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INTRODUCTION

by Andlrea Poli, scientific director of the Nutrition Foundation of Italy

The association between fish consumption and the reduction in cardiovascular risk has
attracted researchers’ attention since the Seventies of the past century, when the first
studies conducted on Inuit Eskimos documented the reduced incidence of heart attacks in
these populations, their greater tendency to bleed on wounding and their low blood
pressure. This is how this line of research began and it later led to a definition of the
physiological effects and protective role of omega 3 polyunsaturated fatty acids. These
fatty acids, whose cardioprotective effect is now universally accepted, are now also being
investigated for a rich and promising series of effects of a different nature, that concern

cognitive function, mood and a wide range of metabolic disorders.

Over the past few years, however, attention has returned from the nutrient (the omega 3
fatty acids) to the food (fish), thus enabling us to define the contribution of other aspects
of the composition of fish (such as the rich protein content and the presence of some

minerals) that contribute to the favourable effects it has on human health.

The fact that, in the Western world, fish often means canned fish is often neglected.
Canned tuna, mackerel, salmon and sardines enter our homes and appear our tables, with
most of their nutritional characteristics in safely preserving and controlled quality
containers that help us all, even those who live far away from the sea, to reach the

optimum levels of fish intake for our health.

This short monograph is dedicated to fish, in all the forms in which it is eaten, in the hope

that it may help to explain to people how and why regular consumption of this food is so

important for all of us.




FISH AND HEALTH: NEW AND CONSOLIDATED INFORMATION FROM
SCIENTIFIC LITERATURE AND EPIDEMIOLOGICAL OBSERVATIONS

Positive effects on the cardiovascular system

The benefits that eating fish has on health in general, and in particular against chronic
degenerative diseases such as cardiovascular disease, are now widely recognized.

The first observations, made in the Seventies, on the low prevalence of death due to heart
attack in the inhabitants of Greenland associated with their high fish consumption were
confirmed by the results of later studies, which conclusively demonstrated that 1-2
servings of fish a week may have a major protective effect on the heart and
blood vessels. In particular, fish consumption has been correlated with a reduction in the
death rate due to severe ventricular arrhythmia (sudden death), heart attack, atrial
fibrillation and cardiac decompensation, but also death due to an extremely invalidating

disease of our societies, ischemic stroke.

The protective effect is observed even at moderate levels of consumption: a diet that

includes at least 30 g of fish a day already significantly reduces the risk of developing
cardiovascular disease; in particular, every increase of about 20 g of fish a day would
reduce the risk of death due to cardiovascular disease by 7% in persons who only eat fish
occasionally (Mozaffarian, 2006).

These observations become even more important if you think that cardiovascular disease
represents the first cause of death both in Italy and in the European Union, where it is
responsible for about 40% of deaths (ISTAT, 2008, Eurostat 2010).

Even if the physiological effects at the origin of these benefits have not been entirely
clarified, the benefits of fish are attributed mainly to its content of long-chain
omega 3 polyunsaturated fatty acids, EPA and DHA, of which fish represents the
main source in food for man.

The positive effects of fish on the cardiovascular system have also been confirmed by
analysis of the results of several prospective studies and randomized clinical trials, which
show, comparing groups of persons who eat fish only occasionally with those with a
moderate fish intake (equivalent to 250-500 mg a day of EPA plus DHA and thus about 1-

2 servings a week), that the latter have a 25% lower risk of cardiovascular events. If fish




consumption is increased further, no additional benefit seems to be obtained. In fact, a
combined assessment of the data available shows that, while up to 250 mg of omega 3 a
day (about two servings of fish a week) the risk of fatal coronary events is reduced by
about 15% every extra 100 mg eaten (for a total reduction of 36% with the maximum
amount considered, that is 250 mg/day), for high levels of consumption, the risk remains
substantially unchanged. Even among the Japanese, the population with one of the
highest levels of fish consumption, cardiovascular system protection follows the same
“plateau” trend (larger quantities do not correspond to greater benefits) but seems to
reach maximum protection for larger quantities of fish consumed, equivalent to 900 mg a
day of EPA plus DHA (about 5 servings of fish a week); protection is not increased any

further by larger intakes of these fatty acids.

Regular fish consumption also has a positive effect on the risk of developing
type 2 diabetes, which is associated with a series of complications of a varying nature
(cardiovascular events, severe visual damage and even blindness, renal insufficiency, etc.)
and the frequency is increasing all over the world. According to the 2008 Istat — Italian
Statistics Institute - yearly report, the prevalence of this disease, which strikes 4.8% of
Italians (5.2% of women and 4.4% of men) increases with age, reaching 18.8% of
individuals aged 75 years and over. An analysis of the results of the EPIC- Norfolk
(European Prospective Investigation of Cancer) study confirms the fact that one serving
of fish a week (both fatty and lean) significantly reduces the risk of developing

this disease.

Considering the role of omega 3 fatty acids in these protective effects, it has been
hypothesized that the benefits observed for the consumption of fish are associated above
all with the consumption of fatty fish, such as salmon, herring and mackerel, which are
very rich in omega 3 fatty acids (Mozaffarian, 2006). 1t should however be considered that
lean fish, such as tuna, is the kind of fish most widely consumed in the western world,

and represents 60-80% of total fish consumption; as a result, although it has lower

concentrations of EPA and DHA per serving, it provides most of the total omega

3 fatty acid intake of the population at large (Amiano, 2001).




Improvement in Mood

Several years ago emerged the initial data indicating an inverse correlation between the
habit of eating fish regularly and the probability of developing depression, a disease
which, according to the WHO, is one of the principal causes of invalidity in the world. A
comparative assessment of the frequency of depression in France, Germany, United
States, Canada, New Zealand, Korea, Porto Rico, Taiwan and Japan indicates that in
Japan, the country with the highest fish consumption, the prevalence of major depression
is about 50 times less than in other countries such as Germany, New Zealand and Canada,
where the low fish consumption is associated with a larger number of diagnoses (Hibbeln,
1998). Within the Japanese population, a study conducted in the nineties demonstrated
that the risk of developing suicidal tendencies was reduced among individuals who eat one
serving of fish a day compared those who ate less (Hirayama, 1990).

More recently, in Finland, depression and suicidal tendencies were correlated with the
composition of the diet of 3,000 adults: even after the statistical data correction for the
confusing factors (age, sex, marital status, education, economic and professional status,
smoking, alcohol consumption, coffee and physical exercise) cases of depression and
suicide attempts were both significantly less frequent (-37% and -43%, respectively, on
average) among individuals who eat fish frequently (7anskanen, 2001).

A more stable mood is reflected in psychophysical well-being not only in terms of
depression. According to data collected in an observational study conducted in New
Zealand, the number of weekly servings of fish consumed is directly correlated with

mental health to a statistically significant degree (Silvers & Scott, 2002).

Reduction in the Risk of Dementia

The protective effects of fish seem also to extend to the cognitive functions of the brain.
In a French population of elderly patients, the consumption of a single serving
of fish per week seemed to reduce the risk of developing dementia, Alzheimer’s
disease in particular, for up to 7 years after the start of the study (Barberger-Gateau

2002). The results obtained from the Chicago Health and Aging Project, a population

study on risk factors for Alzheimer's disease, confirm that the regular weekly

consumption of fish reduces the risk of developing this disease by about 60%b




with respect to individuals who only eat it occasionally (Morris, 2003).

The cognitive decline associated with old age is slowed down by fish consumption, as is
confirmed by a more recent study conducted on 210 individuals aged between 70 and 89
years: a quantity of this food equivalent to about 400 mg a day of EPA+DHA (more or less
2 servings of fatty fish or 5 of lean fish a week) delays cognitive decline by 5 years (van
Gelder, 2007).

Although the protective effects of fish against neurodegenerative diseases are
generally attributed to DHA, whose intake in the diet increases the levels of
neuroprotective factors in the brain (Cole, 2010), more recent observations underline the
importance, in prevention, also of other components of fish, such as selenium,

which performs a fundamental role in cerebral function (Berr, 2009).

Positive role in reducing the onset of allerqgic diseases

A series of studies on the diet of infants after weaning have suggested that eating
fish in early childhood may be effective in preventing allergic diseases. Recent
studies show that the late introduction of some solid foods in the child’s diet (such as eggs
and fish), which was generally recommended up to a few years ago, could actually
increase the risk of allergies (Mwaru 2010). Two servings of fish a month, from weaning to
the end of the first year of life, apparently reduce the risk of developing above all allergic
rhinitis, but also asthma and eczema, in individuals with no hereditary predisposition for
these diseases (Kull 2006). According to a recent Swedish observation on the spread of

non-topical eczema, which, in Sweden, strikes one child in 5 during the first year of life,

this condition is largely determined by hereditary factors, but its frequency is reduced by
eating fish during the first 9 months of life (4/m, 2009).

Adults may also benefit from the positive effect against allergies; inverse dose-response
correlations between fish consumption (and, even more so, between levels of omega 3
intake) and the prevalence of allergic rhinitis have been recorded in Japanese women

(Miyake, 2007) and German women (Schnappinger 2009).




Body weight control

It has been demonstrated that fish consumption can modulate both the levels
of insulin on an empty stomach (influencing what is known as “insulin resistance”),
and the plasma concentrations of leptin and ghrelin, two of the hormones involved
in the mechanisms that regulate the appetite and satiety (Ramel/ 2009 a). In confirmation
of this, the effect of lean fish on weight loss in overweight young individuals and obese

adults has recently been described. Regular lean fish consumption (three or five

weekly 150 g servings of cod), within the scope of a low-calorie diet, significantly

increased the amount of weight lost, compared to the same diet with no fish, in a
randomized, controlled operational study on overweight and obese individuals (Rame/
2009 b). This observation suggests that other lean fish, such as tuna, may be used

effectively in weight loss diets.




COMPONENTS OF FISH AND RELATED BENEFITS

Omega 3 fatty acids

The lipid component of fish is rich in omega 3 polyunsaturated fatty acids and above all in
the long-chain polyunsaturated fatty acids EPA and DHA, present at high concentrations
exclusively in this food (Arino, 2005). The levels of the two fatty acids vary considerably,
both between different species of fish and within the same species according to the type
of feed and breeding. They are not synthesized directly by the fish but by single-celled
algae, eaten by marine animals within the food chain (Arterburn, 2006). Freezing and
cooking result in a minimum loss of omega 3 fatty acids, while frying at high temperatures
and poor preservation (in conditions that cause it to oxidise and thus turn rancid) may

lead to a significant loss of these compounds.

The intake of EPA and DHA (or their plasma levels, now measurable by specific methods)
is inversely correlated with the incidence of degenerative disease such as cardiovascular,
neurodegenerative and immune diseases. In general, it has been demonstrated that
omega 3 fatty acid intake reduces the levels of triglycerides in circulation and platelet
aggregation, and stabilizes the hearth rhythm, an important parameter in individuals who
have already suffered coronary events (Harris, 2009). In addition, DHA is the main
polyunsaturated fatty acid in the human brain and the retina’s rod cells, and is
indispensable for the development of the brain and retina of the foetus during
pregnancy, and the psychomotor and visual development of the infant during
its first few months of life (/nnis 2008). In fact, this fatty acid is present at high

concentrations in human milk but not (for example) in cow’s milk (Koletzko, 2001).

The typical western diet provides relatively limited quantities of omega 3, probably

unsuitable to protect the body against chronic degenerative diseases. According to the
results of an Italian study (7avani, 2003), about 80%b of the population fails to
reach the daily intake of EPA and DHA recommended by the international
guidelines (250-500 mg a day). This deficiency has in part been held responsible for the

growing number of cases of chronic diseases in our society. According to the indications




given by the American Cardiology Society, the general population should eat two servings

of fish a week to avoid developing cardiovascular disease (Kris-Etherton 2002).

Proteins

Unlike its fat content, the protein content of fish is quite constant, varies little between
one species and another and does not depend on the seasonal variations due to diet and
reproduction cycles. The fish proteins, rich in essential amino acids, have a high
nutritional value, similar to that of meat proteins and only slightly less than that of egg
proteins. Due to their low collagen content, fish proteins are easy to digest (the
digestibility coefficient is close to 100). One hundred grams of fish provides 15-25% of the
total daily protein requirement of a healthy adult, and 70% that of a child.

Not only the fats but also the proteins of fish have been attributed a beneficial
effect against cardiovascular disease (Jaques, 1995). In fact, it has been
demonstrated that in individuals on a diet based on fish, which therefore represents the
only source of protein, the circulating levels of HDL lipoproteins that carry the *“good
cholesterol”, increase more than with diets based on milk or soy proteins (Gascon, 1996).

The proteins of some fish are also particularly rich in arginine, the amino acid that

the body uses to synthesize Nitroxide (NO), responsible for efficient vascular operation

and protection of the arterial vessels against atherosclerosis.

Non-proteic nitrogen compounds in fish provide up to 20% of the total
nitrogen content of the muscles; so they are present in larger quantities than in
meat, in which they do not represent more than 10% of the total nitrogen. The best
known of these compounds is creatine, which plays an important role in the
muscle metabolism of fish and which is not present in crustaceans or molluscs (Arino,
2005).

Fish is also rich in nucleotides, very important for energy processes and largely responsible
for the flavour of fish, which are used as indicators of freshness. Some small peptides

also have an anti-oxidant effect.

Vitamins




The vitamin content of fish is somewhat variable, from the quantitative and qualitative

points of view, and depends on the type of feed given to the fish.

The fat-soluble levels of vitamin A (retinol) and vitamin D depend on the fatty content of
fish. Low but significant concentrations of vitamin A are contained in fatty fish such
as the mackerel and salmon, which contain large quantities of vitamin D. One
hundred grams of mackerel, for example, provides more than 100%b of the
recommended daily allowance (RDA) of this vitamin.

Vitamin E (tocopherol), which, in some species, reaches higher concentrations than in
meat, is only partially available as active tocopherol, as it is broken down rapidly to protect
the polyunsaturated fatty acids against oxidation.

In general, fish is considered to represent a medium-high source of water-
soluble vitamins, well represented in all types of fish, except for vitamin C
(ascorbic acid), almost completely absent in all species. The content of vitamin B2
(riboflavin), B6 (pyridoxine), niacin, biotin and B12 (cobalamine) is relatively
high; 100 g of fish may provide up to 38% of the RDA of riboflavin and up to 100% of
that of vitamin B12 (Arino, 2005).

Minerals

All types of fish have a well-balanced content of most minerals, both macro and
oligo elements. In particular, fish contains little sodium, low levels of potassium and low
calcium concentrations, which are, in any case, present in this food in larger quantities
than in meat. In addition, small fish bones that can be eaten with fresh fish or small fish
increase the calcium intake through fish.

Fish is a valid source of magnesium and phosphorus and contributes
considerably to the intake of iron, which is present in it at similar
concentrations to those observed in meat. It also represents an excellent source
of iodine, which it gets from plankton (Arino 2005).

100 g of fish may therefore provide 50-100% of the daily requirement of magnesium,

phosphor, iron, iodine, and very little sodium (the consumption of which, in the western

world, is far too high due to the excessive use of salt).




The importance of the selenium present in some fish such as tuna has been
underlined by the results of a French study (EVA) conducted on 200 individuals aged
over 70 years. An analysis of the blood samples led to the identification of a direct
correlation between omega 3 concentrations in red blood cells and selenium levels: both
parameters were found to be directly correlated with fish consumption. In particular, the

consumption of fish was responsible for 15% of the plasma selenium. According to the

authors, benefits of fish consumption for the elderly may depend not only on its

fat content but also on its selenium content (Berr, 2009). 1t has been
hypothesized that selenium, which has an antioxidant effect, slows down the

aging process (S/INU 1996).




FISH CONSUMPTION IN THE VARIOUS STAGES OF LIFE AND UNDER
PARTICULAR CONDITIONS

Childhood

Fish should be included in a varied and balanced diet, on the basis of the considerations
made up to now, at all ages (Meyer, 2009).

Since weaning, when the omega 3 intake through breast milk ends, fish represents
the only source of these compounds sufficient to guarantee the optimum
development of the nervous system and sight (/nnis, 2008). In addition, the protein
content with a high biological value and its high digestibility make it suitable as early as
the age of one year. Some aspects that make it difficult to use in early childhood, such as
the presence of fish bones, skin and scales, can be overcome by using sliced fish or
preserved products, such as canned tuna and salmon fillets, which have a valid nutritional

profile and are easy to eat.

Adulthood

The benefits of fish have also been widely demonstrated during later phases of life such

as the menopause and old age.

The positive effects of fish on women’s health were investigated above all in a

large-scale American study, the Nurses’ Health Study, for which about 200,000
nurses were recruited and have been followed for several decades. In this population,
those who ate fish even just 1-3 times a month had a 20% higher probability of survival.
This benefit was greater for diabetic women and has also been confirmed for young
women (Lopez-Garcia, 2004).

The benefits of regular fish consumption also appear after the menopause,
when the coronary risk increases considerably for the female population
(Bourre, 2007). In post-menopausal women with coronary artery stenosis, 2 servings of
fish a week reduce the progression of atherosclerosis: this effect is more marked among
diabetic women (Erkkila, 2004).

But the consumption of saltwater fish (not freshwater fish, molluscs or crustaceans) is

also directly correlated with bone mass and a reduction in the risk of developing




osteoporosis (Chen, 2009). In addition, regular fish consumption, due above all to the

omega 3 fatty acids it contains, seems to reduce the intensity and frequency of hot

flushes, which are the most common disorder associated with the menopause (Lucas,
2009).

Sport Activities

Regular physical exercise represents an important protective factor against coronary artery
disease, hypertension, obesity and diabetes: the same benefits as those attributed to the
omega 3 fatty acids in fish. Both fish consumption and physical exercise increase
metabolic efficiency, sensitivity to insulin, the production of NO (nitroxide), the
fluidity of the red blood cell membranes, the variability of cardiac rhythm and
bone density and reduce the risk of metabolic syndrome and fractures, platelet

aggregation and depression.

In addition, in the athlete, EPA and DHA help to reduce the bronchoconstriction associated
with intense physical exercise and to control the inflammation that may result from stress

on the muscles and joints (Simopoulos, 2007).




METHODS OF PREPARING AND EATING FISH

It has been demonstrated that the methods used to prepare and cook the fish
are of fundamental importance to get full benefit from it. A study on the eating
habits of about 4,000 Americans aged over 65 years enabled interesting differences to be
observed between individuals who ate tuna, baked or grilled fish and those who ate above
all fried fish or fish burgers (Mozaffarian, 2003). After about nine years of observation, a
drastic reduction in the number of deaths due to ischemic heart disease was recorded, (up
to 50%, for a consumption of three servings a week), but this reduction was limited to
those who ate tuna and grilled or baked fish, not those who ate fried fish. By measuring
some haemodynamic parameters, the authors concluded that the cardiac and vascular
function was significantly better for tuna and steamed, baked or grilled fish,
while those who ate mainly fried fish presented disorders indicative of a high
risk of atherosclerosis (Mozaffarian, 2006). In fact, according to the authors, fried fish
has a less favourable fatty acid content, with low levels of omega 3 fatty acids, which are

modified further by the oil used to fry the fish; in addition, oil used more than once

gradually increases its content of lipid oxidation products and trans fats.

Diabetics also benefit from eating one or more servings of grilled or steamed
saltwater fish a week, whether it is lean (like tuna) or fatty (like salmon or
mackerel), while the consumption of fried fish brings no benefit whatsoever. In most
studies, canned fish, prepared using modern technology, has a similar

nutritional profile to fresh, grilled, steamed or boiled fish.




SUSTAINABILITY AND SUPPLY OF FISH

In economically developed countries, a greater consumption of fish, which represents the
main source of animal proteins for about 2.6 thousand million people is recommended to
improve one’s health (Brunner, 2009). The growing demand for fish products is often seen
as a potential risk for the ecosystem, with various species at a risk of extinction. The
sustainability problem actually concerns aquaculture and fishing as well as agriculture,
forestal resources, water and energy sources. In addition, the benefits associated with fish
consumption make it worthwhile to tackle and solve the problem, taking economic and
environmental needs into account, by regulating sustainable fishing, trade and

aquaculture (Mozaftarian 2006).

The seasonal nature of fishing for some species, such as yellowfin tuna, alternating bans

with permits in some geographical areas helps to preserve the species. In fact, sustainable

aquaculture, adopted for salmon, is used to obtain safe products of an excellent quality

from the nutritional and organoleptic points of view.




CONCLUSIONS

In conclusion, a moderate consumption of fish (about two servings a week) is correlated
with a clear reduction in the risk of developing a wide range of degenerative diseases of
various kinds. Today, it is known that the beneficial effect of eating fish, until the Nineties
attributed exclusively to its omega 3 fatty acid content, is actually more complex, and is
probably the result of a combination of several aspects concerning the other components
of fish, including the high content of proteins of a high quality and with a high satiating
power, vitamins, minerals and other nitrogen-based substances, as well as the favourable

effects of replacing other compounds (proteins and fatty acids) of animal origin in the diet.

It is thus the consumption of fish, as it is, that represents the nutritional element capable
of giving the favourable effects observed in the major observational studies: and the
pharmacotherapeutic use of some components of the fish (such as purified omega 3 fatty
acids), though it may have a specific indication in well-defined conditions of disease (for
example, after a heart attack), certainly cannot take the place of a regular consumption of

fish in the population.
The fish eaten the most, such as tuna, thus plays an important role in our health: with a
value (such as protection against dementia and some kinds of cancer) that we are only

now beginning to comprehend and investigate with rigorous methods.

An intelligent and farsighted use of this essential food resource will also allow future

generations to benefit from its irreplaceable protective effects.
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PROFILE OF THE NUTRITION FOUNDATION OF ITALY

The NFI — Nutrition Foundation of Italy — Food Study Centre is a non-profit association
founded in 1976 with the aim of contributing to the development of scientific research, the
exchange of information on diet and nutrition and the promotion of interdisciplinary
research in this field by establishing relationships of collaboration with institutional and

governmental bodies, universities and industry.

The association intends to:

= Help provide useful dietary information and education to companies operating in the
nutritional and health fields, opinion makers and consumers;
Provide a scientific consulting service to the food, drink and pharmaceutical industry, in
the biological-nutritional, toxicological and technological sectors;
Establish institutional relations and interact with governmental and administrative
bodies of the State and the European Union, both nationally and internationally, for the

food and drink sector.

by carrying out the following activities:

= Preparing medical and scientific material for printing and the public opinion;

= Setting up and updating an internet site dedicated to the very latest major issues in
the field of nutrition (www.nutrition-foundation.it);
Managing and coordinating research projects on the relationship between diet, food or
nutrients and various aspects of human health;
Organizing conferences and refresher courses both for industry and the scientific
community;

Setting up committees for congresses, publishing periodicals, holding conferences.

For all these activities, NFI will consult an Expert Scientific Committee with recognized

competence in the various disciplines involved in the areas of nutrition linked to the food

and drink sector.
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