color (e.g., white or dark fish), or by conservation method
(canned or dried). The number of studies sufficed to summarize the evidence for total fish
(n=9), fatty fish (n=4) and lean fish (n=4) for first event CHD. “Dark fish” (unspecified in
Bernstein et al. 2010) was then categorized as fatty fish, and “light fish” (unspecified in
Bernstein et al. 2010) and “white fish” (unspecified in Key et al. 2019) as lean fish. Several
studies presented results by multiple fish classifications. The secondary prevention studies
examined the effect of fatty fish (dietary advice intervention), usual intake of fish and fish
products, or fish intake from a four-day dietary record.

4.3.2.7 Studies assessing potential non-linearity

None of the primary studies was found to include an analysis of fish intake and risk of CHD
that assessed potential non-linearity of the association.

4.3.2.8 Studies with converted risk estimates

Osler et al. (2003) did not use the lowest intake category as reference, and the reported
relative risk estimate was converted to high vs. low. Both the reported and converted
estimates are presented (Table 4.3.3.1-1).

4.3.3 Results from the included primary studies of fish intake and CHD
incidence

4.3.3.1 Studies of total fish intake and CHD incidence

Nine prospective studies (13 estimates) were included on total fish intake and CHD incidence
in the general population. Table 4.3.3.1-1 shows the exposure levels and the results in these
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studies. Case humbers were not available in the study by Gillum et al. (2000) which was
carried out in 8825 (7421 white and 1404 black) Americans. Relative risk (RR) estimates
were generally suggesting a protective association (RR < 1, statistically significant in three of
ten studies) or no association (RR around 1).
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Table 4.3.3.1-1 Results from prospective observational studies included in the weight of evidence analysis of total fish intake and CHD incidence.

products, M/W

g/d (median values)

Author, year, Fish exposure, sex | Intake unit High-low intake Total HR high-low Overall result
country cases (95% CI)
Ascherio, 1995, Fish, incl shellfish, M | Servings, 6 cat >6/wk vs 1/mo, 119vs 0 | 1543 1.14 (0.86, 1.51) No sig. assoc., ~trend 0.19
USA g/d (mean)
Bernstein, 2010, | Fish, W Servings/d: Quintile 5vs 1, 0.45 vs 3162 0.81 (0.72, 0.90) Protective assoc. from 2nd quintile
USA quintiles, cumulative | 0.07 servings (median) (=0.11 vs 0.07 serving/d), Ptrend
average <0.001, or 20% risk reduction per
serving/d
Bjerregaard, Fish, incl shellfish, M | g/d, 5 cat Quintile 5vs 1, >64 vs 854 0.87 (0.69, 1.10) No sig. assoc.
2010, Denmark 0-24 g/d
Fish, incl shellfish, W | g/d, 5 cat Quintile 5 vs 1, >55 vs 268 0.85 (0.55, 1.32) No sig. assoc.
0-22 g/d
Bonaccio, 2017, Fish, M/W Times/wk, 3 cat >4 vs <2 times/wk, 92.5 | 287 0.62 (0.40, 0.98) Protective assoc. of >4 vs <2 times/wk
Italy vs 23.0 g/d (mean) (92.5 vs 23.0 g/d), APtrend=0.029 or 9%
risk reduction per time/wk
Gillum, 2000, Fish, incl shellfish, M- | Times/wk, 4 cat >1/wk vs never NA 0.86 (0.65, 1.13) No sig. assoc.
USA white
Fish, incl shellfish, M- | Times/wk, 4 cat >1/wk vs never, 1.05 (0.50, 2.19 No sig. assoc.
black
Fish, incl shellfish, Times/wk, 4 cat >1/wk vs never, 0.97 (0.74, 1.28) No sig. assoc.
W-white
Fish, incl shellfish, Times/wk, 4 cat >1/wk vs never, 0.90 (0.51, 1.60) No sig. assoc.
W-black
Hengeveld, Fish, M/W Portions/wk, 3 cat >1/wk vs none, 28.7 2134 1.03 (0.94, 1.13) No sig. assoc.
2018, the g/wk fatty and 93.7 g/wk
Netherlands lean (median values)
Iso, 2006, Japan | Fish, incl fish g/d, quintiles Quintile 5vs 1, 180 vs 23 | 258 0.63 (0.38, 1.04) No sig. assoc., ~trend 0.25
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Author, year, Fish exposure, sex | Intake unit High-low intake Total HR high-low Overall result

country cases (95% CI)
Osler, 2003, Fish, M/W Times/mo or wk, 4 >2/wk vs <1/mo (cat 3: 491 0.91 (0.61, 1.35), | No sig. assoc., Atrend 0.55
Denmark cat 1/wk is ref), NA reported as 0.93

(0.68, 1.27) for
>2/wk vs 1/wk
(ref) and 1.02
(0.80, 1.30) for
<1/mo vs 1/wk
(ref)

Zhang, 2021, UK | Total fish, M/W Times/wk, 4 cat >3 vs <1/wk NA, 0.83 (0.79, 0.88) Protective assoc. in all cat. above
sample reference, Atrend <0.001
458050

4.3.3.2 Studies of fatty fish intake and CHD incidence

We included four studies (all prospective, observational) that analyzed the association of fatty fish with risk of CHD incidence. The exposure
levels and results for fatty fish are shown in Table 4.3.3.2-1.

Table 4.3.3.2-1 Results from prospective observational studies included in the weight of evidence analysis of fatty fish intake and CHD

incidence.
Author, year, Fish exposure, sex Intake unit High-low intake Total HR high-low Overall result
country cases (95% CI)
Bernstein, 2010, Fatty fish, W Servings/d, binary Cat2vs 1: 0.07 vs 0.0 3162 0.92 (0.82,1.02) No sig. assoc., Atrend 0.13
USA (cumulative average) servings/d (median)
Bonaccio, 2017, Fatty fish, M/W Times/wk, 3 cat >1 vs none, 24.2 vs 0 g/d 287 0.55 (0.34, 0.89) Protective assoc. of >1 and
Italy <1 vs none
Hengeveld, 2018, | Fatty fish, M/W Portions/wk, 3 cat >1/wk vs none, 10.7 g/wk 2134 1.08 (0.90, 1.30) No sig. assoc.
the Netherlands (median) in consumers
Key, 2019, Europe | Fatty fish, M/W g/d, quintiles Quintile 5vs 1, 29 vs 0 g/d 7198 0.92 (0.86, 0.99) Protective assoc. of intake in
(9 countries) (median) Q5 vs Q1, A trend 0.054

VKM Report 2022: 17 109



Among the four studies (providing four estimates and almost 13 000 cases), three reported a statistically significant protective association, or a
suggestive protective association of fatty fish intake with risk of CHD.

4.3.3.3 Studies of lean fish intake and CHD incidence

The studies of fatty fish intake also included results on lean fish intake. As shown in (Table 4.3.3.3-1) below, none of the four studies
(providing four estimates) of lean fish intake reported a statistically significant association with CHD incidence.

Table 4.3.3.3-1 Results from prospective observational studies included in the weight of evidence analysis of lean fish intake and CHD incidence.

(9 countries)

(median values)

Author, year, Fish exposure, sex Intake unit High-low intake Total HR high-low Overall result

country cases (95% CI)

Bernstein, 2010, Lean fish, W Servings/d, quintiles Quintile 5vs 1, 0.29 vs 0.0 3162 0.91 (0.75, 1.11) No sig. assoc., ~trend 0.74
USA (cumulative average) servings

Bonaccio, 2017, Lean fish, M/W Times/wk, 3 cat >1 vs none, 30.9 vs 0 g/d 287 1.38 (0.70, 2.71) No sig. assoc.

Italy

Hengeveld, 2018, | Lean fish, M/W Portions/wk, 3 cat >1/wk vs none, 32.9 g/wk 2134 0.97 (0.88, 1.07) No sig. assoc.

the Netherlands (median) in consumers

Key, 2019, Europe | Lean fish, M/W g/d, quintiles Quintile 5vs 1, 44 vs 0 g/d 7198 1.02 (0.94, 1.11) No sig. assoc., Atrend 0.93
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4.3.3.4 Studies of fish intake and CHD risk in patient populations

None of the three studies on secondary prevention reported a statistically significant association of fish intake (assessed after disease) or
dietary advice to eat fatty fish, with risk of recurrent CHD. The Nurses’ Health Study (NHS) reported a protective association in the sub-
population of women with T2D (Hu et al., 2003) and in all women (Bernstein et al., 2010, Table 4.3.3.1-1). The exposure levels and results
have been summarized below.

Table 4.3.3.4-1 Results from studies included in the weight of evidence analysis for total fish intake and secondary prevention of CHD.

average

Author, Study Fish Intake unit High-low intake Total RR high-low Overall result
year, design exposure, cases (95% CI)
country sex
Prior CHD or MI/secondary prevention
Burr, 1989, Intervention, | Fatty fish, M Weekly portions Fish advice (two weekly portions | 276 0.84 (0.66, 1.07) No sig. assoc.
UK dietary 200-400 g of fatty fish) vs no

advice fish advice
Manger, 2010, | Prospective Fish, incl fish g/d, quartiles Quartile 4 vs 1, or Q2-4 vs 1, 292 1.04 (0.74, 1.45) No sig. assoc., ~trend 0.86
Norway observational | products, M/W 198 vs 41.1 g/d (mean)
Erkkila, 2003, | Prospective Fish, M/W g/d, 3 cat Cat 3 vs 1, >57 (above median) | 34 0.49 (0.17, 1.41) No sig. assoc., ~trend 0.209
Finland observational (above/below vs 0 g/d

median, null)

Diabetes population
Hu, 2003, Prospective Fish, incl Servings/mo or wk, >5/wk vs <1/mo 362 0.36 (0.20, 0.66) Sig. protective assoc. of
USA observational | shellfish, W 5 cat, cumulative intake 1/wk or higher vs

<1/mo, Ptrend=0.002
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4.3.3.5 Summary relative risks (RR) based on VKM's inclusions of primary studies

VKM’s summary RR for the highest versus lowest intake of total fish in relation to CHD (Table
4.3.3.1-1) showed a protective association that was statistically significant (RR=0.89, 95%
CI: 0.81, 0.98). There was significant heterogeneity (Aheterogeneity=0.002), but no reports of a
statistically significant adverse effect among the primary studies.

Despite some differences in the selection of studies compared with previous meta-analyses
(as described below), the summary RR (high-low analysis) based on VKM'’s study selection
was similar to the results in Bechthold et al. (2019) (RR=0.94, 95% CI: 0.88 to 1.02) and
Zhang et al. (2020) (RR=0.91, 95% CI 0.84, 0.97) (Table 4.3.1.2-1).

VKM’s summary RR for fatty fish (four studies, Table 4.3.3.2-1) was on the protective side,
but not statically significant (RR=0.93, 95 %: 0.83, 1.04 Acterogeneiy=0.07), and the summary
RR for lean fish (four studies, Table 4.3.3.3-1) was close to unity (RR=0.99, 95 CI%: 0.93,
1.05, Aieterogneity=0.52). For fatty and lean fish, there were no previous meta-analysis for
comparison.

VKM’s summary RR for secondary prevention of CHD (three studies, Table 4.3.3.4-1) was on
the protective side, but not statically significant (RR=0.89, 95% CI: 0.71, 1.10).
Heterogeneity was non-significant (Aeterogeneity=0.32). There was no previous meta-analysis
for comparison.

VKM could not calculate a summary RR for CHD in patients with T2D as there was only one
study. One previous meta-analysis (Jayedi et al. 2020, Table 4.3.1.2-1) included the same
study of CHD incidence that was identified by VKM, and two studies on CHD mortality in
patients with T2D. The reported association was protective (RR=0.61, 95%: 0.29, 0.93) but
with substantial heerogeneity (#=68%).

4.3.3.6 VKM's search compared to previous meta-analyses

Jayedi et al. (2020) included 3 prospective studies on CHD incidence or mortality in patients
with T2D, all were identified by VKM, but two studies were summarized under CHD mortality
(Deng et al. 2018, Wallin e al. 2018) and not CHD incidence.

Zhang et al. (2020) included 22 prospective studies, of which eight were not in VKM’s
systematic review. Five of these were identified but did not fulfil our eligibility criteria
(Mozaffarian et al. 2003, Iajous et al. 2013, Haring et al. 2014, Ward et al. 2019) or a later
publication from the same cohort was included (Hengeveld replaced de Goede et al. 2010,
see Chapter 4.3.2.2 on Overlapping publications). The papers by Buckland et al. 2009, Fraser
et al. 1992 and Martinez-Gonzales et al. 2011 did not appear in the VKM search.

One additional paper on fish intake and risk of CHD (Salonen et al., 1995) was only included
by VKM. In addition, we included one paper on T2D patients and three papers on secondary
prevention.
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Bechthold et al. (2019) summarized 22 prospective studies, of which nine were not included

by VKM. Five of nine studies were identified but did not fulfil VKM’s eligibility criteria;

Tektonidis et al. (2015) and Mozaffarian et al. (2003) were limited to non-fatal MI only. Two
studies did not pass the quality assessment (Haring et al., 2014; Holmberg et al., 2009) and
one study was replaced by a more recent publication from the same cohort (Hengeveld et al.
2018 replaced de Goede et al. 2010). The remaining studies did not appear in VKM's search.
(Buckland et al. 2009; Dillis et al. 2012; Fraser et al. 1992; Martinez-Gonzalez et al. 2011).

VKM identified two papers (Bonaccio et al. 2017; Hengeveld et al., 2018) published after the
literature search done in Becthhold et al. (2017). In addition, we included one paper on T2D
patients and three papers on secondary prevention of CHD.

An overview of primary studies included by VKM compared with two previous meta-analysis
on incident CHD and/or myocardial infarction (MI) is given in Table 4.3.3.6-1.

Table 4.3.3.6-1 Overview of studies included by VKM compared with two identified meta-analyses

on CHD incidence.

Included by VKM

Meta-analyses

Publication Coronary heart Myocardial Bechthold, Zhang, 2020
disease infarction 2019
Albert, 1998 X X X
Ascherio, 1995 X X X X
Bernstein, 2010 X X X
Bjerregaard, 2010 X X X
(Acute

Coronary

Syndrome)
Bonaccio, 2017 X X
Gammelmark, 2016 X X X
Gillum, 2000 X X X
Hengeveld, 2018 X X X
Iso, 2006 X X X X
Key, 2019 X
Kuhn, 2013 X X X
Lockheart, 2007 X
Nahab, 2016 X X X
Osler 2003 X X X
Salonen, 1995 X X
Wennberg, 2011 X X X
Diabetes population
Hu, 2003 X
Secondary prevention
Burr, 1989 X
Erkkila, 2003 X
Manger, 2010 X X
Overlapping
Hu, 2002 X X
Morris, 1995 X
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Included by VKM Meta-analyses
Studies only in meta-analyses
Buckland, 2009 X X
De Goede, 2010 X X
Dillis, 2012 X X
Fraser, 1992 X X
Haring, 2014 X X
Holmberg, 2009 X X
Iajous, 2013
Martinez-Gonzalez, X X
2011
Mozaffarian, 2003 X X
Tektonidis, 2015 X
Ward, 2019 X
Studies included 13 12 22 22

4.3.4 Heterogeneity fish intake and CHD incidence

Heterogeneity was statistically significant for VKM’s summary RR (Aseterogeneity=0.002). Two
independent meta-analyses of CHD incidence have reported overall protective associations
with moderate heterogeneity (2around 50%, Table 4.3.1.2-1), but with little heterogeneity
in the direction of association (evaluated by VKM from forest plots, not shown).

Zhang et al. (2020) reported that none of the included covariates in meta-regression
(publication year, continent, sex, evaluation method of fish consumption, follow-up period,
adjustment for BMI, and adjustment for alcohol) significantly influenced the heterogeneity
between studies (results not shown).

Bechthold et al. (2019) performed sub-group analysis of heterogeneity by sex, region
(Europe, America, Asia & Australia); follow-up duration (cut-point 10 years); number of
cases (cut-point 1000); dietary assessment (validated or not). The only significant sub-group
difference (high-low analysis) was found for region.

4.3.5 Dose-response relationship fish intake and CHD incidence

Zhang et al. (2020) performed a linear and non-linear dose-response analysis (19
prospective cohort studies, Table 4.3.1.2-1) of fish intake and CHD incidence. The results
showed that an increase in fish intake by 20 g/day was associated with a 4% reduction in
CHD incidence. However, based on the authors’ report, the risk of CHD only decreased for
intakes above 40 g/day.

Bechthold et al. (2019) performed found no departure from linearity in the dose-response
analysis of fish intake and CHD (n = 15 studies, Aion-linearity=0.10) The risk of CHD decreased
by approximately 15% with increasing intake of fish up to about 250 g/day.
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4.3.6 Weight of evidence fish intake and CHD incidence

In this section, the evidence of the association between fish intake and CHD incidence is
weighed according to the WCRF criteria presented in Chapter 3.1.6 (Box 2).

Published evidence of fish intake and CHD incidence

Two systematic reviews and meta-analyses of fish intake and risk of CHD (Zhang et al.,
2020; Bechthold et al., 2019) have concluded that total fish consumption is associated with
decreased risk of CHD. There was quite large overlap between the papers/studies in these
two meta-analyses and the papers/studies included by VKM. However, as described above,
the meta-analyses included several publications that were either excluded by VKM, or not
identified in our search. VKM identified two publications after 2017 (Bonaccio et al., 2017,
Hengeveld et al., 2018) that were not included in Bechthold et al. (2019). Hengeveld et al.
(2018) did not find an association between fish consumption and risk of CHD, while Bonaccio
et al. (2017) found a protective association. The summary RR from the primary studies
included by VKM was consistent with results in Zhang et al. (2020) and Bechthold et al.
(2019). Based on previous meta-analyses and VKM'’s pooled estimate (statistically significant)
there seems to be evidence that total fish intake reduces the risk of CHD. For fatty fish and
lean fish there were fewer studies than for total fish, and no previous meta-analyses.

Heterogeneity

Moderate heterogeneity was observed between studies in the two included meta-analyses,
and significant heterogeneity was also observed for the pooled estimate based on the
primary studies included by VKM. There may be some unexplained heterogeneity, mainly in
the magnitude of associations, less in direction.

Mechanism/ biological plausibility
There is evidence for several plausible mechanisms operating in humans.
Upgrading factors

Meta-analyses indicate a dose-response relation. No other upgrading factors were evaluated.

4.3.6.1 Conclusion weight of evidence fish intake and CHD incidence

There is evidence from more than two independent and good quality cohort studies on total
fish intake (VKM included nine publications on the general population, four in patients, and
three previous meta-analyses, including two dose-response meta-analyses). The published
evidence indicates a protective association of fish intake with CHD incidence.

VKM’s summary RR for primary studies in the general population shows statistically
significant lower risk of incident CHD for the highest versus lowest intake of total fish and is
supported by independent meta-analyses. The direction of association is generally consistent
towards protective, but there is some heterogeneity between studies. There is evidence for
biological plausibility, and a dose-response relationship.
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In conclusion, the evidence was graded “probable” for a protective effect of fish consumption
on incident CHD in the general population. VKM’s summary RR for secondar prevention of
CHD is not statistically significant but consistent with the summary RR for the general
population. No conclusion could be drawn for incident CHD in patients with T2D.

There were fewer studies of fatty fish and lean fish, and the evidence was graded “limited,
suggestive” for a protective effect of fatty fish and “limited, suggestive” for no effect of lean
fish on incident CHD in the general population.
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4.4 Fish intake and myocardial infarction incidence

4.4.1 VKM'’s search for previous systematic reviews and meta-analyses of
fish intake and myocardial infarction incidence

4.4.1.1 Description of the identified publications

VKM'’s search for systematic reviews and meta-analyses (see Chapter 3.1.2.2) identified
three publications on the association between fish intake and myocardial infarction (MI) that
all fulfilled the inclusion criteria.

Table 4.4.1.1-1 Identified papers from the search of systematic reviews and meta-analyses of fish
intake and MI 2016-2021.

Included papers Excluded paper and reasons for exclusions

Umbrella review None
Jayedi and Shab-Bidar (2020)

Systematic reviews
Jayedi et al. (2020) patients with T2D
Jayedi et al. (2019)

The umbrella review by Jayedi and Shab-Bidar et al. (2020) and the systematic review by
Jayedi et al. (2020) have previously been described in Chapter 4.3.1.

Jayedi et al. (2019) summarized fish consumption with MI (outcome included were total,
fatal, or non-fatal MI) in prospective cohort studies (n=11). Literature searches were
conducted in PubMed and Scopus databases through January 2018. The single studies
included in Jayedi et al. (2019) had a good quality and scored 7-9 according to the 9-point
Newcastle-Ottawa scale. Jayedi et al. (2019) graded the overall quality of the meta-evidence
as moderate (7.5 out of 10 points) assessed by the NutriGrade scoring system.

4.4.1.2 Results from the meta-analyses

Below is a summary table for total fish and MI based on the identified meta-analysis
including studies of incidence and mortality.
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Table 4.4.1.2-1 Summary of results from meta-analyses on total fish intake and risk of MI.

Author, | Type of study Total no | No of Comparison Summary RR | Heterogeneity | Conclusion
year of cases (95% CI)
studies
Jayedi, Prospective studies which | 2 NA from Highest vs 0.80 (0.46, P=83.9% A non-significant association on the protective side
2020 evaluated fish (seafood) paper lowest 1.14) was found between fish and MI in patients with
intake and MI (incidence T2D. The quality of the meta-evidence was rated
or mortality) in patients very low.
with T2D
Jayedi, Prospective cohort 11 8468 Highest vs 0.73 (0.59, BP=72% Higher intake of fish was associated with a
2019 studies which evaluated lowest 0.87) decreased risk of MI. Observed a significantly
the association between linear relationship between fish intake and MI (P-
fish intake and MI risk. nonlinearity=0.64). The quality of meta-evidence
Outcome is total, fatal or was moderate.
non-fatal MI Per 15 g/d 0.96 (0.94, P=65%
increment 0.99)

4.4.2 VKM'’s systematic review of primary studies on fish intake and MI incidence

4.4.2.1 Included studies from search

A total of 14 publications graded B, including on global, multicenter study, presented results on incident myocardial infarction (MI): Albert et al.
(1998); Ascherio et al. (1995); Gammelmark et al. (2016); Hengeveld et al. (2018); Iso et al. (2006); Kuhn et al. (2013); Lockheart et al.
(2007); Manger et al. (2010); Mohan et al. (2021); Morris et al. (1995); Nahab et al. (2016); Salonen et al. (1995); Wallin et al. (2018);
Wennberg et al. (2011). Three studies included patient populations (Manger et al. 2010; Mohan et al. 2021; Wallin et al. 2018). One study was
carried out in patients with T2D (Wallin et al. 2018), one in patients with a history of coronary artery disease (Manger et al., 2010), and the
global multicenter study (Mohan et al., 2021) presented MI in participants with and without a family history of CVD (as separate analyses).
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Thus, two of 14 studies were conducted in patients only. Among studies with result on the general population (n=12), there were two
publications from the same study (as described below), and one was excluded, leaving 11 for further analysis.

Studies or results limited non-fatal MI only (Ascherio et al. 1995; de Goede et al. 2010; Hu et al. 2002; Kuhn et al. 2013; Morris et al. 1995;
Mozaffarian et al. 2003; Sasazuki et al. 2001), were not summarized in this report, but were included in previous meta-analyses.

A description of the included studies (study name, design, time period, size and age of the study population, and dietary assessment method)
can be found in Table 4.4.2.1-1.

Table 4.4.2.1-1 Overview of primary studies included in weight of evidence analysis of fish intake and MI incidence.

Author, year, = Study name Study Inclusion year(s), end, | Study population Dietary Dietary
country design follow-up time assessment assessment ref
method period
Albert, 1998, Physicians' Health Prospective 1983 to 1995, 11 yrs 20 551 male physicians, 40-84 yrs FFQ, semi quant, Current, on average,
USA Study (PHS) observational | follow-up validated at baseline
Ascherio, Health Professionals Prospective 1986, 6 yrs of follow-up 44 895 male health professionals, FFQ, semi quant, Average frequency
1995, USA Follow-Up Study observational 40-75 yrs validated during the previous
(HPFS) year, at baseline
Gammelmark, | Danish Diet, Cancer Prospective 1993-97, 17 yrs follow-up | 25 913 men and 28 991 women, 50 - | FFQ, semi-quant, Average/daily intake
2016, and Health cohort observational | (median) 64 yrs (median age 55.9 yrs for validated at baseline
Denmark males and 56.2 yrs for females
Hengeveld, EPIC-Netherlands Prospective 1993-1997 to 2011, 18 34 033 (25% male), 20-70 yrs., FFQ, semi quant, Usual intake, previous
2018, the (Prospect and observational | yrs follow-up (median mean age 48.7 yrs validated year, at baseline
Netherlands MORGEN sub- 15.1 yrs)
cohorts)
Iso, 2006, Japan Public Health Prospective 1990-1992 to 2001, 11 41 578 (19 985 men and 21 593 Repeated FFQ (1990, | Average intake
Japan Center-Based (JPHC) | observational | yrs follow-up women), 40-59 yrs 1995), validated previous month
Study Cohort I (1990) or previous
year (1995)
Kuhn, 2013, EPIC-Germany Prospective 1994-1998 to 2006, 8.1 48 315 (42% male), 35-65 yrs, mean | FFQ, uncertain Usual intake during
Germany observational | yrs follow-up (mean) age 50.5 yrs. validity the previous year, at

baseline
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Author, year, | Study name Study Inclusion year(s), end, | Study population Dietary Dietary

country design follow-up time assessment assessment ref
method period

Lockheart, Study of dietary Case-control 1995-1997 106 cases and 105 controls (men FFQ (validated) by 90 | Intake previous year

2007, Norway

patterns, food groups
and myocardial
infarction, South-east
Norway

and postmenopausal women), 45-75
yrs, mean age 62.5 (cases) and 62.2
(controls)

min interview. During
interviews with the
male patients their
spouses or
cohabitants were
invited to participate.

assessed 3 d after
incident MI in cases.

Mohan, 2021, | PURE, ONTARGET, Prospective Follow-up to 2019 191 558 (47.9% male), 51 731 with Country specific FFQs | Usual intake in
global, 6 TRANSCEND, and observational, | (PURE), Median follow-up | vascular disease and 139 827 previous year, at
continents, 58 | ORIGIN, only data multicenter (yrs) was 9.1 in PURE generally healthy. PURE (n=147 baseline
countries from PURE on general 541), Mean age PURE 51 (35-70) yrs

population
Nahab, 2016, REasons for Prospective 2003-2007 to 2010, 5.1 16 479 men and women (34% FFQ, Block98 Usual intake, past
USA Geographic And observational | yrs of follow up (median) | African Americans, 59% female, 74% year, at baseline

Racial Differences in were overweight or obese), 40-75

Stroke (REGARDS) yrs

study
Salonen, 1995, | Kuopio Ischaemic Prospective 1984-1989 to 1991 (acute | 1833 men, 52.4 yrs 4-day dietary record 4 days at baseline
Finland Heart Disease Risk observational | MI) or 1992 (mortality), 5

Factor Study (KIHD) yrs or 6 yrs of follow-up

(mean values)

Wennberg, Northern Sweden Prospective 1987-1999 392 cases (317 male) and 474 (331 Multiple versions of Average frequency
2011, Sweden | Health and Disease observational/ male) controls, Men: 30-77 (median FFQ, differ by cohort | during the previous

Study (NSHDS) nested case- 53) yrs; Women: 30-74 (median 58) | (VIP, MONICA) year

control yrs

Patient populations
Manger, 2010, | Sub-study of Western | Prospective 1999-2004 to 2006, 57 2412 patients (80.5% men) with FFQ, semi quant, Usual intake, previous
Norway Norway B Vitamin observational | mo. follow-up (median) well-characterized and treated validated year, at baseline

Intervention Trial
(WENBIT)

coronary artery disease (90% statin
and users), 218 yrs, mean age 61.7
yrs
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Author, year, | Study name Study Inclusion year(s), end, | Study population Dietary Dietary
country design follow-up time assessment assessment ref
method period
Mohan, 2021, | PURE, ONTARGET, Prospective Follow-up to 2019 191 558 (47.9% male), 51 731 with Country specific FFQs | Usual intake in
global, 6 TRANSCEND, and observational, | (PURE), Median follow-up | vascular disease and 139 827 (no amounts in previous year, at
continents, 58 | ORIGIN multicentre (yrs) was 9.1 in PURE, 4.5 | generally healthy. PURE (n=147 ONTARGET and baseline
countries in ONTARGET and 541), ONTARGET and TRANSCEND TRANSCEND),
TRANSCEND, and 6.2 in (n=31 491), ORIGIN (n=12 422). validated in some
ORIGIN Mean age PURE 51 (35-70) yrs, countries
ONTARGET and TRANSCEND 67 yrs,
ORIGIN 64 yrs
Wallin, 2018, Cohort of Swedish Prospective 1998 to 2012, mean 2225 (912 women and 1313 men) FFQ, validated in men | Average frequency
Sweden Men (COSM) and the | cohort follow-up 11.8 yrs for with type 2 diabetes, 45-84 yrs during the previous
Swedish incidence and 13.2 yrs for year, at baseline
Mammography Cohort mortality (1997)
(SMC)
Excluded due to overlap
Morris, 1995, Physicians' Health Prospective 1982, 4 yrs of follow-up 21 185 male physicians, 40-84 yrs FFQ, semi quant, Average intake,
USA Study (PHS) observational validated previous year, at 12-

month follow-up
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4.4.2.2 Overlapping publications

Both Morris et al. (1995) and Albert et al. (1998) reported on fish intake and risk of MI
incidence in the US Physicians’ Health Study. Albert et al. (1998) had longer follow-up and
more cases and was therefore kept in the main analysis according to protocol. However, the
studies differ in the fish intake. Albert et al. (1998) included shellfish as part of fish intake,
whereas Morris et al. (1995) did not, and Morris et al. (1995) also reported on sub-types of
fish, which explains the inclusion of Morris et al. (1995) in the analyses of MI by lean and
fatty fish.

4.4.2.3 Studies by design and geographic region

Among the 11 included studies on incident MI in the general population, there was one case-
control study (Lockheart et al., 2007). Remaining studies (n=10) had a prospective,
observational design. Wennberg et al. (2011) was a nested case-control study with dietary
intake assessed prior to disease and counted among the prospective studies. All studies were
based on European populations (Gammelmark et al., 2016; Hengeveld et al., 2018; Kuhn et
al., 2013; Lockheart et al., et al., 2007; Salonen et al., 1995; Wennberg et al., 2011) or USA
(Albert et al., 1998; Ascherio et al., 1995; Nahab et al., 2016), except for one study from
Japan (Iso et al., 2006), and Mohan et al. (2021) which is a global multicenter study with
data from 58 countries on 6 continents.

4.4.2.4 Studies in patient populations

Two publications assessed MI in patients at high risk, either due to established or treated
coronary artery disease (Manger et al., 2010), or a CVD history or treatment for vascular
disease (Mohan et al. 2021). Manger et al. (2010) included participants from the Western
Norway B Vitamin Intervention Trial (WENBIT). Mohan et al. (2021) was based on four
studies: one cohort (PURE) where participants with a history of CVD were analyzed
separately, and three follow-up studies of drug-trials (ONTARGET, TRANSCEND, and
ORIGIN) where all participants were treated for vascular disease. Mohan et al. (2021) was
described in more detail under CVD incidence (Chapter 4.2.2.4). One study assessed MI in
cohort participants limited to those with T2D at baseline (Wallin et al. 2018).

4.4.2.5 Studies by sex and potential effect modification

Most studies included both women and men. Three older studies included only men (Albert
et al., 1998; Ascherio et al., 1995; Salonen et al., 1995), see Table 4.4.2.1-1. Studies
analyzing or testing for potential effect modification by sex (Iso et al., 2006, Kuhn et al.,
2013; Wallin et al. 2018; Wennberg et al., 2011) reported a non-significant (£>0.05) test of
interaction, or no such effect. Therefore, we present estimates in men and women combined
when available.
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4.4.2.6 Studies by fish exposure

All studies except three (Gammelmark et al.2016; Lockheart et al. 2007; Nahab et al. 2016)
included a total fish exposure (sum of fish, fish without specifications, or fish including
shellfish and/or fish products). In studies that presented fish intake with and without the
inclusion of shellfish (e.g. Hengeveld et al., 2018), the results without shellfish were
considered the main result in line with VKM’s protocol. The most common sub-classification
of fish was by fat content (fatty or lean). Two studies (Gammelmark et al.2016; Nahab et al.
2016) included fatty- and lean fish without total fish, and one study included supplemental
cod-liver oil as part of fatty fish intake (Lockheart et al. 2007, case-control design). One
study (Salonen et al. 1995) included a male study population from Eastern Finland,
considered to be highly exposed to methyl mercury from consuming local nonfatty fish
species. Other sub-classifications were by flesh color (white or dark fish), or preparation
method (fried or non-fried), or by species (e.g tuna only). Evidence was summarized for total
fish (n=8), fatty fish (n=4), and lean fish (n=4) in general population studies. “Dark fish”
was then categorized as fatty- and “white fish” as lean fish. Fried and non-fried fish (one
study) could not be summarized.

4.4.3 Results from the included primary studies of fish intake and MI
incidence

4.4.3.1 Studies of total fish intake and MI incidence

We included eight studies (with eight estimates) on total fish intake and MI incidence. All
studies had a prospective, observational design, including one nested-case control study
(Albert et al., 1998; Ascherio et al., 1995; Hengeveld et al., 2018; Iso et al., 2006; Kuhn et
al., 2013; Mohan et al. 2021; Salonen et al., 1995; Wennberg et al., 2011) Table 4.4.3.1-1
shows the exposure levels and results in these studies.
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Table 4.4.3.1-1 Results from studies included in the weight of evidence analysis of total fish intake and MI incidence.

nested case-
control

Author, year, | Study Fish Intake unit High-low intake Total cases | RR high-low (95% CI) | Overall result
country design exposure,

sex
Albert, 1998, Prospective Fish, incl Servings as >5/wk vs <1/mo 737 HR 1.00 (0.62, 1.60) No sig. assoc., Atrend
USA observational | shellfish, M main dish, 5 cat 0.67
Ascherio, Prospective Fish, incl Servings, 6 cat >6/wk vs 1/mo, 119vs 0 | 812 HR 0.91 (0.64, 1.28) No sig. assoc., Atrend
1995, USA observational | shellfish, M g/d (mean) 0.47
Hengeveld, Prospective Fish, M/W Portions/wk, 3 >1/wk vs none, 28.7 693 HR 1.00 (0.86, 1.17) No sig. assoc.
2018, the observational cat g/wk fatty and 93.7 g/wk
Netherlands lean (median values)
Iso, 2006, Prospective Fish, incl fish g/d, quintiles Quintile 5vs 1, 180 vs 23 | 221 HR 0.47 (0.26, 0.85) Protective assoc. for intake
Japan observational | products, M/W g/d (median values) in Q5 vs Q1, Atrend 0.03
Kuhn, 2013, Prospective Fish, M/W g/d, quintiles Quintile 5vs 1, >31.1 605 HR 0.84 (0.66, 1.08) No sig. assoc., Atrend
Germany observational (median 40.4) vs <7.5 0.21

(median 2.7) g/d

Mohan, 2021, | Prospective Fish, incl g/mo or wk, 4 >350 g/wk vs <50 g/mo, | NA (noCVvD | HR 0.96 (0.82, 1.11) No sig. assoc., Atrend
global, 6 observational | shellfish, M/W, | cat median 594 vs 0.1 g/wk history), 0.46
continents, 58 PURE study 3806 (all)
countries only
Salonen, Prospective Fish, M g/d, binary >30 vs <30 g/d 73 HR 1.87 (1.13, 3.09) Adverse assoc. for intake
1995, Finland | observational >30 vs <30 g/d
Wennberg, Prospective Fish, M/W Meals/mo or >2/wk vs <1/mo 263 OR 1.21 (0.43, 3.33) No sig. assoc.
2011, Sweden | observational/ wk, 4 cat

There was one report of a statistically significant protective association (Iso et al., 2006), one report of a statistically significant adverse
association (Salonen et al., 1995) for the highest vs lowest category. The remaining studies reported no significant association.
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4.4.3.2 Studies of fatty fish intake and MI incidence

We included four observational studies, three with a prospective design (Gammelmark et al., 2016; Hengeveld et al., 2018; Morris et al., 1995)
and one case-control study (Lockheart et al., 2007) with five estimates of the association between fatty fish intake and risk of MI in the general
population. Table 4.4.3.2-1 shows the exposure levels and results. The case-control study included fish oil as part of fatty fish intake and
reported a statistically significant protective effect on the continuous scale (per SD of log food group intake, result not shown), but not for the

highest versus lowest intake category. The other studies reported no statistically significant findings on MI.

Table 4.4.3.2-1 Results from studies included in the weight of evidence analysis of fatty fish intake and MI incidence.

Author, year, | Study Fish Intake unit High-low intake Total RR high-low (95% | Overall result
country design exposure, cases CI)
sex

Gammelmark, | Prospective Fatty fish, M g/d, quintiles Quintile 5vs 1, >28 2136 HR 0.93 (0.81, 1.07) | No sig. assoc., ~trend 0.38
2016, observational vs 0-8 g
Denmark Prospective Fatty fish, W g/d, quintiles Quintile 5vs 1, >23 892 HR 0.86 (0.69, 1.08) | No sig. assoc., ~trend 0.57

observational vs 0-6 g
Hengeveld, Prospective Fatty fish, Portions/wk, 3 cat | >1/wk vs none, 10.7 | 693 HR 1.12 (0.82, 1.52) | No sig. assoc.
2018, the observational | M/W g/wk (median) in
Netherlands consumers
Lockheart, Case-control | Fatty fish incl g/d, 3 cat 52 vs 12 g/d (median | 111 OR 0.54 (0.23, 1.26) | No sig. assoc. as categories but
2007, Norway suppl, M/W in controls) protective as continuous (per SD of

Ln food group intake (g/d)

Morris, 1995, Prospective Fatty fish, M Meals/mo or wk, 4 | >2/wk vs 279 HR 0.90 (0.4, 1.8) No sig. assoc., Atrend 0.72
USA observational cat rarely/never

4.4.3.3 Studies of lean fish intake and MI incidence

The four studies on fatty fish and MI summarized above, also included results on lean fish (Table 4.4.3.3-1). There were no statistically

significant findings in any of the studies.
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Table 4.4.3.3-1 Results from studies included in the weight of evidence analysis of lean fish intake and MI incidence.

Author, year, Study Fish Intake unit High-low intake Total RR high-low Overall result
country design exposure, cases (95% CI)
sex
Gammelmark, Prospective Lean fish, M g/d, quintiles Quintile 5vs 1, >39vs 0-14 | 2136 HR 1.12 (0.97, 1.29) No sig. assoc., ~trend 0.21
2016, Denmark observational g
Prospective Lean fish, W g/d, quintiles Quintile 5vs 1, >33 vs 0-13 | 892 HR 0.99 (0.79, 1.24) No sig. assoc., ~trend 0.98
observational
Hengeveld, 2018, | Prospective Lean fish, M/W | Portions/wk, 3 >1/wk vs none, 32.9 g/wk 693 HR 0.97 (0.82, 1.15) No sig. assoc.
the Netherlands observational cat (median) in consumers
Lockheart, 2007, Case-control | Lean fish, M/W | g/d, 3 cat 99 vs 32 g/d (median in 111 OR 0.70 (0.31, 1.59) No sig. assoc.
Norway controls)
Morris, 1995, USA | Prospective Lean fish, M Meals/mo or wk, | =2/wk vs rarely/never 272 HR 0.8 (0.3, 2.3) No sig. assoc., Atrend 0.95
observational 4 cat

4.4.3.4 Studies of fish intake (total, fatty, lean) and risk of MI in patient populations

In two studies (four estimates) of total fish intake and risk of MI in patients with coronary artery disease (Manger et al., 2010) or with a history
or high risk of CVD (Mohan et al., 2021), there was one report of a statistically significant protective association. One study in T2D patients only
reported a statistically significant protective association for total fish. Estimates for fatty fish and lean fish were also on the protective side, but

only significant for the fatty fish category herring and mackerel (analyzed separately from salmon, whitefish, char).

Table 4.4.3.4-1 Results from prospective observational studies included in the weight of evidence analysis for total fish intake and risk of MI in patient

populations.
Author, year, | Fish exposure, sex Intake High-low intake Total cases HR high-low Overall result
country unit (95% CI)
Prior CHD, CVD or high risk
Manger, 2010, | Total fish, incl processed g/d, Quartile 4 vs 1, or Q2-4 vs | 210 0.93 (0.63, 1.40) No sig. assoc., p-trend 0.72
Norway fish, M/W quartiles 1, 201 vs 41.1 g/d (mean)
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Author, year, | Fish exposure, sex Intake High-low intake Total cases HR high-low Overall result
country unit (95% CI)
Mohan, 2021, Fish, incl shellfish, M/W, g/mo or wk, | =350 g/wk vs <50 g/mo, NA (CVD history), 3806 0.71 (0.51, 0.99) Protective assoc. in highest
global, 6 PURE 4 cat median 594 vs 0.1 g/wk (all) category, APtrend 0.07
continents, 58 | Fish, incl shellfish, M/W, g/mo or wk, | =350 g/wk vs <50 g/mo, 1552 0.86 (0.69, 1.06) No sig. assoc., ~trend 0.34
countries ONTARGET, TRANSCEND 4 cat median 450 vs 2.8 g/wk
Fish, incl shellfish, M/W, g/mo or wk, | 2350 g/wk vs <50 g/mo, 591 1.16 (0.90, 1.49) No sig. assoc., ~trend 0.21
ORIGIN 4 cat median 568 vs 2.2 g/wk
Diabtes population
Wallin, 2018, Total fish, M/W Servings/mo | >3/wk vs <3/mo, 3.5 vs 333 0.60 (0.39, 0.92) Protective assoc. (cat 2-4 vs 1,
Sweden or wk, 4 cat | 0.5 servings/wk (median) p-trend 0.08)
Fatty fish (herring and Servings/mo | >21/wk vs < 1/mo, 1.5 vs 333 0.70 (0.50, 0.98) Protective assoc. (cat 3 vs 1,
mackerel), M/W or wk, 3 cat | 0 servings/wk (median) p-trend 0.03)
Fatty fish (salmon, Servings/mo | >1/wk vs <1/mo, 1.5vs 0 | 333 0.86 (0.57, 1.31) No sig. assoc
whitefish, char), M/W or wk, 3 cat | servings/wk (median)
Lean fish (cod, saithe, and | Servings/mo | 21/wk vs <1/mo, 1.5vs 0 | 333 0.75 (0.53, 1.05) Suggestive protective assoc.
fish fingers), M/W or wk, 3 cat | servings/wk (median) (limited to cat 2 vs 1, p-trend

0.89)
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4.4.3.5 Summary relative risks (RR) based on VKM's inclusions of primary studies

VKM’s summary RR for the highest versus lowest intake of total fish in relation to MI in
prospective studies (eight studies, Table 4.4.3.1-1) was close to unity and not statistically
significant (RR=0.96, 95% CI: 0.82, 1.12). One odds ratio (OR) from a nested-case control
study (Wennberg et al., 2011) was combined with hazard ratios (HRs) in the summary RR
and heterogeneity analysis. There was borderline statistically significant heterogeneity
between studies (Aeterogeneity=0.051) and one report of a statistically significant adverse effect
(Salonen et al. 1995, 7% relative weight). An influence analysis showed that the exclusion of
Salonen et al. (1995) had some impact on the summary estimate and confidence interval
(RR=0.93, 95% CI: 0.84, 1.04 after exclusion) and heterogeneity was reduced
(R]eterogeneity=0-32).

Compared with VKM’s summary estimate, the summary RR from the high-low meta-analysis
by Jayedi et al. (2019) suggested a stronger protective association (RR=0.73, 95% CI: 0.59,
0.87), reflected in a statistically significant linear effect. The study selection in Jayedi et al.
2019 differed from VKM'’s selection (described in more detail below) in that Jayedi also
included studies of MI mortality and did not include Salonen et al. (1995) (reporting an
adverse association).

VKM'’s summary RRs for studies of total fish and risk of MI in patients with a history of CVD
or at high risk of CVD (two studies with four estimates, Table 4.4.3.4-1, excluding one study
in T2D patients only) was on the protective side, but not statistically significant (RR=0.91,
95% CI: 0.74, 1.12,) and without significant heterogeneity (Aeterogeneity=0.11).

The only primary study in T2D patients showed a statistically significant protective
association (RR=0.60, 95% CI:0.39, 0.92) that was stronger than the summary RR in the
meta-analysis by Jayedi et al. (2020) of two studies in patients with T2D (RR=0.80, 95% CI:
0.46, 1.14).

VKM’s summary RR for MI and high-low intake of fatty fish or lean fish (four studies
including one Norwegian case-control study, Table 4.4.3.2-1), was on the protective side for
fatty fish (RR=0.93, 95% CI: 0.82, 1.05, Aheterogeneity=0.37) and closer to unity for lean fish
(RR=1.04, 95% CI 0.94, 1.14, Acterogeneiy=0.54), but neither estimate was statistically
significant.

4.4.3.6 VKM's search compared to previous meta-analyses

The meta-analysis by Jayedi et al. (2020) reported on two studies of MI in patients with T2D
Both were identified by VKM, one was reported here under MI incidence (Wallin et al. 2018),
the other (Zhang et al. 2018) was included under mortality.

Jayedi et al. (2019) included 11 prospective studies. All were idented by VKM. Five studies
were included in the current section on incident MI, whereas six were not (Daviglus et al.,
1997; Yuan et al., 2001; Hu et al., 2002; Mozaffarian et al., 2003; Yamagishi et al., 2008; de
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Goede et al., 2012). Of these, two were replaced by more recent publications identified by
VKM: Hengeveld et al. (2018) replaced de Goede et al. 2012, and Bernstein et al. (2010)
replaced Hu et al. (2002). The remaining four were included by VKM under MI mortality
(Daviglus et al., 1997; Yuan et al., 2001; Mozaffarian et al., 2003; Yamagishi et al., 2008).
VKM included one study not included in the meta-analysis; Morris et al. (1995). However,
this paper was not included in our final judgement except for fish sub-types since a later
paper from the same study (Albert et al., 1998) was used on total fish. The nested case-
control study by Wennberg et al., 2011 was not included in Jayedi et al. (2019). An overview
of primary studies included by VKM and Jayedi et al. (2019) on incident CHD and/or
myocardial infarction (MI) is given in Table 4.3.3.6-1.

4.4.4 Heterogeneity fish intake and MI incidence

Jayedi et al. (2019) reported moderate to high heterogeneity (2= 72% in high-low analysis
and 2= 65% in linear dose-response analysis). Potential sources of this heterogeneity were
explored in sub-groups stratified by gender, region (USA & Europe, Asia), follow-up duration
(cut-off 12 years.), number of cases (cut-off 500), and adjustment for alcohol, fruit and
vegetable, energy intake and physical activity. Region, number of cases, and confounder
adjustment (alcohol and energy intake) were found to be sources of heterogeneity.
However, in the 11 prospective studies relative risks were below or around 1 (forest plot, not
shown). Thus, the observed heterogeneity mainly seems to reflect differences in the
magnitude and not the direction of associations. As previously noted, Jayedi et al. (2019)
also included studies of MI mortality, which may be an additional source of heterogeneity.
The summary RR calculated by VKM incorporated significant heterogeneity, but was
explained by a single study showing an adverse association in a study population with high
exposure to mercury (Salonen et al., 1995).

4.4.5 Dose-Response relationship fish intake and MI incidence

The meta-analysis by Jayedi et al. (2019) included a linear and non-linear dose-response
analysis of total fish consumption and risk of MI. For all studies combined, there was
evidence of a linear decrease in risk with higher intakes (Pnoniinearity = 0.64). When stratified
by world region, relationships appeared less consistent, with a linear decrease reported for
Asian studies, and a modest U-shaped association for Western studies. However, confidence
limits were wide in stratified analyses, indicating high uncertainty (figures not shown).

One primary study (Gammelmark et al. 2016) presented a non-linear dose-response analysis
of fish intake (gram/day) with risk of incident MI in Danish men and women, with figures
stratified by gender and by fatty- and lean fish intake. Figures (not shown) indicated
decreased risk of MI with higher intakes, except for lean fish in men, but confidence limits
were wide, indicating high uncertainty.
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4.4.6 Weight of evidence for fish intake and MI incidence

In this section, the evidence of the association between fish intake and MI incidence is
weighed according to the WCRF criteria presented in Chapter 3.1.6 (Box 2).

Published evidence of fish intake and MI

There is evidence from more than two independent and good quality cohort studies on total
fish intake (VKM included eight studies on the general population, three in patients, and two
meta-analyses).

VKM’s summary RR for primary studies in the general population is not statistically significant
but suggests lower risk of MI for the highest versus lowest intake of total fish when
excluding a single study showing an adverse association. The study population was highly
exposed to methyl mercury from consuming local nonfatty fish species. The summary RR
calculated by VKM incorporates significant heterogeneity but is largely explained by this
study. Unlike previous meta-analyses, VKM’s summary RRs do not include studies of MI
mortality. There is evidence for biological plausibility of a protective effect, and a linear meta
dose-response relationship has been reported for studies of MI incidence and mortality
combined.

In conclusion, the evidence is graded “limited, suggestive” for a protective effect of total fish
intake on incident MI in the general population. VKM’s summary RR for patients with a
history of CVD or at high risk of CVD is not statistically significant but consistent with the
summary RR for the general population. No conclusions can be drawn for risk of incident MI
in patients with T2D due to limited evidence.

There are fewer studies of fatty fish and lean fish than of total fish and the evidence is
graded “limited, suggestive” for a protective effect of fatty fish and “limited, suggestive” for
no effect of lean fish on risk of incident MI in the general population.

Heterogeneity

Significant heterogeneity was observed between studies in previous meta-analyses, and
between studies included by VKM. The heterogeneity mainly seems to reflect differences in
magnitude of associations in previous meta-analysis. In VKM’s analysis, one older study
(Salonen et al. 1995) reported an adverse association.

Mechanism/biological plausibility

There is evidence for several plausible mechanisms operating in humans.
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Upgrading factors

Both meta-analyses and primary studies indicate a dose-response. No other upgrading
factors were evaluated.

4.4.6.1 Conclusion weight of evidence fish intake and MI incidence

There is evidence from more than two independent and good quality cohort studies on total
fish intake (VKM included eight studies on the general population, three in patients, and two
meta-analyses).

VKM’s summary RR for primary studies in the general population is not statistically significant
but suggests lower risk of MI for the highest versus lowest intake of total fish when
excluding a single study in a population highly exposed to methyl mercury from consuming
local nonfatty fish species. The summary RR calculated by VKM incorporated significant
heterogeneity, but was largely explained by this study. Unlike previous meta-analyses, VKM's
summary RRs do not include studies of MI mortality. There is evidence for biological
plausibility of a protective effect, and a linear meta dose-response relationship has been
reported for studies of MI incidence and mortality combined. In conclusion, the evidence is
graded “limited, suggestive” for a protective effect of total fish intake on incident MI in the
general population. VKM’s summary RR for MI in patients with a history of CVD or at high
risk of CVD is not statistically significant but consistent with the summary RR for the general
population. No conclusions could be drawn for risk of incident MI in patients with T2D due to
limited evidence.

There were fewer studies of fatty fish and lean fish (four in total) than of total fish and the
evidence is graded “limited, suggestive” for a protective effect of fatty fish and “limited,
suggestive” for no effect of lean fish on risk of incident MI in the general population.
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4.5 Fish intake and stroke incidence

4.5.1 VKM'’s search for published systematic reviews and meta-analyses of

fish and stroke incidence

4.5.1.1 Description of the identified publications

VKM'’s search for systematic reviews and meta-analyses (see Chapter 3.1.2.2) identified 13

publications on the association between fish intake and stroke incidence that were assumed
to fulfil the inclusion criteria and were read as full papers. Three papers were excluded, see
Table 4.5.1.1-1 for reason for exclusions. The included papers were graded B by VKM using

the AMSTAR tool.

Table 4.5.1.1-1 Reasons for exclusion of identified papers from the search of systematic reviews and
meta-analyses of fish intake and stroke incidence 2016-2021.

Included papers

Excluded paper and reasons for exclusions

Umbrella reviews

Jayedi and Shab-Bidar, 2020
Altobelli et al., 2019
D’Alessandro et al., 2019
Deng et al., 2018

Systematic reviews

Chen et al., 2021

Jayedi et al., 2020, patients with T2D
Bechthold et al., 2019

Zhao et al., 2019

Qin et al., 2018

Xun et al., 2012

Kromhout et al., 2016: Type of umbrella review but
unclear if systematic. No search strategy shown, or
description of quality assessment. This does not
include a meta-analysis.

Schwingshackl et al., 2019: This is not a systematic
literature review of a meta-analysis.

Micha et al., 2017: Umbrella review. Selection of
papers was only done by one person. There was no
information about any quality assessment for the
included meta-analyses. Stroke was included in the
search but no information about stroke and fish
included in the paper.

The meta-analyses are described in more detail below; first main descriptions of the
methods used and then the main/selected results from each review.

In total four of the identified eight studies were umbrella reviews (Jayedi and Shab-Bidar,
2020; Altobelli et al., 2019; D'Allesandro et al., 2019; Deng et al., 2018). These umbrella
reviews build on three relevant meta-analyses; two of which were also identified in VKM’s
search, Bechthold et al. (2019) and Qin et al. (2018), and one that was older, Xun et al.
(2012). Two additional meta-analyses, not included in any of the umbrella reviews, were
identified in the VKM search; Zhao et al. (2019) and Jayedi et al. (2020) (see flow-chart

below, Figure 4.5.1.1-1).
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12 full text papers

3 excluded
9 included
4 umbrella reviews 5 meta-analyses
Xun 2012 Qin 2018 Zhao 2019
Bechthold 2019 Jayedi, Soltani 2020
Chen 2021

Figure 4.5.1.1-1 Flow-chart of the included meta-analyses of fish and stroke incidence.

Umbrella reviews

The umbrella reviews by Jayedi and Shab-Bidar (2020) and D’Allesandro et al. (2019) are
described more in detail in Chapter 4.3.1. Both identified one meta-analysis looking at the
association between fish intake and stroke; Bechthold et al. (2019).

Altobelli et al. (2019) is an umbrella review of meta-analyses looking at the impact of
different foods and/or drinks in relationship to the risk of stroke events
(ischemic/hemorrhagic). The authors did a search covering the last 10 years in MEDLINE,
EMBASE, Scopus, Clinicaltrials.gov, Web of Science, and Cochrane Library databases up until
31 December 2018. Methodological quality assessments of the meta-analyses were made
according to the AMSTAR 2 scale. All primary studies in this umbrella review came from
countries with high income levels. Two meta-analyses studying fish intake and stroke; Qin et
al. (2018) and Xun et al. (2012) were included in the umbrella review.

Deng et al. 2018 is an umbrella review of meta-analyses of the associations of different food
groups with stroke risk (incident or mortality). The authors searched PubMed, EMBASE and
Cochrane Library databases up to September 2015 for systematic reviews and meta-analyses
of prospective studies. The methodological quality of the included meta-analyses was
assessed with AMSTAR. Deng et al. (2018) identified three reviews/meta-analyses reporting
on the relationship between fish and risk of stroke. Only one (Xun et al., 2012) was included,
because it had the largest number of primary studies with individual studies’ effect sizes. The
meta-analysis by Xun et al. (2012) was not identified in the literature search performed by
VKM (from 2016 an onwards), but it is included in our overview below.

Meta-analyses
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Chen et al. (2021) conducted systematic literature searches to identify prospective cohort
studies that reported on fish consumption or LC n-3 PUFAs intake and risk of stroke.
PubMed, EMBASE and the Cochrane Library were searched up to May 2019. The reference
lists of previous systematic reviews were also searched. The study quality was assessed with
the 9-point Newcastle-Ottawa Scale (NOS). Scores (range 0 to 9) of included primary studies
ranged from 6 to 8, with a median of 7. A total of 10 studies were included on fish intake.

The meta-analysis by Bechthold et al. (2019) and Jayedi et al. (2020) have previously been
described in detail in Chapter 4.3.1.

Zhao et al. (2019) conducted a meta-analysis of 31 prospective studies on fish consumption
with total stroke (fatal and non-fatal). Literature searches were conducted in PubMed and
Embase through March 23, 2018. If multiple publications from the same population or
overlapping data were found, they included the study with the longest follow-up, or the most
informative regarding both exposure and outcome. Zhao et al. (2019) rated the quality of
the meta-evidence as moderate (NutriGrade score=7.7 points).

Qin et al. (2018) summarized studies of fatty and lean fish (not total fish) and stroke. The
authors performed a literature search in PubMed, Embase, Scopus, and Cochrane Library
through February 1, 2018. The 9-point Newcastle-Ottawa scale (NOS9 was used to evaluate
the quality of each cohort. They included five prospective studies with quality scores ranging
from 6 to 9.

Xun et al. (2012) summarized studies of fish consumption and incidence of stroke. They
performed literature searches in Medline and Embase through April 2012 and included 16
prospective studies.

4.5.1.2 Results from the meta-analyses

Below are summary tables for total fish and stroke (Table 4.5.1.2-1), total fish and ischemic
stroke (Table 4.5.1.2-2), total fish and hemorrhagic stroke (Table 4.5.1.2-3), fatty fish and
stroke (Table 4.5.1.2-4), and lean fish and stroke (Table 4.5.1.2-5), based on the five
identified meta-analyses.
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Table 4.5.1.2-1 Summary of results from meta-analyses on total fish intake and risk of stroke incidence.

Author, Type of studies included Total no No of Comparison Summary RR (95% Hetero- Overall conclusion
year studies cases CI) geneity
Chen, 2021 | Prospective cohort studies of | 8 studies 4164 Highest vs lowest | 0.87 (0.78, 0.97) P=0% Higher fish consumption
fish intake and stroke risk (10 significantly associated with lower
(incidence or mortality) estimates) risk of stroke
Jayedi, Prospective studies of fish 2 NA from Highest vs lowest | 0.65 (-0.08, 1.37), error P=82.9% A non-sig. protective association
2020 (seafood) intake and MI paper in reported CI (neg. between fish and stroke in
(incidence or mortality) in value) patients with T2D. The quality of
patients with T2D the meta-evidence was rated very
low
Bechthold, | Prospective cohort studies of | 20 14360 Highest vs lowest | 0.95 (0.89, 1.01) P=37% Fish intake is associated with a
2019 fish intake and stroke decreased risk of stroke. The
incidence. Studies including quality of meta-evidence was
fatal cases only were moderate
excluded. 5 Per 100 g/d 0.86 (0.75, 0.99) 12=25%
Zhao, 2019 | Prospective cohort studies of | 31 32708 Highest vs lowest | 0.90 (0.85, 0.96) £=39.2% Higher intake of fish was
fish intake and stroke risk associated with a decreased risk
(incidence or mortality) of stroke. The quality of meta-
evidence was moderate
NA NA Per 700g/wk 0.88 (0.80, 0.97)
Xun, 2012 Prospective cohort studies of | 16 10568 Cat 1, never 1 £=20.1% A modest protective association of
fish intake and stroke risk consumed fish with stroke risk, Ptrend 0.09
(incidence or mortality) Cat 2, <1 fish 0.97 (0.87, 1.08)
serv/mo
Cat 3, 1 fish 0-86 (0.80, 0.93)
serv/wk
Cat 4, 24 fish 0.91 (0.85, 0.98)
serv/wk
Cat 5, 25 fish 087 (0.79, 0-96)
serv/wk
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Table 4.5.1.2-2 Summary of results from meta-analyses on total fish intake and ischemic stroke incidence.

Author Type of studies included | Total no No of Comparison Summary RR/HR Hetero- Overall conclusion
studies cases (95% CI) geneity
Chen, 2021 | Prospective cohort studies of | 7 NA for Highest vs lowest | 0.81 (0.70, 0.94) P=15%, Higher fish consumption
fish intake and ischemic stroke sub- P=0.31 significantly associated with
stroke risk (incidence or types lower risk of ischemic stroke
mortality)
Zhao, 2019 | Prospective cohorts 15 NA Highest vs lowest | 0.96 (0.89, 1.03) P£=27.9% No sig. assoc.
Xun, 2012 Prospective cohort 11 5406 Cat 1, never 1 NA in paper | Protective association
consumed (significant modest assoc.
Cat 2, <1 fish 0.96 (0.84, 1.11) between fish intake and
serv/mo incidence of ischemic stroke), ~
Cat 3, 1 fish 0.82 (0.73, 0.93) trend 0.07
serv/wk
Cat 4, 2—4 fish 0.89 (0.81, 0.97)
serv/wk
Cat 5, =5 fish 0.83 (0.75, 0.92)
serv/wk

Table 4.5.1.2-3 Summary of results from meta-analyses on total fish intake and hemorrhagic stroke incidence.

Author, | Type of studies included Total No of cases Comparison Summary Hetero- Overall conclusion
year no RR/HR (95% geneity
studies CI)
Chen, Prospective cohort studies of 6 NA for stroke Highest vs lowest | 1.01 (0.76, 1.34) P=0%, P=0.55 Higher fish consumption
2021 fish intake and hemorrhagic sub-types significantly associated with
stroke risk (incidence or lower risk of hemorrhagic
mortality) stroke
Zhao, Prospective cohorts 13 NA from paper | Highest vs lowest | 0.88 (0.75, 0.96) 0% Protective effect of total fish
2019 on hemorrhagic stroke
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Author, | Type of studies included Total No of cases Comparison Summary Hetero- Overall conclusion
year no RR/HR (95% geneity
studies CI)

Xun, Prospective cohorts 11 1764 Cat 1, never 1 NA in paper No significant association, A~
2012 consumed trend 0.28

Cat 2, <1 fish 1.08 (0.85, 1.39)

serv/mo

Cat 3 1 fish 0.96 (0.83, 1.11)

serv/wk

Cat 4, 2-4 fish 0.97 (0.84, 1.10)

serv/wk

Cat 5, 25 fish 0.92 (0.80, 1.07)

serv/wk

For fatty fish intake and stroke we identified two meta-analyses from 2018 and 2019 respectively (Qin et al 2018, Zhao et al 2019).

Table 4.5.1.2-4 Summary of results from meta-analyses on fatty fish intake and stroke incidence.

Author, Type of studies Total no No of Comparison Summary RR/HR Hetero- Overall conclusion

year included studies cases (95% CI) geneity

Zhao, 2019 | Prospective cohort 6 NA from Highest vs lowest | 0.89 (0.79, 1.01) P=0% Suggestive protective
paper association

Qin, 2018 Prospective cohort 5 3066 Highest vs lowest | 0.88 (0.75, 1.04) P=26.2% No sig. association

For lean fish intake and stroke we identified two meta-analyses from 2018 and 2019, respectively (Qin et al 2018; Zhao et al 2019).

Table 4.5.1.2-5 Summary of results from meta-analyses on lean fish intake and stroke incidence.
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Author, Type of Total no No of Comparison Summary RR/HR (95% Hetero- | Overall conclusion
year studies studies cases CI) geneity
included
Zhao, Prospective 5 NA from Highest vs lowest 0.84 (0.70, 1.00) P=0% Suggestive protective association
2019 cohort paper
Qin, 2018 | Prospective 4 2645 Highest vs lowest 0.81 (0.67, 0.99) P=0% Lean fish reduces the risk of
cohort stroke
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Zhao et al. (2019) and Bechthold et al. (2019) reported that fish consumption is associated
with a lower risk of stroke, while Xun et al. (2012) concluded with a modest beneficial
association. In Jayedi et al. (2020), a small meta-analysis of two studies in patients with type
2 diabetes, no association was found.

When looking at stroke sub-types, Zhao et al. (2019) found a significant protective
association between fish consumption and hemorrhagic stroke, but not with ischemic stroke.
Xun et al. (2012) observed the opposite; they found a statistically significant but modest
protective association 