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1. Preface

Dietary fat research is currently to a large extent focussed on effects of individual fatty acids

as related to health. This includes the essential omega-3 and omega-6 fatty acids from plant

origin and the very long-chain omega-3 polyunsaturated fatty acids (VLCn-3PUFAs) of

marine origin. The individual dietary fatty acids have distinctive functions and physiological

and other effects with consequences for health and disease. With the recent discovery that

fatty acids are modulators of nuclear transcription factors influencing genes and gene products

this research has attained a new dimension. In addition, the focus is now pointed towards the

food chain from feed resources, food production and the impact of food on human health.

This report reviews the scientific evidence for the beneficial effects of VLCn-3PUFAs and

seafood consumption with respect to human health.



5

2. Summary

The very long-chain n-3 polyunsaturated fatty acids (VLCn-3PUFAs) found in seafood have

been extensively studied, and along with seafood they have been shown to have a positive

effect on a number of diseases including chronic diseases like cardiovascular diseases, cancer,

and immune and inflammatory diseases. However, much less attention has been paid to the

original source of these important fatty acids, namely seafood itself. Seafood has been an

important component of the human diet througout human evolution. Studies of existing

hunter-gatherer populations and of archaeological dietary information suggests that the ratio

of n-6 to VLCn-3PUFAs were about 1:1. This ratio changed little until the event of

agricultural and industrial revolutions when cheap and plentiful vegetable oils (rich in n-6

fatty acids) were included in the diets of man and his livestock. Thus, intake of new foodstuffs

concomitant with a reduced seafood intake has led to ratios between n-6 and n-3 fatty acids in

the human diet closer to 10-15:1. In this ratio alfa-linolenic acid (ALA, 18:3n-3), which is

found mainly in vegetable oils, is included. Thus, the current ratio between n-6 and VLCn-

3PUFAs in our diet is much greater than 10-20:1. Seafood represents a good source of VLCn-

3PUFAs in addition to other health promoting nutrients. An increased consumption of safe,

nutritious, and high quality seafood can help to ensure a properly balanced diet and possibly

improved human health. With respect to the diet and human health, more research is

necessary to define how diet (particularly dietary fat and seafood) affects e.g. lifestyle disease

(e.g. the metabolic syndrome). Thus, in addition to epidemiological studies, well designed,

long-term multicenter dietary intervention studies must be undertaken if dietary guidelines are

to be based on scientific valid data.
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3. Introduction

The interaction of genes and environment, nature, and nurture is a main determinant for health

and disease. During the last two decades, by use of techniques of molecular biology, it has

been shown that genetic factors determine susceptibility to disease and environmental factors

determine which genetically susceptible individuals will be affected [1]. Nutrition is an

environmental factor of major importance. Whereas major changes have taken place in our

diet over the past 10,000 years since the beginning of the Agricultural Revolution, our genes

have not changed much as the spontaneous mutation rate for nuclear DNA is estimated at

0.5% per million years. Using the tool of molecular biology and genetics, research is defining

the mechanisms by which genes influence nutrient absorption, metabolism and excretion, and

the mechanisms by which nutrients influence gene expression. Dietary fatty acids have been,

and probably are, the most important energy source for most humans but the role in gene

regulation has just recently been addressed [2-5]. The rapid changes in our diet, particularly

during the last 100 years, can be potent promoters of chronic diseases such as atherosclerosis,

hypertension, diabetes, many cancers and lifestyle diseases (e.g. metabolic syndrome and

obesity) causing great concern for health authorities worldwide [6].

The early literature describing the disease and dietary patterns among Arctic Inuits documents

the unusually low frequency of diseases common in the more “civilised” temperate latitudes

[7,8]. Early fatty acid analyses had uncovered �-3 fatty acids and there were isolated reports

in the medical literature of their effectiveness in lowering blood lipids [9-12]. It had been

known since the 1940s that Greenland Eskimos did not develop heart disease despite their

high fat consumption [13,14]. However, it was not until Danish scientists vigorously pursued

this anomaly that the importance of the Eskimo diet was more widely recognised. The Inuit

diet revealed not only a higher fat and cholesterol content than typical European diets, but

also substantial amounts of VLCn-3 PUFAs which were virtually absent from many European
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and North American diets. This led Bang, Dyerberg and colleagues to hypothesise that VLCn-

3 fatty acids were linked to low cardiovascular mortality [15-20].

4. Seafood: definition and nutritional characteristics

The definition of seafood in this report includes primarily marine fish as well as shellfish.

Fresh water fish will be mentioned in some connections. In human nutrition, we are

concerned mainly with fatty acid data based on the edible portion of foods. For fish that

means mainly the fillets, whereas certain shellfish such as clams, oysters, and mussels are

consumed whole. With crustaceans, shrimp, lobster, cray fish usually only muscle parts are

eaten. As a category, fish vary greatly in their fat content, not only between species, e.g.,

salmon vs. cod, but also within species. For example, the total lipid in Atlantic mackerel

ranges from 5% to 25% throughout the year [21]. Individual fatty acids also vary widely with

the season, in contrast to terrestrial animals, especially those mass-produced for food. Fatty

acid composition of fish differs from terrestrial animals in having a substantial portion of fatty

acids with more than 20-carbon atoms. These consist of 20- and 22-carbon monoenes and

very long-chain polyunsaturated n-3 fatty acids (VLCn-3PUFAs) [22]. The two major VLCn-

3PUFAs in fish are eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA,

22:6n-3). EPA and DHA differ from the polyunsaturated fatty acids found in plants, being

longer, more highly unsaturated and of the n-3 rather than the n-6 type. Fish and shellfish

have less than 30% saturated fatty acids [22]. Fish also contain notable amounts of “unusual”

fatty acids including; odd-chain [23] and branched-chain [24] fatty acids, monoenes [25] and

wax esters [26]. The content of VLCn-3PUFAs in various foods has been summarised

recently and fish and shellfish are by far the most abundant source of EPA and DHA in foods

[27].

Fresh water fish and certain marine species such as cod, saithe and haddock represent lean

fish with a low fat content whereas other species such as herring and mackerel represent oily
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or fatty fish rich in VLCn-3 PUFA. In addition, the amount of fat and VLCn-3 PUFA varies

according to catch area, season and means of preparation [28]. Shellfish generally contain

relatively low levels of fat but a major proportion of the fatty acids represent VLC n-3PUFA.

Fish represent a rich source of valuable nutrients that may explain the health promoting effect.

In addition to being rich in VLC n-3PUFA fish are an excellent source of protein, calcium,

selenium, vitamins, taurine and coenzyme Q10 [29]. The vast majority of studies relating

seafood intake to human health focus on the VLC n-3 PUFA and cardiovascular diseases and

will be described in detail later. The content of VLC n-3 PUFAs in e.g., serum lipids or in red

blood cell membranes are commonly used as biomarkers for habitual seafood intake [30,31].

Seafood is a complex matrix and some of the components other than VLCn-3, which have

been linked to prevention of cardiovascular diseases, will be addressed first.

4.1 Calcium

Fish, particularly small and softboned fish may represent a good source of calcium [32,33]

and with a newly developed dual radio- and stable-isotope method for measuring calcium

absorption in humans [34], other calcium sources e.g. marine calcium, can be compared to

more frequently used inorganic calcium sources like dolomite. Calcium is important for bone

mineralisation but may also protect against cardiovascular disease by favourably influencing

blood pressure. One meta-analysis of controlled randomised trials found evidence to indicate

that dietary calcium supplementation lowers systolic but not diastolic blood pressure. The

effect was greatest in those who had low dietary calcium intake to begin with [35].
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4.2 Selenium

Selenium is an essential trace element [36] and epidemiological studies have reported an

inverse relationship of selenium levels in serum with the risk of cardiovascular death [37,38].

Fish is rich in selenium and as selenium is important in the function of a number of anti-

oxidant enzymes, such as glutathione peroxidase, it may potentially retard the development of

cardiovascular disease via two pathways. One pathway offering protection would be through

favourable action of antioxidant enzymes on oxidation of plasma lipids; thereby retarding

development of atherosclerosis. The other pathway involves the production of eicosanoids. In

selenium deficiency, the synthesis of thromboxane (an eicosanoid that enhances

vasoconstriction and platelet aggregation) is favoured over the synthesis of prostacyclin (a

vasodilatory eicosanoid) [39]. In a recent study the relationship between dietary intake of fish

and non-fish selenium and serum lipids was addressed [40]. Dietary non-fish selenium had a

positive correlation between high-density lipoprotein (HDL) cholesterol and an inverse

correlation with the atherogenic index in all subjects. On the other hand, fish selenium had no

relationship with any serum lipids. This absence of association between the intake of fish

selenium and serum lipids could be due to contamination of heavy metals, mainly mercury, in

the fish consumed. Selenium is important in the detoxification reactions (acting as an

antioxidant) of ingested heavy metals [41,42].

4.3 Vitamin D

Fish, and especially fatty fish, is one of the few food commodities that contain vitamin D. It is

the main source of vitamin D in the Japanese diet [43] and also in the Norwegian diet

accounts for about one third of the intake. Vitamin D is required for normal calcium

absorption in the gut and important in bone metabolism in order to prevent osteomalacia and
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osteoporosis. It is also important in cell differentiation [44]. Therefore, it may theoretically

play a role in dampening down atherogenesis, a process that has proliferative features.

4.4 Taurine

Seafood is a rich source of taurine [45] and taurine excretion is sometimes used as a marker of

seafood intake [46]. Animal studies suggest taurine may reduce serum cholesterol levels by

altering the activity of certain enzymes that either influence cholesterol metabolism through

bile acid synthesis or inhibits its absorption from the intestine [47]. From other animal studies,

taurine has been demonstrated to have antihypertensive [48,49] and antiatherogenic effects

[49,50]. Epidemiological studies also revealed that taurine intake correlates inversely with the

incidence of coronary heart disease [51,52]. Hyperhomocysteiemia, an independent risk factor

for atherosclerosis [53,54] was associated with oxidative stress leading to endothelial cell

injury and/or dysfunction [55-57]. More recent papers reveal that homocysteine induces

oxidative stress in the endoplasmatic reticulum (ER) of endothelial cells leading to

accumulation of proteins and altered function [58-60]. Taurine has been shown to antagonise

the effect of homocysteine and restores the secretion and expression of extracellular

superoxide dismutase (EC-SOD), a glycoprotein secreted from vascular smooth muscle cells

(VSMCs) that protects the vascular wall from oxidative stress [61]. In addition, taurine has

been shown to restore the levels of nitric oxide and endothelin-1 to control levels indicating a

beneficial impact on vascular endothelial function [62].

4.5 Coenzyme Q10 (ubiquinone)

Ubiquinone is an important cofactor in the mitochondrial electron transport chain. The

concentrations in fish range from 4 to 64 microgram per gram of fish [63]. Ubiquinone acts as
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an antioxidant and protects low-density lipoprotein (LDL) against oxidation in vitro and so

may play a protective role against atherosclerosis [63].

4.6 Protein

Fish protein has a high nutritional value having the entire complement of essential amino

acids and a high digestibility and in terms of nutritive value fish ranks above casein [64]. High

intake of fish protein has been shown to be related to a reduced risk of microalbuminuria in

young patients with diabetes type I [65].

5. Dietary fat and fatty acids: chemistry, nomenclature and essentiality

By far the most important component of dietary fat in quantitative terms is triacylglycerol,

which in most diets constitutes > 95% of dietary fat. Each triacylglycerol molecule is

composed of three fatty acid molecules esterified to a glycerol backbone, and so fatty acids

are a major constituent of dietary fat. Because of the range of foodstuffs consumed, the human

diet contains a great variety of fatty acids. The most abundant fatty acids have straight chains

of an even number of carbon atoms. The chain lengths vary from 4 carbon atoms in milk fat to

30 in some fish oils. Fatty acids may contain double bonds; these are then termed unsaturated

fatty acids, as opposed to saturated fatty acids, which do not contain any double bonds. The

number and position of the double bonds differ among different unsaturated fatty acids; if

there are two or more double bonds the fatty acid is termed polyunsaturated. It is the nature

and the constituent fatty acids (their chain length and degree of unsaturation) that are

responsible for the physical properties of fats, specifically determining the temperature at

which the fat will melt. Thus, fats that contain a high proportion of long chain saturated fatty

acids are solid at room temperature (e.g. lard, butter) while fats that contain a high proportion
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of polyunsaturated fatty acids are liquid at room temperature (e.g. olive oil, sunflower oil, fish

oil).

Fatty acids have systematic names but most also have common names. The systematic name

used in the biochemical literature  (nomenclature) indicates the number of carbon atoms in the

chain, the number of double bonds in the chain and the position of the first double bond from

the methyl end of the molecule (for an overview see [66,67]). It is the position of the first

double bond counted from the methyl end of the hydrocarbon chain that is indicated by n-3, n-

6, n-7, n-9 or n-11 in the shorthand notation for a fatty acid. Thus, an n-3 fatty acid has the

first double bond on carbon number 3 and an n-6 has the first double bond on carbon number

6 counted from the methyl terminus (distal end). The ”n-” notation is sometimes

synonymously referred to as �- or omega. If the position of a double bound is counted from

the carboxyl end of the molecule this is indicated by ∆ or delta.

Saturated fatty acids and most monounsaturated fatty acids can be made in mammalian tissues

from non-fat precursors like glucose or amino acids. This does not usually occur in humans

eating a Western diet since the consumption of fat in general, and of saturated and

monounsaturated fatty acids in particular, is high. However, mammals cannot insert double

bonds between the methyl terminus and carbon number 9 in oleic acid (OA, 18:1n-9). Thus,

mammals cannot convert 18:1n-9 into linoleic acid (LA, 18:2n-6). The enzyme that catalyses

this reaction is called a �-12-desaturase and is found only in plants and insects. Likewise,

mammals cannot convert 18:2n-6 into �-linolenic acid (ALA, 18:3n-3). The enzyme that does

this is called a �15-desaturase and again this is found only in plants and insects. Because

mammals cannot make these two fatty acids they are termed essential fatty acids. Also,

because mammalian tissues do not contain the �15-desaturase they cannot interconvert n-6

and VLCn-3PUFAs. Plant tissues and plant oils tend to be rich sources of 18:2n-6 and 18:3n-

3. For example, 18:2n-6 contributes over 50% and often up to 80% of the fatty acids found in
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corn, sunflower, safflower and soybean oils. Rapeseed oil and linseed oil (also called flaxseed

oil) are the richest sources of 18:3n-3, 15% and 60% of the total fatty acids, respectively.

5.1 Synthesis of long-chain polyunsaturated fatty acids

Once consumed in the diet 18:2n-6 can be converted via �-linolenic acid (GLA, 18:3n-6) and

dihomo-�-linolenic acid (DGLA, 20:3n-6) to arachidonic acid (AA, 20:4n-6). Using the same

pathway, dietary 18:3n-3 can be converted into eicosapentaenoic acid (EPA, 20:5n-3),

docosapentaenoic acid (DPA, 22:5n-3) and docosahexaenoic acid (DHA, 22:6n-3). Thus,

there is a competition between the n-6 and n-3 fatty acids for the enzymes that metabolise

them. The conversion of 18:3n-3 into EPA and DHA appears to be limited in premature and

new-born infants and also in adult humans the conversion into DHA is hardly detectable [68].

Because of the competition between the n-6 and n-3 fatty acid families for the same enzymes

dietary intake of VLCn-3 fatty acids will increase production of eicosanoids derived from the

n-3 family at the expense of those derived from arachidonic acid. This may have

consequences on a number of regulatory mechanisms that will be discussed below. EPA and

DHA are found in high proportions in the tissues of oily-fish (e.g. herring, mackerel, fresh

tuna, sardines, salmon), in the liver of some lean fish (e.g. cod, saithe) and in commercially

fish oils from either the body fat or the liver.

5.2 Changes in the pattern of consumption of dietary fat

Large changes in the pattern of consumption of individual fatty acids particularly among

Western populations have occurred over the last decades [1,69]. In general the amount of

saturated fat in the diet has declined and the amount of polyunsaturated fat increased. The

driving force behind these changes was the realisation that plasma cholesterol concentrations

is positively correlated with cardiovascular risk and with intake of some saturated fatty acids
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and that replacement of dietary saturated fatty acids with linoleic acid (18:2n-6) lowers

plasma cholesterol concentrations. Thus, increased consumption of 18:2n-6 occurred because

it became generally available in margarines and vegetable oils. One other change in the

pattern of fatty acid consumption that has occurred in many countries over the last few

decades is a reduction in the intake of VLCn-3PUFA as a result of decreased consumption of

oily fish and decreased use of fish oil (cod liver oil). In the absence of significant

consumption of oily fish or fish oil, 18:3n-3 is the major dietary n-3 fatty acid. The ratio of n-

6 to n-3 polyunsaturated fatty acids in most Western diets is ca 10-15 with an average of 10.

In the Nordic countries this ratio is lower, 4-8, because of a high consumption of soybean oil

and rapeseed oil. Because the intake of VLCn-6PUFA and VLCn-3PUFA is low, this ratio

effectively represents the ratio of 18:2n-6 to 18:3n-3. Since these fatty acids compete for the

enzymes which convert them to their more unsaturated longer-chain derivatives, this ratio

favours the conversion of 18:2n-6 over 18:3n-3, resulting in much lower levels of EPA and

DHA than of AA in cells [68].

5.3 The ratio between n-6 and n-3 fatty acids

Given that VLCn-3PUFA have a range of health benefits (for overview see [1,28,69-71]), it

has been argued that the current ratio of n-6 to n-3 polyunsaturated fatty acids of Western

diets does not promote optimal health [1] whereas others focus on the n-6 fatty acids [72]. It is

noteworthy that the dietary changes described above have been accompanied by remarkable

decline in coronary heart disease mortality in most Western countries during the last

generation. It has been demonstrated that wild animals contain five times more PUFAs than

domestic livestock [73,74]. However, at this stage it is difficult to define an optimal n-6 to n-3

fatty acid ratio because in most cases it is 18:3n-3 and not the VLCn-3PUFAs that are
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consumed. Thus, in Norway (based on data from 1993) the ratio is around 5 but 12 when

compared to VLCn-3PUFAs.

In a recent workshop report from the UK Food Standard Agency unlike the risk prevention by

VLCn-3 fatty acids reservations were expressed about the evidence suggesting a beneficial

effect of α-linolenic acid (18:3n-3) on secondary prevention of coronary heart disease [75].

Moreover, the possibility of feeding livestock 18:3n-3-rich oils to provide a means of

increasing the dietary intake of EPA and DHA in humans was highlighted [75].

6. Cardiovascular diseases

Heart disease includes a host of specific medical conditions affecting the heart. Terms closely

related to heart disease, having specific medical definitions, include cardiovascular disease

(CVD), coronary heart disease (CHD), ischemic heart disease, myocardial infarction, angina

pectoris, and atherosclerosis. The last term, atherosclerosis, is the underlying cause of heart

disease and other cardiovascular diseases. People with elevated blood cholesterol and

triacylglycerol levels and hypertension are at increased risk of developing heart disease.

The relationship between diet and coronary heart disease has been intensively studied for

more than half a century. The past 3 decades have been a period of rapid expansion in the

scientific knowledge of VLCn-3PUFAs in relation to CHD and it now appears that these

dietary factors may be the most protective against death from CHD. Beginning with the

studies of Bang and Dyerberg et al. [15-20] involving Greenland Eskimos in the late 1970s,

the body of evidence supporting a role for VLCn-3PUFAs in the prevention of CHD has

continued to grow. Epidemiological studies indicate a positive health effect from consuming

fish and shellfish rich in VLCn-3PUFAs. For example, the Japanese have among the world’s

lowest rate of death from heart disease. According to the World Health Organisation, from

1984 to 1986, total mortality from ischemic heart disease in Japan was 29, whereas the
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corresponding rate for the United States was 197 deaths per 100,000 [76]. It was

demonstrated that those who consumed the greatest amounts of fish had the lowest incidence

of heart disease [77,78]. This finding is based on observations of mortality rates among

mainland Japanese and those living on the island of Okinawa [77,79].

However, during the last decade the diet in Japan and in Asia has become more influenced by

the Western way of living and the incidence of cardiovascular diseases in the big cities is now

approaching that of Western countries. By 2020, non-communicable diseases including

cardiovascular diseases (CVD) are expected to account for seven out of every 10 deaths in the

developing countries compared with less than half this value today [80].

As a proportion of total deaths from all-causes, CVD in the Asia Pacific region ranges from

less than 20% in countries such as Thailand, Philippines and Indonesia to 20-30% in urban

China, Hong Kong, Japan, Korea and Malaysia. Countries such as New Zealand, Australia

and Singapore have relatively high rates that exceed 30-35%. The latter countries also rank

high for coronary heart disease (CHD) mortality rate (more than 150 deaths per 100,000). In

contrast, death from cerebrovascular disease is higher among East Asian countries including

Japan, China and Taiwan (more than 100 per 100,000). It is worth noting that a number of

countries in the region with high proportions of deaths from CVD has undergone marked

declining rates in recent decades. For example, in Australia, between 1986 and 1996,

mortality from CHD in men and women aged 30-69 years declined by 46 and 51%,

respectively. In Japan, stroke mortality dropped from a high level of 150 per 100,000 during

the 1920s-1940s to the present level of approximately 100 per 100,000. Nonetheless, CVD

mortality rate is reportedly on the rise in several countries in the region, including urban

China, Malaysia, Korea and Taiwan. In China, CVD mortality increased as a proportion of

total deaths from 12.8% in 1957 to 35.8% in 1990. The region is undergoing a rapid pace of

urbanisation, industrialisation and major technological and lifestyle changes. Thus,
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monitoring the impact of these changes on cardiovascular risk is essential to enable the

implementation of appropriate strategies towards countering the rise of CVD mortality [76].

6.1 Epidemiological evidence

In the1970s Bang and Dyerberg et al. [15-20] evaluated the dietary habits of Greenland

Eskimos, a population known to have low mortality rate from CHD. This was one of the first

epidemiological studies to explore the relationship between dietary VLCn-3PUFAs intake and

the rate of CHD. Results of dietary surveys indicated that the Eskimo diet was not a low-fat

diet and that approximately 39% of energy intake was from fat. Further analysis revealed the

intake of saturated fat to be low (9% of total calories), whereas the dietary intake of VLCn-

3PUFAs was high (4.2% of total calories). These findings contrasted sharply with the dietary

habits of an ethnically similar population in Denmark with much higher rates of CHD. The

Danish diet had a comparable amount of total fat (42% of total calories) but a much lower

intake of VLCn-3PUFAs (< 1% of total calories) and a much higher intake of saturated fat

(22% of total calories). A second similar study [81] followed inhabitants of Greenland and

Denmark for 25 years; a 10-fold increase in myocardial infarction (MI) was noted in the

Danish group.

In addition to cross-cultural epidemiological studies, results of various prospective

observational cohort studies have suggested a cardioprotective effect of dietary VLCn-

3PUFAs. Early important cohort studies include the Zutphen and Western Electric studies

[82,83] that demonstrated an inverse relation between fish consumption and mortality from

CHD.

In more recent studies [84,85], the US Physicians Health Study, more than 20,000 male US

physicians who were free of cardiovascular disease were evaluated. These men were asked to

complete food frequency questionnaires on fish consumption and were then followed up for
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11 years. Consumption of at least 1 fish meal per week reduced the risk of sudden cardiac

death by 52% compared to those consuming fish only monthly. All levels of fish consumption

up to 1 meal per week were associated with decreased risk of sudden death. At levels of

consumption greater than 1 fish meal per week the risk reduction did not change, indicating a

threshold effect. More recent studies confirm the positive effect of seafood intake and the

prevention of sudden cardiac death and total mortality, for details end reviews see [86-100].

Not all prospective cohort studies on the relationship between VLCn-3PUFA (fish)

consumption and cardiovascular mortality rates have reported inverse associations [101-104]

Three negative studies [101-103] involved cohorts with higher baseline intakes of VLCn-

3PUF than as the cohort studies above. In addition, these studies had few participants who

consumed less than 1 fish meal per week. A threshold effect, in which fish intake is

cardioprotective in small amounts, could possibly explain these discordant results. Recently, a

systematic review of 11 prospective cohort studies by Marckman and Grønbæk [105]

examined the relationship between fish intake and CHD mortality rates. Four of these studies

were judged to be of high quality in terms of study design. Two of the high-quality studies

were performed on low risk populations and demonstrated no cardioprotective effect from

fish consumption. The other two high-quality studies were performed on populations at higher

risk for CHD and found an inverse association between fish consumption and CHD death. It

was suggested that in these higher-risk cohorts, consumption of 40 to 60 g of fish per day

could reduce the risk of CHD by 40% to 60%.

Cohort studies have also examined the effects of 18:3n-3 (plant origin) and in the Multiple

Risk Factor Intervention Trial (MRFIT) [106] multivariate regression analysis was used to

determine the effect of dietary 18:3n-3 on 101/2-year mortality rates. Significant inverse

associations were found for intake of 18:3n-3 and mortality rates for CHD. In the Nurses

Health Study [107] as well as in the National Heart, Lung, and Blood Institute Family heart
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study [108] a high intake of 18:3n-3 was associated with a lower risk of fatal CHD. In a more

recent Dutch study no association was found between intake of 18:3n-3 and risk of CHD

possibly because of covariation of ALA with trans fatty acids [109].

6.2 Secondary prevention studies

Evidence from recent intervention trials [92, 110-112] in patients with previous myocardial

infarction (MI) indicates that intake of VLCn-3PUFAs from marine sources prevents cardiac

death and nonfatal myocardial infarction. A recently published metaanalysis of randomised

controlled secondary prevention studies concludes that VLCn-3PUFAs reduce total mortality,

mortality from MI as well as sudden death [113]. One study from Norway [114] was not

included in the analysis. In that study no effect was seen after18 months follow up in

postinfarction pasients given 3.5 g EPA/DHA pr day.

In the Lyon diet heart study it was shown that a Mediterranean type diet with increased intake

of 18:3n-3 decreased significantly mortality in patients with a previous myocardial infarction

[115-117]. As mentioned above also other modifications of the diet occurred in this trial such

as increased intake of fruit, vegetables and increased fish consumption. It is thus not proven

that the effect can be solely ascribed to the increased intake of α-linolenic acid. However,

there is good systematic review evidence that dietary advise to those with CVD can reduce

mortality [118,119].

6.3 Case – control studies

At least three case – control studies have shown that increased intake of VLCn-3 fatty acids is

associated with reduced risk of a first myocardial infarction [98,120,121]. These results

further indicate that not only mortality but also the incidence is favourably influenced by

intake of VLCn-3 fatty acids.
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6.4 Stroke

The relationship between fish consumption and stroke is controversial. The reason may be

that not all studies have differentiated thrombotic (ischemic) and hemorrhagic stroke. (The

first category makes up about 80-85% and the second 15-20% of all strokes). High fish

consumption levels have been associated with reduced stroke mortality [83,122,123] and

possible mechanisms include a blood pressure lowering effect from VLCn-3PUFAs by a

modulating effect on baroflex functions, reduced blood viscosity, reduced pressure responses

and increased PGI2 formation [124]. In contrast, other observational studies have failed to

demonstrate any effect [84,125] and an intervention study could not demonstrate any effect of

VLCn-3PUFAs on the prevention of stroke [111]. More recent papers do not elucidate the

story. In a community case – control study (440 incident cases and 473 controls) from the

Asturias, (Spain) it was concluded that a high fish consumption was associated with an

increased risk of stroke and vertebral infarction [126] whereas data from the epidemiological

follow-up to the first National Health and Nutrition Examination Survey (NHANES) failed to

provide any evidence that eating fish once per week over long periods is sufficient to reduce

the incidence of hypertension [127]. However, recent data on the association between seafood

intake and stroke from two very large prospective cohort studies in women and men, the

Nurses Health Study and the Health Professional Follow-up study, respectively, indicate that

fish consumption is associated with reduced risk of thrombotic stroke. In women, it was

reported that a high consumption of fish and VLCn-3PUFAs was associated with a reduced

risk of cerebral thrombotic infarction, primarily among women who did not take aspirin

regularly, but was not related to risk of hemorrhagic stroke [128]. In men, compared to

persons who ate fish less than once per month, the multivariate relative risk of ischemic stroke

was significantly lower among those who consumed fish one to three times per month. An

even higher frequency of fish intake was not associated with further risk reduction [129]. In
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contrast, a higher consumption of fish and VLCn-3PUFAs was associated with a lower CHD

incidence and total mortality among diabetic women [130].

6.5 Mechanisms for the protective cardiovascular effects of VLCn-3PUFAs

VLCn-3PUFAs (and fish consumption) may reduce risk of CHD by multiple mechanisms but

their role as potential antiarrhythmics has gained major attention recently. This mechanism

may in particular explain the marked effect of VLCn-3PUFAs on reduced risk of sudden

death found in several studies [131,132]. It is believed that VLCn-3PUFAs stabilise the

electrical activity of cardiac myocytes by inhibiting sarcolemmal ion channels, resulting in

prolonged relative refractory period and preventing intracellular calcium overload [133-135].

This may possibly also be related to the increased oxygen utilisation and work efficiency seen

in hearts of rats given fish oil as compared to saturated fat [136]. In a recent study by Geelen

at al. [137], the effect of VLCn-3PUFAs on the standard electrocardiogram (ECG) was

studied in healthy men and women. They did not find any effect of VLCn-3PUFAs on the

ECG indicating that VLCn-3PUFAs prevent arrhythmia through electrophysiological effects

on myocyte membranes. However, this study had few participants and as mentioned involved

healthy subjects, thus, an effect on the ECG in more susceptible populations cannot be ruled

out.

TheVLCn-3PUFAs also have significant antithrombotic properties. EPA has been shown to

inhibit the synthesis of thromboxane A2, a prostaglandin that causes platelet aggregation and

vasoconstriction [138]. Similar beneficial effects have been reported from intake of both

marine fish and freshwater fish [139-142]. Other antithrombotic effects reported include

reductions in fibrinogen and increases in tissue plasminogen activator [143-145].

Endothelial function is also favourably affected by VLCn-3PUFAs and fish intake increases

flow-mediated brachial artery dilation [146-148],
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6.6 Hypolipidemic effects

The hypolipidemic effects of VLCn-3PUFAs have been extensively studied in humans [149-

154]. Omega-3 fatty acids lower plasma triacylglycerol by reducing the hepatic production

and secretion of lipoprotein particles rich in triacylglycerol, e.g., very low density protein

[155,156]. VLCn-3PUFAs also markedly reduce postprandial lipemia, which typically occurs

after consumption of a fatty meal [157], and postprandial lipoproteins are atherogenic.

Postrandial lipemia is also thrombogenic because it increases levels of activated factor VII, a

procoagulant[157]. Unlike vegetable oils rich in n-6 fatty acids VLCn-3PUFAs do not lower

high-density lipoprotein (HDL) cholesterol levels. In contrast, they have been shown to result

in a favourable change in HDL cholesterol metabolism. It seems that VLCn-3PUFAs and fish

intake cause an increase in the large HDL2 subtype while decreasing the smaller

triacylglycerol-enriched HDL3 subtype [158,159]. HDL2 is considered to be the most

antiatherogenic HDL subtype. Some concerns have been raised about potential atherogenic

changes in lipid metabolism caused by dietary VLCn-3PUFAs. LDL cholesterol levels have

been shown to occasionally increase with VLCn-3PUFA supplementation; however, this

effect was not evident in fish intake [159]. Also, some concern has been raised about in vitro

studies that demonstrate that VLCn-3PUFA supplementation might increase LDL

susceptibility to oxidation. It has been demonstrated that this oxidation can be reduced by

supplementation with antioxidants (e.g. vitamin E) [160]. In a recent study habitual fish intake

was associated with decreased LDL susceptibility to ex vivo oxidation [161]. Recently an

inverse correlation between the acute-phase reactant C-reactive protein (CRP), an independent

risk factor for CVD and DHA, was demonstrated in patients with stable coronary heart

disease (CHD) [162]. This might indicate an anti-inflammatory effect of DHA and suggests a

novel mechanism by which seafood consumption may decrease the risk for CHD.
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6.7 Recommended intake in relation to CHD

 The American Heart Association has recently issued a statement on the cardioprotective

effects of fish consumption, fish oil and VLCn-3PUFAs [163,164]. In that connection

recommendations have been issued on desirable intake of omega-3 fatty acids [165].

According to these, adults should consume fish, preferably fatty fish, at least two times a

week. Also n-3 fatty acids from vegetable sources should be included in the diet. For patients

with CHD one gram of DHA + EPA pr day is recommended. If this amount is difficult to

obtain through fish consumption supplements of fish oil should be taken. For patients with

hypertriglyceridemia a supplement of 2-4 grams of DHA + EPA per day may be useful.

7. Immune and inflammatory responses

The effects of dietary fatty acids on the immune system and inflammatory diseases have been

reviewed by others [166-168]. Less is known, however, of the effects of seafood intake.

Consumption of VLCn-3PUFAs and seafood alter the eicosanoid production. Dietary EPA

and DHA reduce thromboxane A2 (TXA2) production and lead to the formation of the inactive

or weakly aggregatory TXA3 and the antiaggregatory prostaglandin I3 (PGI3) [169]. Thus,

consumption of fish oil leads to a shift from the production of pro-aggregatory prostanoids to

antiaggregatory prostanoids.

Leukotrienes (LT) are potent pro-inflammatory agents [170]. They enhance immune response

by attracting infection/antigen-fighting cells (leukocytes and macrophages) and stimulating

their activity at the host site. The consumption of EPA and DHA in fish oils suppresses the

formation of leukotriene B4 (LTB4) [171]. VLCn-3PUFAs are given as dietary supplements to

patients with rheumatoid arthritis (RA), the most common systemic inflammatory rheumatic

disease [172]. The effects of dietary fish oil supplements in patients with RA have been

studied in several investigations and improvement in the number of tender joints on physical
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examinations is most often observed [168,173,174]. Fish consumption has been shown to

prevent RA [175]. In a recent study a positive effect of dietary VLCn-3PUFAs on patients

with atopic dermatitis was demonstrated [176]. Subsequent to the reports of benefits of fish

and fish oil supplementation in patients with RA, fish oil has been employed with some

reported benefit in patients with inflammatory bowel disease [177] and in IgA nephropathy

[178]. In a recent cohort study the association of fish intake and survival of incident dialysis

patients revealed a 50% reduction of fatal outcome during the study period of one year [179].

Concerning psoriasis, VLCn-3PUFAs (1-18 g/d) have been reported to have no to excellent

improvement in scaling, itching, lesion thickness and erythema in the majority of patients,

reviewed by Gil [168]. There are some epidemiological findings to support a protective role

of VLCn-3PUFAs in allergic diseases [180] but the effect of seafood on asthma is a

controversial issue. Several studies indicate that seafood and VLCn-3PUFAs intake have a

positive effect on asthma [181-185] and respiratory symptoms [186] but other studies have

shown no effect [187-189]. In a recent non-interventional epidemiological study the

relationship between fish intake and the prevalence of asthma indicated that fish intake was

positively related to the prevalence of asthma [190]. In this study 1,673 currently asthmatic

Japanese school children and 22,109 controls (age range 6-15 years old) were included. A

significantly higher prevalence of asthma was noted among subjects that ate fish one to two

times a week than those who ate fish one to two times a month (adjusted odds ratio: 1.117;

95% confidence interval: 1.005-1.241; P = 0.041). Since the study was cross-sectional the

causative effects cannot be inferred from the results. Thus, the need for further studies in

which the subjects are examined at specific intervals with respect to asthma including the use

of objective measures e.g., respiratory function test. In a prospective study (1970-1990) diet

and 20-year chronic obstructive pulmonary disease mortality in middle-aged men from three

European countries (Finland, Italy and The Netherlands) was investigated, and the results



25

suggested a positive effect from fruit but no effect was observed for intake of vitamin C, beta-

carotene, vegetables and fish [191].

8. Neural development

The question of whether VLCn-3PUFAs are essential nutrients in human development has

been reviewed recently and it seems that these fatty acids are essential for the optimum

development of neural tissues during foetal development [192-195]. Particularly DHA is

specifically incorporated into the phospholipids of brain and retina [196] and is the preferred

fatty acid for the development of these tissues [197]. In brain, DHA is associated with

synaptosomes, synaptic vesicles, myelin, endoplasmatic reticulum and mitochondria

[198,199]. In retina, DHA is found in the photoreceptor cells, especially the outer segments of

the rods where it may constitute as much as half of the total fatty acids, and in association

with rhodopsin, the visual pigment of the photoreceptors [200-202]. Retinitis pigmentosa

(RP) is a family of inherited retinal degeneration characterised by progressive loss of rod

photoreceptors resulting in night blindness. As the rod cells detoriate, adjacent cone

photoreceptors responsible for daytime and colour vision are affected. This occurs in the rod-

rich peripheral retina and progresses toward the macula at the center resulting in tunnel-vision

and leading to functional and legal blindness. There is no cure for the disease and treatment of

symptom is limited. The first evidence for beneficial nutritional intervention in RP was

reported by Berson et al. [202] who found a small but significant reduction in the progress of

RP with dietary supplementation of the lipid-soluble vitamin A.

Evidence to support the concept of lipid influences in RP has accumulated over the past two

decades, as numerous investigations have reported abnormal levels of VLCn-3PUFAs,

particularly DHA in plasma lipids of patients with RP [204-207]. In preterm infants, delayed

maturation of rod electroretinographic responses was associated with reduced blood levels of
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DHA in infants receiving commercial formula (VLCn-3PUFA deficient) compared to those

fed breast milk or DHA-enriched formula [208,209]. In a recent study it was demonstrated

that fish intake prevented the development of age related maculopathy (leads to irreversible

blindness) [210].

9. Infant development

Human milk is the only infant food containing fatty acids of 20 or more carbon atoms. It is

also the only infant food containing DHA, the amount depending largely on the mother’s diet

and, more specifically, her consumption of fish. Studies in both premature infants and in

healthy term infants revealed that addition of 18:3n-3 in the formula did not provide the

equivalent amount of DHA for neural tissue development compared to preformed DHA from

breast milk or fish-oil supplemented formula [208,209,211-213]. Low consumption of

seafood in early pregnancy has been shown to be a risk factor for preterm delivery [214].

Supplementation with cod liver oil during pregnancy has been shown to be related to

gestational length and cerebral maturation [215] and an increased cognitive function in the

infant [216]. The breast-milk content of VLCn-3PUFAs is not regulated by the mammary

gland but, rather, reflects the concentrations of VLCn-3PUFAs in maternal plasma lipids, that,

in turn, are dependent of maternal diet and, probably, maternal activities of the desaturases

and elongases involved in converting LA and ALA to AA and VLCn-3PUFAs [217]. In a

recent workshop addressing the role of VLCn-3PUFAs in maternal and child health, it was

concluded that it seems prudent for pregnant and lactating women to include seafood or other

sources of VLCn-3PUFAs in their diet in view of their assumed increase in VLCn-3PUFA

demand and the relationship between maternal and foetal DHA status [218].
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10. Diabetes

Omega-3 fatty acids have been shown to possess positive effects in patients with insulin-

dependent diabetes mellitus (IDDM) [135, 219-221] and non-insulin-dependent diabetes

mellitus (NIDDM) [145,222-224]. In a recent review by Sirtori and Galli [225] they conclude

that fish and dietary VLCn-3PUFAs may be beneficial in the treatment of diabetic patients.

11. Multiple sclerosis

Multiple sclerosis (MS) is an inflammatory, degenerative disease of the central nervous

system characterised by demyelination of the white matter of nervous tissue and MS occurs in

many scattered areas of the brain, spinal cord, and optic nerves. Some studies have revealed

that n-3 fatty acids may be of use as a therapy in MS patients [226,227] whereas a recent

study did not find a link between dietary fat and MS [228].

12. Psychological disorders

There is now substantial evidence that major depression is associated with VLCn-3PUFA

depletion [229-235]. Severity of depression correlated negatively with both VLCn-3PUFAs

content in red blood cell membrane and dietary intake of these VLCn-3PUFAs [230]. A

significantly increased omega-6/omega-3 ratio together with a significantly lower total VLCn-

3PUFAs was found in major depressed patients compared to minor drepressed and healthy

controls [236,237]. In a recent review, the role of VLCn-3PUFAs as a possible missing link

between myocardial infarction, cardiac death and depression was proposed, and the

relationship appears to be a common pathophysiological patway involving immunological

factors [238]. The immune system appears to influence serotonin (5-HT) turnover, availability

and metabolism as pro-inflammatory cytokines such as IL-1 and IFN induce the enzyme

indoleamine-2,3 – dioxygenase (IDO), which converts the essential amino acid tryptophan,



28

the precursor of 5-HT, to kynurenic acid and guinolinic acid [239]. In the brain dietary fatty

acids, in particularly VLCn-3PUFAs, modify membrane structure and function by changing

the index of viscosity, fluidity, and by modulating the activity of tryptophan hydroxylase, the

rate limiting enzyme in serotonin synthesis [237,240,241]. Animal studies have shown

accumulation of brain tryptophan, followed by an increase of brain serotonin after feeding

with VLCn-3PUFAs [242]. Among healthy volunteers, low levels of plasma DHA predicted

low concentrations of 5-hydroxy-indoleacetic acid (5-HIAA), a marker of brain serotonin

turnover [243]. In a recent cross-sectional study it was demonstrated a significant relationship

between fish intake and self-reported mental health status, thus offering indirect support for

the hypothesis that dietary VLCn-3PUFAs may act as mood stabilisers [244,245]. Thus,

seafood consumption may maintain normal or increase the serotonergic nervous system

function and thereby possible prevent major depression.

In animals it has been demonstrated that changing the dietary n-6/n-3 ratio effectively

modifies the fluidity of phospholipid membranes [246]. The influence of dietary VLCn-

3PUFA composition are, however, not restricted to structural changes in the plasma

membranes but can also be reflected in behavioral and cognitive performance [247-249]. In

humans, dietary VLCn-3PUFAs have been shown to improve cognitive functioning

[216,250,251] and reduced risk for dementia [251,252]. In a recent paper it was demonstrated

that purified ethyl EPA did not affect cognitive impairment in patients with schizophrenia

[253] whereas seafood intake (rather than capsules containing VLCn-3PUFAs) results in an

improved cognitive functioning [251,252].
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13. Cancer

Dietary seafood intake and cancer is a subject of interest. The evidence for a protective effect

from seafood is less extensive than for CVD. Still, several studies have shown an inverse

relationship between fish consumption and cancer incidence [254-262]. Inverse associations

with the risk of various cancers i.e., oral cavity and upper digestive tract [263-265] stomach

[266,267], colorectal [257,268-271], lung [272,273], pancreas [274], gallbladder [275], breast

[256,270,276-278], endometrial [279], ovary [280-282], prostate [281,283,284], bladder

[285], kidney [286], and thyroid [287,288] have been reported from case-control, cohort or

intervention studies. A recent panel report concluded, based on a comprehensive review of

epidemiological studies, that fish consumption may possibly protect against cancers of the

colon, rectum and ovary [289].

14. Osteoporosis

Recent in vitro experiments suggest that VLCn-3PUFAs may favourably affect the balance

beween the activities of osteoclasts and osteoblasts thereby reducing bone resorption [290].

The explanation offered is that EPA inhibits cyclooxygenase-2 the enzyme that converts

arachidonic acid into PGE2, the latter increase the activity of the osteoclasts while decreasing

that of the osteoblasts. The possibility that VLCn-3PUFAs may retard osteoporosis has so far

not been tested in humans.

15. Life style diseases

The so called life style diseases include cardiovascular disease, immune system disorders,

metabolic disorders, Type II diabetes, and mental disorders. The name reflects the simple fact

that life styles have changed, particularly in theWestern world but, and the diet an dietary fat,

has been discussed as causative factor. Moreover, during the last decade a new syndrome has
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emerged, i.e. the metabolic syndrome, a cluster of disorders including abdominal obesity,

dyslipidemia, increased blood pressure and insulin resistance is associated with a high risk of

cardiovascular disease and premature death also linked primarly to dietary fat [291]. It is

reassuring that the patterns of dietary fatty acids that appear to be beneficial for insulin action

and energy balance are also the patterns that would seem appropriate in the fight against

thrombosis and cardiovascular disease [292,293]. It has been shown that incorporation of a

daily fish meal into a weight-loss regimen in overweight hypertensive subjects was the most

efficient way to improve glucose-insulin metabolism and dyslipidemia [158]. Thus, by

increasing the seafood consumption in order to achieve a more balanced diet, it is possible to

improve the health and well-being as well as preventing disorders occurring in the first place.

The latter has been addressed by the National Cholesterol Education Program’s Adult

Treatment Panel in USA with the emphasis of the health promoting effects of fish and VLCn-

3PUFAs to prevent or treat the metabolic syndrome, and improve the overall health of the

patient [294]. Moreover, the effect of dietary quality for elderly people has been evaluated in

Europe [295] and in America [296] showing a clear relationship between poor nutritional

quality and increased mortality risk. Thus, factors like e.g. a high nutritional quality that

include seafood and physical activity are important for improved health for the elderly.

However, these are two of many important factors that most likely apply for the general

population in order to maintain good health.

16. Seafood safety

The role of seafood in ensuring nutritional security to an increasing global population has

been emphasised by several international organisations e.g. Food and Agriculture

Organisation (FAO). However, efforts to increase seafood intake by the population must

recognice that global supplies of wild fish are stagnant if not declining, with some traditional
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fisheries close to collapse due to persistent over fishing driven by increasing demand for fish

as a human food. Food allergy and foodborne diseases are challenges that are linked to all

foodstuffs, including seafood, and the marine environment has unquestionably become

contaminated with industrial pollutants such as heavy metals and “persistant organic

pollutants” including dioxins and PCBs. The latter is mainly a problem with wild fish caught

in particularly contaminated areas but will affect the customers attitude towards all kinds of

seafood. Thus, it is difficult to sustain the seafood intake, far less increase it, unless seafood

producers can ensure all aspects of food safety for the consumers. Food must be free from

pathogens, contain minimal levels of dioxins and other contaminants and provide a balanced

input of nutrients for varying and changing human needs including demographic changes and

population movements. In Europe, the latter is highligted in the “White Paper on Food

Safety” and by the establishment of the European Food Safety Authority (EFSA) as well as an

increased focus from national bodies as well as the industry itself. Therefore, it is important to

continue to reduce the contamination of the open seas as well as ensure sustainable

management of the wild fish stocks. Traditionally, the aquaculture industry has relied heavily

on fish meal and fish oil, but it has been predicted that the global demand for fish oils in

farmed fish feeds will exceed supply in little more than 5 years. However, it is encouraging

that scientifically based aquaculture has recently demonstrated the feasibilty of replacing fish

oil and fish meal with alternative vegetable, microbial, or other ingredients not utilised today,

including some unexploited fisheries resources. Aquaculture can in principle expand without

constraint by using sustaiable resources, principally from terrestrial production, albeit

supplemented by specialised marine resources. Thus, aquaculture can ensure a safe, nutritious,

healthy and high quality seafood product through the whole food chain, i.e. from feed

resources to the final product, thereby providing a properly balanced diet for the consumers.

Clearly, consumer trust can only be achieved by parallel evidence on the potential health
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benefits and the lack of risks consuming seafood. Thus, epidemiological studies adressing

both positive and negative endpoints of specific populations i.e. high-, medium-, and low

seafood consumption from areas known to have low and high amounts of contaminants are

needed in order to assess the extent to which seafood consumption as part of the regular diet

influences, whether positively or negatively human health.

An in debt review of the literature regarding contaminants, allergy and foodborne disease are

beyond the scope of this report, but some general remarks are given below.

16.1 Contaminants

Seafood contamination is frequently a subject of public debate, and the markets (consumers)

react immediately to the slightest suspicion that food consumption represents possible hazards

to human health.

16.1.1 Chlorinated hydrocarbons

Chlorinated hydrocarbons (dioxins, PCBs, DDTs, HCBs, etc.) represent a group of very

heterogenous compounds, but they share several common properties. They are hydrophobic

and accumulate in the food chain, particularly in the marine food chain, and they are very

persistent, i.e. have long halflife. Generally, lean fish species like cod, saithe or Alaska

pollock are less contaminated than fat fish species like herring, Greenland halibut and sardine

[297]. Moreover, the dioxin content is related to the fish ground, e.g. low concentrations are

found in the North Sea compared to the Baltic Sea [297]. The toxicity varies among these

compounds and their different metabolites but generally they have been linked to i.e.

neurotoxic effects, cancer, and fecundability [298,299].
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16.1.2 Toxic elements

Elements that contribute significantly to the human intake by consuming seafood, are e.g.

cadmium, arsenic and mercury. Of these elements mercury has received most attention. The

major physical forms of mercury to which humans are exposed are inorganic (mercury vapor)

and organic (methylmercury) compounds [300]. Mercury vapour emitted from both natural

and anthropogenic sources is globally distributed in the atmosphere. It is returned as water-

soluble form in precipitation and finds its way into bodies of fresh and ocean water. Land run-

off also accounts for further input into lakes and oceans. Inorganic mercury, present in water

sediments, is subject to bacterial conversion to methylmercury compounds that are

bioaccumulated in the aquatic food chain to reach the highest concentration in the predator

fish. Human exposure to mercury vapor is from dental amalgam and industries using mercury.

Methylmercury compounds are found exclusively in seafood and freshwater fish [301]. The

health effects of mercury vapor have been known since ansient time and severe exposure

results in a triad of symptoms, erethism, tremor, and gingvitis [300] and neurotoxic effects

[302]. Methylmercury in high doses is a neurological poison affecting primarily brain tissue,

and today there is concern regarding brain development and cognitive changes in children.

Studies of seafood eating populations have not found a consistent pattern of exposures and

outcomes. Two recent reports have been unable to confirm any relationship between maternal

exposure to dietary methylmercury during pregnancy and adverse developmental outcomes

[303,304]. The early effects of mercury on the central nervous system due to occupational

exposure to low levels of inorganic mercury revealed alterations of motor function and

neuroendocrine secretion at very low exposure levels, whereas an inverse association between

most neurophysiological symptoms and seafood consumption, indicationg a beneficial effect

from eating seafood [302].
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Generally, seafood intake is associated with a reduced mortality from coronary heart disease

(see section 4). However, in some countries e.g. Finland no such association has been found

and it has been concluded that high intake of mercury from nonfatty freshwater fish and the

consequent accumulation of mercury in the body are associated with an excess risk of acute

myocardial infarction as well as death from coronary heart disease and cardiovascular disease

[305]. However, in a prospective case-control study in Sweden there was a strong inverse

association between the risk of a first myocardial infarction and the biomarkers of fish intake,

mercury and VLCn-3PUFAs in red blood cells, and this association was independent of

traditional risk factors [121].

A European Prospective Investigation into Cancer and Nutrition (EPIC) cohort in Spain has

estimated and validated the relationship between seafood consumption and mercury intake, as

well as seafood consumption and mercury in red blood cells, indicating that no individual

from the cohort would exceed the provisional tolerable weekly intake [306]. In other

populations with a high intake of fish like some Native American populations exceed the

tolerable daily intake of mercury [307]. Two recent papers have addressed dietary intake of

mercury as a function of mercury in toenails and the effects on the risk of myocardial

infarction and coronary heart disease. One report found no significant association between

total mercury exposure and the risk of coronary heart disease [308], whereas the other study

found that the toenail mercury level was directly accociated with the risk of myocardial

infarction, and that adipose-tissue DHA (VLCn-3PUFA) level was inversely associated with

the risk [309]. Thus, the risk of various diseases in a population related to contaminants may

depend on the balance between positive nutrients (e.g. VLCn-3PUFAs) and contaminants

(e.g. methylmercury) in the seafood consumed.
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16.2 Allergy

A comprehensive analysis of food allergens resulted in the purification and characterisation of

the major codfish allergen, Gad c1 [310]. Gad c1 (originally designated allergen M) belongs

to a group of muscle tissue proteins known as parvalbumins controlling the flow of calcium in

and out of the cells and are found in the muscles of amphibians and fish. The existence of

structurally related parvalbumins in different fish species may explain why a close cross-

reactivity exists within different species such as herring, plaice and mackerel [311]. Other fish

allergens have been described as well as shrimp allergens [312]. Workers involved in either

manual or automated processing of seafood are commonly exposed to various constituents of

seafood have led to more frequent reporting of allergic reactions in occupational and domestic

settings [313]. Studies in both children and adults indicate that symtomatic reactivity to food

allergens is often lost over time, except possibly reactions to peanuts, tree nuts and seafood

[314]. Thus, once the diagnosis of food allergy is established, the only proven therapy is the

strict elimination of the food from the patient’s diet. Data from the occurrence of severe food

allergies in the EU, conducted in four countries (France, The Netherlands, UK and Sweden)

revealed 535 cases of anaphylaxis, of which 5% was caused by fish and 8% was caused by

shellfish [312].

16.3 Foodborne diseases

Most parasites of marine animals are of little public health concern. Some helminths,

however, such as anisakis nematodes are capable of infecting humans (zoonotic infections) by

consumption of raw or undercooked seafood [315-317]. This is mainly a problem in

developing countries [318] and also in countries with a lack of adequate inspection of food

products [319]. Fish and shellfish poisoning occur through the natural event of the food chain.

Fish and shellfish consume algae that contain toxin-producing dinoflagellates. As a result they
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become contaminated and the toxin is concentrated as it moves up the food chain. Fish and

shellfish can tolerate high levels of toxins, thereby appearing healthy while posing a

significant danger to man. There are several types of poisoning that can occur through fish

and shellfish consumption, including ciguatera and scombroid fish poisoning; and paralytic,

diarrheic, neurotoxic, and amnesic shellfish poisoning [320,321]. Microorganisms such as

bacteria and fungi have been extensively studied in fish products found on the different

markets [322,323]. During processing of fish i.e. slaughter, refrigerating and processing, there

is a possibility that bacteria are introduced that are zoonotic in nature. One exampel is Listeria

monocytogenes, which is distributed widely in nature and grows at refrigerated temperatures

under aerobic, micro-aerophilic and anaerobic conditions. This implies that bacteria could be

present in fish products which are processed and refrigerated for extended periods., for

example vacuum packed smoked salmon. The seafood industry and government authorities

apply various programmes to reduce this risk, including good manufacturing practices

(GMPs) and hazard analysis and critical control point (HACCP) systems. These programmes

are very effective, and in the Western world as demonstrated by the United States, only 10%

of all foodborne diseases are attributed to seafood, thus, making seafood a relatively safe

commodity [324].

17. Future perspectives

Consumers of seafood world wide are becoming increasingly concerned over the safety and

nutritional quality of their food. This occurs at a time where food production in general has

become increasingly efficient with food surplus, particularly in the Western world. Life styles

have changed and during the last decade(s) a new syndrome has emerged, i.e. the metabolic

syndrome. Interestingly, the metabolic syndrome is not restricted to the Western world, and is

now rapidly increasing world wide, including developing countries. Diet, particularly dietary



37

fat, has been said to be a risk factor. This has led to a great interest in functional foods, i.e.

foodstuffs enriched with certain nutrients (e.g. vitamins, VLCn-3PUFAs, etc.) in order to

achieve an addtional health beneficial effect besides being a nutrient. In this respect, safe

seafood represents a natural food source that contain some of the most health promoting

nutrients known and can in many ways be defined as “functional food” per se. Moreover, fish

protein has a high nutritional value having the entire complement of essential amino acids and

a high digestibility and in terms of nutritive value fish ranks above casein. In order to assess

the role of nutrition and health in Europe, a huge research programme started more than a

decade ago finansed by the EU. This study is known as the European Prospective

Investigation into Cancer and Nutrition (EPIC) which is a multicenter European study,

cordinated by the International Agency for Research on Cancer (Lyon, France) and more than

450,000 volunteers are recruited. However, the data on seafood consumption is in many

respects not optimal and in some countries not sufficient to make any conclutions regarding

the impact of seafood consumption and outcomes of end points. Thus in the new 6th

framework programme within EU, a strong link between the EPIC study(ies) and research

projects within food quality and safety should be made, ensuring maximum data in order to

assess the link between food intake (particularly seafood) and human health. With respect to

the diet and human health, more research is needed to define how diet (particularly dietary fat

and seafood) affect e.g. the metabolic syndrome and other chronic diseases. Thus, in addition

to epidemiological studies,well designed, long-term multicenter dietary intervention studies

must be undertaken if dietary guidelines are to be based on scientific valid data.
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