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What does the salmon contain ?

• High quality protein
• taurine

• High quality fat
• omega-3 fatty acids

• Fat soluble vitamins
• vitamin D, A and E

• Minerals

Present in salmon

• Persistant organic pollutants
• dioxin and dl-PCBs
• brominated flame retardants
• other fat souluble undesirebles

• AnGbioGcs
• Mercury
• Iodine, selenium, vitamin B12

Not present / or present at low levels



Dioxin & 
dl-PCBs

TWI
14pg 05 WHO TEQ/kg body

weight pr week. 

Consequences

Max 1 meal à 150g pr weekvolume 125 | number 3 | March 2017 • Environmental Health Perspectives 

Challenges

New risk-benefit analyses 
are required
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Why lower levels of dioxin and dl-PCBs in salmon ?

Increased use of plant ingredients 
in salmon feed to meet increased 
production

Production of salmonids in Norwegian aquaculture in 
the period from 1992 to 2017 (tonnes). 



Decreasing levels of dioxin and dl-PCB in farmed salmon
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Decreasing levels of EPA and DHA in farmed salmon
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Utvikling i omega-6 i laks
Increasing levels of omega-6 fatty acids in farmed salmon
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Exchanging  80 % of the fish oil in salmon feed

Rapeseed oil (RO)
Olive oil (OO)
Soybean oil (SO)

Midtbø et al. (2013) PLoS One. 8(1):e53094

Investigating the spillover effect using mice

Fillets used in mice feed
50% exchange of protein  

WD-FO
WD-RO
WD-OO
WD-SO

Mice fed for 12 weeks  



Midtbø et al. (2013) PLoS One. 8(1):e53094

Investigating the spillover effect using mice

Midtbø et al. (2015) J Nutr Biochem 26: 585-595

Fatty acid composition and levels of POPs 
in mice were determined
by the type of oil used in the fish feed

WD-FO WD-SO

Mice receiving soyk oil fed salmon were
insulin resistant and had fatty liver despite
lower levels of POPs in adipose tissue



The obesity/diabetes epidemic



Higher levels of persistent organic pollutants in obese and diabetic subjects

POPs accumulate in 

adipose tissue and lipid 

rich particles in blood 

Animal studies indicate that feeding on
obesogenic diets leads to higher
accumula4on of POPs

Myrmel et al. (2016) J Nutr Biochem 27: 307-316



Diet and obesity/type 2 diabetes

Vegetables
Beans and legumes

Fruit
Whole grain products

Fish and seafood

«High energy» food 
Pommes frites

Red meat
Processed meat 

Refined carbohydrates
Soda w/wo sugar



Increased seafood intake is associated with weight reduction

Nurses` Health study I; 46.994 females
Nurses` Health study II; 47.928 females
Health Professionals Follow up: 25.862 males 
Subset of 120.784 subjects

Followed for 4 years

weight gain

weight neutral

weight reduction

Smith et al. Am J Clin Nutr 2015 101(6):1216-24

Increased intake of seafood is 
associated with weight reduction



Western diets
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Risiko for fedme og diabetes Prospective studies; several (but not all) demonstrate that seafood may protect 
against development of type 2 diabetes

East-West; dietary habits ?

EPIC-Interact study
(Dk, Fr, De, It, Nl, Es, Se, Uk)

No overall effect

Patel et al (2012) Am J Clin Nutr Jun;95(6):1445-53.

Welch et al (2012) Public Health NutriRon: 5(6B), 1273-1285

Europe –large differences (also in fish intake)

Swedish cohort: 35.583 men aged 45-79 years

No overall effect Shellfish; higher risk
Fried fish; higher risk

Wallin et al (2017) Eur J Nutrition 56: 843-852
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Dutch cohort; 
4,472 men and females, > 55 years

Van Woudenbergh et al. Diabetes care, (2009) 32, 2021

High total fish intake; higher risk
High lean fish intake; higher risk

Fatty fish; no effect

UK Cohort; 
25.639 men and females, 40-79 years

ProtecCve effect of both lean and 
faGy fish

Fried fish; no effect

Patel et al. Diabetes Care, (2009) 32, 1857

High intake in this cohort:
Lean fish > 23g/day
FaGy fish > 10g/day

Prospective studies; several (but not all) demonstrate that seafood may protect 
against development of type 2 diabetes



Reduced risk

Increased risk

Average intake:

25 g lean fish per day

Consumption of lean fish reduces the risk of type 2 diabetes; 

A prospective population based cohort study of Norwegian women

75-100 g lean fish per day; 

30% reduced risk

Fatty fish; no effect

Rylander et al. (2014) PLoS ONE 9(2): e89845.

Norwegain cohort; 
33740 females, 40-55 year

Intake of salmon is NOT associated
with increased risk for diabetes 

in prospective studies



Pan et al. Am J Clin Nutr 2011;94:1088-1096

Prevention from T2D by replacement of other food groups 
for red meat intake in the USA. 

Exchange 1 serving/ day

Fish and seafood may replace other food items 

Nurses` Health study I; 79.570 females
Nurses` Health study II; 87.504 females
Health Professionals Follow up; 37.083 males
Total; 204.157 subjects

10-25% reduced risk



• Favorable nutrients
• Undesirable substances

Present in salmon Intake of salmon is not associated with
development of obesity and diabetes, but new

risk-benefit analyses are required


