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Popular scientific summary

* Fish is an important part of the Nordic diet, and is a good source of several important nutri-
ents, such as vitamin D, vitamin B,,, and iodine.

» Health effects of fatty fish have particularly been attributed to the content of omega-3 polyun-
saturated fatty acids.

» The evidence for protective associations between fish intake and total mortality, cardiovascular
disease and cognitive decline is considered as strong.

* Maternal fish consumption during pregnancy probably has a beneficial effect on birth outcomes.

* Evidence regarding effects of fish intake on risk of type 2 diabetes or cancer is limited.

» Fatty fish may contain environmental contaminants, but the benefits of eating fish outweigh
the potential risks.

Abstract

The aim of this scoping review was to conduct evidence-based documentation between fish intake and
health outcomes for food-based dietary guidelines (FBDGs) in the Nordic Nutrition Recommendations
(NNR) 2023. For most health outcomes, the evidence for fish oil and n-3 long chain (LC) polyunsatu-
rated fatty acids (PUFA) supplementation was included when examining evidence between fish intake
and health. In this review, conclusions from qualified systematic reviews (qSR) approved by NNR2023
are included. In addition, conclusions of a de novo systematic reviews on the topic of n-3 LC-PUFA,
asthma, and allergy are included. Finally, a systematic literature search was performed limited to sys-
tematic reviews and meta-analysis published between 2011 and September 2021. In total, 21 papers from
the systematic literature search, four qSR, and eight reports were included addressing the association
between fish intake, fish oil, and n-3 LC-PUFA supplementation on several health outcomes. These
included cardiovascular disease (CVD), type 2 diabetes, cancers (colorectal, breast, and prostate), met-
abolic syndrome, obesity, mortality, cognition and mental health, pregnancy-related outcomes (preterm
birth and birth weight), and outcomes specific for children (neurodevelopment, and risk of food allergies,
and asthma). In addition, intermediate risk factors such as blood lipids, glucose, C-reactive protein, and
blood pressure were reviewed. Based on current evidence, fish consumption can have beneficial effects
to prevent coronary heart disease (CHD) and stroke incidence, and lower mortality from CVD, CHD,
myocardial infarction (MI), and stroke, as well as total mortality risk. In addition, fish consumption is
beneficial for preventing cognitive decline in adults (e.g. dementia and Alzheimer’s disease). Fish intake
may also prevent metabolic syndrome, supported by an observed association between fish intake and
reduction in plasma triglycerides and increase in high-density lipoprotein (HDL) cholesterol levels. Data
from fish oil and n-3 LC-PUFA supplementation studies supports the conclusions on the effects of fish
consumption on most of the health outcomes.
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contains important nutrients for optimal function

of the body. The fat content in fish varies greatly
between species, and thus the nutrient content differs.
Lean fish, such as cod, haddock, saithe, plaice, and pike,
contain less than 2 g of fat per 100 g. However, a high
proportion of the fatty acids in lean fish is n-3 long-chain
(LC) polyunsaturated fatty acids (PUFA) (2). The content
of fat in medium fatty fish, such as winter-mackerel, hal-
ibut, catfish, and tuna, is 2-8 g of fat per 100 g. Fatty
fish, such as herring, summer-mackerel, trout, salmon,
and eel, contain more than 8§ g of fat per 100 g. Medium-
fat and fatty fish are the major dietary sources of the n-3
LC-PUFA eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA). Fish also contains monounsaturated
and saturated fatty acids (MUFA and SFA), including
odd-chain fatty acids (e.g. C15:0 and C17:0) (3). Fatty
fish is a major source of dietary vitamin D, and some
species contain vitamin A (retinol) (3). In addition, cod
liver contains high amounts of n-3 LC-PUFA, vitamin
D, and vitamin A (retinol). Fish in general is also a good
source of protein, vitamin B ,, iodine, and selenium. In
addition, the nutrient content might vary between types
of fish, wild fish, and farmed fish. Dairy products, meat,
and fatty fish can contain environmental toxins, such
as methyl mercury, and persistent organic pollutants
(POPs) such as polychlorinated-p-dioxins (PCDDs) and
the related furans (PCDFs), and dioxins and dioxin-like
polychlorinated biphenyls (DL-PCBs). In general, fish
captured in the open sea has lower concentrations of pol-
lutants than fish from the Baltic Sea or Norwegian fjords.
Some marine fish (e.g. large tuna and halibut — higher in
the food chain) and freshwater fish from certain areas
might contain elevated levels of methyl mercury. As an
example, the mean range (mg/kg wet weight) of total mer-
cury in lean fish in Norway is 0.06-0.12, and in fatty fish is
0.02-0.19 (4). Lean fish generally contains lower levels of
POPs, and in Norway, the mean range of PCDD/PCDF/
DL-PCBs in different species of lean fish is 0.064-0.594
pg/g, and in different species of fatty fish the mean range

Fish is a substantial part of the Nordic diet (1), and

of these POPs is 0.488-2.39 pg/g (4). Due to this knowl-
edge, all the national food agencies of the Nordic coun-
tries have issued specific advice on fish consumption for
specific population groups (i.e. children and women of
fertile age) (3).

The aim of this scoping review is to describe the totality
of evidence based on qualified systematic reviews (qQSRs)
defined by the Nordic Nutrition Recommendations
2023 (NNR2023), for the role of fish consumption for
health-related outcomes as a basis for setting food-based
dietary guidelines (FBDGs) (Box 1).

Methods

To describe the totality of evidence for the role of fish
consumption for health-related outcomes, existing qSRs
defined by the NNR2023 (5, 6), an initial literature
search by the NNR2023 committee (7, 8), a de novo SR
on the topic n-3 LC-PUFA, asthma and allergy (9, 10),
and a benefit and risk assessment of seafood consump-
tion by the Norwegian Scientific Committee for Food
and Environment (VKM) (4) was included. In addition,
four gSR reviews (7-9, 11) and eight reports (4, 12-18)
(including the VKM report) were included. All the
gSRs adhere to the eligibility criteria determined by the
NNR2023 project (6). The outcomes included in these
gqSRs were cardiovascular disease (CVD), type 2 diabetes
(T2D), obesity, cancer, mortality, and pregnancy-related
outcomes (preterm birth and birth weight), neurodevel-
opment in children, cognition and mental health in adults,
and food allergies and asthma in children (Table 1). In
addition, a scoping review was conducted in accordance
with the protocol developed within the NNR2023 proj-
ect (6). The literature search was conducted in PubMed/
MEDLINE using the search string (fish* [ Title/ Abstract ]
OR seafood* [ Title/ Abstract] OR fish oil* [ Title/ Abstract ]
AND (2011:2021[pdat]) AND humans[Filter] AND
(meta-analysis[ Filter] OR  systematicreview[Filter])
AND english[Filter]. The search was limited to system-
atic reviews and meta-analysis of human data published
since 2011 to September 2021. The outcomes of interests

Box 1. Background papers for Nordic Nutrition Recommendations 2023

(NNR2023) project (6).
lished in Food & Nutrition Research.
procedures of the journal.

project).

reference values in the NNR2023 project.

+ This paper is one of many scoping reviews commissioned as part of the Nordic Nutrition Recommendations 2023
* The papers are included in the extended NNR2023 report but, for transparency, these scoping reviews are also pub-
* The scoping reviews have been peer reviewed by independent experts in the research field according to the standard
* The scoping reviews have also been subjected to public consultations (see report to be published by the NNR2023

» The NNR2023 committee has served as the editorial board.
» While these papers are a main fundament, the NNR2023 committee has the sole responsibility for setting dietary
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Table 1. Fish consumption and conclusions of relevant health outcomes from qSR defined by NNR2022

Fish — a scoping review

Report Health outcome Conclusion Comment
Obesity and body weight
VKM2022 Overweight in adults Limited, no conclusion Protocol approved by NNR2022
VKM2022 Overweight in children Limited, no conclusion Protocol approved by NNR2022
CVD outcomes
VKM2022 CHD incidence Probably protective Protocol approved by NNR2022
VKM 2022 Stroke incidence Probably protective Protocol approved by NNR2022
VKM 2022 CVD mortality Probably protective Protocol approved by NNR2022
VKM 2022 CHD mortality Probably protective Protocol approved by NNR2022
VKM 2022 MI mortality Probably protective Protocol approved by NNR2022
VKM 2022 Stroke mortality Probably protective Protocol approved by NNR2022
VKM 2022 CVD incidence Limited, suggestive protective Protocol approved by NNR2022
VKM 2022 Ml incidence Limited, suggestive protective Protocol approved by NNR2022
VKM 2022 Heart failure Limited, suggestive protective Protocol approved by NNR2022
VKM 2022 Atrial fibrillation Limited, suggestive adverse Protocol approved by NNR2022

American Heart association
(Rimm EB et al 2018)

American Heart association
(Rimm EB et al 2018)

American Heart association
(Rimm EB et al 2018)

American Heart association
(Rimm EB et al 2018)

DGAC (USA) 2020

VKM 2022

VKM 2022
WCRF 2018

VKM 2022
VKM 2022

DGAC (USA) 2020

DGAC (USA) 2020

Fatal and nonfatal CHD events,
including sudden cardiac death

Heart failure

CHD incidence

Stroke

CVD risk and intake during
childhood and adolescence

Type 2 diabetes
Cancer

Colorectal cancer
Colorectal cancer
Neurodevelopment

Child neurodevelopment
(maternal exposure)

Child neurodevelopment
(exposure in children)

Neurocognitive development
(maternal exposure)

Neurocognitive development
(exposure during childhood
and adolescence)

Strongly associated with lower
risk

Heterogeneity in findings,
protective or no association

Modestly associated with lower
risk

Associated with lower risk of
stroke (ischemic)

No conclusions due to few stu-
dies and serious methodological
limitations of the included studies.

Limited, no conclusion

Limited, suggestive protective

Limited, suggestive protective

Limited, suggestive protective
Limited, suggestive protective

Moderate evidence for favorable
assocation with measures of
cognitive development.

Limited evidence for language and
communication development.

Insufficient evidence for move-
ment and physical development,
social-emotional and behavioral
development in the child.

No studies met inclusion criteria
maternal seafood intake during
lactation and neurocognitive
development

Insufficient evidence

qSR identified by NNR based
on original search by the NNR
committee

qSR identified by NNR based
on original search by the NNR
committee

qSR identified by NNR based
on original search by the NNR
committee

qSR identified by NNR based
on original search by the NNR
committee

qSR identified in Hoyer et al 2021

Protocol approved by NNR2022

Protocol approved by NNR2022
qSR identified in Hoyer et al 2021

Protocol approved by NNR2022
Protocol approved by NNR2022

qSR identified in Hoyer et al 2021

qSR identified in Hoyer et al 2021
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Tuble 1. (Continued)

Cognition and mental health

VKM 2022 Cognitive decline in adults
(e.g. dementia and alzheimer’s
disease

VKM 2022 Mental health in adults
(depression)

VKM 2022 Postpartum depression
Asthma and allergies

VKM 2022 Asthma-maternal exposure)

VKM 2022 Wheeze (maternal exposure)

VKM 2022 Allergic sensitization
Birth outcomes

VKM 2022 Preterm birth

VKM 2022 Low birth weight

VKM 2022 All-cause mortality

Probable protective

Limited, suggestive protective

Limited, suggestive protective

Limited, no conclusion

Limited suggestive first 2 years

of life and Limited, no conclusion

older age

Limited, no conclusion

Probably protective
Probably protective
Probably protective

Protocol approved by NNR2022

Protocol approved by NNR2022

Protocol approved by NNR2022

Protocol approved by NNR2022
Protocol approved by NNR2022

Protocol approved by NNR2022

Protocol approved by NNR2022
Protocol approved by NNR2022
Protocol approved by NNR2022

These outcomes were based on existing qSR (5) and a benefit and risk report of seafood consumption by Norwegian Scientific Committee for Food
and Environment (VKM) that is approved by NNR2022 as qSR based on published protocol. The VKM report is a systematic literature review based on
a systematic literature search, quality assessment of the identified literature, and a weight of evidence approach that follows the guidelines described
by the World Cancer Research Fund (18). Probable (strong evidence) is defined as evidence strong enough to support a judgement of probably causal
relationship, which generally justifies recommendations designed to reduce the risk of an outcome. Limited, suggestive, is defined as evidence that is too
limited to permit a probably or convincing causal judgement, but is suggestive of a direction of effect. Limited, no conclusion is defined as evidence is so

limited that no firm conclusions can be made.

in the current review were intermediate CVD risk factors,
including lipids (total cholesterol, low-density lipopro-
tein (LDL)-cholesterol, HDL-cholesterol, triglycerides),
blood pressure, and the inflammatory marker C-reactive
protein, obesity (fish oil only since fish consumption was
covered in gSR), metabolic syndrome, and some cancers
(colorectal, breast, and prostate) common in the Nordic
countries.

The PubMed search in September 2021 resulted in 856
publications. Based on the abstracts and the outcomes
of interest, updates, and duplicates removal, 37 reviews
were read in full text. Both authors independently used
Rayyan (https://rayyan.ai) as a tool to screen all abstracts
for eligibility. After the blinding was removed, we agreed
on selection of reviews to include. Disagreement regard-
ing inclusion or exclusion of a review was solved by
discussions between the authors. Sixteen reviews were
excluded due to different factors such as being conducted
in Asia, where there are different fish species, possible
pollution in lakes, and different preservation methods.
Other reasons for exclusions were outcomes already cov-
ered by defined qSRs, outcomes not within the scope of
this scoping review, use of biomarkers instead of dietary
data, and having dietary pattern as an exposure, making
it challenging to examine the effect of fish intake alone.
In total, 21 reviews were included in the scoping review,
and the results are presented in Tables 2 to 8. All sources
of evidence considered in this scoping adhere to the
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eligibility criteria determined by the NNR2023 project
(19-21).

Fish intake in Nordic and Baltic countries

Many food-based recommendations include fish as part
of a healthy diet, and it is common to suggest 2-3 serv-
ings per week (22). The Nordic, and some of the Baltic,
countries give similar recommendations regarding fish
intake as a part of healthy dietary pattern (Table 9). The
health effects from consuming fish are partly due to the
n-3 LC-PUFA content as well as the substitutional effect
when fish and seafood are replaced by other sources
of animal protein (23). Among the Nordic and Baltic
countries, the highest fish consumption on average is in
Norway and Iceland (Table 10). The lowest fish intake is
in Estonia and Lithuania, based on data collected in 2010
(Iceland, Norway, and Sweden), 2011 (Denmark), 2014
(Estonia), 2017 (Finland), 2019 (Lithuania), and 2020
(Latvia) (1).

Health outcomes relevant for Nordic and Baltic
countries

Obesity and body weight

There is weak evidence for an association between fish
intake on weight gain. The risk-benefit assessment by
VKM, based on prospective cohort studies, found that
the evidence of total fish intake on weight gain and risk
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Table 2. Characteristics of the studies evaluating n-3 LC-PUFA supplementation and fish oil supplementation and body weight

Author Outcomes Type of study Exposure Results Conclusion
Du et al., 2015 Some parameters SR and MA Fish oil or marine food No effect on reduc-  No anti-obesity effect of
PlosOne of body composition 5| RcTs (n = 1,652) (one trial) ing body weight, SMD  n3 LC-PUFA

in overweigt/obese
adults

Jazayeri et al.,, 2020 Antropometric

Complementary
therapies in medicine

indices in children
and adolescents

SR and MA
6 RCTs (n = 342)

Median dose of
n-3 LC-PUFA was
1.92 g/day (range
0.54-11.3 g/day),
median duration
12 weeks (range

-0.07 (95% Cl -0.21

to 0.07) and BMI, SMD
-0.09 (95% CI -0.22

to 0.03).

No significant waist
circumference reduc-

4-24 weeks) tion, SMD -0.14 (95%

Cl-0.36 to 0.06)

Waist hip ratio

significantly reduced,

SMD-0.39 (95%

Cl-0.72 to -0.06)
n-3 LC-PUFA No significant differ- n-3 LC-PUFA supple-
supplementation ences in body weight  mentation does not
or fish oil reduction, SMD -0.00  change antropometric
supplementation (95% Cl -0.26 to 0.25) indices in children and
n-3 LC-PUFA No significant reduc- adolescents.
dose ranged tion in BMI, SMD
2503360 mg/day, -0.07 (95% CI -0.32
8-24 weeks t0 0.17)

No significant waist
circumference reduc-
tion, SMD -0.16 (95%
Cl-0.51 to 0.19)

SR, systematic review; MA, meta-analysis; SMD, standard deviation mean difference.

of overweight in adults and in children is limited, with
no conclusion (4) (Table 1). Concerning fish oil supple-
mentation, a meta-analysis of six randomized controlled
trials (RCTs) showed no difference in body weight reduc-
tion among children and adolescents (24) (Table 2). A
meta-analysis of 21 RCTs showed no difference in body
weight reduction among overweight and obese adults (25)
(Table 2).

Cardiovascular outcomes

There is strong evidence for a protective association
between fish intake and CVDs. The VKM assessment
(4) stated that total fish intake probably reduces the risk
of coronary heart disease (CHD) and stroke incidence,
and CVD, CHD, myocardial infarction (MI), and stroke
mortality (Table 1). The evidence for any protective effect
on incidence of CVD, MI, and heart failure was limited
and suggestive. These findings are in line with the find-
ings in a SR by Rimm et al. (7) that concluded that fish
consumption reduces the risk of cardiac death, CHD,
and stroke (Table 1). One observed concern regarding
fish consumption is the risk of adverse effect on atrial
fibrillation, but the evidence is limited and suggestive
(Table 1). Evidence is more limited on lean and fatty
fish intake, most probably because of limited data (4).

Citation: Food & Nutrition Research 2024, 68: 10485 - http://dx.doi.org/10.292 1 9/fnrv68.10485

However, intake of n-3 LC-PUFA acids as supplements
also shows protective effects on several CVD outcomes
(4, 7, 14), and therefore species higher in these fatty
acids may have a more protective effect. No effect of
fish consumption on high blood pressure incidence was
observed in three systematic reviews including cohort
studies, case-cohort, and nested case-control studies
(26), clinical trials and RCTs only (27) and cohort stud-
ies only (28) (Table 3). Fish oil supplementation showed
a small reduction in blood pressure among hypertensive
participants in two systematic reviews (29, 30), but no
effect was observed in normotensive participants (29)
(Table 3).

A meta-analysis of 14 clinical trials and RCTs found a
reduction in triglycerides by 0.11 (95% confidence inter-
val -0.18 to -0.04) mmol/L and an increase in HDL cho-
lesterol (HDL-C) by 0.06 (95% CI 0.02 to 0.11) mmol/L
after consumption of fatty fish (27) (Table 4). These data
were also supported by two meta-analyses of 28 and
30 RCTs who found a reduction in triglycerides by 0.24
(-0.31 to -0.16) mmol/L and an increase in HDL-C by
0.03 (0.01 to 0.05) mmol/L after fish oil supplementation,
respectively (31). A meta-analysis of 12 RCTs among
T2D patients also found a reduction in triglycerides by
0.40 (-0.53 to -0.28) mmol/L and an increase in HDL-C
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by 0.21 (0.05 to 0.37) mmol/L (32) (Table 4). No effects
on total cholesterol or LDL-C were observed in any of
the meta-analyses.

Type 2 diabetes

There is weak evidence for an association between fish
intake and T2D. The VKM assessment concluded that the
evidence for any effect of fish consumption on T2D risk
and T2D mortality was limited and suggestive (4) (Table
1). A meta-analysis of 14 RCTs also showed no effects
of fish intake on fasting insulin, glucose, or homeostatic
model assessment for insulin resistance (HOMA-IR) (27)
(Table 5). A meta-analysis of 17 RCTs showed no effect
on insulin sensitivity by fish oil supplementation (33)
(Table 5). In another meta-analysis of 12 RCTs, no effect
of fish oil supplementation was observed on fasting insu-
lin, hemoglobin A . (HbAlc), and HOMA-IR among
T2DM patients (33) (Table 5).

Cancers

There is weak evidence for an association between fish
intake and cancers. The continuous update project (CUP)
of the World Cancer Research Fund (WCRF) summa-
rized the evidence between fish intake and risk of the
above-mentioned cancer types in 2018 (18). The CUP
project concluded that the evidence between high fish
intake and lower risk of colorectal cancer (CRC) to be
limited and suggestive (18, 34). This conclusion is in line
with the risk-benefit analyses of fish consumption by
VKM, which stated that the evidence between intake of
fish and CRC was limited and suggestive (Table 1) (4).
Three meta-analyses were identified through the litera-
ture search for CRC. Two suggested an inverse associa-
tion between fish consumption and CRC. The third one,
a meta-analysis published in 2018 by Schwingshackl et al.
(35) found no association between fish intake and CRC.
However, an inverse association was observed only for
studies conducted in Europe, long-term studies, and stud-
ies with 1,000 cases or more (Table 6). In the study from
2012, a 12% risk reduction was observed for high fish
intake and CRC. One of the search terms the author used
was ‘fresh fish’, to avoid, for example, salted fish as an
exposure (36). In the two meta-analyses for prostate can-
cer (37, 38) and the three meta-analyses for breast cancer
(39-41), the results were insufficient for any conclusion
to be made, although some of the meta-analyses focused
only on fish intake and others also on n-3 LC-PUFA
intake (Table 6).

Neurodevelopment in children

There is weak evidence for an association between both
maternal exposure to fish consumption during pregnancy
and exposure to fish in childhood and neurodevelopment
in children. VKM stated that the evidence for a beneficial
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effect on neurodevelopment of children, both maternal
exposure to fish consumption during pregnancy and chil-
dren’s exposure to fish in childhood, was limited and sug-
gestive (4) (Table 1). The US Dietary Guidelines Advisory
Committee (DGAC) in the US concluded that there was
moderate evidence for a favorable effect of seafood con-
sumption during pregnancy on cognitive development in
young children (12) (Table 1). The DGAC also concluded
that there was limited evidence that seafood intake during
pregnancy is associated favorably with measures of lan-
guage and communication development, movement,
physical development, and social-emotional and behav-
ioral development in the child (12). Furthermore, no evi-
dence was available to determine the relationship between
maternal seafood intake during lactation and neurodevel-
opment in the child (12, 15) (Table 1). The DGAC con-
cluded that there was insufficient evidence to determine
a favorable relationship between seafood intake during
childhood and adolescence and cognitive development in
children and adolescents (15) (Table 1). Furthermore, they
concluded that there was limited evidence for any ben-
eficial effects of n-3 LC-PUFA supplementation during
pregnancy and in children on cognitive development (16).
This conclusion is also in line with the VKM report (4).

Cognitive and mental health in adults

There is strong evidence for a protective associa-
tion between fish intake and cognitive decline, but no
strong evidence for mental health. Among adults, the
risk-benefit analysis stated that the evidence for fish
intake and cognitive decline in adults (e.g. dementia
and Alzheimer’s) was probably protective (4) (Table 1).
The evidence for an effect of fish intake on depression
in adults and postpartum depression was limited and
suggestive (4) (Table 1). The evidence for intake of n-3
LC-PUFA on cognitive function in adults was limited,
there is no conclusion (4). This is in line with the qSR
by Brainard et al., who stated that n-3 LC-PUFA sup-
plementations do not protect older adults against cog-
nitive decline (11).

Asthma and allergy
There is weak evidence for an association between both
maternal exposure to fish consumption during preg-
nancy and children’s exposure to fish in childhood and
asthma and allergy in children. VKM (4) stated that the
evidence for an effect of maternal intake of fish during
pregnancy on asthma and allergy in the offspring was
limited (Table 1). According to one systematic review
and meta-analysis, fish oil supplementation during preg-
nancy and lactation may reduce the risk of allergic sen-
sitization to eggs (8).

A de novo SR performed for the NNR2023 project
concluded that intake of n-3 LC-PUFA supplements

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v68.10485

Johanna E.Torfadéttir and Stine M. Ulven

*92ueIsISal uljnsul Jo WYINOH ‘Yl VIWOH ‘ulqojSowsey paie|AsodA|3 2 | yqH ‘@dusJayip
UBSW UONEBIASP PJBPUEIS ‘(NS ‘SOPLISAISLI ‘D) | {|0J2159|0YDd [BI0] ‘D) | {[BlId P3||O.IUOD PIZIWOPUE. ‘| )Y SISA[BUB-BISW ‘Y| ‘MBIASI DNBWIISAS “YS ‘@anssald poojq d1joaselp 4gq ‘@4nssaid poojq 21j01shs 4gs

YI-VINOH PUe 2| \yqH ‘ulnsul
3unsey ‘oso0on|8 Sunsey Uo 10913 ON

SJ9p.OSIp JIjogeIaW YIMm
9|doad 3uowe AiAnisuas ulnsul
panroadwi pamoys sisAjeue dnou3qng

uonejuswa|ddns |10 ysi jo

129)J3 [[eJ9A0 ON

(#1093 61°0- 1D %S6)

200~ AWS dI-VINOH

(L1093 %1°0- 1D %S6)

10°0 AWS 21 vV9H

(1770 ©3 TT°0- 1D %56)

00°0— QWS ulnsur Sunsey

(87°0 03 €00 1D %S6)

£1°0 AIWS @s0on3 Sunseq
(sauaned Qg ul 109y

ou) (880 03 £1°0 1D %56)

£G°0 SJopJosip dljogelsw Jo
woldwAs auo 1ses| 38 Yaim ajdoad
Suowre A)AnISUSS ulNsul JyBUSQ
pIno> uonejuaws|ddns |10 ysi4
(8470 ©3 §1°0- 1D %56)

£1°0 ANAnIsuas ugnsul

UO 129)9 ou ‘sisAjeue pajood u|

Aep/3 80'0| 03 €10 woy
pasuel YHQ+Vd3 Jo sesoQq
uonejuawa|ddns 10 ysi4

Aep/3 o1

| VHQA+Vd3 Jo sesoQ
uoneuswsa|ddns j10 ysi4

8005 92 02

woJy padue. Aep UsAIS & uo
pawnsuod ‘(uowyes Ajuowwod
asow) ysij AJlo jo azis uon.od
pue ‘uondwnsuod A|iep 03 oM e

(08 = U) WATL YUMm
syuaned Suowe s| DY 7|

VI PU® YS

(T£9 =u) s1DY LI
VIW PU® YS

(so9Mm pT—)
$>99M ¢ 40} dn MoO||0} UBd|

(seah g| <) synpe g/€‘| = N
S1DY PUE S[eL3 [B21UI]D § |

D-1a1

ol

ol

(saipmis g1) D -1aH
(sa1pmas 8) YI-VINOH
(saipms ) 21vqH
(sa1pmas g) uinsu|
Sunseq

asoon|3 Sunsey

9surI9|03 9502N|D)

(MDIND) xaput 234>

ANARISUSS ulnsul dAnREIRUENYD

“dI-VWOH

‘dwrepd asoon|n

‘dwepd
J1WwadA|3na-d1waulnsutiadAH

SJ9JeW uonewweul
“AI"VIWOH ‘uinsui .mm0u:_m
d9Qadgas ‘O-1d1AD-1a1
‘2-1QH ‘DL'DL) sirewolq

oseasip pue
yafeay ur spidr

020T “[e 32 oe

aseas|p pue
Yajeay ur spidry

L10T “Ie 33 oen

SISOJ3]2s0Iaydy

YI-VIWOH 2ouo wody padued ysiy Sulwnsuod pidi] papnjaur sswo2Ino L10T “Ie3¥d
10 ‘9500n3 ‘uljNsul Uo 1333 ON 10y sapusnbauy ayp-oyeIul Ysiy VIA PUB YS AJeWIId "SI0} dSII JB|NISBA uessey|y
uoisnpuoD s)nsoy aunsodx3 Apnas jo adA] sswo2nQ Joyny

SIONTRW AJIANISUSS UINSUT ‘UINSul 9s0dn3 pue sjuswejddns [10 ysy pue ayejur ysy Sunenjead sarpnis oy} Jo sonsLdoeIey) ¢ a/gn]

Citation: Food & Nutrition Research 2024, 68: 10485 - http://dx.doi.org/10.29219/fnr.v68.10485

10

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v68.10485

Fish — a scoping review

papaau si yoJeasad aJow Inqg uasaid

9q Aew Ajezaow Jadued 33elsold pasealdsp
pue el g-eSawo Jaysiy usamiaq uon
-BIDOSSE UY/Jadued a3e3so.d Jo sl pue

p1oe A11e) £-e39WO PAALISP-Ysl) USIMIDG
diysuonrejau & 35933ns 01 9OUSPIAS JUSIIYNSU|

7|l Aljeaiow Jamoj ui paaedtjdul

9q Aew Inq jsid J9dURd d3eIsoud Yam pade
-IDOSSE JOU SEM 3 BaUl |10 YSIy pue ysi4 [e30]
‘@J0oW JO sosed

000°] Y2IM SBIpNIS pue ‘sa1pnis wa-3uoj 4oy
‘ado.un3 ur pa1oNpuod $3IPNIS 10} PaAISSqO
SEM UOIJBIDOSSE DSJUDAUI UE Qw>0>>0_|_

*I9DUEBD [€309.10|0D
JO >[SII PUE HEIUI YSI} US9MID] PIAISSqO
SEM UONEIDOSSE JUBDLIUSIS A|[B21ISIIEIS ON|

“(yS1om %0p) sis

-Ajeue ay3 ur Apnas auo Aq USALIP Ajurew a4am
S3|nsa. ay3 9snedaq A|IqIpaJd MO| PAMOYS
B3I YSI JOJ UONBIDOSSE 9SIDAUI BY |

USDUED [B3D9.0]0D IM PSIBIDOSSE A|9SI9AUI
s1 uondwnsuod ysi 1ey3 3se83ns sSuipuly

*9dUapIdUl J9dUEd d1eIsoud

pasea.dap pue spide A1e) £-eSawo
POALISP-YSl} JO 9BIUI PASEa.DUl UDDMID]
uoneoSsse JuBdIIUSIS B PaMOYs sasAjeue
9Al4 ‘uoneosse Juedliudis A|jeonsnels e
MOUS 10U pIp 7| ‘9Andadsoud asuspioul
Jaoued aersoud Suissasse sasA[eue ayl JO
‘saveaul ysiy 3saysiy

72 (16'0-0€°0) TS0 Pue (Z€'0-50°0)
T10°(£'1-9'0) 60 219M (1D %56)
JO-23eLIBAR|N} DjSl padnpad Apuedyiusis
& paynuapi Aljeriow->d pue uondwns
-uod ysij 3unesnsaAul SAIpMIS 994y |
‘eIul [I0-Ysly pue

YSij YIIM SPUS.] BSISAUI JUBDYIUSIS pUNOY
3s1d-Dd SULIBPISUOD S3IPNIS (] ‘|[BI9AQ

(papnjoul saipnis g |) asuodsau-asop
JBSUI|UOU © JO SDUSPIAD OU SBM dJay ]

Aep aad ysiy swea oo 42d (£0°| ©3 £8°0)
§6°0 JO SPIBWISD J{SLI |[RIDAQ

(66°0-08°0 1D %56)68°0 WY UeduEd
[B303.40[0D JO 3{SId JSMO| YIIM PIBIDOSSE
SEM Usly Jo Aep/8 00| JO oseaUDUI Uy

‘AjeAnoadsal ‘(10 1-98°0 ‘1D %56)

€6'0 PUe (56°0-TL'0 1D %56) £8°0 21om
S3IPNIS 310Y0D pUE SIIPNIS |0IILOI-ISED Ul

uondwnsuod ysi 3IS9MO| SNSIA Is3yS1y a3

40} J9dUED [2128.0]02 JO sYO pajood sy

(S6°0-08'0 ‘1D %56 ‘880 WO
Aaewwns) 97| Aq J9oued [€329.0|0D JO
3sid 9Y2 pasea.d9p uonduwinsuod ysiy

I10 ysig
el ysiy

»jeaul J1o ysi4

el ysiy

1SOMO| SNSUBA

1s9y31y ‘uondwinsuod ysi4

1SIMO| SNSIDA
1say31y ‘uondwinsuod ysi4

1S9MO| SNSIDA
1say31y ‘uondwinsuod ysi4

yroq uo ¢ pue
auawsa|ddns uo
Quo “991p uo suonedlgnd ¢|

(suonesignd 7 |) uonusas.d
Aaewiad uo sa1pnis 340yod | |

N

[e301 ul syuedidnaed |Ze'Sed
Ajjeriow uo ¢
mww:m>_wwm._wwm uog
JsiiBDd Uo | g

(34040d pue |0.3UOD-BSED)
[e301 Ul S3IpMIS /€

S

S9SBD 9466 |

(sa1pnas joau0d—ased paisau
pue s] DY Jo dn-mojjo} ‘seipnas
14040d—9sBD ‘saIpnis 3.40Y0d)

paulwexa saIpns |
S 8 VIW

S9SBI 9G€°0|

sisAjeue-e1ow asuodsau-asop
SY3 ul papnaul salpnas | |

US 8 VIN

S3IPNIS |0JIUOD-3SED ¢ |

pue (sased £8§°/ YIM [2301
ur ssuedned 6846071 = N)
sa1pnis 140yod aAndadsoud 7z

VI

saideaay )
J25ue") dAIERISAIU|

Jadued ajeysodd £]0T “Je 39 uloony

E4d WD [y

S10T

Jscued 3jejsodd ““|e 39 2A0.483A07]

J9oue)) ‘[

810T “Ie 39

J43duUed [e32340]0D) pPReYsSuimyds

|oouQ uuy

J432Ued [B32340]0D) 107 “I€ 3D BAIBIA

PO [wy

J43duUed [e32340]0D) Z10T “Ie 3@ NAA

uolsnpuoD

synsay

aunsodx3

Apnas jo adA]

sswodNQ Joyany

s10ued pue syuowddns 10 Ysy pue aYeIul VN d-DT £-U OYBIUI YST SUNBN[BAD SSIPNIS Y} JO SONSLIdORIRYD) 9 9/gN]

(page number not for citation purpose)

Citation: Food & Nutrition Research 2024, 68: 10485 - http://dx.doi.org/10.292 1 9/fnrv68.10485


http://dx.doi.org/10.29219/fnr.v68.10485

Johanna E.Torfadéttir and Stine M. Ulven

"Ol1E. YSIY S SANE[DY “YY ONEd SPPO “YO [B142 P3||OJIUOD PAZIWOPUE ‘| DY ‘SISA[BUB-BIBW V|| ‘MBIASI DNNBWSISAS “YS ‘1adued 21e3s0.d ‘eDd ‘spIde A11ey pajedmiesuni|od ‘4N ‘01e Sy isid 2ANERY “YY

123/0ud ZZOTYNN 2432 10 SM3IASI dnBWSISAS J0j $21d0) Jo uon|aS 4

(801 ©3 €60 1D %S6) 0'1
I9dUBD 3SB3.q JO SIJ pue djeIul sem aseadoul Aep/8 00| Jod Yy Arewwns
sl 10} POAIDSGO SEM UOIIRBIDOSSE ||INU a2 1eY2 pamoys sisAjeue asuodsau-asoq

(171 92 %60 1D %S56)
10°| sem Aep/8 oz | Jod Yy Arewwns

a3 Jey3 pamoys sisAeue asuodsal-asoQ

I9dUed 3SBa.q JO SlI pue djelul (T1°1 ©3 26°0 1D %S56) $0°| SEM 1S9MO|
ysSlj 10} POAISSQO SEM UOIIBIDOSSE ||NU snsJaA 359y31Y 10} Yy AJewwns ay |
(¥6°0-8£70)

98°0 JO 9IBWINSD HISII |[B4SAO PIpRIA
391 Woly Y4Nd-D7 €-U Jo eaul ySiy

(b1°1-€6°0) €0°1 J0 SrEUINSD
PRILID0SSE S1 Y4Nd-DT €-U JO Mfeaut y3iH SIS [[edar0 papRIA axeaul ysy YSIH

J92UBD 15B2.Q JO dSII Ul UONDINPA % | YUM

(asuodsau-asop)
eaul ysiy

(esuodsau-asop
PUE 3S9MO7 "SA
1s9y31Y) axeaul ysiy

J9>Jewolq anssi} se Jo
391p Wo.y ¥4Nd-D7 €U
el ysty

SasEd 8| 88T
saIpms /|

s[eL) paj|oauod
POZIWOpUE. JO $3I

-pms dn-moj|o} pue ‘salpnis 0.3
-UOD3SED PaISAU 2I0|0D-9SED
‘210400 3J9Mm papn|pu|

VI PUe YS
$9SBD 00%'6 |
siuedpnaed |4y 16
S31pn3s 34040 g|
VI

8L1'91

swedpned 76€'/75

V4Nd £-U aulJew uo saipnis /|
s9sed mNmym_

sauedion.red 0//°/89

S>elul ysij uo salpnis | |
S3IpNIs 140Yod |

S8 VI

J90Ued jseadg

J90Ued jseadg

J9dued jseadg

NN APY
120T “Ie 3° 1wiazey)|

sjualiINN

910T “Ie 32 NM\

(wa
€107 “Ie 33 Buayz

(PonunuoDd) 9 2/gn[

Citation: Food & Nutrition Research 2024, 68: 10485 - http://dx.doi.org/10.29219/fnr.v68.10485

12

(page number not for citation purpose)


http://dx.doi.org/10.29219/fnr.v68.10485

during pregnancy may reduce the risk of asthma and/or
wheeze in the offspring, but the strength of evidence was
low (9). There was inconclusive evidence for the effects
of n-3 LC-PUFA supplementation during pregnancy for
other asthma and allergy outcomes, as well as for supple-
mentation during lactation or infancy (9).

Metabolic syndrome

There is evidence for an association between fish
intake and metabolic syndrome. In a meta-analysis of
six cohort studies, an inverse association between fish
intake and risk of metabolic syndrome was seen (OR
0.80; 95% CI 0.66 to 0.96) (42) (Table 7). In another
meta-analysis of two cohort studies, an inverse asso-
ciation between fish intake and risk of metabolic syn-
drome was also seen (RR 0.71; 0.58 to 0.87). This
was also observed for n-3 LC-PUFA intake (RR 0.58;
0.48 to 0.70) (43) (Table 7). In a meta-analysis of 10
cross-sectional studies, no association between fish
intake and risk of metabolic syndrome was observed
(42) (Table 7). An association between fish intake or n-3
LC-PUFA intake and risk of metabolic syndrome was
also not observed in a meta-analysis of seven cross-sec-
tional studies (43) (Table 7).

Fish — a scoping review

Birth outcomes

There is strong evidence for a protective association
between maternal fish consumption during pregnancy
and birth outcomes. VKM stated that the evidence for
reducing the risk for preterm birth and low birth weight
was probable (Table 1) (4). n-3 LC-PUFA supplementa-
tion studies do not show strong evidence for a protective
association between maternal exposure to supplementa-
tion and reduced risk for preterm birth, but support the
conclusion for low birth weight (17).

Total mortality

There is strong evidence for a protective association
between fish intake and total mortality. VKM stated that
the evidence for all-cause mortality and fish intake was
probably protective (Table 1) (4).

Mechanisms

Among the important nutrients in fish, the mechanisms
of the n-3 LC-PUFA EPA and DHA, are well described.
These fatty acids are incorporated into the phospholipid
bilayer of cell membranes in the body, and can affect the
membrane fluidity and the function of cell-signaling recep-
tors in the membrane of for example, cardiac, immune,

Table 7. Characteristics of the studies evaluating fish intake, n-3 LC-PUFA intake and fish oil supplements and risk of metabolic syndrome

Author Outcomes Type of study Exposure Results Conclusion
Karimi et al., 2020  Metabolic SR and MA Fish intake, highest An inverse association
Nutrition, Metabolism, Syndrome 10 cross-sectional  versus lowest between fish intake and
and cardiovascular studies r;SSk/OfCTgféoRgf:
; 9 .66 to 0.96) in
diseases 6 cohort studies (5% ) )
cohort studies
No association between
fish intake an risk of MetS
OR 0.85 (95% C1 0.70
to 1.02) in cross-sectional
studies
Kim et al., 2021 Metabolic 7 cross-sectional Fish intake or n-3 RR 0.71 (95% Cl 0.58 to An inverse association
Nutrients syndrome studies LC-PUFA, highest 0.87) highest versus low- between fish consumption and

2 cohort studies

versus lowest intake

est fish intake
and RR 0.94 (95% CI 0.90

risk of metabolic syndrome in
cohorts

to 0.98) one serving/week
increment.

RR 0.58 (95% CI 0.48
to 0.70) highest versus
lowest n-3 FA intake

and RR 0.88 (95% CI 0.85
to 0.92) every 100 mg/day
increment.

OR 0.85 (95% Cl1 0.59

to 1.22) and n-3 LC-PUFA
intake OR 0.94 (95%
Cl10.79 to 1.12)

An inverse association
between n-3 LC-PUFA intake
and risk of metabolic syn-
drome n cohorts

No association between fish
intake and n-3 LC-PUFA
intake and risk of metabolic
syndrome in cross sectional
studies

SBP, systolic blood pressure; DBP, diastolic blood pressure; SR, systematic review; MA, meta-analysis; RCT, randomized controlled trial; OR, Odds ratio;

RR, Relative risk/Risk ratio.
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and brain cells (7). DHA is an essential component of the
phospholipid bilayer of brain cells, and via this mecha-
nism, DHA may affect different neurotransmitter systems
important for normal brain function and development
(44-46). The n-3 LC-PUFA can also act as ligands for
transcription factors and regulate genes important in
lipid metabolism and inflammation (47). Moreover, n-3
LC-PUFA may have anti-inflammatory function by being
converted to eicosanoids, which are signaling molecules
affecting several cells involved in a wide range of pro-
cesses including immune function (48). The n-3 LC-PUFA
can prevent the conversion of arachidonic acid (an n-6
LC-PUFA) into pro-inflammatory eicosanoids by serving
as an alternative substrate for cyclooxygenases or lipox-
ygenases. In addition, inflammation-resolving mediators
are derived from n-3 LC-PUFA. Although experimental
in vitro and animal studies have shown anti-inflamma-
tory effects of n-3 LC-PUFA, limited evidence in humans
exist. In the meta-analysis by Alhassan et al. no effect of
fish intake and fish oil supplementation was found on the
levels of C-reactive protein in 14 clinical trials and RCTs
in adults (27) (Table 8). In a meta-analysis by Lin et al.,
which included eight RCTs with patients with T2D, a sig-
nificant decrease in C-reactive protein was observed, but
there were large variations in the effect after fish oil sup-
plementation (49) (Table 8). In addition to n-3 LC-PUFA,
proteins in fish may explain the health beneficial effects of
fish consumption. Fish-derived peptides contain bioactive
amino acids that may influence hypertension and the lipid
profile (50).

Fish in food based dietary guidelines

Fish plays a substantial part of the Nordic diet (1), and
contains important nutrients for optimal function of
the body. The Nordic, and some of the Baltic, countries
give similar recommendations regarding fish intake as
a part of healthy dietary pattern (Table 9). Based on
current evidence, total fish consumption is beneficial
for prevention of CHD, stroke, metabolic syndrome,
and cognitive decline, of mortality from CVD, CHD,
MI and stroke, and of total mortality. Many CVD
outcomes and child neurodevelopment (both mater-
nal exposure to fish consumption during pregnancy
and children exposure to fish in childhood) also have
limited, suggestive beneficial effects due to an inade-
quate number of studies, inconsistency in results, risk
of bias in classification of exposures, and heterogeneity
of outcome assessments. There is also insufficient evi-
dence currently available to determine the relationship
between seafood consumption during childhood and
adolescence and risk of developing CVD (13). Since
both CVD and cognitive decline take years to develop,
and there are suggestive beneficial effects of fish intake
during childhood, it is important to give advice about
fish consumption throughout life course.

In future studies on fish intake and health outcomes
covered in this scoping review, more focus needs to be on
repeated fish exposure assessments throughout the life
course, as well as better documentation of fish types (lean
or fatty fish), possible pollution in different areas, preser-
vation, and cooking methods.

Tuble 8. Characteristics of the studies evaluating fish intake and fish oil supplements and C-reactive protein

Author Outcomes Type of study Exposure Results Conclusion
Alhassan Vascular risk factors. SR and MA Fish intake-the No effect on CRP
etal., 2017 Primary outcomes 14 clinical trials frequencies for
Atherosclerosis  included lipid and RCTs consuming fish ranged
biomarkers (TG,TC, from once a week to
HDL-C, LDL-C, N = 1,378 adults daily consumption, and
(>18 years)

VLDL-C, SBP, DBP,
glucose, insulin,
HOMA-IR, inflammation
markers

Mean follow up for
9 weeks (4-24 weeks)

Lin et al,2016 Inflammatory markers 8 RCTs (n = 955),
Lipids in Health  including IL-2, IL-6, patients with T2DM
and Disease TNFa, CRP adults (> 18 years)

duration of RCT from
6 to 12 weeks,

portion size of oily fish
(most commonly salmon),
consumed on a given day
ranged from 20 to 500 g.

Fish oil reduces
CRP, but large
variation in
responses

Fish oil providing a mix
of EPA+DHA or pure
EPA or DHA.A minimum
daily dose of EPA+DHA
was 2 g/day and max
dose was 6 g

CRP was significantly
decreased in the n-3
LC-PUFA group com-
pared to control group
SMD 1.90, 95% Cl 0.64
to 3.16,P = 0.003.Test
for heterogeneity was
significant (= 98%,

P <0.00001)

SBP, systolic blood pressure; DBP, diastolic blood pressure; SR, systematic review; MA, meta-analysis; RCT, randomized controlled trial; SMD, standard
deviation mean difference; TC, total cholesterol; TG, triglycerides; CRP, C-reactive protein.
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Tuble 9. Recommendations on fish intake in the Nordic and Baltic countries

Fish — a scoping review

Country Recommendation
Denmark 350 g/week (2 meals p/week and as topping on bread)
-thereof 200 g fatty fish
Finland 2-3 fish meals p/week
Iceland 300 to 450 g/week
-thereof 150 g fatty fish
2-3 meals p/week and as topping on bread
Norway 300 to 450 g/week
-thereof at least 200 g fatty fish
2-3 meals p/week and as topping on bread
Sweden 2-3 fish meals p/week
Important to vary the types of fish
Estonia Eat less red meat, prefer fish and poultry
Latvia Eat fish at least twice a week
Lithuania -

Denmark: https://altomkost.dk/raad-og-anbefalinger/de-officielle-kostraad-godt-for-sundhed-og-klima/spis-mindre-koed-vaelg-baelgfrugter-og-fisk/

Finland: https://www.ruokavirasto.fi/globalassets/teemat/terveytta-edistava-ruokavalio/ravitsemus--ja-ruokasuositukset/sv/naringsrekommenda-

tioner_2014_web.pdf

Iceland: https:/island.is/en/nutrition-recommendations

Norway: Kostradene — Helsedirektoratet

Sweden: Livsmedelsverkets rapportserie

Estonia: Reccomendations avilable on FAO webpage — Food-based dietary guidlines

Latvia: Reccomendations avilable on FAO webpage — Food-based dietary guidlines

Lithuania: Not available on the FAO web page

Table 10. Average fish consumption in the Nordic and Baltic countries?

Country Participants Fish, g/week
Denmark 2011 (1875 years) Men (n = 1,464) 280
Women (n = 1,552) 238
Finland 2017 (18-74 years) Men (n = 780) 252
Women (n = 875) 189
Iceland 2010 (18-80 years) Men (n = 632) 385
Women (n = 680) 266
Norway 2010 (18-70 years) Men (n = 862) 553
Women (n = 925) 392
Sweden 2010 (18-80 years) Men (n =792) 301
Women (n = 1,005) 259
Estonia 2014 (1874 years) Men (n = 907) 203
Women (n = 1,806) 161
Latvia 2020 (19-64 years) Men (n = 470) 252
Women (n = 541) 182
Lithuania 2019 (19-75 years) Men (n = 1,348) 203
Women (n = 1,562) 198

*Lemming and Pitsi (I).

In Denmark, Finland and Norway intake of fish is reported partly as raw weight and not as consumed as in the other countries.
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Johanna E.Torfadéttir and Stine M. Ulven

Advice for setting food-based dietary guidelines

Strong evidence supports the recommendation to con-
sume fish. The evidence is strongest for total fish intake
and health outcomes related to CVD and cognitive
decline (Alzheimer’s and dementia), which are diseases
affecting many people, with serious consequences for
those who are affected and the society. Since the biolog-
ical mechanisms for n-3 LC-PUFA support a protective
effect, and intake of n-3 LC-PUFA supports some of the
CVD outcomes, this implies that intake of fatty fish is
of importance, and that we should continue to advice
people to eat fatty fish as part of a healthy diet recom-
mended in the FBDGs. Despite that fatty fish may con-
tain contaminants, the benefit of eating fish outweighs
the risks that contaminants may cause (4). The differ-
ences between the countries in fish intake may be related
to accessibility, recommendations, and possible pollu-
tion in special areas. It is therefore advisable that each
country continue to keep their FBDGs for fish intake,
adjusting for variability of available fish and areas of
contamination.
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